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DS90UB941AS-Q1 2K DSI to FPD-Link Ill Bridge Serializer with Video Splitting

1 Features

AEC-Q100 qualified for automotive applications
with the following results:

— Device temperature grade 2: —-40°C to +105°C

ambient operating temperature

Supports pixel clock frequency up to 210 MHz for
3K (2880x1620) at 30Hz, QXGA (2048x1536), 2K

(2880x1080), WUXGA (1920x1200), or 1080p60
(1920x1080) resolutions with 24-bit color depth

MIPI D-PHY / Display Serial Interface (DSI)
receiver provides a high-bandwidth interface to
video processor or FPGA

— Dual DSI input ports with up to 4 data lanes
each

— Upto 1.5 Gbps per lane

— Superframe with symmetric and asymmetric
unpacking capability

— ECC and CRC generation

— Virtual channel capability

Single and dual FPD-Link Il outputs

— Single link: up to 105MHz pixel clock

— Dual link: up to 210MHz pixel clock

Functional Safety-Capable

— Documentation available to aid ISO 26262
system design
Symmetric and asymmetric video splitting

2 Applications

Automotive Infotainment:

— IVI Head units and HMI modules
— Central information displays

— Digital instrument clusters

— Rear seat entertainment systems
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3 Description

The DS90UB941AS-Q1 is a dual DSI to FPD-Link I
bridge serializer designed for automotive infotainment
applications. When paired with an FPD-Link I
DS90UB940N-Q1, DS90UB948-Q1, DS90UB924-Q1,
DS90UB926Q-Q1 or DS90UB928Q-Q1 deserializer,
the DS90UB941AS-Q1 can supply 1- or 2-lane high-
speed serial streams over cost-effective, 50 Q, single-
ended coaxial cables or over 100 Q, differential
shielded twisted-pair (STP) and shielded twisted-quad
(STQ) cables. In response to the rise in number and
variance of displays in infotainment systems, the
DS90UB941AS-Q1 can support symmetric and
asymmetric splitting.

The DS90UB941AS-Q1 can consolidate video data
over two differential pairs to simplify system design
and decrease the interconnect size and weight of the
application.

The FPD-Link Il interface supports video and audio
data transmission and full duplex control, including
I2C communication and up to eight 12S audio
channels over the same high-speed serial link. EMI is
minimized by the use of low voltage differential
signaling, data scrambling, and randomization.

Device Information
PACKAGE

VQFN (64)

PART NUMBER ()
DS90UB941AS-Q1

BODY SIZE (NOM)
9.00 mm x 9.00 mm

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

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Description (continued)

The DS90UB941AS-Q1 serializes a MIPI DSI input supporting video resolutions up to 2K, WUXGA and 1080p60
with 24-bit color depth. In backward compatible mode the DS90UB941AS-Q1 supports up to WXGA and 720p
resolutions with 24-bit color depth over one differential link.

6 Pin Configuration and Functions
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Figure 6-1. RTD Package 64-Pin VQFN Top View
Pin Functions
PIN
110, TYPE DESCRIPTION
NAME |  NO.
MIPI DSI INPUT PINS
DSI0_DOP 58 I
DSI0_DON 57 I
DSI0_D1P 56 I
DSI0O DIN 55 I DSI RX Port 0 differential data input pins
= Use DEVICE_CFG (0x02h) and BRIDGE_CTL (0x4Fh) registers for the DSI RX control. If unused, these
DSI0_D2P 54 ' pins may be tied to Ground or left as No Connect pins.
DSI0_D2N 53 |
DSI0_D3P 52 I
DSI0_D3N 51 I
DSI0_CLKP 60 | DSI RX Port 0 differential clock input pins
Use DEVICE_CFG (0x02h) and BRIDGE_CTL (0x4Fh) registers for the DSI RX control. If unused, these
DSI0_CLKN 59 | . - )
- pins may be tied to Ground or left as No Connect pins.
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PIN
/0, TYPE DESCRIPTION
NAME NO.

DSI1_DOP 6 |

DSI1_DON 5 |

DSI1_D1P 4 |

DSI1 DIN 3 I DSI RX Port 1 differential data input pins

— Use DEVICE_CFG (0x02h) and BRIDGE_CTL (0x4Fh) registers for the DSI RX control. If unused, these

DSI1_D2P 2 | pins may be tied to Ground or left as No Connect pins.

DSI1_D2N 1 |

DSI1_D3P 63 |

DSI1_D3N 62 |

DSIM1_CLKP | DSI RX Port 1 differential clock input pins
Use DEVICE_CFG (0x02h) and BRIDGE_CTL (0x4Fh) registers for the DSI RX control. If unused, these

DSI1_CLKN | . - )

- pins may be tied to Ground or left as No Connect pins.

LFDSI 49 D DSI Loop Filter pin
Connect a 10nF capacitor between this pin and Ground.

FPD-LINK Ill INTERFACE PINS

DOUTO- 26 110 FPD-Link Il TX Port 0 pins

DOUTO+ 27 /o The port transmits FPD-Link Ill high-speed forward channel video and control data and receives back
channel control data. It can interface with a compatible FPD-Link Il deserializer RX through a STP or
coaxial cable. The I/0O must be AC-coupled per Table 9-1. If port is unused, leave the pins as No
Connect.

DOUT1- 22 110 FPD-Link Il TX Port 1 pins

DOUT1+ 23 /o The port transmits FPD-Link Ill high-speed forward channel video and control data and receives back
channel control data. It can interface with a compatible FPD-Link Ill deserializer RX through a STP or
coaxial cable. The I/O must be AC-coupled per Table 9-1. If port is unused, leave the pins as No
Connect.

LFT 20 D FPD-Link Ill Loop Filter pin
Connect a 10nF capacitor between this pin and Ground.

REFCLKO 41 I, PD External reference clock input pin
It is an external reference clock input pin for the FPD-LINK 1l Port 0 when in Independent 2:2 or
Asymmetric Splitter modes. It is typically connected to a low jitter clock source. It has an internal 25 kQ
pulldown. If unused, the pin may be left as No Connect or tied to GND.

REFCLK1 1 I, PD External reference clock input pin for the FPD-LINK Il Port 1 when in Independent 2:2 or Asymmetric
Splitter Modes
It is typically connected to a low jitter clock source. It has an internal 25 kQ pulldown. If unused, the pin
may be left as No Connect or tied to GND.

CONTROL PINS

12C_SDA 48 1/10, OD 12C Data Input / Output Interface pin
Open drain. Recommend a 2.2 kQ to 4.7 kQ pullup(" to 1.8 V or 3.3 V.

12C_SCL 47 1/0, OD 12C Clock Input / Output Interface pin
Open drain. Recommend a 2.2 kQ to 4.7 kQ pullup(" to 1.8 V or 3.3 V.

IDX 19 1,S 12C Serial Control Bus Device ID Address Select configuration pin
Connect to an external pullup to VDD18 and a pulldown to GND to create a voltage divider per Table
8-12. DO NOT LEAVE OPEN OR NO CONNECT.

MODE_SELO 18 1,8 Mode Select 0 configuration pin
Connect to an external pullup to VDD18 and a pulldown to GND to create a voltage divider per Table 8-8
and .

MODE_SEL1 32 I, S Mode Select 1 configuration pin
Connect to an external pullup to VDD18 and a pulldown to GND to create a voltage divider per Table 8-8
and .

PDB 31 I, PD Inverted Power-Down input pin.
Typically connected to a processor GPIO with a pulldown. When PDB input is brought HIGH, the device
is enabled and internal registers and state machines are reset to default values. Asserting PDB signal
low will power down the device and consume minimum power. The default function of this pin is PDB =
LOW; POWER DOWN with an internal 50 kQ internal pulldown enabled. PDB should remain low until
after power supplies are applied and reach minimum required levels.
PDB = 1, device is enabled (normal operation)
PDB = 0, device is powered down.

INTB 30 O, 0D Interrupt output pin

INTB is an active-low open drain and controlled by the status registers. See Section 8.3.8.
INTB = H, Normal Operation

INTB =L, Interrupt Request

Recommended pullup resistor is 4.7 kQ to VDDIO. DO NOT LEAVE OPEN OR NO CONNECT.
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PIN

NAME

NO.

/0, TYPE

DESCRIPTION

REM_INTB

10

(0]

Remote Interrupt output pin

REM_INTB will directly mirror the status of the INTB_IN signal from the remote device. No separate
serializer register read is required to reset and change the status of this pin. If unused, leave the pin as
No Connect.

SPI PINS (IN DUAL FPD-LINK Il MODE)

MOSI 46 1/0, PD SPI Master Output Slave Input pin
Only available in Dual Link Mode. Shared with D_GPIOO. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

MISO 45 1/0, PD SPI Master Input Slave Output pin
Only available in Dual Link Mode. Shared with D_GPIO1. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

SPLK 44 1/0, PD SPI Clock pin
Only available in Dual Link Mode. Shared with D_GPIO2. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

SS 43 1/0, PD SPI Slave Select pin
Only available in Dual Link Mode. Shared with D_GPIO3. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

HIGH-SPEED GPIO PINS

D_GPIOO 46 1/0, PD High-Speed GPIOO0 pin
Only available in Dual Link Mode. Shared with MOSI. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

D_GPIO1 45 1/0, PD High-Speed GPIO1 pin
Only available in Dual Link Mode. Shared with MISO. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

D_GPIO2 44 1/0, PD High-Speed GPIO2 pin
Only available in Dual Link Mode. Shared with SPLK. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

D_GPIO3 43 I/0, PD High-Speed GPIO3 pin
Only available in Dual Link Mode. Shared with SS. If unused and in a default condition (a 25 kQ
pulldown resistor enabled), this pin may be left as a No Connect pin.

GPIO PINS

GPIOO 14 1/0, PD General-Purpose Input/Output 0 pin
If unused and in a default condition (a 25 kQ pulldown resistor enabled), this pin may be left as a No
Connect pin.

GPIO1 15 1/0, PD General-Purpose Input/Output 1 pin
If unused and in a default condition (a 25 kQ pulldown resistor enabled), this pin may be left as a No
Connect pin.

GPIO2 38 1/0, PD General-Purpose Input/Output 2 pin
Shared with 12S_DC. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this pin
may be left as a No Connect pin.

GPIO3 39 1/0, PD General-Purpose Input/Output 3 pin
Shared with 12S_DD. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this pin
may be left as a No Connect pin.

REGISTER-ONLY GPIO PINS

GPIO5_REG 37 1/0, PD General-Purpose Input/Output 5 pin
Local register control only. Shared with I12S_DB. If unused and in a default condition (a 25 kQ pulldown
resistor enabled), this pin may be left as a No Connect pin.

GPIO6_REG 36 1/0, PD General-Purpose Input/Output 6 pin
Local register control only. Shared with I12S_DA. If unused and in a default condition (a 25 kQ pulldown
resistor enabled), this pin may be left as a No Connect pin.

GPIO7_REG 34 1/0, PD General-Purpose Input/Output 7 pin
Local register control only. Shared with 12S_WC. If unused and in a default condition (a 25 kQ pulldown
resistor enabled), this pin may be left as a No Connect pin.

GPIO8_REG 35 1/0, PD General-Purpose Input/Output 8 pin

Local register control only. Shared with 12S_CLK. If unused and in a default condition (a 25 kQ pulldown
resistor enabled), this pin may be left as a No Connect pin.

SLAVE MODE LOCAL 12S CHANNEL PINS

12S_WC 34 1/0, PD Slave Mode 12S Word Clock Input pin
Shared with GPIO7_REG. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this
pin may be left as a No Connect pin.
12S_CLK 35 1/0, PD Slave Mode 12S Clock Input pin
Shared with GPIO8_REG. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this
pin may be left as a No Connect pin.
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PIN
/0, TYPE DESCRIPTION
NAME NO.
12S_DA 36 1/0, PD Slave Mode 12S Data Input pin
Shared with GPIO6_REG. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this
pin may be left as a No Connect pin.
12S_DB 37 1/0, PD Slave Mode 12S Data Input pin
Shared with GPIO5_REG. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this
pin may be left as a No Connect pin.
12S_DC 38 1/0, PD Slave Mode 12S Data Input pin
Shared with GPIO2. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this pin
may be left as a No Connect pin.
12S_DD 39 1/0, PD Slave Mode 12S Data Input pin
Shared with GPIOS3. If unused and in a default condition (a 25 kQ pulldown resistor enabled), this pin
may be left as a No Connect pin.
POWER AND GROUND PINS
GND DAP G DAP is the large metal contact at the bottom side, located at the center of the VQFN package. Connect
to a Ground plane.
VvDD18 24 P 1.8 V (¥5%) Power Supply pins
61 Require 0.1uF or 0.01 pF capacitors to GND at each VDD pin. Additional 1 uF and 10 uF decoupling
capacitors are recommended for the pin group.
VDD11_PO 17 P 1.1V (£5%) Power Supply pins
Require 0.1uF or 0.01 pF capacitors to GND at each VDD pin. Additional 1 uF and 10 uF decoupling
VDD11_P1 50 P . .
- capacitors are recommended for the pin group.
VvVDD11_DSI 64 P 1.1V (+5%) Power Supply pins
Require 0.1pF or 0.01 pF capacitors to GND at each VDD pin. Additional 1 yF and 10 pF decoupling
VDD11_A 12 P . f
= capacitors are recommended for the pin group.
VDD11_HS0 28 P
VDD11_HS1 21 P
VDD11_S 25 P
VDD11_L 9 P 1.1V (£5%) Power Supply pins
42 Require 0.1uF or 0.01 pF capacitors to GND at each VDD pin. Additional 1 uF and 10 yF decoupling
capacitors are recommended for the pin group.
VDDIO 16, 33 P 1.8V (¥5%) OR 3.3 V (+10%) LVCMOS I/O Power Supply pins
Require 0.1uF or 0.01 pF capacitors to GND at each VDD pin. Additional 1 uF decoupling capacitor is
recommended for the pin group. If 1.8 V VDDIO option is selected, the VDDIO and VDD 18 need to be
supplied from the same power source.
OTHER PINS
RESO 29 — Reserved. Tie to GND.
RES1 40 — Reserved. Must be left as No Connect.
RES2 13 — Reserved. Must be left as No Connect.

(1)  Optimal pullup resistor value depends on the 12C mode of operation, refer to 12C Bus Pullup Resistor Calculation (SLVA689)

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

.

.

| = Input

O = Output

I/0 = Input/Output

OD = Open Drain

PD = Internal Pulldown

P, G = Power supply, Ground

D = Decoupling pin for internal LDO output
S = Strap Input
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7 Specifications
7.1 Absolute Maximum Ratings

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

MIN MAX UNIT
vDD11 (VDD11_PO, VDD11_P1, VDD11_DSI, VDD11_A, VDD11_HS0, VDD11_HS1, VDD11_S,
-0.3 1.32
VDD11_L)
Supply voltage VDD18 03 216 \%
VDDIO -0.3 3.96
DS! input DSI0_DOP, DSIO_DON, DSI0_D1P, DSI0_D1N, DSI0_D2P, DSI0_D2N, DSI0_D3P, DSIO_D3N,
volta g DSI0O_CLKP, DSO_CLKN, DSI1_DOP, DSI1_DON, DSI1_D1P, DSI1_D1N, DSI1_D2P, DSI1_D2N, -0.3 2.16 \%
9 DSI1_D3P, DSI1_D3N, DSI1_CLKP, DSI1_CLKN
LVCMOS 10 PDB, GPIOO0, GPIO1, GPIO2, GPIO3, D_GPIO0, D_GPIO1, D_GPIO2, D_GPIO3, GPIO5_REG,
voltaae GPI06_REG, GPIO7_REG, GPI08_REG, MOSI, MISO, SPLK, SS, 12C_WC, 12S_CLK, 12S_DA, -0.3 Vivppio) + 0.3 Y%
9 12S_DB, 12S_DC, 12S_DD, REM_INTB, REFCLKO, REFCLK1
Configuration |y \1opE SELO, MODE_SEL1 03 216| v
input voltage
Open-Drain |56 spa, I2c_scL, INTB 03 39| Vv
voltage
FPD-Link Il 55yT0+, DOUTO-, DOUT1+, DOUTH- -0.3 132 Vv
output voltage
Analog voltage |LFDSI, LFT -0.3 1.32 \Y
Junction temperature, T, 150 °C
Storage temperature, Ty —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) For soldering specifications, see product folder at www.ti.com and Absolute Maximum Ratings for Soldering (SNOA549).

7.2 ESD Ratings

VALUE UNIT
D ,D -, D ,

Human-body model (HBM), per AEC (DoCLUTTf; ouTo- ouTt+ +8000
Q100-002("

Other pins +2500
Charged-device model (CDM), per AEC Q100-011 +1000

Air Discharge (DouyTo+ +15000

V(esp) Electrostatic discharge (IEC 61000-4-2) Douto-, Douts+ Dour.) v

Rp =330 Q, Cs = 150 pF Contact Discharge (Doyto+ £10000

Douto-» Dout1+ Dout1-) -

Air Discharge (D ,
(1S010605) Douto, DoSni B‘SLOT:_) +21000
Rp = 330 Q, Cg = 150 pF :
Rp = 2kQ, Cs = 150 pF or 330 pF Contact Discharge (Douro- +10000

Douto-» Dout1+ Douti1-)

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.3 Recommended Operating Conditions

MIN NOM MAX UNIT
V 1.045 1.1 1.155
Supply voltage (vepT) \%
V(vbb18) 1.71 1.8 1.89
V =18V 1.71 1.8 1.89
LVCMOS 1/0 supply voltage (VODIO) v
OR V(VDDIO) =33V 3 3.3 3.6
Open-drain voltage INTB = V(INTB), 12C pins = V(VDDIZC) 1.71 3.6 \%
Operating Free Air Temperature, Tp -40 25 105 °C
MIPI data rate (per DSI lane) 150 1500 Mbps
MIPI DSI HS clock frequency 75 750 MHz
8 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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MIN NOM MAX UNIT
Local 12C frequency, fioc 1 MHz
Reference clock frequency, frercLk 25 210 MHz
Reference clock frequency stability including aging -100 100 ppm
REFCLK, center spread -0.25 0.25 %
Spread-_spectrum reference clock REFCLK, up spread 0 05 %
modulation percentage
REFCLK, down spread -0.5 0 %
V(vop11) 25
V(vbD18) 50
V =18V 50
Supply noise (DC - 50 MHz) (vODIO) mVp-p
V(VDDIO) =3.3V 50
V(VDDIZC) =18V 50
V(VDDIZC) =33V 100

7.4 Thermal Information

DS90UB941AS-Q1
THERMAL METRIC() RTD (VQFN) UNIT
64 PINS
Reua Junction-to-ambient thermal resistance 24.2 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 1.2 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 0.5 °C/W
Rays Junction-to-board thermal resistance 7.9 °C/W
T Junction-to-top characterization parameter 0.1 °C/W
Wi Junction-to-board characterization parameter 7.9 °C/W

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

Over recommended operating supply and temperature ranges (unless otherwise noted)
PARAMETER \ TEST CONDITIONS \ PIN/FREQ. \ MIN TYP MAX| UNIT

POWER CONSUMPTION

Single, 4-lane, DSI Input,
fosi_cLk = 630 MHz (fpcik = 210
MHz),

Dual-link FPD-Link Il output,
Line rate = 3.675 Gbps,
Checkerboad pattern,

R. =100 Q

Total power, normal
operation

VDD11, VDD18,

VDDIO 800 mwW

Pr

SUPPLY CURRENT

Single, 4-lane, DSI Input, VDD11 165 500 mA
fosi_oLk = 630 MHz (fecik = 210 VDD18 25 45  mA
MHz),

Dual-link FPD-Link Ill output,
Line rate = 3.675 Gbps,
Checkerboad pattern,

RL =100 Q

Supply current, normal
operation
VDDIO 2 10 mA

VDD11 140 mA
PDB =L VDD18 15 mA
VDDIO 4 mA

Supply current, power-

|
bbz down mode

1.8 VLVCMOS I/O
Vin High Level Input Voltage |V(vppioy = 1.71V to 1.89 V PDB, GPIOO, 0.65 * V(yppio) \
- GPIO1, GPIO2,

Vi Low Level Input Voltage |V(vppioy=1.71V to 1.89 V GPIO3, D_GPIOO, 0 0.35 x Vyppio) \%
D_GPIOfT,
D_GPIO2,
D_GPIO3,

GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
GPIO8_REG, 0 100 uA
MOSI, MISO,
SPLK, SS,
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
125_DC, 12S_DD,
REFCLKO, REFCLK1

GPIOO0, GPIO1,
[ Input High Current GPI02, GPIO3,
D_GPIOO,
D_GPIOf,
D_GPIOZ2,
D_GPIOS,
GPIO5_REG,
VN = V(VDDIO) =1.71Vto 1.89V, Internal GPIOG_REG,
Pulldown disabled GPIO7_REG,
GPIO8_REG,
MOSI, MISO,
SPLK, SS,
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REFCLKO, REFCLK1

PDB, GPIOO,
GPIO1, GPIO2,
GPI03, D_GPIOO0,
D_GPIO1,
D_GPIO2,
D_GPIO3,
GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
GPIO8_REG,
MOSI, MISO,
SPLK, SS,
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REFCLKO, REFCLK1

VN = V(VDDIO) =1.71Vto 1.89V, Internal
Pulldown enabled

I Input Low Current ViN=0V
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Over recommended operating supply and temperature ranges (unless otherwise noted)

PARAMETER TEST CONDITIONS PIN/FREQ. MIN TYP MAX| UNIT
. IDX, MODE_SELDO,
Iin-sTRaP | Strap Pin Input Current | Viy =0V or Viyppioy = 1.71 V10 1.89 V MODE_S_EL1 -1 1 uA
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Over recommended operating supply and temperature ranges (unless otherwise noted)
PARAMETER TEST CONDITIONS PIN/FREQ. MIN TYP MAX| UNIT

Vou High level output voltage |loy = -2 mA, V(VDDIO) =1.71Vto1.89V GPIOO0, GPIO1, V(VDDlO) -0.45 \%
GPI02, GPIO3,
D._GRIOO. 0 0.45 v
D_GPIOT,
D_GPIO2,
D_GPIO3,
GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
TRI-STATE™ output GRIOBRES
- outpu = = MOSI, MISO -
current VOUT =0Vor VDDIO: PDB =L SPL|’(, ss, ’ 20 20 A
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REM_INTB

VoL Low level output voltage |lo. =2 mA, V(VDDIO) =1.71Vto1.89V

Output short-circuit

current Vour=0V

los

loz

3.3 VLVCMOS I/O

VIH ngh Level Input Voltage V(VDDIO) =3.0Vto36V PDB, GPIOO0, 2.0 V(VDDIO) \
GPIO1, GPIO2, 0 08 v
GPI03, D_GPIOO, :
D_GPIO1,
D_GPIO2,
D_GPIO3,
GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
GPIO8_REG, 0 180 MA
MOSI, MISO,
SPLK, SS,
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REFCLKO, REFCLK1

GPIOO, GPIOT1,
lH Input High Current GPIO2, GPIO3,
D_GPIOO,
D_GPIOf,
D_GPIOZ2,
D_GPIO3,
GPIO5_REG,
VIN = V(VDDIO) =3.0V1t0 3.6V, Internal GP|O6_REG,
Pulldown disabled GPIO7_REG,
GPIO8_REG,
MOSI, MISO,
SPLK, SS,
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REFCLKO, REFCLK1

PDB, GPIOO,
GPIO1, GPIO2,
GPI03, D_GPIOO0,
D_GPIO1,
D_GPIO2,
D_GPIO3,
GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
GPIO8_REG,
MOSI, MISO,
SPLK, SS,
12C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REFCLKO, REFCLK1

Vi Low Level Input Voltage |V(vppioy= 3.0 Vto 3.6 V

VIN = V(VDDIO) =3.0Vto 3.6 V, Internal
Pulldown enabled

25| A

I Input Low Current ViN=0V
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Over recommended operating supply and temperature ranges (unless otherwise noted)

channel input amplitude

PARAMETER TEST CONDITIONS PIN/FREQ. MIN TYP MAX| UNIT
High Level Output _ _ GPIOO0, GPIO1,
VOH Voltage IOH =-4 mA, V(VDDIO) =3.0Vto3.6V GPIO2, GPIO3, 24 V(VDDIO) \Y
Low Level Output D_GPIOO,
VoL v P loL =4 MA, Vyppio) = 3.0 Vt0 3.6 V D_GPIO1, 0 0.4 v
oltage
D_GPIOZ2,
Output Short Circuit _ D_GPIOS, _
los Current Vour=0V GPIO5_REG, 60 mA
GPIO6_REG,
GPIO7_REG,
GPIO8_REG,
TRI-STATE™ RS
- output _ _ SPLK, SS
| Vour=0VorV ,PDB =L ) OO, -20 20 A
oz current out (VDDIO) 12C_WC, 12S_CLK, v
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REM_INTB
OPEN DRAIN OUTPUT
V =3.0Vto3.6V,Ilo. =4 mA 0 0.4
VoL Output Low Level (vDDIO) o \Y
V(VDDIO) =1.71Vt0o1.89YV, |Q|_ =2mA INTB 0 0.45
lon Output Leakage Current | V(vppio) -20 20 uA
SERIAL CONTROL BUS I/O
™ Input High Level 0.7 x Vivopio) V(vbpio) \
Vi Input Low Level 0 0.3 x V(VDDIO) \%
Vhys Input Hysteresis 50 mV
_ Standard-
Vvooio) = 3.0V10 3.6 | e Tract 0 0.4 v
V, lop =3 mA
VoL1 Output Low Level mode
V =3.0Vto 3.6 |Fast-mode
(VDDIO)
V. lo, =20 mA Plus 12C_SCL, I12C_SDA 0 0.4 \
_ Fast-mode,
Voro Output Low Level Vvopio) = 1;71 Vio Fast-mode 0 0.2 x Viyopio) v
1.89V, lo. =2mA Plus
IIH Input Current ngh VIN = V(VDDIO) -10 10 |JA
[ Input Current Low ViN=0V -10 10 uA
Cin Input Capacitance 5 pF
FPD-LINK Ill TRANSCEIVER
Differential output R =100 Q
Voop-p voltage Back channel disabled 900 1200 mVp,
Single-ended output R =50Q
Vour voltage Back channel disabled 450 600 mV
Output voltage _
AVop unbalance RL=100Q 1 50 mV
Vos Output offset voltage R. =100 Q 550 mV
AVos Offset voltage unbalance |R_ = 100 Q DOUTO+, DOUTO-, 1 50 mV
_circui DOUT1+, DOUT1-
los Output short-circuit FPD-link IIl outputs = 0 V 20 mA
current
Differential 80 100 120 Q
Rt Termination resistance
Single-ended 40 50 60 Q
Vip.sc !leferenha[ back channel 170 my
input amplitude Back channel data rate = 5, 10, or 20
/ " Mbps
Vinsc Single-ended back 170 mv
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Over recommended operating supply and temperature ranges (unless otherwise noted)
PARAMETER \ TEST CONDITIONS |  PNFrReQ. | MIN  TYP MAX| UNIT

DSI HSRX RECEIVER

DSI0_DOP,
DSIO_DON,
DSI0_D1P,
DSIO_D1N,
DSI0_D2P,
DSIO_D2N,
DSI0_D3P,
DSIO_D3N,
DSI0_CLKP,
DS0_CLKN,
DSI1_DOP,
DSI1_DON,
DSI1_D1P,
DSI1_D1N,
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

DSI0_DOP,
Steady-state DSIO_DON, 70 330 mV

Vi Differential input high ggllg_g.:ﬁ 70 mv
IDTH threshold T Dop.
- — Data rates < 1.5 Gbps DSI0_D2P,
v Differential input low DSIO_D2N, -70 mv
IDTL threshold DSI0_D3P,
Single-ended input high gg?_gjyp 460 mv
voltage DS0_CLKN,
Single-ended input low DSI1_DOP, B
Viths | yoltage DSI1_DON, 40 mv

_ DSI1_D1P,
Single-ended threshold DSI1_D1N,

Vtermen | for HS termination DSI1 D2P 450 mV
enable DSI1_D2N,
DSI1_D3P,
Differential input DSI1_D3N,

Zo impedance DSI1_CLKP, 80 100 125 Q
DSI1_CLKN

Common-mode voltage,

VeMRX(DC) | s receive mode 70 330 mV

Steady-state Steady-state

Common-mode voltage,

VeMRX(D0) | s receive mode

ViH-Hs

DSI LPRX RECEIVER

Applicable when the supported data rate DSI0_DOP, 880 my
< 1.5 Gbps DSI0_DON,
ViLp LP logic 0 input voltage |Not in ULP state gg:g:g:g 550 mV
DSI0_D2P,
DSI0_D2N,
DSI0_D3P,
DSI0_D3N,
DSI0_CLKP,
DSO0_CLKN,
DSI1_DOP,
VhysT Input hysteresis %311:%2& 25 mV
DSI1_D1N,
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

ViHLp LP logic 1 input voltage

7.6 AC Electrical Characteristics

Over operating free-air temperature range (unless otherwise noted)
PARAMETER \ TEST CONDITIONS \ PIN/FREQ. MIN TYP MAX‘ UNIT ‘

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

PARAMETER TEST CONDITIONS PIN/FREQ. MIN TYP MAX UNIT
Single FPD-Link llI (1/4) MHz
fopio FC Maximum forward channel GPIO freLk
- frequency
Dual FPD-Link Il (1f/8) * MHz
PCLK
Single FPD-Link IlI 1/1 ns
{6PI0_FC_Jl | Forward channel GPIO jitter PoLK
T Dual FPD-Link Il 2/ fecik ns
BC rate = 20 Mbps, Normal GPIO
fepio_sc Mode (DES), 4 GPIOs 133 kHz
BC rate = 20 Mbps, Fast GPIO
f ’ 800 kHz
GPIOBC | pfaximum back channel GPIO Mode, 4 GPIOs
frequency BC rate = 20 Mbps, Fast
f ) GPIO0, GPIO1, 1.33 MHz
GPIO_BC GPIO Mode, 2 GPIOs GPIO2. GPIO3,
£ BC rate = 20 Mbps, Fast D_GPIOO0, D_GPIO1, 2 MHz
GPIO_BC GPIO Mode, 1 GPIO D_GPIO2, D_GPIO3
BC rate = 20 Mbps, Normal GPIO
tepio_BC Mode (DES), 4 GPIOs 1900 ns
BC rate = 20 Mbps, Fast GPIO
tepio_sc Mode, 4 GPIOs 320 ns
Back channel GPIO jitter
¢ BC rate = 20 Mbps, Fast 190 ns
GPIO_BC GPIO Mode, 2 GPIOs
BC rate = 20 Mbps, Fast
tapio_sc GPIO Mode, 1 GPIO 130 ns
tepo_LHt | GPO low-to-high transition time Cy = 8 pF (lumped load), Default 2 ns
tepo_Hir | GPO high-to-low transition time registers 2 ns
FPD-LINK 1l TIMING
Low voltage differential low-to-high
fLHr transition time 80 120 ps
Low voltage differential high-to-low
thur transition time 80 120 ps
txzp Output active to OFF delay PDBH->L 100 300 ns
tpLD Lock time PDB L -> H, with input clock active 5 ms
tsp Delay — latency 145 x T ns
tir Output random jitter 0.3 Ul Jitter applied, CDR BW = 3 ps(rms)
tumo Output deterministic jitter f115 fps)_cLi = 510 MHz (fpeik = 43 ps(p-p)
out —— 170 MHz, Dual-link FPD-Link 111, DOUTO+. DOUTO 017 022l i m
t utput total jitter i = = ’ - . .
JIT J |1|r(1)uz=) rSte 2.975 Gbps), R_ DOUT1+ DOUTI- FPD3
Ey Eye height 660 mVpp
ttr Output random jitter 0.3 Ul Jitter applied, CDR BW = 3 ps(rms)
t Output deterministic jitter f/15 fpsi_cLk = 630 MHz (fpcik = 51 ps(p-p)
Rl - 210 MHz, Dual-link FPD-Link I, 1
tyr Output total jitter line rate = 3.675 Gbps), R, = 0.22 0.31| Ulgppz ("
En Eye height 100 Q 580 mVpp
Jitter transfer function (-3 dB
AsTxBw bandwidth) 960 kHz
BsTx Jitter transfer function peaking 0.1 dB
Default (Deserializer) 5
VBCDR Back channel data rate HSCC_MODE (Deserializer) 10 Mbps
HSCC_MODE (Deserializer) 20
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Over operating free-air temperature range (unless otherwise noted)
PARAMETER \ TEST CONDITIONS \ PIN/FREQ. MIN TYP MAX| UNIT |

DSI LPRX RECEIVER

ESPIKE Input pulse rejection DSI0_DOP, 300 V*s
DSI0_DON, 20 s
DSI0_D1P,
ViNT Peak interference amplitude DSIO_D1N, 200 mV
DSI0_D2P,
DSI0_D2N,
DSI0_D3P,
DSI0_D3N,
DSI0_CLKP,
DS0_CLKN,
DSI1_DOP,
DSI1_DON,
finT Interference frequency DSI1_D1P, 450 MHz
DSI1_D1N,
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

TMIN-RX Minimum pulse width response

DSI HSRX RECEIVER

A Common-level variations above DSI0_DOP,
Y Common-mode Interference HF 450 MHz DSIO_DON, 100 mV
CMRX(HF) Data rates < 1.5 Gbps DSI0_D1P,
DSI0_D1N,
DSI0_D2P,
DSI0_D2N,
DSI0_D3P,
DSI0_D3N,
DSI0O_CLKP,
DSO0_CLKN,
DSI1_DOP,
DSI1_DON,
DSI1_D1P,
Ccm Common-mode termination DSI1_D1N, 60 pF
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

A Common-level variations between
y Common-mode Interference LF 50 to 450 MHz
CMRX(LF) Data rates < 1.5 Gbps

DSI CLOCK TIMING
Ulpsiunst | DSI Ul instantaneous 150 Mbps to 1.5 Gbps 0.667 6.67 ns

Ulps 21 ns -0.1 0.1| Ulpg @
AUlpg) DSI Ul variation DSI0O_CLKP,
0.667 ns < Ulpg; <1 ns DSO_CLKN, -0.05 0.05| Ulpg @

DSI Reference Clock Mode, DSI1_CLKP,
BRIDGE_CFG2[1:0] = 00b DSI1_CLKN ol Ui
fecLk / 40 < Jitter frequency < . FPD3

froLk / 20, TV@BER<1E-10

tosi_uiT DSl clock jitter
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Over operating free-air temperature range (unless otherwise noted)

PARAMETER

|

TEST CONDITIONS ‘ PIN/FREQ.

MIN TYP

MAX| UNIT |

DSI DATA-CLOCK TIMING

tSETUP(RX)

Data-to-clock setup time

Data rate < 1 Gbps DSI0_DOP,

. DSI0_DON,
Data rate: 1 Gbps to 1.5 Gbps DSI0_D1P,

tHoLD(RX)

Data-to-clock hold time

Data rate < 1 Gbps DSIO_D1N,

DSI0_D2P,
DSI0_D2N,
DSI0_D3P,
DSI0_D3N,
DSI0_CLKP,
DS0_CLKN,
DSI1_DOP,
DSI1_DON,
Data rate: 1 Gbps to 1.5 Gbps DSI1_D1P,
DSI1_D1N,
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

-0.15

0.15

-0.2

0.2

Ulinst @

-0.15

0.15

-0.2

0.2

Ulinst @

DSI RECEIVER RETURN LOSS

SDDgx

RX differential return loss

fLpumax DSI0_DOP,

; DSIO_DON,
H DSI0_D1P,

fmax DSIO_D1N,

SCCry

RX common-mode return loss

DSI0_D2P,

1/4 finT, MIN DSI0_D2N
fiNT, MIN DSI0_D3P,

DSI0_D3N,
fuax DSI0_CLKP,

SDCrx

RX mode conversion

DSO0_CLKN,
DSI1_DOP,
DSI1_DON,
DSI1_D1P,
DSI1_D1N,
0o DI DI
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

>-18

dB

>-9

dB

>3

dB

>0

dB

>-6

dB

>-2.5

dB

>-26

dB

(1) Ulgpps - FPD-Link 11l Unit Interval is equivalent to one serialized data bit width. For Single-link mode, 1 Ulgpps = 1/(35*fpc k). For Dual-
link mode, 1 UIFPD3 = 1/(35*fPCLK/2)- The UIFPD3 scales with PCLK frequency.

(2)  Ulpg - DSl unit interval is equivalent to one bit period of the DSI input. 1 Ulps| = 1/(2 * fpg|_cLk)-

7.7 Recommended Timing for External Clock Reference

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fREECLK Reference clock frequency 25 froLk 210| MHz
fREFCLK_STB | Reference clock frequency stability | Full temperature range and aging -100 100| ppm
L
tREFCLK_P Reference clock period 4.76 T 40 ns
tREFCLK_H Reference clock high time frercLk = frcik = 25 MHz - 210 MHz 0.4T 0.5T 0.6T ns
tREFCLK_L Reference clock low time 0.4T 0.5T 0.6T ns
trercik_uir | Reference clock jitter fpoLk / 40 < Jitter frequency < fpc k / 20, TI@BER<1E-10 0.28| UIM

(1) Ulgpps - FPD-Link Il Unit Interval is equivalent to one serialized data bit width. For Single-link mode, 1 Ulgpps = 1/(35*fpc k). For
Dual-link mode, 1 Ulgppsz = 1/(35*fpc k/2). The Ulgpps scales with PCLK frequency.
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7.8 Recommended Timing for Serial Control Bus

Over I2C supply and temperature ranges unless otherwise specified.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Standard-mode >0 100| kHz
fscL SCL clock frequency Fast-mode >0 400| kHz
Fast-mode Plus >0 1| MHz
Standard-mode 4.7 us
tLow SCL low period Fast-mode 1.3 us
Fast-mode Plus 0.5 us
Standard-mode 4 us
tHIGH SCL high period Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4 us
thoisTA Is-ltzlr(ti gg:zift(i)c:na start or a repeated Fast-mode 06 us
Fast-mode Plus 0.26 us
Standard-mode 4.7 us
- Stztrtusotri]rgiz;cr)]r a start or a repeated Fast-mode 06 us
Fast-mode Plus 0.26 us
Standard-mode 0 us
tHD.DAT Data hold time Fast-mode 0 us
Fast-mode Plus 0 us
Standard-mode 250 ns
tsu:pAT Data set up time Fast-mode 100 ns
Fast-mode Plus 50 ns
Standard-mode 4 us
tsu:sTo Set up time for STOP condition Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4.7 us
tBur 55&12?1 té?(ejp and START Fast-mode 13 Hs
Fast-mode Plus 0.5 us
Standard-mode 1000 ns
te SCL and SDA rise time Fast-mode 300 ns
Fast-mode Plus 120 ns
Standard-mode 300 ns
t SCL and SDA fall time Fast-mode 300 ns
Fast-mode Plus 120 ns
Standard-mode 400 pF
Cp Capacitive load for each bus line Fast-mode 400 pF
Fast-mode Plus 550 pF
tep Input filter Fast-mode 50 ns
Fast-mode Plus 50 ns
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7.9 Timing Diagrams

SCOPE
SERIALIZER B
DOUT+ 100 nF 50 Q
5 Tt
| ———
DOUT- 100 nF 500
Dout- = T ] —
Single Ended Vo QUL
Dout+ = . L Vos
ov
Differential (DouT+) - (DouT-) V‘ID ov
Figure 7-1. Serializer Output Vop, Vour
(DOUT+) - (DOUTS——
Figure 7-2. Output Transition Times
VDD
VDDIO
PDB —'l
CLK (Diff.) ||| ||||||||||||||||||||| ||||||||||||||||||||||
tpLD t><ZD
DOUT
(Diff.) Driver OFF, Vop =0 V Driver OFF, Vop =0 V
Driver On
Figure 7-3. Serializer Lock Time
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le———— tg7 (1 U)——>!

Figure 7-4. Serializer Output Jitter

tsu;sTO

: tHD;STA
tHD;DAT

Figure 7-5. Serial Control Bus Timing Diagram

REPEATED STOP START
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Figure 7-6. 12S Timing Diagram
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8 Detailed Description
8.1 Overview

The DS90UB941AS-Q1 is a Display Serial Interface (DSI) to FPD-Link IIl Bridge device that, in conjunction with
the DS90UB940N-Q1, DS90UB948-Q1 deserializers over two low-cost, 50 Q coaxial or two 100 Q shielded
twisted-pair (STP) cables, transmits high-resolution video, audio, and control information. Each of the dual DSI
links has (4 lanes + 1 clock). They support video resolutions up to 2K with 24-bit color depth, and translates into
dual-pair high-speed serialized interfaces. The serial bus scheme, FPD-Link Ill, supports video and audio data
transmission and full duplex control including 12C communication over two differential links. Consolidation of
video data and control over two differential pairs reduce the interconnect size and weight, while also eliminating
skew issues and simplifying system design. EMI is minimized by the use of low voltage differential signaling,
data scrambling, and randomization. In backward-compatible mode, the device supports up to WXGA and 720p
resolution with 24-bit color transmit over one differential link to the DS90UB924-Q1, DS90UB926-Q1 or
DS90UB928-Q1 deserializers.

The DS90UB941AS-Q1 supports up to eight 12S audio channels. Audio data received from the 12S input is
encrypted and sent over the FPD-Link lll interfaces where it can be regenerated at an up to 8-channel 12S
interface with maximum sample rate of 192 kHz.

8.2 Functional Block Diagram
a N

Single/Dual
Control _

osi ‘ FPD-Link 11l TX FPD3 TX p FPD-Link Il
. > Digital Analog o
PAT FPD3 —
DSl DSIRx ——»
Analog GEN g:}ep(l:tt -
" e FPD-Link Ill TX |——® FPD3 TX p FPD-Link Il
Digital < Anaog [ |7
- Audio Config
Regs 12C

Clocks

A

DET Interface
L %
v Y
12S 12C

8.3 Feature Description

The DS90UB941AS-Q1 implements a bridge between a DSI interface and dual FPD-Link Il interface. The
device integrates a DSI Receiver with the FPD-Link Il Transmitters to provide audio and video transmission .

8.3.1 DSI Receiver

The DS90UB941AS-Q1 features two separate MIPI D-PHY v1.2 / DSI v1.3.1 compliant input ports. Selection of
DSl input port is made through the DSI_PORT_SEL bit in the BRIDGE_CTL register. Each port allows 1, 2, 3,
or 4-lane operation. The number of lanes for both ports is controlled by the DSI_LANES field in the
BRIDGE_CTL register, and may be set at power up through a strap option on the MODE_SELO pin. Automatic
lane detection is not supported.

The DSI lane ordering can be reversed internally and independently for each of the two DSI ports, using the
DSI1_LANE_REVERSE or DSI0_LANE_REVERSE fields in the DEVICE_CFG register:

+ DEVICE_CFG:DSI0O_LANE_REVERSE = 1:
— DSIO_D3P/N -> Port 0 Lane 0
— DSI0O_D2P/N -> Port 0 Lane 1
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— DSIO_D1P/N -> Port 0 Lane 2
— DSI0_DOP/N -> Port 0 Lane 3
+ DEVICE_CFG:DSI1_LANE_REVERSE = 1:
— DSI1_D3P/N -> Port 1 Lane 0
— DSI1_D2P/N -> Port 1 Lane 1
— DSI1_D1P/N -> Port 1 Lane 2
— DSI1_DOP/N -> Port 1 Lane 3

In addition, the DSI clock and data lane polarity can be inverted internally and independently for each of the two
D-PHY ports:

- DEVICE_CFG:DSIO_DATA_PN_SWAP = 1:
— DSI0_D3P/N -> DSI0_D3N/P
— DSI0_D2P/N -> DSI0_D2N/P
— DSI0O_D1P/N -> DSI0_D1N/P
— DSIO_DOP/N -> DSI0_DON/P

. DEVICE_CFG:DSIO_CLK_PN_SWAP = 1:
— DSIO_CLKP/N -> DSI0O_CLKN/P

. DEVICE_CFG:DSI1_DATA_PN_SWAP = 1:
— DSI1_D3P/N -> DSI1_D3N/P
— DSI1_D2P/N -> DSI1_D2N/P
— DSI1_D1P/N -> DSI1_D1N/P
— DSI1_DOP/N -> DSI1_DON/P

. DEVICE_CFG:DSI1_CLK_PN_SWAP = 1:
— DSI1_CLKP/N -> DSI1_CLKN/P

8.3.1.1 DSI Operating Modes

The D-PHY receiver can be in High-Speed (HS) or Escape mode. During normal operation, a Data Lane will be
in High-Speed mode. In Escape Mode, the D-PHY will be in a Low-Power (LP) State. In High-Speed mode, the
data transmission happens in a burst and may start and end at a Stop state (LP-11), or remain in HS mode with
null or blanking packets transmitted. There is a transition state to take the D-PHY from a Normal mode to the
Escape mode or Low-Power state.

The sequence to enter High-Speed mode is: LP-11, LP-01, LP-00 at which point the Data Lane remains in High-
Speed mode until a Stop state (LP-11) is received.

The sequence to enter Escape mode is: LP-11, LP-10, LP-00, LP-01, LP-00. As soon as the final Bridge state
(LP-00) is observed, the Lane enters Escape Mode.

8.3.1.1.1 High-Speed Mode

During high-speed data transmission, the digital D-PHY will enable termination signal to allow proper termination
of the HS RX, and the LP RX should stay at LP-00 state. Both DSI data lane and clock lane operate in the same
manner. The DS90UB941AS-Q1supports DSI continuous clock lane mode where the clock LP RX stays at
LP-00 state.

22 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DS90UB941AS-Q1


https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS

INSTRUMENTS DS90UB941AS-Q1
www.ti.com SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021
8.3.1.1.2
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Data Lane
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ﬂ;\ - Terminator I~
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(max) m m >/
A aARA _—a
VoL —0{1 » Treor
k; > Capture
D-TERM-EN 1% Data Bit [¢—Tus.skip—» LP-11
LP-11 LP-01 | LP-00 . Teor N
[ —Ths.seTTLE—
«—Ths TrRaiL—>| < Ths.exiT—|
\ y \ ; b M HIGH-SPEED TO
LOW-POWER TO START OF -
HIGH-SPEED ~ HS-ZERO TRANSMISSION e oaN HS-TRAIL LOW-POWER
TRANSITION SEQUENCE TRANSITION

Figure 8-1. High-Speed Data Transmission in Bursts

Low power data transmission and low power escape modes are not supported.

8.3.1.1.3 Global Operation Timing Parameters

MIPI D-PHY v1.2 defines global operation timing for both D-PHY TX and RX. The DS90UB941AS-Q1

implements the following RX timing parameters:

* toik-miss

* tcik-seTTLE (Programmable)

* tcik-TERM-EN (Programmable)

* tpTERM-EN (Programmable)

* ths.serTLE (Programmable)

* ths.skip (programmable)

* T slave (programmable)

* tgoT parameter is not supported.
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8.3.1.2 THS-SKIP Programming

The D-PHY data lanes include the ability to ignore the final data bits during HS data transfer. The number of bits
to be ignored can be programmed into the DPHY_SKIP_TIMING register on Page 1 of the device Indirect
Registers.

The TSKIP_CNT field should be programmed based on the operating DSI clock frequency to meet the D-PHY
THS-SKIP timing requirement. The TSKIP_CNT value (dec) is defined in Equation 1, where fpg, is the DSI clock
frequency in GHz. Table 8-1 shows a couple of example TSKIP_CNT values derived based on the given DSI
clock frequency, fpg.

TSKIP_CNT = Round(65 - fog —5)

(1
Table 8-1. TSKIP_CNT Settings as a Function of fpg; Examples

fpsi [GHz] TSKIP_CNT (dec) DSI Indirect Register 0x05[6:1] (bin) |DSI Indirect Register 0x05 Setting (hex)
0.225 10 001010 0x14
0.315 15 001111 Ox1E

8.3.1.3 DSI Errors and Status
8.3.1.3.1 DSI / DPHY Error Detection and Reporting

The DS90UB941AS-Q1 detects and reports DSI errors for each lane via the DPHY_DLANEx_ERR registers:

» SoT Error

» SoT Sync Error

* EoT Sync Error

» False Control Error

Escape Entry Command Error and LP Transmission Sync Error conditions are not supported.
8.3.1.3.2 DSI Protocol Error Detection
The DSI protocol logic provides a 3-bit status vector to indicate protocol errors. The three bits are:

« DSI_RD_WOUT_BTA: Read without Bus Turn-Around (BTA)
+ DSI_EOT_ERR: End of Transmit without EOT packet
« DSI_CMD_OVER : Command FIFO Overflow

The DSI Protocol errors are available in the DSI_STATUS register. The error flags will be cleared on read of the
DSI_STATUS register on Page 1 Indirect Registers.

8.3.1.3.3 DSI Error Reporting

The main register GENERAL_STS (0x0C) has two status bits related to DSI Errors. Bit 6 is the DSI_ ERROR
status bit, which ORs all of the DSI error bits within the indirect registers. If dual DSI is enabled, the DSIO and
DSI1 error bits are OR’d together. However, if only one DSI port is enabled, then the status bit only shows the
error bits within that DSI port. This bit does not clear on read. All of the error status bits must be cleared within
the DSI indirect registers. Bit 5 is the DPHY_ERROR status bit, which ORs all of the DPHY error bits within the
indirect registers. It works similarly to the DSI_ERROR bit in that the DPHY_ERROR bit only shows the errors of
the DPHY enabled and cannot be cleared on read.

There are three registers that show all of the errors that could be causing the DSI_ERROR_DET bit to be set.
This error report comes from the DSI logic and is spread over DSI_ERR_RPT_0, DSI_ ERR_RPT_1, and
DSI_ERR_RPT_2 registers. The error report registers are cleared when reading the DSI_STS register. The
optimal register read order for checking the DSI errors is to read the GENERAL_STS bit within the main
registers, check the error report registers for an error, then read the DSI_STS register for other errors and to
clear the error report registers.
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8.3.1.3.4 DSI Error Counter

The DSI Error Counter increments on errors detected by the DSI Protocol logic. Each type of error can be
enabled independently. If an error indication is enabled, the error counter increments if that condition is detected.
Error conditions are enabled by setting the controls in the DIS_ ERR_CFG_0 and DSI_ERR_CFG_1 registers on
Page 1 Indirect Registers.

8.3.1.3.5 DSI to FPD-Link lll Buffer Error

The DSI to FPD-Link Il interface includes a buffer to handle transfer of data from the DSI protocol logic to the
FPD-Link Ill transmit domain. If the interface detects a buffer overflow, the DSI_FPD3 ERR will be set in the
DSI_STATUS register on Page 1 Indirect Registers.

8.3.1.4 Supported DSI Video Formats
The DS90UB941AS-Q1 supports four DSI RGB video formats:

* RGB888 (Packed Pixel Stream, 24-bit Format, Data Type 0x3E)
* RGB666 (Loosely Packed Pixel Stream, 18-bit format in Three Bytes, Data Type 0x2E)
* RGB666 (Packed Pixel Stream, 18-bit Format, Data Type Ox1E)
* RGB565 (Packed Pixel Stream, 16-bit Format, Data Type Ox0E)

Note

Each video line is expected to be sent as a single DSI packet. Multi-packet per line video formats are
not supported

The RGB video formats are automatically converted, if necessary, to 3-byte RGB888 for transmission over FPD-
Link I11.

The DS90UB941AS-Q1 also supports pass-through of four DSI YCbCr video formats:

» Packed Pixel Stream, 12-bit YCbCr 4:2:0 Format, Data Type 0x3D
» Packed Pixel Stream, 16-bit YCbCr 4:2:2 Format, Data Type 0x2C
» Packed Pixel Stream, 24-bit YCbCr 4:2:2 Format, Data Type 0x1C
* Loosely Packed Pixel Stream, 20-bit YCbCr 4:2:2 Format, Data Type 0x0C

Each of these formats is aligned to the 3-bytes-per-pixel forward channel but is not converted to RGB888.

The DS90UB941AS-Q1 also supports pass-through of Compressed Pixel Stream data, aligned to the 3-bytes-
per-pixel for transmission over FPD-Link Ill. No decompression is done.

Note

Normally, RGB pixel data is sent with one full horizontal video line of pixels in a single packet. The
case of horizontal video line of active pixels divided into two or more packets is not supported.

8.3.2 High-Speed Forward Channel Data Transfer

The High-Speed Forward Channel is composed of 35 bits of data containing RGB data, sync signals, 12C,
GPIOs, and I12S audio transmitted from serializer to deserializer. Figure 8-2 shows the serial stream per clock
cycle. This data payload is optimized for signal transmission over an AC-coupled link. Data is randomized,
balanced, and scrambled.

(3 Co

Figure 8-2. FPD-Link Ill Serial Stream

The device supports pixel clocks in the range of 25 MHz to 105 MHz over one lane, or 50 MHz to 210 MHz over
two lanes. The FPD-Link Il serial stream rate is 3.675 Gbps maximum per lane (875 Mbps minimum).
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8.3.3 Back Channel Data Transfer

The Backward Channel provides bidirectional communication between the display and host processor. The
information is carried from the deserializer to the serializer as serial frames. The back channel control data is
transferred over both serial links along with the high-speed forward data, DC balance coding and embedded
clock information. This architecture provides a backward path across the serial link together with a high-speed
forward channel. The back channel contains the 12C, CRC and 4 bits of standard GPIO information with a
5Mbps, 10 Mbps, or 20 Mbps line rate (configured by the compatible deserializer).

8.3.4 FPD-Link Ill Port Register Access

The DS90UB941AS-Q1 contains two downstream ports, and some registers need to be duplicated to allow
control and monitoring of the two ports. To facilitate this, a PORT_SEL register controls access to the two sets of
registers. Registers that are shared between ports (not duplicated) will be available independent of the settings
in the PORT_SEL register.

Setting the PORTO_SEL or PORT1_SEL bit will allow a read of the register for the selected port. If both bits are
set, port1 registers will be returned. Writes to ports will occur on a port where the select bit is set, allowing
simultaneous writes to both ports if both select bits are set.

Setting the PORT1_I2C_EN bit will enable a second |2C slave address, allowing access to the second port
registers through the second 12C address. If this bit is set, the PORTO_SEL and PORT1_SEL bits will be ignored.

Note that in Forced Single FPD-Link Il mode, access to port 1 registers will be disabled by preventing setting of
the PORT1_SEL register bit.

Additional port 1 registers are only available in Independent 2:2 and/or Splitter modes. If these modes are not
enabled, all accesses to these registers will be to port 0 registers.

8.3.5 Video Control Signals

The video control signal bits embedded in the DSI interface are subject to certain limitations relative to the video
pixel clock period (PCLK). By default, the DS90UB941AS-Q1 applies a minimum pulse width filter on these
signals to help eliminate spurious transitions.

Normal Mode Control Signals (VS, HS, DE) have the following restrictions:

» Horizontal Sync (HS): The video control signal pulse width must be 3 PCLKs or longer when the Control
Signal Filter (register bit 0x03[4]) is enabled (default). Disabling the Control Signal Filter removes this
restriction (minimum is 1 PCLK). HS can have at most two transitions per 130 PCLKs.

» Vertical Sync (VS): The video control signal pulse is limited to 1 transition per 130 PCLKs. Thus, the minimum
pulse width is 130 PCLKs.

« Data Enable Input (DE): The video control signal pulse width must be 3 PCLKs or longer when the Control
Signal Filter (register bit 0x03[4]) is enabled (default). Disabling the Control Signal Filter removes this
restriction (minimum is 1 PCLK). DE can have at most two transitions per 130 PCLKs.

8.3.6 Power Down Pin (PDB)

The Serializer has a PDB input pin to ENABLE or POWER DOWN the device. This pin may be controlled by an
external device, or through Vppo. To save power, disable the link when the display is not needed (PDB = LOW).
Ensure that this pin is not driven HIGH before all power supplies have reached final levels. When PDB is driven
low, ensure that the pin is driven to 0 V for at least 2 ms before releasing it or driving it to high. In the case where
PDB is pulled up to Vpp,o directly, a 210 kQ pullup resistor and a >10 yF capacitor to ground are required (see
Section 10.2).

Toggling PDB low will POWER DOWN the device and RESET all control registers to default. During this time,
PDB must be held low for a minimum of 2 ms before going high again.

8.3.7 Serial Link Fault Detect

The DS90UB941AS-Q1 can detect fault conditions in the FPD-Link Il interconnect. If a fault condition occurs,
the Link Detect Status is 0 (cable is not detected) on bit 0 of address 0xOC ( Section 8.6 ). The DS90UB941AS-
Q1 will detect any of the following conditions:
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Cable open

“+” to “-” short

"+” to GND short

”-” to GND short

"+” to battery short

”-” to battery short

Cable is linked incorrectly (DOUT+/DOUT- connections reversed)

No o hkwd-=

Note

The device will detect any of the above conditions, but does not report specifically which one has
occurred.

8.3.8 Interrupt Support
8.3.8.1 Interrupt Pin (INTB)

The INTB pin is an active low interrupt output pin that acts as an interrupt for various local and remote interrupt
conditions (see registers 0xC6 and OxC7 in the Section 8.6). For the remote interrupt condition, the INTB pin
works in conjunction with the INTB_IN pin on the deserializer. This interrupt signal, when configured, will
propagate from the deserializer to the serializer.

On the Serializer, set register 0xC6[5] = 1 and 0xC6[0] = 1

Deserializer INTB_IN pin is set LOW by some downstream device.

Serializer pulls INTB pin LOW. The signal is active LOW, so a LOW indicates an interrupt condition.
External controller detects INTB = LOW; to determine interrupt source, read ISR register.

A read to ISR will clear the interrupt at the Serializer, releasing INTB.

The external controller typically must then access the remote device to determine downstream interrupt
source and clear the interrupt driving the Deserializer INTB_IN. This would be when the downstream device
releases the INTB_IN pin on the Deserializer. The system is now ready to return to step (2) at next falling
edge of INTB_IN.

8.3.8.2 Remote Interrupt Pin (REM_INTB)

The DS90UB941AS-Q1 includes a dedicated REM_INTB (remote interrupt) pin. This pin provides a pass-
through of the INTB signal from an attached FPD-Link Ill deserializer like the DS90UB948-Q1. During a valid link
condition, the value on the deserializer INTB_IN pin will be reflected on the DS90UB941AS-Q1 REM_INTB pin.

In Dual FPD3 mode, the REM_INTB pin will indicate the INTB_IN from the attached dual-capable deserializer. In
other modes, the REM_INTB pin will indicate a combined interrupt from the INTB_IN pins of multiple
deserializers, if connected. The combined interrupt will be asserted if either connection reports a remote
interrupt.

ook wh=

The REM_INTB_CTRL register allows bringing the remote interrupt indication to pins in addition to the
REM_INTB pin. In addition, selection 0001 of the REM_INTB_MODE field allows bringing port 0 remote interrupt
to REM_INTB and port 1 remote interrupt to the INTB pin.

For detailed information on interrupt support for splitter mode, refer to the Splitter Mode Operations With the
DS90Ux941ASQ1 application note (SNLA308).
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8.3.9 GPIO Support

8.3.9.1 GPIO[3:0] Configuration

In normal operation, GPIO[3:0] may be used as general-purpose 10s in either forward channel (outputs) or back
channel (inputs) mode. GPIO modes may be configured from the registers. See Table 8-2 for GPIO enable and
configuration.

Table 8-2. GPIO Enable and Configuration

DESCRIPTION DEVICE FORWARD CHANNEL BACK CHANNEL
GPIO3 Serializer 0x0F[3:0] = 0x3 0xO0F[3:0] = 0x5
Deserializer 0x1F[3:0] = 0x5 Ox1F[3:0] = 0x3
GPIO2 Serializer O0x0E[7:4] = 0x3 O0xO0E[7:4] = 0x5
Deserializer Ox1E[7:4] = 0x5 Ox1E[7:4] = 0x3
GPIO1 Serializer Ox0E[3:0] = 0x3 0x0E[3:0] = 0x5
Deserializer 0x1E[3:0] = Ox5 0x1E[3:0] = 0x3
GPIOO0 Serializer 0x0DI[3:0] = 0x3 0x0D[3:0] = 0x5
Deserializer 0x1D[3:0] = 0x5 0x1D[3:0] = 0x3

8.3.9.2 Back Channel Configuration

The D_GPIO[3:0] pins can be configured to obtain different sampling rates depending on the mode as well as
back channel frequency. These different modes are controlled by a compatible deserializer. Consult the
appropriate deserializer datasheet for details on how to configure the back channel frequency. See Table 8-3 for
details about D_GPIOs in various modes.

Table 8-3. Back Channel D_GPIO Effective Frequency

HSCC_MODE L E NUMBER OF |SAMPLES PER D_GPIO Effective Frequency(") (kHz) D_GPIOs
(on DES) D_GPIOs FRAME 5 Mbps BC? | 10 Mbps BC® | 20 Mbps BC) ALLOWED
000 Normal 4 1 33 66 133 D_GPIO[3:0]
011 Fast 4 6 200 400 800 D_GPIO[3:0]
010 Fast 2 10 333 666 1333 D_GPIO[1:0]

001 Fast 1 15 500 1000 2000 D_GPIOO

(1) The effective frequency assumes the worst-case back channel frequency (-20%) and a 4X sampling rate.
(2) 5 Mbps corresponds to BC FREQ SELECT =0 and BC_HS_CTL = 0 on a compatible deserializer.

(3) 10 Mbps corresponds to BC FREQ SELECT =1 & BC_HS_CTL = 0 on a compatible deserializer.

(4) 20 Mbps corresponds to BC FREQ SELECT = X & BC_HS_CTL = 1 on a compatible deserializer.

8.3.9.3 GPIO_REG/[8:5] Configuration

GPIO_REG[8:5] are register-only GPIOs and may be programmed as outputs or read as inputs through local
register bits only. Where applicable, these bits are shared with 12S pins and will override 12S input if enabled into
GPIO_REG mode. See Table 8-4 for GPIO enable and configuration.

Note: Local GPIO value may be configured and read either through local register access, or remote register
access through the Bidirectional Control Channel. Configuration and state of these pins are not transported from
serializer to deserializer as is the case for GPIO[3:0].

Table 8-4. GPIO_REG and GPIO Local Enable and Configuration

DESCRIPTION REGISTER CONFIGURATION FUNCTION
GPIO_REGS8 0x11[7:4] = 0x01 Output, L
0x11[7:4] = 0x09 Output, H
0x11[7:4] = 0x03 Input, Read: 0x1D[0]
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Table 8-4. GPIO_REG and GPIO Local Enable and Configuration (continued)
DESCRIPTION REGISTER CONFIGURATION FUNCTION

GPIO_REG7 0x11[3:0] = Ox1 Output, L
0x11[3:0] = 0x9 Output, H

0x11[3:0] = 0x3 Input, Read: 0x1C[7]
GPIO_REGS6 0x10[7:4] = 0x1 Output, L
0x10[7:4] = 0x9 Output, H

0x10[7:4] = Ox3 Input, Read: 0x1CJ[6]
GPIO_REG5 0x10[3:0] = 0x1 Output, L
0x10[3:0] = 0x9 Output, H

0x10[3:0] = 0x3 Input, Read: 0x1C[5]
GPIO3 0x0F[3:0] = Ox1 Output, L
0x0F[3:0] = 0x9 Output, H

0xO0F[3:0] = 0x3 Input, Read: 0x1C[3]
GPI02 0xO0E[7:4] = 0x1 Output, L
O0xOE[7:4] = 0x9 Output, H

OxO0E[7:4] = 0x3 Input, Read: 0x1C[2]
GPIO1 0x0E[3:0] = 0x1 Output, L
0x0E[3:0] = 0x9 Output, H

0x0E[3:0] = 0x3 Input, Read: 0x1C[1]
GPIO0 0x0D[3:0] = 0x1 Output, L
0x0D[3:0] = 0x9 Output, H

0x0D[3:0] = 0x3 Input, Read: 0x1C[0]

8.3.10 SPI Communication

The SPI Control Channel uses the secondary link in a 2-lane FPD-Link Ill implementation. Two possible modes
are available, Forward Channel and Reverse Channel modes. In Forward Channel mode, the SPI Master is
located at the Serializer, such that the direction of sending SPI data is in the same direction as the video data. In
Reverse Channel mode, the SPI Master is located at the Deserializer, such that the direction of sending SPI data
is in the opposite direction as the video data.

The SPI Control Channel can operate in a high-speed mode when writing data, but must operate at lower
frequencies when reading data. During SPI reads, data is clocked from the slave to the master on the SPI clock
falling edge. Thus, the SPI read must operate with a clock period that is greater than the round trip data latency.
On the other hand, for SPI writes, data can be sent at much higher frequencies where the MISO pin can be
ignored by the master.

SPI data rates are not symmetrical for the two modes of operation. Data over the forward channel can be sent
much faster than data over the reverse channel.

Note

SPI cannot be used to access Serializer / Deserializer registers.

8.3.10.1 SPI Mode Configuration

SPI is configured over 12C using the High-Speed Control Channel Configuration (HSCC_CONTROL) register
0x43 on the compatible deserializer (DS90UB948-Q1 or DS90UB940N-Q1). HSCC_MODE (0x43[2:0]) must be
configured for either High-Speed, Forward Channel SPI mode (110) or High-Speed, Reverse Channel SPI mode
(111).
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8.3.10.2 Forward Channel SPI Operation

In Forward Channel SPI operation, the SPI master located at the Serializer generates the SPI Clock (SPLK),
Master Out / Slave In data (MOSI), and active-low Slave Select (SS). The Serializer over-samples the SPI
signals directly using the video pixel clock. The three sampled values for SPLK, MOSI, and SS are each sent on
data bits in the forward channel frame. At the Deserializer, the SPI signals are regenerated using the pixel clock.
To preserve setup and hold time, the Deserializer will hold MOSI data while the SPLK signal is high. In addition,
it delays SPLK by one pixel clock relative to the MOSI data, increasing setup by one pixel clock.

SERIALIZER

SS

SPLK A

MOSI :><DO><D1><D2><D3>< ><DN><

DESERIALIZER SPLK

MOSI :XDOXMXDZX'BX SN L

Figure 8-3. Forward Channel SPI Write
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SERIALIZER

SS

SPLK H A

\ \ \
MOsI DO D1
A : A
MISO \/ RDO \/ RD1
\ \
ss
DESERIALIZER SPLK A
MOSI X Do
//
MISO ( RDO X RD1

Figure 8-4. Forward Channel SPI Read

8.3.10.3 Reverse Channel SPI Operation

In Reverse Channel SPI operation, the Deserializer samples the Slave Select (SS), SPI clock (SCLK) into the
internal oscillator clock domain. In addition, upon detection of the active SPI clock edge, the Deserializer
samples the SPI data (MOSI). The SPI data samples are stored in a buffer to be passed to the Serializer over
the back channel. The Deserializer sends SPI information in a back channel frame to the Serializer. In each back
channel frame, the Deserializer sends an indication of the Slave Select value. The Slave Select should be
inactive (high) for at least one back channel frame period to ensure propagation to the Serializer.

Because data is delivered in separate back channel frames and buffered, the data may be regenerated in bursts.
Figure 8-5 shows an example of the SPI data regeneration when the data arrives in three back channel frames.
The first frame delivered the SS active indication, the second frame delivered the first three data bits, and the
third frame delivers the additional data bits.
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DESERIALIZER

SS

Ak
MOSI 7>< DO><D1><D2><D3>< ><DN //

-
[
-

SS

SERIALIZER SPLK 4 4 m 4 y
7% DO X D1 X D2 X D3 X X DN X
MOSI ) / / / / / /

Figure 8-5. Reverse Channel SPI Write

-
[
-

For Reverse Channel SPI reads, the SPI master must wait for a round-trip response before generating the
sampling edge of the SPI clock. This is similar to operation in Forward channel mode. Note that at most one
data/clock sample will be sent per back channel frame.

DESERIALIZER

SS

SPLK ; A
N/ / /
MOsI X DO D1 X
_/ / /
/ /
MISO X RDO X RD1
/ /

SS

SERIALIZER SPLK A
oo
MOSI \
/ \
MISO ——— RDO / RD1
\ \

Figure 8-6. Reverse Channel SPI Read

For both Reverse Channel SPI writes and reads, the SPI_SS signal should be deasserted for at least one back
channel frame period.
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Table 8-5. SPI SS Deassertion Requirement

BACK CHANNEL FREQUENCY DEASSERTION REQUIREMENT
5 Mbps 7.5 us
10 Mbps 3.75 ps
20 Mbps 1.875 ps

8.3.11 Audio Modes
8.3.11.1 I12S Audio Interface

The DS90UB941AS-Q1 serializer features six 12S input pins that, when paired with a compatible deserializer,
supports 7.1 High-Definition (HD) Surround Sound audio applications. The bit clock (12S_CLK) supports
frequencies between 1 MHz and the lesser of CLK/2 or 13 MHz. Four I2S data inputs transport two channels of
I2S-formatted digital audio each, with each channel delineated by the word select (12S_WC) input. Refer to
Figure 8-7 and Figure 8-8 for I12S connection diagram and timing information.

Serializer
Bit Clock
12S_CLK
128 Word Select 12S WC

Transmitter {Data 4/ ) 1557y

Figure 8-7. I12S Connection Diagram

12S_WC

S UL — _ B

| |
MSB LSB | MSB LsB

12S_CLK

12S_Dx

B
L._I
L._I
L._I
L._I

Figure 8-8. 12S Frame Timing Diagram

Table 8-6 covers several common 12S sample rates:

Table 8-6. Audio Interface Frequencies

SAMPLE RATE (kHz) 12S DATA WORD SIZE (bits) I2S CLK (MHz)
32 16 1.024
441 16 1.411
48 16 1.536
96 16 3.072
192 16 6.144
32 24 1.536
441 24 2117
48 24 2.304
96 24 4.608
192 24 9.216
32 32 2.048
441 32 2.822
48 32 3.072
96 32 6.144
192 32 12.288
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8.3.11.1.1 12S Transport Modes

By default, audio is packetized and transmitted during video blanking periods in dedicated Data Island Transport
frames. Data Island frames may be disabled from control registers if Forward Channel Frame Transport of 12S
data is desired. In this mode, only 12S DA is transmitted to a DS90UB928-Q1, DS90UB948-Q1, or
DS90UB940N-Q1 deserializer. If connected to a DS90UB926-Q1 deserializer, 12S_ DA and 12S_DB are
transmitted. Surround Sound Mode, which transmits all four I2S data inputs (I12S_DI[A..D]), may only be operated
in Data Island Transport mode. This mode is only available when connected to a DS90UB928-Q1, DS90UB948-
Q1, or DS90UB940N-Q1 deserializer.

8.3.11.1.2 12S Repeater

I2S audio may be fanned-out and propagated in the repeater application. By default, data is propagated through
the Data Island Transport during the video blanking periods. If frame transport is desired, then the 12S pins
should be connected from the deserializer to all serializers. Activating surround sound at the top-level
deserializer automatically configures downstream serializers and deserializers for surround sound transport
using Data Island Transport. If a 4-channel operation using 12S_DA and 12S_DB only is desired, this mode must
be explicitly set in each serializer and deserializer control register throughout the repeater tree.

8.3.11.1.3 Audio During Splitter and Replicate Modes

During Splitter or Replicate modes, it is possible to send different audio on each downstream link. Operation is
controlled by the SPLIT_AUDIO control in the AUDIO_CFG register.

If SPLIT_AUDIO is set to 0, the same audio will be sent on each port. The number of channels sent will depend
on the DATAPATH_CTL register settings. Both ports will be configured the same.

If SPLIT_AUDIO is set to 1, the upper and lower channels will be swapped for port 1. This is done by swapping
the 12S signals for 12S_A/B with 12S_C/D. In stereo mode, this will result in the I12S data on channel C being sent
on port 1.

The mapping is shown in Table 8-7.

If the DS90UB941AS-Q1 is strapped into FPD3 Splitter mode at power-up, the AUDIO_SPLIT control will also be
set to a 1. Otherwise, the AUDIO_SPLIT control will default to 0. The AUDIO_SPLIT register bit may be
controlled by writing to the AUDIO_CFG register.

Table 8-7. Splitter Audio Channel Mapping

SPLIT_AUDIO PORT 0 PORT 1
A 12S_DA 12S_DA

B 12S_DB 12S_DB

0 c 12S_DC 12S_DC

D 12S_DD 12S_DD

A 12S_DA 12S_DC

B 12S_DB 12S_DD

! c 12S_DC 12S_DA

D 12S_DD 12S_DB

8.3.11.2 TDM Audio Interface

In addition to the I2S audio interface, the DS90UB941AS-Q1 serializer also supports TDM format. A number of
specifications for TDM format are in common use, and the DS90UB941AS-Q1 offers flexible support for word
length, bit clock, number of channels that can be multiplexed. For example, assume that word clock signal
(12S_WC) period = 256 x bit clock (I12S_CLK) time period. In this case, the DS90UB941AS-Q1 can multiplex 4
channels with maximum word length of 64 bits each, or 8 channels with maximum word length of 32 bits each.
Figure 8-9 shows the multiplexing of 8 channels with 24-bit word length, in a format similar to 12S.
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Figure 8-9. TDM Format

8.3.12 Built-In Self Test (BIST)

An optional At-Speed Built-In Self Test (BIST) feature supports testing of the high-speed serial link and back
channel without external data connections. This is useful in the prototype stage, equipment production, in-
system test, and system diagnostics.

In BIST mode, the CRC Status for the back channel is brought out on either the MCLK or REM_INTB pin. In
Splitter mode or Independent 2:2 mode, REM_INTB is used, otherwise MCLK is used. CRC Status for the
second back channel is brought out on the SCLK pin.

In Splitter mode or Independent 2:2 mode, the BIST function is enabled independently for each port.
8.3.12.1 BIST Configuration and Status

The BIST mode is enabled at the deserializer by pin (BISTEN) or BIST configuration register. The test may
select either an external Pixel clock or the internal Oscillator clock (OSC) frequency. In the absence of the
external pixel clock, the user can select the internal OSC frequency at the deserializer through the BISTC pin or
BIST configuration register.

When BIST is activated at the deserializer, a BIST enable signal is sent to the serializer through the Back
Channel. The serializer outputs a test pattern and drives the link at speed. The deserializer detects the test
pattern and monitors it for errors. The deserializer PASS output pin toggles to flag each frame received
containing one or more errors. The serializer also tracks errors indicated by the CRC fields in each back channel
frame.

The BIST status can be monitored real time on the deserializer PASS pin, with each detected error resulting in a
half pixel clock period toggled LOW. After BIST is deactivated, the result of the last test is held on the PASS
output until reset (new BIST test or Power Down). A high on PASS indicates NO ERRORS were detected. A Low
on PASS indicates one or more errors were detected. The duration of the test is controlled by the pulse width
applied to the deserializer BISTEN pin. LOCK is valid throughout the entire duration of BIST.

See Figure 8-10 for the BIST mode flow diagram.

Step 1: The Serializer is paired with an FPD-Link Il Deserializer, BIST Mode is enabled through the BISTEN pin
or through register 0x24[0] on the Deserializer or 0x14[0] on the Serializer. Right after BIST is enabled, part of
the BIST sequence requires bit 0x04[5] be toggled locally on the Serializer (set 0x04[5]=1, then set 0x04[5]=0).
The desired clock source is selected through the deserializer BISTC pin or through the register on the
Deserializer.

Step 2: An all-zeros pattern is balanced, scrambled, randomized, and sent through the FPD-Link Il interface to
the deserializer. Once the serializer and the deserializer are in BIST mode and the deserializer acquires Lock,
the PASS pin of the deserializer goes high and BIST starts checking the data stream. If an error in the payload (1
to 35) 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.
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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 held on the PASS pin. If the test ran error free, the PASS output will remain HIGH. If
there were one or more errors detected, the PASS output will output constant LOW. The PASS output state is
held until a new BIST is run, the device is RESET, or the device is powered down. The BIST duration is user-
controlled by the duration of the BISTEN signal.

Step 4: The link returns to normal operation after the deserializer BISTEN pin is low. Figure 8-11 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 or faulting the
interconnect medium.

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 8-10. BIST Mode Flow Diagram

8.3.12.2 Forward Channel and Back Channel Error Checking

While in BIST mode, the serializer stops sampling the DSI input pins and switches over to an internal all-zeroes
pattern. The internal all-zeroes pattern goes through scrambler, DC-balancing, and so forth, and is transmitted
over the serial link to the deserializer. The deserializer, on locking to the serial stream, compares the recovered
serial stream with all zeroes and records any errors in status registers. Errors are also dynamically reported on
the PASS pin of the deserializer.

The back channel data is checked for CRC errors when the serializer locks onto the back channel serial stream,
as indicated by link detect status (register bit 0xOC[0] - Section 8.6.1 ). CRC errors are recorded in an 8-bit
register in the deserializer. The register is cleared when the serializer enters BIST mode. As soon as the
serializer enters BIST mode, the functional mode CRC register starts recording any back channel CRC errors.
The BIST mode CRC error register is active in BIST mode only and keeps a record of the last BIST run until
cleared or the serializer enters BIST mode again.

|

. |

|
BISTEN | r | R
(DES) ] | L. |8
| | P g
1 3
TxCLKOUT+ | | | <
! ] | ] | ] | ] I| : ] 5
TXOUT[3:0} e o _____ L 1T T11]

| | ! | g
DATA @
(imemanlll|||||||||||||||||||||||I!IIIIIT
Y
PASS ~—_Prior | Result \PAsS &

_._v |
: : X = bit error(s) : : o
DATA 5
X X X 2
(imemal)lll!llI!IIIIIIIIIIIIII||||||!|!||||| 8
PASS _ Priory Result | | 1] 1] |FAILL n
: : BIST Test : BIST! EL

Normal | PRBS | BiST | Result Normal

! Duration Held

Figure 8-11. BIST Waveforms in Conjunction With Deserializer Signals
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8.3.13 Internal Pattern Generation

The DS90UB941AS-Q1 serializer provides an internal pattern generation feature. It allows basic testing and
debugging of an integrated panel. The test patterns are simple and repetitive and allow for a quick visual
verification of panel operation. As long as the device is not in power-down mode, the test pattern will be
displayed even if no input is applied. If no clock is received, the test pattern can be configured to use a
programmed oscillator frequency. For detailed information, refer to the Exploring the Int Test Pattern Generation
Feature of FPDLink Il IVI Devices application note (SNLA132).

In Pattern Generator BIST mode, the CRC Status for the back channel is brought out on either the MCLK or
REM_INTB pin. In Splitter mode or Independent 2:2 mode, REM_INTB is used, otherwise MCLK is used. CRC
Status for the second back channel is brought out on the SCLK pin.

8.3.13.1 Pattern Options

The DS90UB941AS-Q1 serializer pattern generator is capable of generating 17 default patterns for use in basic
testing and debugging of panels. Each can be inverted using PATGEN_INV 0x65[1] register bit (see Section
8.6.1). Patterns are shown below:

1. White/Black (default/inverted)

Black/White

Red/Cyan

Green/Magenta

Blue/Yellow

Horizontally Scaled Black to White/White to Black

Horizontally Scaled Black to Red/Cyan to White

Horizontally Scaled Black to Green/Magenta to White

9. Horizontally Scaled Black to Blue/Yellow to White

10.Vertically Scaled Black to White/White to Black

11.Vertically Scaled Black to Red/Cyan to White

12.Vertically Scaled Black to Green/Magenta to White

13.Vertically Scaled Black to Blue/Yellow to White

14.Custom Color (or its inversion) configured in PGRS
15.Black-White/White-Black Checkerboard (or custom checkerboard color, configured in PGCTL)
16.YCBR/RBCY VCOM pattern, orientation is configurable from PGCTL

17.Color Bars (White, Yellow, Cyan, Green, Magenta, Red, Blue, Black) — Note: not included in the auto-scrolling
feature

®© N Ok WD

Additionally, the Pattern Generator incorporates one user-configurable, full-screen, 24-bit color controlled by the
PGRS, PGGS, and PGBS registers. This is pattern #14. One of the pattern options is statically selected in the
PGCTL register when Auto-Scrolling is disabled. The PGTSC and PGTSO1-8 registers control the pattern
selection and order when Auto-Scrolling is enabled.

8.3.13.2 Color Modes

By default, the Pattern Generator operates in 24-bit color mode, where all bits of the Red, Green, and Blue
outputs are enabled. 18-bit color mode can be activated from the configuration registers ( Section 8.6.7 ). In 18-
bit mode, the 6 most significant bits (bits 7-2) of the Red, Green, and Blue outputs are enabled. The 2 least
significant bits will be 0.

8.3.13.3 Video Timing Modes

The Pattern Generator has two video timing modes — external and internal. In external timing mode, the Pattern
Generator detects the video frame timing present on the DE and VS inputs. If Vertical Sync signaling is not
present on VS, the Pattern Generator determines Vertical Blank by detecting when the number of inactive pixel
clocks (DE = 0) exceeds twice the detected active line length. In internal timing mode, the Pattern Generator
uses custom video timing as configured in the control registers. The internal timing generation may also be
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driven by an external clock. By default, external timing mode is enabled. Internal timing or Internal timing with
External Clock are enabled by the control registers ( Section 8.6.1).

8.3.13.4 External Timing

In external timing mode, the Pattern Generator passes the incoming DE, HS, and VS signals unmodified to the
video control outputs after a two pixel clock delay. It extracts the active frame dimensions from the incoming
signals to properly scale the brightness patterns. If the incoming video stream does not use the VS signal, the
Pattern Generator determines the Vertical Blank time by detecting a long period of pixel clocks where the DE is
not asserted.

8.3.13.5 Pattern Inversion

The Pattern Generator also incorporates a global inversion control, located in the PGCFG register, which causes
the output pattern to be bitwise-inverted. For example, the full screen Red pattern becomes full-screen cyan, and
the Vertically Scaled Black to Green pattern becomes Vertically Scaled White to Magenta.

8.3.13.6 Auto-Scrolling

The Pattern Generator supports an Auto-Scrolling mode, in which the output pattern cycles through a list of
enabled pattern types. A sequence of up to 16 patterns may be defined in the registers. The patterns may
appear in any order in the sequence and may also appear more than once.

8.3.13.7 Additional Features

Additional pattern generator features can be accessed through the Pattern Generator Indirect Registers (see
Table 8-163).

8.3.14 EMI Reduction Features

8.3.14.1 Input SSC Tolerance

The DS90UB941AS-Q1 serializer is capable of tracking a triangular input spread spectrum clocking (SSC) profile
up to £0.25% amplitude deviations (center spread) or up to 0.5% amplitude deviations (up or down spread), up
to 33 kHz modulation at 25 MHz - 210 MHz, from a host source.

8.4 Device Functional Modes

8.4.1 Mode Select Configuration Settings (MODE_SEL[1:0])

Configuration of the device may be done through the MODE_SEL[1:0] input pins, or through the configuration

register bits. A pullup resistor and a pulldown resistor of suggested values may be used to set the voltage ratio of
the MODE_SEL[1:0] inputs. See Table 8-8 . These values will be latched into register location during power up:

Table 8-8. MODE_SEL[1:0] Settings

MODE SETTING FUNCTION
00 1 Lane
01 2 Lanes
DSI LANES
10 3 Lanes
11 4 Lanes
SPLITTER Mode 0 Normal operation.
1 Split video (odd/even) to each FPD-Link Il output port
0 DSl inputs enabled.
DISABLE DSl 1 DSl inputs disabled. This is a recommended strap option as any configuration of
DSl inputs needs to be done while the inputs are disabled.
0 Enable FPD-Link Il for twisted pair cabling.
COAX Mode
1 Enable FPD-Link Il for coaxial cabling.
0 FPD-Link Il is generated from external oscillator provided to REFCLK pin(s). The
CLOCK Mode DSI clock may be continuous or discontinuous.
1 FPD-Link Ill is generated from DSI clock. The DSI clock has to be continuous.
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Figure 8-12. MODE_SEL[1:0] Connection Diagram
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MODE_SEL1

Serializer
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Table 8-9. Strap Configuration MODE_SEL0

VR4 VOLTAGE Vg4 TARGET |[SUGGESTED STRAP
VOLTAGE RESISTORS (1% TOL)
MODE NO. SPLITTER DSI LANES
Vmin Vrivp Vmax V(vop1g) = 1.8 |R3 (kQ) R4 (kQ)
\"
0 0 0 0.126 x 0 OPEN 10.0 0 1
V(vpD18)
1 0.179 x 0.211 x 0.244 x 0.38 73.2 20.0 0 >
V(vbb18) V(vbb18) V(vbp18)
2 0.286 x 0.325 x 0.364 x 0.585 60.4 30.1 0 3
V(vbb18) V(vbb18) V(vbp18)
3 0.404 x 0.441 x 0.472 x 0.794 51.1 40.2 0 4
V(vpD18) V(vpD18) V(vpD18)
4 0.526 x 0.556 x 0.590 x 1.001 40.2 51.1 1 1
V(vpD18) V(vpD18) V(vpD18)
5 0.643 x 0.673 x 0.708 x 1.211 30.1 61.9 1 2
V(vpD18) V(vpD18) V(vpD18)
6 0.763 x 0.790 x 0.825 x 1.421 18.7 715 1 3
V(vpD18) V(vpD18) V(vpD18)
7 3'880 X Vvopis) Voot |18 10.0 OPEN 1 4
(vDD18)
Table 8-10. Strap Configuration MODE_SEL1
Vge TARGET SUGGESTED STRAP
MODE Vre VOLTAGE VOLTAGE | RESISTORS (1%TOL) | cLock | coax | DISABLE
Vmin Vrvp Vmax Vvop1g)=1.8V | Rs(kQ) Rg (kQ)
0 0 0 0.126 x 0 OPEN 10.0 1 0 0
V(vpD18)
1 0.179 x 0.211 x 0.244 x 0380 739 20.0 1 0 1
V(vpD18) V(vbD18) V(vpD18)
2 0.286 x 0.325 % 0.364 x 0585 60.4 30.1 1 1 0
V(vpD18) V(vpD18) V(vpD18)
3 0.404 x 0.441 x 0.472 x 0.794 51.1 40.2 1 1 1
V(vpD18) V(vbD18) V(vpD18)
4 0.526 x 0.556 x 0.590 x 1.001 40.2 51.1 0 0 0
V(vbD18) V(vbD18) V(vpD18)
5 0.643 x 0.673 0.708 x 1.211 30.1 61.9 0 0 !
V(vpD18) V(vbD18) V(vpbD18)
6 0.763 x 0.790 x 0.825 x 1.421 18.7 715 0 1 0
V(vbb18) V(vbb18) V(vbb18)
7 0.880 x Vooo1s) Vivop1e) 1.8 10.0 OPEN 0 1 1
V(vbb18)
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Table 8-11. Mode Select [1.0] Registers

Strapping Value Reg Name Bit Field Description
MODESELO - ,
SPLITTER DUAL_CTL1, AUDIO_CFG [2:0], [4] FPD3_TX_MODE, SPLIT_AUDIO
MODESELO - DSI .
LANES BRIDGE_CTL [3:2] DSI_LANES
MODESEL1 - CLOCK BRIDGE_CTL [71, [1:0] DSI_CONTINUOUS_CLK
MODESEL1 - COAX DUAL_CTL1 7] FPD3_COAX_MODE
MODESEL1 -
DISABLE DS RESET_CTL [3] DISABLE_DSI

8.4.2 Clock Modes
8.4.2.1 DSI Clock Modes

The DS90UB941AS-Q1 supports both continuous and discontinuous clocking on the DSl interface. It may be set
by selecting appropriate resistor on the MODE_SEL1 pin or configured in the BRIDGE_CTL register bit 7. Note:
Clock selection for DSI clock, external clock for FPD3 are in 12C register writes for each Tx FPD3 port.

* 0: DISCONTINUOUS DSI CLOCK MODE: For operation with discontinuous DSI clock, set the MODEL_SEL1
pin to MODE 4, 5, 6, or 7 per or configure BRIDGE_CTL[7]=0.

* 1: CONTINUOUS DSI CLOCK MODE: For operation with continuous DSI clock, set the MODEL_SEL1 pin to
MODE 0, 1, 2, or 3 per or configure BRIDGE_CTL[7]=1.

8.4.2.2 Pixel Clock Modes

The DS90UB941AS-Q1 supports four Pixel Clock modes. These modes determine the reference clock for the
FPD-Link Il interface. It may be configured in the BRIDGE_CFG2[1:0] register bits.

* 00: DSI Reference Clock Mode

* 01: External Reference Clock Mode

* 10: Internal Reference Clock Mode

* 11: External Reference Clock for Independent 2:2 Mode

8.4.2.2.1 DSI Reference Clock Mode

In this mode, the DSI clock is the reference clock for the FPD-Link Il interface. The DSI clock must be
continuous and BRIDGE_CTL[7] register bit set. The DSI clock needs to meet necessary jitter requirements. In
this mode, FPD-Link Il transmitter is synchronous to DSI clock. The pixel clock frequency is related to the DSI
clock frequency as given in Equation 2.

£ _ fDSI 'NDSI_Lanes
PCLK 12 @)

Sync Pulses: In typical DSI Reference Clock mode operation, the Vertical Sync (VS) and Horizontal Sync (HS)
signals are regenerated on FPD-Link Il using their original timing on the DSI interface. The following DSI
packets are used with Sync Pulses:

* 0x01: VSYNC_START (VSS); also implies HSS
* 0x11: VSYNC_END (VSE); also implies HSS

* 0x21: HSYNC_START (HSS)

* 0x31: HSYNC_END (HSE)

The VS pulse width (in lines) on FPD-Link Ill equals the total number of lines (that is, the total number of HSS
packets including the VSS packet) between the VSS and VSE packet. When exact video timing is in the process
of reconstruction, the VS pulse width must be an integer number of pixel clocks.
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The HS pulse width (in pixel clocks) on FPD-Link lll equals the number of pixel clocks between the end of the
HSS packet and the end of the HSE packet. When exact video timing is in the process of reconstruction, the HS
pulse width must be an integer number of pixel clocks.

Sync Events: If the DSI source is configured to only send Sync Events, the DS90UB941AS-Q1 generates VS
and HS pulses on FPD-Link Il as configured in registers. The following DSI packets are used with Sync Events:

« 0x01: VSYNC_START (VSS); also implies HSS
« 0x21: HSYNC_START (HSS)

Configuring Sync Events: Enabling Sync Event support is done in the DSI indirect register DSI_CONFIG_0
(0x20). The HS and VS pulse widths are independently configurable in the DSI indirect registers DSI_ HSW_CFG
and DSI_VSW_CFG.

8.4.2.2.2 External Reference Clock Mode

In this mode, an external reference clock provided to the REFCLKO pin is the reference clock for the FPD-Link IlI
interface. The external clock needs to meet necessary jitter requirements. In this mode, the DSI clock may be
continuous or discontinuous.

8.4.2.2.3 Internal Reference Clock

In this mode, the reference clock for the FPD-Link Il interface is derived from an internal Always-On clock. In
this mode, the DSI clock may be continuous or discontinuous. Typically, this mode is used for debugging
purposes as the internal reference clock does not meet the necessary jitter requirements.

8.4.2.2.4 External Reference Clock for Independent 2:2 Mode

This mode is used when external reference clocks are need for both channels in Independent 2:2 Mode. In this
mode, an external reference clock provided to the REFCLKO pin is the reference clock for the FPD-Link Il Port0
interface while an external reference clock provided to the REFCLK1 pin is the reference clock for the FPD-Link
lIl Port1 interface. Both external clocks need to meet necessary jitter requirements. In this mode, the DSI clock
may be continuous or discontinuous.

8.4.3 Dual-DSI Input Mode

In Dual-DSI input mode, both DSI input ports are active, delivering a single video stream to the DS90UB941AS-
Q1. The DS90UB941AS-Q1 merges the incoming video into a single image. This operation supports two basic
types of video on the input:

« Single image, alternating pixels. First pixel is on DSI Port 0, second pixel is on DSI Port 1.
» Dual image (for example, 3D image) where Left image is on DSI Port 0 and Right image is on DSI Port 1
Processing for both of these conditions is the same. The input is merged into a single video image in an

alternating pixel format, with a pixel clock period that is twice the frequency of the single-port DSI pixel clock
frequency as shown in Figure 8-13.

H
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Figure 8-13. Aggregation of Dual-DSI Input into an Alternating Pixel Format
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The third option merges a dual image into a Left/Right format rather than an alternating pixel format as shown in
Figure 8-14. This option results in an image that cannot easily be split by FPD-Link Il devices. It can be used for
forwarding the combined image to a downstream panel or processor that requires this format.
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8.4.3.1 Dual DSI Operation Requirements
The Dual-DSI input mode has the following requirements for proper operation:

* The DSI inputs must send identical framed video

» Skew between DSI ports must be less than two pixel clock periods (single DSI pixel clock frequency)
* The FPD-Link Ill Transmitter has to operate in Dual FPD-Link Ill mode

* DSl inputs must operate in Continuous DSI Clock mode

8.4.3.2 Enabling Dual-DSI Operation

Dual-DSI mode is enabled by setting the DUAL_DSI_EN bit in the BRIDGE_CTL register to 1. Enable this mode
before enabling the DSI receiver.

The Left/Right merge option is enabled by setting the DUAL_DSI_LR_EN bit in the BRIDGE_CFG2 register. In
addition, for Left/Right merge, line length and delay parameters must be set in the IMG_LINE_SIZE and
IMG_DELAY registers. The IMG_LINE_SIZE is set to the 2D image line length. The IMG_DELAY value is
typically set to the default setting of 12 pixels.

For Dual-DSI modes, the DSI_PORT_SEL bit in the BRIDGE_CTL register should be set to 0.
8.4.3.3 Dual-DSI Control and Status

The DUAL_DSI_CTL_STS register includes status for the skew between DSI input ports. If the skew is 3 pixels
or less, it will be reported in this register. Status in this register is current status only, so it may not always report
transient conditions if skew is varying from one video line to the next.

The DUAL_DSI_CTL_STS register also provides skew control for input paths. Each input port may be delayed
by up to 3 pixels. This allows diagnostics checking of skew tolerance and skew detection. In addition, if the input
streams have known skew, the skew control can be used to compensate for up to 3 pixels skew between the
channels.

8.4.4 3D Format Support (Single-DSI Input)
The DS90UB941AS-Q1 supports three 3D format options for receiving video from a single DSI input.

* Left/Right 3D format
« Alternate Line 3D format
e Alternate Pixel 3D format

For the first two options, the DS90UB941AS-Q1 reorganizes the image into an alternating pixel format for easy
splitting at the DS90UB941AS-Q1 output or at a downstream DS90UB948-Q1. For the Alternate Pixel option, the
image is already in the proper format for splitting.

For proper transition between operating modes, enabling 3D modes should be done when the DSI input is
disabled.

If Independent 2:2 Mode is enabled, Left/Right or Alternate Line processing is only available on the primary DSI
to FPD-Link Il path.

8.4.4.1 Left/Right 3D Format Support

The DS90UB941AS-Q1 supports reception of a dual-image video input where the dual-image is delivered as a
side-by-side (left/right) image, consistent with the side-by-side 3D format specified in the HDMI 1.4b
specification. The DS90UB941AS-Q1 can be programmed to merge the left/right formatted video into a single
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image with alternating pixels. The resultant image has same number of lines of same size, but pixels are
reordered. This image can be split by the DS90UB941AS-Q1 and sent to two independent deserializers (using
Splitter Mode), or may be sent to a downstream DS90UB948-Q1 for splitting into two images at the deserializer.

The following are requirements for proper operation:

« Images must have identical video format (lines, pixels, blanking intervals)
» Pixel clock used must be twice the frequency as needed for sending a single image

» Horizontal blanking components (front porch, sync period, back porch) must be twice the number of pixels as
required for a single image

» Vertical blanking periods should be the same number as required for a single image
*  Maximum line size of 8192 pixels (24-bit) for the combined image

Left/Right input mode is enabled by setting the LEFT_RIGHT_3D register bit in the BRIDGE_CFG2 register
(register 0x56[7]). Software must also set the 2D image line size, IMG_LINE_SIZE (registers 0x32 and 0x33), as
well as the IMG_DELAY control (registers 0x34 and 0x35). The IMG_DELAY is used to properly delay image
regeneration and should typically be set to a small value (i.e. 12 clocks). The default settings of IMG_LINE_SIZE
is based on default 720p60 timing (1280 x 720 at 60 fps), with line size of 1280. Note, if Splitter Mode is enabled,
the IMG_DELAY may be set separately for each port.

Left/Right video processing status can be monitored in the VIDEO_3D_STS register (register 0x58).

The image may be split at the DS90UB941AS-Q1 or at a downstream Deserializer (i.e. DS90UB948-Q1).
Examples of splitting are shown in Figure 8-15 and Figure 8-16.

L
2'H \

DOUTO -

DOUT1

v
-
{U
@
DSI0

941AS

HxV

DSI1

/

DEs R HxV

AN

Figure 8-15. Splitting at Serializer Option
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Figure 8-16. Splitting at Deserializer Option
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8.4.4.2 Alternate Line 3D Format Support

The DS90UB941AS-Q1 supports reception of a dual-image video input where the dual-image is delivered as
alternating lines of video data, consistent with the Line Alternate 3D format specified in the HDMI 1.4b
specification. The DS90UB941AS-Q1 can be programmed to merge the alternate line formatted video into a
single image with alternating pixels. The resultant image has %2 the number of video lines that are twice the
length. This image can be split by the DS90UB941AS-Q1 at the FPD-Link Il output and sent to two independent
deserializers (using Splitter Mode), or may be sent to a downstream DS90UB948-Q1 for splitting into two images
at the deserializer.

The following are requirements for proper operation:

* Images must have identical video format (lines, pixels, blanking intervals)

» Pixel clock used must be twice the frequency as needed for sending a single image

» Vertical blanking components (front porch, sync period, back porch) must be twice the number of video line
periods as required for a single image

» Horizontal blanking periods should be the same number of pixels as required for a single image. Note, there
are twice as many blanking periods for the dual image as there are for a single image.

*  Maximum line size of 4095 pixels (24-bit)

Alternate Line mode is enabled by setting the ALT_LINES 3D register bit in the BRIDGE_CTL register (register
O0x4F[4]).

Alternate Line video processing status can be monitored in the ALT_LINE_STS register (register 0x58).
8.4.4.3 Alternate Pixel 3D Format Support

The DS90UB941AS-Q1 supports reception of a dual-image video input where the dual-image is delivered as
alternating pixels. The DS90UB941AS-Q1 does not need to do any special processing on this image format.
This image can be split by the DS90UB941AS-Q1 and sent to two independent deserializers (using Splitter
Mode), or may be sent to a downstream DS90UB948-Q1 for splitting into two images at the deserializer.

The following are requirements for proper operation:

* Images must have identical video format (lines, pixels, blanking intervals)

» Pixel clock used must be twice the frequency as needed for sending a single image

» Horizontal blanking components (front porch, sync period, back porch) must be twice the number of pixels as
required for a single image

» Vertical blanking periods should be the same number as required for a single image

*  Maximum line size of 4095 pixels (24-bit)

Alternate Pixel mode is the default mode of operation for the DS90UB941AS-Q1.

If Splitter Mode is enabled, to properly regenerate Horizontal Sync timing, there are two options. The preferred
option is to use the default setting for the IMG_DELAY and enable register override of the Horizontal Sync and
Horizontal Back porch periods for each port, using the IMG_HSYNC_CTLx registers. The second option is to
allow automatic generation of the Horizontal Sync timing and set the IMG_DELAY value to greater than the
Horizontal Sync period plus the Horizontal Back Porch period for the 3D image in pixels.

8.4.5 Independent 2:2 Mode

In Independent 2:2 mode, DS90UB941AS-Q1 DSI receiver accepts two independent DSI inputs (two streams)
and outputs to two independent deserializers links. One video stream is input on DSIO and output via a single
link on DOUTO. Another video stream is input on DSI1 and output via a single link on DOUT1. In this mode, DSIO
and DSI1 can each have a different number of DSI data lanes enabled, different DSI clock frequency and the
video format for each DSI can be different.

The DSI inputs may be swapped to map DSI0 to DOUT1, and DSI1 to DOUTO by setting the DSI_PORT_SEL bit
in the BRIDGE_CTL register.
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Figure 8-17. Independent 2:2 Mode With DSI Reference Clock

When in Continuous DSI Reference Clock mode (Figure 8-17), each DSI clock is used to determine the clock
rate for each FPD-Link Ill lane. When in External Reference Clock mode, each external clock is used to
determine the clock rate for each FPD-Link Ill lane. In this mode, Port0 clock is on the REFCLKO pin, while Port1
clock is on the REFCLK1 pin as shown in Figure 8-18.

/

DES A

REFCLKO \
DsSI l
—
1,2,3,0r 4 lanes DOUTO

941AS
DSI
1 Fersrme
1,2,3,0r 4 lanes

E=n

DOUT1

[osn]
—

REFCLK1 /
1 o= | (= [

Figure 8-18. Independent 2:2 Mode With External Reference Clocks

In addition, when operating in the Independent 2:2 Mode, the device may use an internal reference clocks
derived from the internal Always-On clock. Each port can operate with an independent timing based on an M/N
clock divider from the 800 MHz internal reference.

8.4.5.1 Configuration of Independent 2:2 Mode

Independent 2:2 mode should be enabled while the DSI inputs are disabled. This ensures proper startup of the
device. The device should initially be strapped in the DSI Disabled state, configured to Independent 2:2 mode by
setting the FPD3_TX_MODE[2:0] bits in register DUAL_CTL1 (0x5B) to 101, and then DSI enabled by setting
the DISABLE_DSI bit in the RESET_CTL register to 0. The device will not allow writing to Port1 registers unless
the device is configured for Independent 2:2 mode. Thus, Independent 2:2 mode should be enabled prior to
configuring port 1 registers.

The following options may be configured for each port:
+ DSI_CONTINUOUS_CLK - register Ox4F[7]

» DSI_LANES - register Ox4F[3:2]

» DSI_BYTES_PER_PIXEL — register 0x54[5:4]
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* BRIDGE_CLK_MODE - register 0x56[1:0]

» FREQ_STBL_THR - register 0x5C[4:3]

+ FREQ_HYST - register 0x5C[2:0]

» PatternGen direct and indirect registers — 0x64-0x69

» DPHY and DSI configurations via DSI indirect register page

The following Status is available for each port:

* FPD3_LINK_RDY - register 0x5A[7]

* FPD3_TX_STS - register 0x5A[6]

* DSI_CLK_DET - register 0x5A[3]

* NO_DSI_CLK - register 0x5A[1]

*+ FREQ_STABLE - register 0x5A[0]

» DPHY and DSI status via DSI indirect register page

8.4.5.2 Example Code for Configuring Independent 2:2 Mode

The example code configures the devices for transmitting 1080p video data from a 4-Lane DSI source to a
remote display connected to FPD-Link Port 0 and 720p video data from another 4-Lane DSI source to another
remote display connected to FPD-Link Port 1.

8.4.5.3
WriteI2C (0x01,0x08) //Disable DSI
WriteI2C (0x1E,0x01) //Select FPD-Link III Port O
WriteI2C (0x1E,0x04) //Use I2D ID+1 for FPD-Link III Port 1 register access
WriteI2C (0x1E,0x01) //Select FPD-Link III Port O
WriteI2C (0x03,0x9A) //Enable I2C_PASSTHROUGH, FPD-Link III Port 0
WriteI2C (0x1E,0x02) //Select FPD-Link III Port 1
WriteI2C (0x03,0x9A) //Enable IZCiPASSTHROUGH, FPD-Link III Port 1
WriteI2C (0x1E,0x01) //Select FPD-Link III Port O
WriteI2C (0x40,0x05) //Select DSI Port 0 digital registers
WriteI2C (0x41,0x21) //Select DSI CONFIG 1 register
WriteI2C (0x42,0x60) //Set DSI_VS POLARITY=DSI HS POLARITY=1
WriteI2C (0x1E,0x02) //Select FPD-Link III Port 1
WriteI2C (0x40,0x09) //Select DSI Port 1 digital registers
WriteI2C (0x41,0x21) //Select DSI CONFIG 1 register
WriteI2C (0x42,0x60) //Set DSI_VS POLARITY=DSI HS POLARITY=1
WriteI2C (0x1E,0x01) //Select FPD-Link III Port O
WriteI2C (0x5B,0x05) //Force Independent 2:2 mode
WriteI2C (0x4F,0x8C) //Set DSI_CONTINUOUS CLOCK, 4 lanes, DSI Port 0
WriteI2C (0x1E,0x01) //Select FPD-Link III Port O
WriteI2C (0x40,0x04) //Select DSI Port 0 digital registers
WriteI2C (0x41,0x05) //Select DPHY SKIP TIMING register
WriteI2C (0x42,0x1E) //Write TSKIP CNT value for 315 MHz DSI clock (1080p, PCLK = 105 MHz)
WriteI2C (0x1E,0x02) //Select FPD-Link III Port 1
WriteI2C (0x4F,0x8C) //Set DSI_CONTINUOUS CLOCK, 4 lanes, DSI Port 1
WriteI2C (0x1E,0x01) //Select FPD-Link III Port O
WriteI2C (0x40,0x08) //Select DSI Port 1 digital registers
WriteI2C (0x41,0x05) //Select DPHY SKIP TIMING register
WriteI2C (0x42,0x14) //Write TSKIP CNT value for 225 MHz DSI clock (720p, PCLK = 75 MHz)
WriteI2C (0x01,0x00) //Enable DSI

8.4.6 FPD-Link Ill Modes of Operation

The FPD-Link Il transmit logic supports several modes of operation, dependent on the downstream receiver as
well as the video being delivered. The following modes are supported:

8.4.6.1 Single-Link Mode

Single-Link mode transmits the video over a single FPD-Link IIl to a single receiver. Single-link mode supports
frequencies up to 105 MHz for 24-bit video. This mode is compatible with the DS90UB926-Q1, DS90UB928-Q1
when operating at or below 85Mhz. This mode is compatible with the DS90UB948-Q1 when operating at or
below 96 MHz.

If the downstream device is capable, the secondary FPD-Link Ill can be used for high-speed control.
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In Forced Single-Link mode (set through the DUAL_CTL1 register), the secondary TX PHY and back channel
are disabled. In addition, access to port 1 registers is prevented.

Back Channel A
Primary
FPD-Link 11l DS90UB924/926/928
FPD3 <
- . X
DSI A
- DS
RX
FPD3
X
. Secondary or
FPD-Link III DS90UB948/940N

Back Channel B
DS90UB941AS

Figure 8-19. Single-Link, 1:1 Mode

8.4.6.2 Dual-Link Mode

In Dual-link mode, the FPD-Link Il TX splits a single video stream and sends alternating pixels on two
downstream links. The receiver must be a DS90UB948-Q1 or DS90UB940N-Q1 (up to 170-MHz pixel clock)
capable of receiving the dual-stream video. Dual-link mode is capable of supporting a pixel clock frequency of up
to 210 MHz, with each FPD-Link Il TX port running at one-half the frequency. The secondary FPD-Link Ill may
be used for high-speed control.

Dual-link mode may be automatically configured when connected to a DS90UB948-Q1 or DS90UB940N-Q1, if
the video meets the minimum frequency requirements. Dual Link mode may also be forced using the
DUAL_CTLA1 register.

In Dual-link mode, Bidirectional Control Channel operation is available only on the primary link.

Back Channel A
Primary
- FPD-Link Ill >
PAT FPD3
> - X
DS GEN A
—P DSI
RX DS90UB948/940N
FPD3
—» X
B Secondary
< FPD-Link Il >
Back Channel B
DS90UB941AS

Figure 8-20. Dual-Link, 1:2 Mode

8.4.6.3 Replicate Mode

In this mode, the same video is delivered to each receiver. The FPD-Link Ill TX operates as a 1:2 Repeater. The
same video (up to 105 MHz, 24-bit color) is delivered to each receiver.
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Replication mode may be automatically configured when the device is strapped to non-splitter mode (see
MODE_SELDO table) and connected to two independent Deserializers.

During Replication mode, Bidirectional Control Channel operation is available on both links independently.

Back Channel A
DS90UB948/940N
Primary or
FPD- Link Ill DS90UB924/926/928
FPD3 < >
> -
DSI A
DSI
RX
FPD3
> X
B Secondary
FPD- Link Il DS90UB948/940N
- or
DS90UB924/926/928
Back Channel B
DS90UB941AS

Figure 8-21. Replicate Mode

8.4.6.4 Splitter Mode

In Splitter Mode, the FPD-Link Il TX splits a single video stream and sends alternating pixels on two
downstream links to two independent Deserializers. Each path has a Pattern Generator to generate the video
stream for that FPD-Link Ill output. Splitter Mode cannot be used with the auto-detect feature. Instead, the
device needs to be programmed into Splitter mode through either the registers or strap options at power up.

Note: the DS90Ux941AS-Q1 Superframe Design Calculator , on the Tl website, can be used to help setup the
splitter and cropping register programming.

Back Channel A

DS90UB948/940N
Primary or
< FPD- Link Ill DS90UB924/926/928
FPD3
- gé:‘ > X
DSl A
P DS
RX
FPD3
> >
B Secondary
< FPD- Link Il DS90UB948/940N
or

DS90UB924/926/928

Back Channel B
DS90UB941AS

Figure 8-22. Splitter Mode

Splitter mode does not operate with Dual-DSI inputs. For sending multiple video frames, the source should use
Independent 2:2 mode instead.

In Splitter mode, Bidirectional Control Channel operation is available on both links independently.
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8.4.6.4.1 DSI Symmetric Splitting

The DS90UB941AS-Q1 DSI receiver supports asymmetric video frame and splits the content into separate video
streams. In this mode, stream A outputs on DOUTO and stream B outputs on DOUT1. The following subsections
describe possible implementations.

8.4.6.4.1.1 Symmetric Splitting — Left/Right

Single Input on DSIO or DSI1 (side by side) with Left pixels received on DOUTO and Right pixels received on
DOUT1. The following are the requirements:

» DSl input horizontal total pixel is twice the number of Left or Right pixel.
* The split of Left and Right video must contain identical video formats and parameters.
* Hactive(A) = Hactive(B); Vactive(A) = Vactive(B)

The dual-image video input is arranged as a side-by-side (left/right) image packed based on side-by-side 3D
format specified in the HDMI 1.4b specification.

DES L
2'H \

DOUTO

v
-
{U
@
DSI0

941AS

DOUT1

[osn]

/

DEs R HxV

AN

Figure 8-23. Single DSI Input to Left/Right (Side by Side) Splitting

8.4.6.4.1.2 Symmetric Splitting — Alternate Pixel Splitting

Single Input on DSIO0 or DSI1 with alternating pixels carrying A+B video stream. A pixels output on DOUTO and B
pixels output on DOUT1. DSIO or DSI1 must have same number of data lanes and video formats. The following
are the requirements:

» DSl input horizontal total pixel is twice the number of Left or Right pixel.
» The split of A and B video must contain identical video formats and parameters.
» Hactive(A) = Hactive(B); Vactive(A) = Vactive(B)
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Active video pixel of B (EVEN)
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> I —_—

DSI0

DOUTO

2*H 941AS

DOUT1

DSI1

DES B HxV

Figure 8-24. Alternate Pixel Splitting

8.4.6.4.1.3 Symmetric Splitting — Alternate Line Splitting

Single Input on DSIO or DSI1 with alternating lines carrying A+B video stream. A lines output on DOUTO and B
lines output on DOUT1. DSIO or DSI1 must have same number of data lanes and video formats. The following
are the requirements:

8.4.6.4.1.4

» DSl input vertical total is twice the number of A or B vertical lines.
* The split of A and B video must contain identical video formats and parameters.
» Hactive(A) = Hactive(B); Vactive(A) = Vactive(B)

DES A

N

Active video line of A—___

DSl

Active video line of B —_—>

[o5i0)

DOUTO

2V

941AS

DOUT1

[osi1]

DES B HxV

Figure 8-25. Alternate Line Splitting
8.4.6.4.2 DSI Asymmetric Splitting

The DS90UB941AS-Q1 DSI receiver supports asymmetric video frame and splits the content into separate video
streams. In this mode, stream A outputs on DOUTO and stream B outputs on DOUT1. The following subsections
describe possible implementations.

8.4.6.4.2.1 Asymmetric Splitting With Cropping

Figure 8-26 shows one DSI asymmetric video stream input on DSIO (DSI1 also possible) and split into 2 different
video resolutions.

In this mode, a single DSI video input may contain two sets of video data with different formats and parameters.
The cropped image at the output has a reduced size, but keeps line timing, resulting in a larger vertical blanking.
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Figure 8-26. Asymmetric Splitting With Cropping

720p

Asymmetric splitting of frames can be accomplished by cropping the resultant output images. The input video
requirements are the same for the symmetric splitting. The superframe must include two identical size images.
Those images will be cropped in both the horizontal and vertical dimensions to produce reduced size images.
Note, the clock frequency remains 2 the frequency of the superframe. In addition, the horizontal and vertical
blanking intervals are increased by the magnitude of the cropping.

Configuration of asymmetric splitting is handled by enabling image cropping for each of the images. For each
image to be cropped, the horizontal and vertical dimensions must be programmed.

Cropping is controlled by the CROP_START_X/Y and CROP_STOP_X/Y registers for each port. For each port,
the CROP_ENABLE is bit 7 of the CROP_START_X1 register.

y A
Y Vbp Crop_Vbp
(0,0
(startX, startY)

Hbp A
-t Crop. Hop > Crop_Hfp g
Cropped Image (stopX, stopY)

A
Original Image
A
Crop_Vip
VA
P \J

Figure 8-27. Cropping Example
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In addition to cropping options, the Horizontal Sync width and Horizontal Back Porch period may be modified.
Typically, these values are automatically generated based on the input video (1/2 of the values in the dual-
image), but these can be overridden by setting the IMG_HSYNC_CTL registers. The Horizontal Sync period and
the Horizontal Back Porch can be individually overridden by setting the HSYNC_OV_EN or HBACK_OV_EN
controls as well as the IMG_HSYNC and IMG_HBACK parameters.

By default, asymmetric splitting generates each resultant image at 'z frequency of the superframe image.
Options exist to use externally supplied reference clocks or 1/N divided versions of the DPHY Lane clock for
each resultant image.

8.4.6.4.2.2 Asymmetric Splitting With DSI VC-IDs

The DS90UB941AS-Q1 can split images based on the DSI Virtual Channel ID. In this mode, the DSI input
(single DSI only, not Dual-DSI) can include two images delineated by the Virtual Channel ID. These virtual
channel images should each include proper vertical and horizontal sync pulses as well as independent video
data. It is recommended that the images have identical line rates so that the merged image can still have
accurate timing information. The DS90UB941AS-Q1 will split the two images onto separate FPD-Link Il outputs
based on the VC-ID.

An option exists to use a shared VSYNC for the two images. The two images should always have independent
HSYNC controls.

DES A

N

ol oW
_ . e  —

VC1 B1 B2 B3

DOUTO

941AS

DOUT1

DSI1

480p

ﬁ/
N

Figure 8-28. Asymmetric Splitting With VC-IDs

720p

VC-ID splitting will reproduce video timing based on the received HSYNC timing on each port. By default, each
port will begin forwarding delayed from the rising HSYNC edge. It will regenerate HSYNC width and back porch
based on received values. To properly regenerate Horizontal Sync timing, there are two options. The preferred
option is to use the default setting for the IMG_DELAY and enable register override of the Horizontal Sync and
Horizontal Back porch periods for each port, using the IMG_HSYNC_CTLx registers. The second option is to
allow automatic generation of the Horizontal Sync timing and set the IMG_DELAY value to greater than the
Horizontal Sync period plus the Horizontal Back Porch period for the 3D image in pixels.

To maintain proper video timing, it is recommended that two images be sent via DSI in consistent packet order
as follows (using Sync Event nomenclature from the DSI specification):

VSS_VCIDO - vertical sync start
VSS_VCID1 HSS_VCIDO - vertical blanking

HSS_VCID1
HSS_VCIDO
HBP_VCIDO

RGB_VCIDO -- video line for VCIDO
HSS_VCID1
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RGB_VCID1 — video line for VCID1

In all cases, each video line should be sent as a single packet. Vertical blanking for resultant video streams with
virtual channels is the same as with superframe implementation, hence the smaller video stream will have larger
vertical blanking.

8.4.6.4.3 Configuration of Splitter Operation

Splitter operation should be configured prior to enabling the DSI inputs. This ensures the device enters the
appropriate mode prior to forwarding video.

Splitter mode is enabled by selecting the Forced Splitter Mode selection on the FPD3_TX_MODE control in the
DUAL_CTLA1 register.

As described below, the device should be configured for proper splitter operation, dependent on dual-image
process modes. The device will not allow writing to port 1 registers unless the device is configured for Splitter
mode. Thus, Splitter mode should be enabled prior to configuring port 1 registers.

For Splitter mode, the IMG_DELAY value should be programmed to allow proper buffering of video. For Left/
Right image processing or Alternate Line image processing, the default setting of 12 pixels is adequate, but
cropping of output video may require setting of a larger value to prevent transmission before valid data is
available. For Alternate Pixel format or VC-ID based splitting, the IMG_DELAY field should be programmed to be
greater than the sum of the Horizontal Sync period plus the Horizontal Back porch period for the 3D image in
pixels. The IMG_DELAY is programmable for each port.

For Left/Right image processing or Alternate Line image processing, the image processing requirements in the
3D Format section of this document should be followed.

For VC-ID based splitting, set the VCID_SPLIT_EN control in the VCID_SPLIT_CTL register and also program
the VC-ID value for each port using the VCID_SEL_PO and VCID_SEL_P1 field. These settings should be done
prior to enabling the Forced Splitter Mode in the FPD3_TX_MODE control register.

Regeneration of HSYNC active width and back porch width can be overridden by the IMG_HSYNC_CTLx
registers.

Splitter clock generation is controlled by the SPLIT_CLK_CTLx registers.
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8.5 Programming
8.5.1 Serial Control Bus
This serializer may also be configured by the use of a 12C-compatible serial control bus. Multiple devices may

share the serial control bus (up to 8 device addresses supported). The device address is set through a resistor
divider (R1 and R2 — see Figure 8-29) connected to the IDX pin.
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Figure 8-29. Serial Control Bus Connection

The serial control bus consists of two signals: SCL and SDA. SCL is a Serial Bus Clock Input. SDA is the Serial
Bus Data Input / Output signal. Both SCL and SDA signals require an external pullup resistor to Vpp1g or Vppss.
For most applications, a 2.2-kQ pullup resistor is recommended. However, the pullup resistor value may be
adjusted for capacitive loading and data rate requirements. See /2C Bus Pullup Resistor Calculation. The signals
are either pulled High or driven Low.

The IDX pin configures the control interface to one of eight possible device addresses. A pullup resistor and a
pulldown resistor may be used to set the appropriate voltage on the IDX input pin. See Table 8-12 .

Table 8-12. Serial Control Bus Addresses for IDX

NO. Vipx VOLTAGE RANGE V'%I‘{‘.fg:'r :gggfg;g%f;fgz ASSIGNED 12C ADDRESS
Vmin Viyp Vmax Vwopis) =18V| Ry (kQ) R, (kQ) |7-BIT 8-BIT
0 0 0 0.135 x V(ypp1g) 0 OPEN 10.0 0x0C 0x18
1| 0.176 x Viypp1s) | 0.213 x V(ypp1s) | 0.247 x V(ypp1s) 0.384 73.2 20.0 OxOE 0x1C
2 ] 0.289 x V(yppis) | 0.327 x V(ypp1g) | 0.363 * V(ypp1s) 0.589 60.4 30.1 0x10 0x20
3 | 0.407 x V(yppis) | 0.441 x V(ypp1g) | 0.467 * V(ypp1s) 0.793 51.1 40.2 0x12 0x24
4 | 0.526 x V(ypp1g) | 0.555 x V(ypp1s) | 0.584 x V(ypp1s) 0.999 40.2 51.1 0x14 0x28
5 | 0.640 x V(ypp1g) | 0.671 x V(ypp1s) | 0.701 x Viypp1s) 1.208 30.1 61.9 0x16 0x2C
6 | 0.757 x V(ypp1g) | 0.787 x V(ypp1s) | 0.814 x Viypp1s) 1.417 18.7 71.5 0x18 0x30
7 | 0.877 x V(ypp1g) V(vbD18) Vvbp18) 1.8 10 OPEN Ox1A 0x34

The Serial Bus protocol is controlled by START, START-Repeated, and STOP phases. A START occurs when
SCL transitions Low while SDA is High. A STOP occurs when SDA transitions High while SCL is also HIGH. See
Figure 8-30
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Figure 8-30. Start and Stop Conditions

To communicate with an I2C slave, the host controller (master) sends the slave address and listens for a
response from the slave. This response is referred to as an acknowledge bit (ACK). If a slave on the bus is
addressed correctly, it Acknowledges (ACKs) the master by driving the SDA bus low. If the address does not
match a any slave address of the device, it Not-acknowledges (NACKs) the master by letting SDA be pulled
High. ACKs also occur on the bus when data is being transmitted. When the master is writing data, the slave
ACKs after every data byte is successfully received. When the master is reading data, the master ACKs after
every data byte is received to let the slave know it wants to receive another data byte. When the master wants to
stop reading, it NACKs after the last data byte and creates a stop condition on the bus. All communication on the
bus begins with either a Start condition or a Repeated Start condition. All communication on the bus ends with a
Stop condition. A READ is shown in Figure 8-31 and a WRITE is shown in Figure 8-32.

Slave Address Register Address Slave Address Data

I<—>|al I, .|
s KA EAX XXX RKXXNS ARY NAXXXKAXAN

Figure 8-31. Serial Control Bus — Read

Slave Address Register Address Data

- o | - = - |
: EXXN_EAXOOCKXKAINAK KON »

Figure 8-32. Serial Control Bus — Write

The 12C Master located at the serializer must support 12C clock stretching. For more information on I12C interface
requirements and throughput considerations, refer to the [2C Communication Over FPD-Link Il With
Bidirectional Control Channel application note (SNLA131).

8.5.2 Multi-Master Arbitration Support

The Bidirectional Control Channel in the FPD-Link Ill devices implements 12C compatible bus arbitration in the
proxy 12C master implementation. When sending a data bit, each [2C master senses the value on the SDA line. If
the master is sending a logic 1 but senses a logic 0, the master has lost arbitration. It will stop driving SDA,
retrying the transaction when the bus becomes idle. Thus, multiple I2C masters may be implemented in the
system.

Ensure that all I2C masters on the bus support multi-master arbitration.

Assign I2C addresses with more than a single bit set to 1 for all devices on the I2C bus. 0x6A, 0x7B, and 0x37
are examples of good choices for an 12C address. 0x40 and 0x20 are examples of bad choices for an 12C
address.

If the system does require master-slave operation in both directions across the BCC, some method of
communication must be used to ensure only one direction of operation occurs at any time. The communication
method could include using available read/write registers in the deserializer to allow masters to communicate
with each other to pass control between the two masters. An example would be to use register 0x18 or 0x19 in
the deserializer as a mailbox register to pass control of the channel from one master to another.
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8.5.3 12C Restrictions on Multi-Master Operation

The I2C specification does not provide for arbitration between masters under certain conditions. The system
should make sure the following conditions cannot occur to prevent undefined conditions on the I2C bus:

» One master generates a repeated Start while another master is sending a data bit.
* One master generates a Stop while another master is sending a data bit.
* One master generates a repeated Start while another master sends a Stop.

Note that these restrictions mainly apply to accessing the same register offsets within a specific 12C slave.
8.5.4 Multi-Master Access to Device Registers for Newer FPD-Link Il Devices

When using the latest generation of FPD-Link Il devices such as the DS90UB941AS-Q1, registers may be
accessed simultaneously from both local and remote 12C masters. These devices have internal logic to properly
arbitrate between sources to allow proper read and write access without risk of corruption.

Access to remote |1°C slaves would still be allowed in only one direction at a time .
8.5.5 Multi-Master Access to Device Registers for Older FPD-Link Ill Devices

When using older FPD-Link 1l devices, simultaneous access to serializer or deserializer registers from both local
and remote 12C masters may cause incorrect operation, thus restrictions should be imposed on accessing of
serializer and deserializer registers. The likelihood of an error occurrence is relatively small, but it is possible for
collision on reads and writes to occur, resulting in an errored read or write.

Two basic options are recommended. The first is to allow device register access only from one controller. This
would allow only the Host controller to access the serializer registers (local) and the deserializer registers
(remote). A controller at the deserializer would not be allowed to access the deserializer or serializer registers.

The second basic option is to allow local register access only, with no access to remote serializer or deserializer
registers. The Host controller would be allowed to access the serializer registers while a controller at the
deserializer could access those register only. Access to remote 12C slaves would still be allowed in one
direction .

In a very limited case, remote and local access could be allowed to the deserializer registers at the same time.
Register access will work correctly if both local and remote masters are accessing the same deserializer register.
This allows a simple method of passing control of the Bidirectional Control Channel from one master to another.

8.5.6 Restrictions on Control Channel Direction for Multi-Master Operation

Only one direction should be active at any time across the Bidirectional Control Channel. If both directions are
required, some method of transferring control between 12C masters should be implemented.
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8.6 Register Maps

The DS90UB941AS-Q1 implements the following register blocks, accessible through the 12C, as well as the
bidirectional control channel:

* Main Registers, summarized in Table 8-13

« DSl Indirect Registers (separate register block for each of the two DSI ports), summarized in Table 8-121

» Pattern Generator Indirect Registers (separate register block for each of the two FPD-Link Il ports),
summarized in Table 8-163
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8.6.1 Main Registers

Table 8-13 summarizes the memory-mapped registers for the DS90UB941AS-Q1. These registers are
accessible through Serial Control Interface (I12C) as well as the bidirectional control channel. All register offset
addresses not listed in Table 8-13 should be considered as reserved locations and the register contents should

not be modified.

Table 8-13. Main Registers Summary

Address Acronym Register Name Section
0x0 I12C_DEVICE_ID Go
0x1 RESET_CTL Go
0x2 DEVICE_CFG Go
0x3 GENERAL_CFG Go
Ox4 GENERAL_CFG2 Go
0x5 I2C_MASTER_CFG Go
0x6 DES_ID_DES_ID_1 Go
0x7 SlavelD_0 Go
0x8 SlaveAlias_0 Go
0x9 SDA_SETUP Go
0xA CRC_ERRORO Go
0xB CRC_ERROR1 Go
0xC GENERAL_STS Go
0xD GPIO_0_Config Go
OxE GPIO_1_and_GPIO_2_Config Go
OxF GPIO_3_Config Go

0x10 GPIO_5_and_GPIO_6_Config Go
0x11 GPIO_7_and_GPIO_8_Config Go
0x12 DATAPATH_CTL Go
0x13 TX_MODE_STS Go
0x14 TX_BIST_CTL Go
0x16 BCC_WDOG_CTL Go
0x17 I2C_CONTROL Go
0x18 SCL_HIGH_TIME Go
0x19 SCL_LOW_TIME Go
Ox1A DATAPATH_CTL2 Go
0x1B BIST_BC_ERRORS Go
0x1C GPI_PIN_STS1 Go
0x1D GPI_PIN_STS2 Go
Ox1E TX_PORT_SEL Go
Ox1F FREQ_COUNTER Go
0x20 DES_CAP1 Go
0x21 DES_CAP2 Go
0x26 LINK_DET_CTL Go
0x2E MAILBOX_2E Go
0x2F MAILBOX_2F Go
0x30 REM_INTB_CTRL Go
0x32 IMG_LINE_SIZEO Go
0x33 IMG_LINE_SIZE1 Go
0x34 IMG_DELAYO _IMG_DELAY0_P1 Go
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Table 8-13. Main Registers Summary (continued)

Address Acronym Register Name Section
0x35 IMG_DELAY1_IMG_DELAY_P1 Go
0x36 CROP_START_X0_CROP_STAR Go

T_X0_P1
0x37 CROP_START_X1_CROP_STAR Go
T_X1_P1
0x38 CROP_STOP_X0_CROP_STOP_ Go
X0_P1
0x39 CROP_STOP_X1_CROP_STOP_ Go
X1_P1
Ox3A CROP_START_Y0_CROP_STAR Go
T_YO_P1
0x3B CROP_START_Y1_CROP_STAR Go
T_Y1_P1
0x3C CROP_STOP_YO0_CROP_STOP_ Go
YO0_P1
0x3D CROP_STOP_Y1_CROP_STOP_ Go
Y1_P1
Ox3E SPLIT_CLK_CTLO_SPLIT_CLK_C Go
TLO_P1
0x3F SPLIT_CLK_CTL1_SPLIT_CLK_C Go
TL1_P1
0x40 IND_ACC_CTL Go
0x41 IND_ACC_ADDR Go
0x42 IND_ACC_DATA Go
O0x4F BRIDGE_CTL Go
0x50 BRIDGE_STS Go
0x54 BRIDGE_CFG Go
0x55 AUDIO_CFG Go
0x56 BRIDGE_CFG2 Go
0x57 TDM_CONFIG Go
0x58 VIDEO_3D_STS Go
0x59 DUAL_DSI_CTL_STS Go
0x5A DUAL_STS_DUAL_STS_P1 Go
0x5B DUAL_CTL1 Go
0x5C DUAL_CTL2 Go
0x5D FREQ_LOW Go
Ox5E FREQ_HIGH Go
O0x5F DSI_FREQ_DSI_FREQ_P1 Go
0x60 SPI_TIMING1 Go
0x61 SPI_TIMING2 Go
0x62 SPI_CONFIG Go
0x63 VCID_SPLIT_CTL Go
0x64 PGCTL_PGCTL_P1 Go
0x65 PGCFG_PGCFG_P1 Go
0x66 PGIA_PGIA_P1 Go
0x67 PGID_PGID_P1 Go
Ox6A IMG_HSYNC_CTLO_IMG_HSYNC Go
_CTLO_P1
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Table 8-13. Main Registers Summary (continued)

Address Acronym Register Name Section
0x6B IMG_HSYNC_CTL1_IMG_HSYNC Go
_CTL1_P1
0x6C IMG_HSYNC_CTL2_IMG_HSYNC Go
_CTL2_P1
0x6D BCC_STATUS Go
Ox6E BCC_CONFIG Go
0x6F FC_BCC_TEST Go
0x70 SlavelD_1 Go
0x71 SlavelD_2 Go
0x72 SlavelD_3 Go
0x73 SlavelD_4 Go
0x74 SlavelD_5 Go
0x75 SlavelD_6 Go
0x76 SlavelD_7 Go
0x77 SlaveAlias_1 Go
0x78 SlaveAlias_2 Go
0x79 SlaveAlias_3 Go
Ox7A SlaveAlias_4 Go
0x7B SlaveAlias_5 Go
0x7C SlaveAlias_6 Go
0x7D SlaveAlias_7 Go
0xC2 CFG Go
0xC4 STS Go
0xC6 ICR Go
0xC7 ISR Go
0xFO TX_IDO Go
0xF1 TX_ID1 Go
O0xF2 TX_ID2 Go
0xF3 TX_ID3 Go
OxF4 TX_ID4 Go
0xF5 TX_ID5 Go

Table 8-14 shows the codes that are used for access types in this section.

Table 8-14. Register Access Type Codes

Access Type |[Code Description

R R Read only access

R/S R/S Read only access / set based on
Strap pin configuration at startup

R/W R/W Read / Write access

R/COR R/COR Read to Clear / then Read for
Status

R/W/RC R/W/RC Read / Write access / Read to
Clear

R/WIS R/WIS Read / Write access / Set based
on strap pin configuration at
startup
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8.6.1.1 I12C_DEVICE_ID Register (Address = 0x0) [reset = Strap]

I2C_DEVICE_ID is described in Table 8-15.

Return to Summary Table.

Table 8-15. 12C_DEVICE_ID Register Field Descriptions

Bit

Field

Type

Reset

Description

7-1

DEVICE_ID
DEVICE_ID_P1

R/W/S

Strap

7-bit address of Serializer:

Defaults to address configured by the IDx strap pin

If PORT1_I2C_EN is set, this value defaults to the IDx strap value +
1 for Port1.

When programming this value, the least significant bit of the
DEVICE_ID value should be set to 0 to allow proper configuration of
the second port 12C address.

SER_ID

R/W

Oh

0: Device ID is from IDX pin (default)
1: Device ID is from 0x00[7:1]

8.6.1.2 RESET_CTL Register (Address = 0x1) [reset = Strap]

RESET_CTL is described in Table 8-16.
Return to Summary Table.

This register is read only

Table 8-16. RESET_CTL Register Field Descriptions

Bit

Field

Type

Reset

Description

7-4

RESERVED

R

Oh

Reserved

3

DISABLE_DSI

R/W/S

Strap

DSI Reset:

Resets the analog DSI and digital DSI. This bit is NOT self-clearing.
It is a strap option on the MODE_SEL1 pin.

1: Reset

0: Normal operation

DSI_RESET

R/W

Oh

DSI Reset:

Resets the analog DSI and digital DSI with a short pulse. This bit is
self-clearing.

1: Reset

0: Normal operation

DIGITAL_RESET1

R/W

Oh

Digital Reset:

Resets the entire digital block including registers. This bit is self-
clearing.

1: Reset

0: Normal operation

DIGITAL_RESETO

R/W

Oh

Digital Reset:

Resets the entire digital block except registers. This bit is self-
clearing.

1: Reset

0: Normal operation

Registers which are loaded by pin strap will be restored to their
original strap value when this bit is set. These registers show 'Strap’
as their default value in this table.

8.6.1.3 DEVICE_CFG Register (Address = 0x2) [reset = Oh]

DEVICE_CFG is described in Table 8-17.

Return to Summary Table.
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Table 8-17. DEVICE_CFG Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6 DSI1_CLK_PN_SWAP R/W Oh Reverse P/N pin order for DSI Port 1 clock lane:

0: DSI Port 1 Clock Lane P input mapped to P, N input mapped to N
1: DSI Port 1 Clock Lane P input mapped to N, N input mapped to P

5 DSI1_DATA_PN_SWAP R/W Oh Reverse P/N pin order for DSI Port 1 data lanes:
0: DSI Port 1 Data Lane P inputs mapped to P, N inputs mapped to N
1: DSI Port 1 Data Lane P inputs mapped to N, N inputs mapped to

P
4 DSIM_LANE_REVERSE |R/W Oh Reverse lane order for DSI Port 1:
0: DSI Port 1 Lanes 3, 2, 1, 0 inputs are mapped to Lanes 3,2, 1,0
1: DSI Port 1 Lanes 3, 2, 1, 0 inputs are mapped to Lanes 0, 1, 2, 3
RESERVED R Oh Reserved
DSI0O_CLK_PN_SWAP R/W Oh Reverse P/N pin order for DSI Port O clock lane:

0: DSI Port 0 Clock Lane P input mapped to P, N input mapped to N
1: DSI Port 0 Clock Lane P input mapped to N, N input mapped to P

1 DSIO_DATA_PN_SWAP |R/W Oh Reverse P/N pin order for DSI Port 0 data lanes:
0: DSI Port 0 Data Lane P inputs mapped to P, N inputs mapped to N
1: DSI Port 0 Data Lane P inputs mapped to N, N inputs mapped to

P
0 DSI0O_LANE_REVERSE |R/W Oh Reverse lane order for DSI Port 0:
0: DSI Port 0 Lanes 3, 2, 1, 0 inputs are mapped to Lanes 3,2, 1,0
1: DSI Port 0 Lanes 3, 2, 1, 0 inputs are mapped to Lanes 0, 1, 2, 3
8.6.1.4 GENERAL_CFG Register (Address = 0x3) [reset = 92h]
GENERAL_CFG is described in Table 8-18.
Return to Summary Table.
Table 8-18. GENERAL_CFG Register Field Descriptions
Bit Field Type Reset Description
7 RX_CRC_CHECKER_ R/IW 1h CRC Checker Enable
ENABLE 0: Disable
1: Enable
6 I0_PULLDOWN_DIS R/W Oh I/O Pulldown Disable
If set, disable internal pull-down resistors on the following digital I/0
pins:

GPIO0, GPIO1, D_GPIO0, D_GPIO1, D_GPIO2, D_GPIO3,
12S_CLK, 12S_WC, 12S_DA, 12S_DB, 12S_DC, and 12S_DD

5 TX_AUTO_ACK R/W Oh Automatically Acknowledge 12C Remote Write
TX_AUTO_ACK_P1 When enabled, 12C writes to the Deserializer (or any remote 12C
Slave, if I2C PASS ALL is enabled) are immediately acknowledged
without waiting for the Deserializer to acknowledge the write. This
allows higher throughput on the 12C bus.

1: Enable

0: Disable

If PORT1_SEL is set, this register controls Port1 operation

4 FILTER_ENABLE R/W 1h HS, VS, DE two clock filter

When enabled, pulses less than two full PCLK cycles on the DE, HS,
and VS inputs will be rejected.

1: Filtering enable

0: Filtering disable

3 12C_PASS_THROUGH R/W Oh 12C Pass-Through Mode
12C_PASS_THROUGH_P 0: Pass-Through Disabled
1 1: Pass-Through Enabled
If PORT1_SEL is set, this register controls Port1 operation
2 RESERVED R Oh Reserved
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Table 8-18. GENERAL_CFG Register Field Descriptions (continued)

Bit Field Type Reset Description
1 PCLK_AUTO R/W 1h Switch over to DSI clock or external REFCLK

1: Enable auto-switch
0: Disable auto-switch

0 RESERVED R Oh Reserved

8.6.1.5 GENERAL_CFG2 Register (Address = 0x4) [reset = 0h]
GENERAL_CFG2 is described in Table 8-19.
Return to Summary Table.
Table 8-19. GENERAL_CFG2 Register Field Descriptions

Bit Field Type Reset Description
7-6 RESERVED R Oh Reserved
5 CRC_ERROR_RESET R/W Oh Clear CRC Error Counters. This bit is NOT self-clearing.

1: Clear Counters
0: Normal Operation

4 DE_GATE_RGB R/W Oh Gate RGB data with DE signal.

RGB data is not gated with DE by default. To enable packetized
audio in the DS90UB941AS-Q1, this bit must be set.

1: Gate RGB data with DE in DS90UB941AS-Q1

0: Pass RGB data independent of DE in DS90UB941AS-Q1

3-2 RESERVED R Oh Reserved
1 FC_BCC_CRC6_0OV R/W Oh Override Enable for Enhanced Forward Channel CRC and Start
FC_BCC_CRC6_OV_P1 Sequence

1: Use FC_BCC_CRC6_OV_VAL value to enable or disable support
for Enhanced Forward Channel CRC and Start Sequence

0: Use Deserializer Capabilities list to enable or disable support for
Enhanced Forward Channel CRC and Start Sequence

If PORT1_SEL is set, this register controls Port1 operation

0 FC_BCC_CRC6_OV_VAL [R/W Oh Enable Enhanced Forward Channel CRC and Start Sequence
FC_BCC_CRC6_OV_VAL When FC_BCC_CRC6_QV is 1, use this value to control support for
_P1 Enhanced Forward Channel CRC and Start Sequence

1: Enable Enhanced Forward Channel CRC and Start Sequence
0: Disable Enhanced Forward Channel CRC and Start Sequence
If PORT1_SEL is set, this register controls Port1 operation

8.6.1.6 I2C_MASTER_CFG Register (Address = 0x5) [reset = 0h]
I2C_MASTER _CFG is described in Table 8-20.
Return to Summary Table.

Table 8-20. 12C_MASTER_CFG Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-3 SDA_OUT_DELAY R/W Oh SDA Output Delay

This field configures output delay on the SDA output. Setting this
value will increase output delay in units of 40 ns. Nominal output
delay values for SCL to SDA are:

00: 200 ns

01: 240 ns

10: 280 ns

11: 320 ns

Actual delays may be larger dependent on system capacitances and
signal rise/fall times.
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Table 8-20. 12C_MASTER_CFG Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

LOCAL_WRITE_DIS

R/W

Oh

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
Serializer registers from an 12C master attached to the Deserializer.
Setting this bit does not affect remote access to 12C slaves at the
Serializer.

[2C_BUS_TIMER
_SPEEDUP

R/W

Oh

Speed up 12C Bus Watchdog Timer
1: Watchdog Timer expires after approximately 50 ps
0: Watchdog Timer expires after approximately 1 second.

12C_BUS_TIMER
_DISABLE

R/W

Oh

Disable 12C Bus Watchdog Timer

When the 12C 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 12C 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.

8.6.1.7 DES_ID_DES_ID_1 Register (Address = 0x6) [reset = Oh]
DES_ID_DES_ID_1 is described in Table 8-21.

FPD-Link 11l TX port-specific register. The FPD-Link Il Port Select register 0x1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
Table 8-21. DES_ID_DES_ID_1 Register Field Descriptions

Bit Field Type Reset Description
7-1 DES_DEV_ID R/W Oh 7-bit Deserializer Device ID
DES_DEV_ID_P1 Configures the 12C Slave ID of the remote Deserializer. A value of 0
in this field disables I12C 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 loading by the Bidirectional
Control Channel.
If PORT1_SEL is set, this register indicates the Deserializer Device
ID for the Deserializer attached to Port 1
0 FREEZE_DEVICE_ID R/W Oh Freeze Deserializer Device ID
FREEZE_DEVICE_ID_P1 Prevent auto-loading of the Deserializer Device ID by the
Bidirectional Control Channel. The ID will be frozen at the value
written.
If PORT1_SEL is set, this bit controls DES_DEV_ID_P1.

8.6.1.8 SlavelD_0 Register (Address = 0x7) [reset = Oh]
SlavelD_0 is described in Table 8-22.

FPD-Link 11l TX port-specific register. The FPD-Link Il Port Select register 0x1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
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Table 8-22. SlavelD_0 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_IDO R/W Oh If PORT1_SEL is set, this register controls Port1 SLAVE_IDO. 7-bit
SLAVE_IDO_P1 Remote Slave Device ID 0

Configures the physical 12C address of the remote 12C Slave device
attached to the remote Deserializer. If an 12C transaction is
addressed to the Slave Alias IDO, the transaction will be re-mapped
to this address before passing the transaction across the
Bidirectional Control Channel to the Serializer.

0 RESERVED R/W Oh Reserved.

8.6.1.9 SlaveAlias_0 Register (Address = 0x8) [reset = Oh]
SlaveAlias_0 is described in Table 8-23.

FPD-Link 1l TX port-specific register. The FPD-Link Ill Port Select register Ox1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.

Table 8-23. SlaveAlias_0 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS_IDO R/W Oh If PORT1_SEL is set, this register controls Port1 SLAVE_ALIAS_IDO.
SLAVE_ALIAS IDO_P1 7-bit Remote Slave Device Alias ID 0

Configures the decoder for detecting transactions designated for an
12C Slave device attached to the remote Deserializer. The
transaction will be re-mapped to the address specified in the Slave
IDO register. A value of 0 in this field disables access to the remote
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.10 SDA_SETUP Register (Address = 0x9) [reset = 1h]
SDA_SETUP is described in Table 8-24.
Return to Summary Table.
Table 8-24. SDA_SETUP Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh Reserved
3-0 TX_SDA_SETUP R/W 1h Remote Ack SDA Output Setup

When a Control Channel (remote) access is active, this field
configures setup time from the SDA output relative to the rising edge
of SCL during ACK cycles. Setting this value will increase setup time
in units of 640 ns. The nominal output setup time value for SDA to
SCL when this field is 0 is 80 ns.

8.6.1.11 CRC_ERRORO Register (Address = 0xA) [reset = 0h]
CRC_ERRORQO is described in Table 8-25.

FPD-Link 11l TX port-specific register. The FPD-Link Il Port Select register 0x1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
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Table 8-25. CRC_ERRORO Register Field Descriptions

Bit Field Type Reset Description
7-0 CRC_ERROR_7:0 R Oh Back Channel CRC Error counter
_CRC_ERROR_P1_7:0 If PORT1_SEL is set, this register indicates Port1 Status.
Number of Back Channel CRC errors — 8 least significant bits. This
register is cleared using the CRC ERROR RESET in register 0x04.

8.6.1.12 CRC_ERROR1 Register (Address = 0xB) [reset = 0h]
CRC_ERRORT1 is described in Table 8-26.

FPD-Link 1l TX port-specific register. The FPD-Link Ill Port Select register Ox1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
Table 8-26. CRC_ERROR1 Register Field Descriptions

Bit Field Type Reset Description
7-0 CRC_ERROR _15:8 R Oh Back Channel CRC Error counter
_CRC_ERROR_P1_15:8 If PORT1_SEL is set, this register indicates Port1 Status Number of

Back Channel CRC errors — 8 most significant bits. This register is
cleared using the CRC ERROR RESET in register 0x04.

8.6.1.13 GENERAL_STS Register (Address = 0xC) [reset = 0h]
GENERAL_STS is described in Table 8-27.

Some bits in this register are FPD-Link Il TX port-specific. The FPD-Link Il Port Select register Ox1E configures
which unique TX port registers can be accessed by 12C read and write commands.

Return to Summary Table.

Table 8-27. GENERAL_STS Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh General Status Register
If PORT1_SEL is set, this register indicates Port1 Status as
indicated.
Reserved.

6 DSI_ERROR R Oh OR of DSI_FPD3_ERR, DSI_CMD_OVER, DSI_EOT_ERR,

DSI_READ_WOUT_BTA, and DSI_ERROR_DET from DSI indirect
registers. Will not clear on read.

In Dual DSI or Independent DSI to FPD-Link 11l modes, this bit will
indicate an error was detected on either DSI input.

5 DPHY_ERROR R Oh OR of LANE_SYNC_ERROR and DPHY_LANE_ERROR from DSI
indirect registers. Will not clear on read.

In Dual DSI or Independent 2:2 modes, this bit will indicate an error
was detected on either DPHY input.

4 LINK_LOST R Oh Link Lost Flag for selected port:

LINK_LOST_P1 This bit indicates that loss of link has been detected. This register bit
will stay high until cleared using the CRC ERROR RESET in register
0x04.

If PORT1_SEL is set, this register indicates Port1 Status as
indicated.
3 BIST_CRC_ERROR R Oh CRC error during BIST communication with Deserializer. This bit is

BIST_CRC_ERROR_P1 cleared upon restart of BIST or assertion of CRC ERROR RESET in
register 0x04.

If PORT1_SEL is set, this register indicates Port1 Status as
indicated.
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Table 8-27. GENERAL_STS Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

PCLK_DETECT
PCLK_DETECT_P1

R

Oh

Pixel Clock Detect:

The frequency detect circuit has detected a valid pixel clock meeting
the frequency requirements in the FREQ_LOW register.

1: Valid pixel clock detected

0: Valid pixel clock not detected

In Splitter or Independent 2:2 modes, this indicates status for the
selected port.

If PORT1_SEL is set, this register indicates Port1 Status as
indicated.

DES_ERROR

DES_ERROR_P1

Oh

Deserializer Error detect for selected port:

CRC error during communication with Deserializer. This bit is cleared
upon loss of link or assertion of CRC ERROR RESET in register
0x04.

LINK_DETECT

LINK_DETECT_P1

Oh

Link Detect status for selected port:
1: Cable link detected
0: Cabile link not detected

8.6.1.14 GPIO_0_Config Register (Address = 0xD) [reset = 20h]

GPIO_0_Config is described in Table 8-28.

Return to Summary Table.

Table 8-28. GPIO_0_Config Register Field Descriptions

D_GPIO0_MODE

Bit Field Type Reset Description
7-4 REV_ID R 2h GPIOO0 and D_GPIOQ] Configuration
If PORT1_SEL is set, this register controls the D_GPIOO0 pin
Revision ID
0010: DS90Ux941AS-Q1
3 GPIO0_OUTPUT_VALUE |R/W Oh Local GPIO Output Value
D_GPIO0_OUTPUT_VAL This value is output on the GPIO pin when the GPIO function is
UE enabled, the local GPIO direction is Output, and remote GPIO
control is disabled. This value is also output to the GPIO pin in
Remote-Default mode if link is lost.
2-0 GPIO0_MODE R/W Oh GPIO 0 Mode

Determines operating mode for the GPIO pin:

x00 : Functional input mode, GPIOO0 input

x10 : Tri-state

001 : GPIO mode, output

011 : GPIO mode, input

101 : Remote-Hold - output remote data, maintain data on link-loss
111 : Remote-Default - output remote data, Drive default data
(OUTPUT VALUE) on link-loss

8.6.1.15 GPIO_1_and_GPIO_2_Config Register (Address = 0xE) [reset = 0h]
GPIO_1__and_GPIO_2_ Config is described in Table 8-29.

Return to Summary Table.
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Table 8-29. GPIO_1_and_GPIO_2_Config Register Field Descriptions

Bit Field Type Reset Description
7 GPIO2_OUTPUT_VALUE |R/W Oh GPIO1/GPIO2 and D_GPIO1/D_GPIO2 Configuration
D_GPIO2_OUTPUT_VAL If PORT1_SEL is set, this register controls the D_GPIO1 and
UE D_GPIO2 pins
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. This value is also output to the GPIO pin in
Remote-Default mode if link is lost.
6-4 GPIO2_MODE R/W Oh GPIO 2 Mode
D_GPIO2_MODE Determines operating mode for the GPIO pin:
x00 : Functional input mode, 12S_DC input
x10 : Tri-state
001 : GPIO mode, output
011 : GPIO mode, input
101 : Remote-Hold - output remote data, maintain data on link-loss
111 : Remote-Default - output remote data, Drive default data
(OUTPUT VALUE) on link-loss
3 GPIO1_OUTPUT_VALUE |R/W Oh Local GPIO Output Value
D_GPIO1_OUTPUT_VAL This value is output on the GPIO pin when the GPIO function is
UE enabled, the local GPIO direction is Output, and remote GPIO
control is disabled. This value is also output to the GPIO pin in
Remote-Default mode if link is lost.
2-0 GPIO1_MODE R/W Oh GPIO 1 Mode
D_GPIO1_MODE Determines operating mode for the GPIO pin:
x00 : Functional input mode, GPIO1 input
x10 : Tri-state
001 : GPIO mode, output
011 : GPIO mode, input
101 : Remote-Hold - output remote data, maintain data on link-loss
111 : Remote-Default - output remote data, Drive default data
(OUTPUT VALUE) on link-loss

8.6.1.16 GPIO_3_Config Register (Address = 0xF) [reset = 0h]
GPIO_3_Config is described in Table 8-30.

Return to Summary Table.

Table 8-30. GPIO_3_Config Register Field Descriptions

D_GPIO3_MODE

Bit Field Type Reset Description
7-4 RESERVED R/W Oh GPIO3 and D_GPIO3 Configuration
If PORT1_SEL is set, this register controls the D_GPIO3 pin
Reserved
3 GPIO3_OUTPUT_VALUE |R/W Oh Local GPIO Output Value
D_GPIO3_OUTPUT_VAL This value is output on the GPIO pin when the GPIO function is
UE enabled, the local GPIO direction is Output, and remote GPIO
control is disabled. This value is also output to the GPIO pin in
Remote-Default mode if link is lost.
2-0 GPIO3_MODE R/W Oh GPIO 3 Mode

Determines operating mode for the GPIO pin:

x00 :
x10 :
001
011
101
111 :

(OUTPUT VALUE) on link-loss

: GPIO mode, output
: GPIO mode, input
: Remote-Hold - output remote data, maintain data on link-loss

Functional input mode, 12S_DD input
Tri-state

Remote-Default - output remote data, Drive default data
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8.6.1.17 GPIO_5_and_GPIO_6_Config Register (Address = 0x10) [reset = Oh]
GPIO_5 _and_GPIO_6_Config is and described in Table 8-31.

Return to Summary Table.
Table 8-31. GPIO_5_and_GPIO_6_Config Register Field Descriptions

Bit

Field

Type

Reset

Description

7

GPI06_OUTPUT_VALUE

R/W

Oh

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

RESERVED

Oh

Reserved

5-4

GPI06_DIR

R/W

Oh

The GPIO 6 MODE configures the pad in input direction or output
direction for functional mode or GPIO mode.

{GPIO DIR, GPIO EN}

00: Functional mode input

10: Tri-state

01: GPIO mode output

11: GPIO mode input

GPIO5_OUTPUT_VALUE

R/W

Oh

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

RESERVED

Oh

Reserved

1-0

GPIO5_MODE

R/W

Oh

The GPIO 5 MODE configures the pad in input direction or output
direction for functional mode or GPIO mode.

{GPIO DIR, GPIO EN}

00: Functional mode input

10: Tri-state

01: GPIO mode output

11: GPIO mode input

8.6.1.18 GPIO_7_and_GPIO_8_Config Register (Address = 0x11) [reset = 0h]
GPIO_7_and_GPIO_8 Config is described in Table 8-32.

Return to Summary Table.
Table 8-32. GPIO_7_and_GPIO_8_Config Register Field Descriptions

Bit

Field

Type

Reset

Description

7

GPIO8_OUTPUT_VALUE

R/W

Oh

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

RESERVED

Oh

Reserved

5-4

GPIO8_MODE

R/wW

Oh

The GPIO 8 MODE configures the pad in input direction or output
direction for functional mode or GPIO mode.

{GPIO DIR, GPIO EN}

00: Functional mode input

10: Tri-state

01: GPIO mode output

11: GPIO mode input

GPIO7_OUTPUT_VALUE

R/W

Oh

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

RESERVED

Oh

Reserved
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Table 8-32. GPIO_7_and_GPIO_8_Config Register Field Descriptions (continued)

Bit Field Type Reset Description
1-0 GPIO7_MODE R/W Oh The GPIO 7 MODE configures the pad in input direction or output

direction for functional mode or GPIO mode.
{GPIO DIR, GPIO EN}

00: Functional mode input

10: Tri-state

01: GPIO mode output

11: GPIO mode input

8.6.1.19 DATAPATH_CTL Register (Address = 0x12) [reset = 0h]
DATAPATH_CTL is described in Table 8-33.
Return to Summary Table.

Table 8-33. DATAPATH_CTL Register Field Descriptions

Bit Field Type Reset Description
RESERVED R Oh Reserved
RESERVED R/wW Oh Reserved
DE_POLARITY R/W Oh This bit indicates the polarity of the DE (Data Enable) signal.

1: DE is inverted (active low, idle high)
0: DE is positive (active high, idle low)

4 12S_RPTR_REGEN R/W Oh 1: Repeater regenerate 12S from 12S pins
0: Repeater pass-through 12S from video pins
3 12S_B_OVERRIDE R/W Oh I12S Channel B Override

1: Set 12S Channel B Enable from reg_12[0]
0: 12S Channel B Disabled

2 VIDEO_18B_EN R/W Oh 18-bit Video Select
1: Select 18-bit video mode
0: Select 24-bit video mode

1 12S_TRANSPORT_SEL |R/W Oh 1: Enable 12S Data Forward Channel Frame Transport
0: Enable 12S Data Island Transport
0 12S_B_EN R/W Oh I12S Channel B Enable

1: Enable 12S Channel B on B1 input

0: 12S Channel B disabled

Note that in a repeater, this bit may be overridden by the in-band 12S
mode detection.

8.6.1.20 TX_MODE_STS Register (Address = 0x13) [reset = Strap]
TX _MODE_STS is described in Table 8-34.
Return to Summary Table.

Table 8-34. TX_MODE_STS Register Field Descriptions

Bit Field Type Reset Description

7 MODE_SEL1_DONE R 1h Indicates MODE_SEL1 value has stabilized and been latched
6-4 MODE_SEL1_DECODE |R/S Strap Returns the 3-bit decode of the MODE_SEL1 pin

3 MODE_SELO_DONE R 1h Indicates MODE_SELO value has stabilized and been latched
2-0 MODE_SELO_DECODE |R/S Strap Returns the 3-bit decode of the MODE_SELDO pin

8.6.1.21 TX_BIST_CTL Register (Address = 0x14) [reset = 0h]
TX BIST_CTL is described in Table 8-35.

Return to Summary Table.
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Table 8-35. TX_BIST_CTL Register Field Descriptions
Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4 DOPL_MODE R/wW Oh DOPL Mode Enable
1: Enabled
0: Disabled
This bit cannot be written remotely through the Bidirectional Control
Channel
3 RESERVED R Oh Reserved
241 CLOCK_SOURCE R/W Oh Clock Source in BIST mode (When 0x14[0]=1 )
CLOCK_SOURCE_P1 00: External Pixel Clock

01: 33-MHz Oscillator

1x: 100-MHz Oscillator

In Splitter or Independent 2:2 mode, this field controls the selected
port.

0 BIST_EN R/W Oh BIST Control

BIST_EN_P1 1: Enabled

0: Disabled

In Splitter or Independent 2:2 mode, this field controls the selected
port.

8.6.1.22 BCC_WDOG_CTL Register (Address = 0x16) [reset = FEh]
BCC_WDOG_CTL is described in Table 8-36.
Return to Summary Table.

Table 8-36. BCC_WDOG_CTL Register Field Descriptions

Bit Field Type Reset Description
7-1 BCC_WATCHDOG R/W 7Fh The watchdog timer allows termination of a control channel
_TIMER 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 2 ms. This field should not be set to 0. It is
recommended to set this field to 0x01.

0 BCC_WDOG_DIS R/W Oh Disable Bidirectional Control Channel Watchdog Timer
1: Disables BCC Watchdog Timer operation
0: Enables BCC Watchdog Timer operation

8.6.1.23 I12C_CONTROL Register (Address = 0x17) [reset = 1Eh]
[2C_CONTROL is described in Table 8-37.

Some bits in this register are FPD-Link Ill TX port-specific. The FPD-Link 11l Port Select register 0x1E configures
which unique TX port registers can be accessed by 12C read and write commands.

Return to Summary Table.
Table 8-37. 12C_CONTROL Register Field Descriptions

Bit Field Type Reset Description
7 12C_PASS_ALL R/W Oh 1: Enable Forward Control Channel pass-through of all 12C accesses
12C_PASS_ALL_P1 to I12C Slave IDs that do not match the Serializer I12C Slave ID.

0: Enable Forward Control Channel pass-through only of 12C
accesses to 12C Slave IDs matching either the remote Deserializer
Slave ID or the remote Slave ID.

If PORT1_SEL is set, this bit controls 12C PASS ALL P1

6-4 SDA_HOLD_TIME R/W 1h 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 40 ns.
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Table 8-37. 12C_CONTROL Register Field Descriptions (continued)

Bit Field Type Reset Description
3-0 I2C_FILTER_DEPTH R/W Eh 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 5 ns.

8.6.1.24 SCL_HIGH_TIME Register (Address = 0x18) [reset = 7Fh]
SCL_HIGH_TIME is described in Table 8-38.
Return to Summary Table.

Table 8-38. SCL_HIGH_TIME Register Field Descriptions
Bit Field Type Reset Description

7-0 TX_SCL_HIGH R/W 7Fh 12C Master SCL High Time

This field configures the high pulse width of the SCL output when the
Serializer is the Master on the local I12C bus. Units are 40 ns for the
nominal oscillator clock frequency. The default value is set to provide
a minimum 5-ps SCL high time with the internal oscillator clock
running at 26.25 MHz rather than the nominal 25 MHz. Delay
includes 5 additional oscillator clock periods.

Min_delay = 38.0952 ns x (TX_SCL_HIGH + 5)

8.6.1.25 SCL_LOW_TIME Register (Address = 0x19) [reset = 7Fh]
SCL_LOW_TIME is described in Table 8-39.
Return to Summary Table.

Table 8-39. SCL_LOW_TIME Register Field Descriptions
Bit Field Type Reset Description

7-0 TX_SCL_LOW R/W 7Fh 12C SCL Low Time

This field configures the low pulse width of the SCL output when the
Serializer is the Master on the local I12C bus. This value is also used
as the SDA setup time by the 12C Slave for providing data prior to
releasing SCL during accesses over the Bidirectional Control
Channel. Units are 40 ns for the nominal oscillator clock frequency.
The default value is set to provide a minimum 5-us SCL low time with
the internal oscillator clock running at 26.25 MHz rather than the
nominal 25 MHz. Delay includes 5 additional clock periods.
Min_delay = 38.0952 ns x (TX_SCL_LOW + 5)

8.6.1.26 DATAPATH_CTL2 Register (Address = 0x1A) [reset = 1h]
DATAPATH_CTL2 is described in Table 8-40.
Return to Summary Table.

Table 8-40. DATAPATH_CTL2 Register Field Descriptions

Bit Field Type Reset Description
7 BLOCK_REPEATER _ R/W Oh Block automatic 12S mode configuration in repeater
12S_MODE 0: 12S mode (2-channel, 4-channel, or surround) is detected from the

in-band audio signaling in a repeater.
1: Disable automatic detection of 12S mode

6-4 RESERVED R Oh Reserved

3 SECONDARY_AUDIO R Oh Enable Secondary Audio

This register indicates that the AUX audio channel is enabled. The
control for this function is through the AUX_AUDIO_EN bit in the
BRIDGE_CFG register, register offset 0x54).
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Table 8-40. DATAPATH_CTL2 Register Field Descriptions (continued)

Bit Field Type Reset Description
2-1 RESERVED R Oh Reserved
0 12S_SURROUND R/W 1h Enable 5.1- or 7.1-channel I2S audio transport

0: 2-channel or 4-channel 12S audio is enabled as configured in
register 0x12 bits 3 and 0

1: 5.1- or 7.1-channel audio is enabled

Note that 12S Data Island Transport is the only option for surround
audio. Also note that in a repeater, this bit may be overridden by the
in-band 12S mode detection.

8.6.1.27 BIST_BC_ERRORS Register (Address = 0x1B) [reset = 0h]
BIST_BC_ERRORS is described in Table 8-41.

FPD-Link 11l TX port-specific register. The FPD-Link Ill Port Select register Ox1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
Table 8-41. BIST_BC_ERRORS Register Field Descriptions

Bit Field Type Reset Description

7-0 BIST_BC_ERROR_ R Oh BIST Back Channel CRC Error Counter
COUNT This register is cleared upon loss of link, restart of BIST, or assertion
BIST_BC_ERROR_ of CRC ERROR RESET in register 0x04.
COUNT_P1 If PORT1_SEL is set, this register indicates port 1 status

8.6.1.28 GPIO_PIN_STS1 Register (Address = 0x1C) [reset = 0h]
GPIO_PIN_STS1 is described in Table 8-42.
Return to Summary Table.
Table 8-42. GPIO_PIN_STS1 Register Field Descriptions

Bit Field Type Reset Description
7 GPIO7_PIN_STS R Oh GPI0O7/12S_WC pin status
If PORT1_SEL is set, this register reads 0
6 GPIO6_PIN_STS R Oh GPI06/I12S_DA pin status
If PORT1_SEL is set, this register reads 0
5 GPIO5_PIN_STS R Oh GPI05/12S_DB pin status
If PORT1_SEL is set, this register reads 0
RESERVED R Oh Reserved
GPIO3_PIN_STS R Oh GPIO3 /12S_DD pin status

D_GPIO3_PIN_STS

If PORT1_SEL is set, this register indicates D_GPIO3 pin status

D_GPIO0_PIN_STS

2 GPIO2_PIN_STS R Oh GPI0O2 /12S_DC pin status

D_GPIO2_PIN_STS If PORT1_SEL is set, this register indicates D_GPIO2 pin status
1 GPIO1_PIN_STS R Oh GPIO1 pin status

D_GPIO1_PIN_STS If PORT1_SEL is set, this register indicates D_GPIO1 pin status
0 GPIOO0_PIN_STS R Oh GPIOO0 pin status

If PORT1_SEL is set, this register indicates D_GPIOO0 pin status

8.6.1.29 GPIO_PIN_STS2 Register (Address = 0x1D) [reset = 0h]

GPIO_PIN_STS2 is described in Table 8-43.

Return to Summary Table.

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback 73
Product Folder Links: DS90UB941AS-Q1


https://www.ti.com
https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS

DS90UB941AS-Q1 INSTRUMENTS
SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021 www.ti.com
Table 8-43. GPIO_PIN_STS2 Register Field Descriptions

Bit Field Type Reset Description
7-1 RESERVED R Oh Reserved
0 GPIO8_PIN_STS R Oh GPI08/12S_CLK pin status

8.6.1.30 TX_PORT_SEL Register (Address = 0x1E) [reset = 1h]
TX PORT_SEL is described in Table 8-44.
Return to Summary Table.
Table 8-44. TX_PORT_SEL Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R Oh Reserved
2 PORT1_I2C_EN R/W Oh Port1 I12C Enable:

Enables secondary I12C address. The second 12C address provides
access to port1 registers as well as registers that are shared
between ports 0 and 1. The second 12C address value will be set to
DevicelD + 1 (7-bit format). The PORT1_I2C_EN bit must also be set
to allow accessing remote devices over the second link when the
device is in Replicate mode.

1 PORT1_SEL R/W Oh Selects Port 1 for Register Access from primary 12C Address

For writes, port1 registers and shared registers will both be written.
For reads, port1 registers and shared registers will be read. This bit
must be cleared to read port0 registers. This bit is ignored if
PORT1_I2C_EN is set.

0 PORTO_SEL R/W 1h Selects Port 0 for Register Access from primary 12C Address

For writes, port0 registers and shared registers will both be written.
For reads, port0 registers and shared registers will be read. Note that
if PORT1_SEL is also set, then port1 registers will be read.

This bit is ignored if PORT1_I2C_EN is set.

8.6.1.31 FREQ_COUNTER Register (Address = 0x1F) [reset = 0h]
FREQ_COUNTER is described in Table 8-45.
Return to Summary Table.

Table 8-45. FREQ_COUNTER Register Field Descriptions
Bit Field Type Reset Description

7-0 FREQ_COUNT R/W Oh Frequency Counter control

A write to this register will enable a frequency counter to count the
number of pixel clock during a specified time interval. The time
interval is equal to the value written multiplied by the oscillator clock
period (nominally 40 ns). A read of the register returns the number of
pixel clock edges seen during the enabled interval. The frequency
counter will freeze at Oxff if it reaches the maximum value. The
frequency counter will provide a rough estimate of the pixel clock
period. If the pixel clock frequency is known, the frequency counter
may be used to determine the actual oscillator clock frequency.

8.6.1.32 DES_CAP1 Register (Address = 0x20) [reset = Oh]
DES_CAP1 is described in Table 8-46.

FPD-Link lll TX port-specific register. The FPD-Link Ill Port Select register Ox1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
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Table 8-46. DES_CAP1 Register Field Descriptions

Bit Field Type Reset Description
7 FREEZE_DES_CAP R/W Oh If PORT1_SEL is set, this register indicates Port1 Capabilities
FREEZE_DES_CAP_P1 Freeze Deserializer Capabilities

Prevent auto-loading of the Deserializer Capabilities by the
Bidirectional Control Channel. The Capabilities will be frozen at the
values written in registers 0x20 and 0x21.

6 HSCC_MODE_0 R/W Oh High-Speed Control Channel bit 0

_HSCC_MODE_P1_0 Lowest bit of the 3-bit HSCC indication. The other 2 bits are
contained in Deserializer Capabilities 2. This field is automatically
configured by the Bidirectional Control Channel once RX Lock has
been detected. Software may overwrite this value, but must also set
the FREEZE DES CAP bit to prevent overwriting by the Bidirectional
Control Channel.

RESERVED R Oh Reserved

RESERVED R Oh Reserved

DUAL_LINK_CAP R/W Oh Dual link Capabilities

DUAL_LINK_CAP_P1 Indicates if the Deserializer is capable of dual link operation.

This field is automatically configured by the Bidirectional Control
Channel once RX Lock has been detected. Software may overwrite
this value, but must also set the FREEZE DES CAP bit to prevent
overwriting by the Bidirectional Control Channel.

2 DUAL_CHANNEL R/W Oh Dual Channel 0/1 Indication

DUAL_CHANNEL_P1 In a dual-link capable device, indicates if this is the primary or
secondary channel.

0: Primary channel (channel 0)

1: Secondary channel (channel 1)

This field is automatically configured by the Bidirectional Control
Channel once RX Lock has been detected. Software may overwrite
this value, but must also set the FREEZE DES CAP bit to prevent
overwriting by the Bidirectional Control Channel.

1 VID_24B_HD_AUD R/W Oh Deserializer supports 24-bit video concurrently with HD audio
VID_24B_HD_AUD_P1 This field is automatically configured by the Bidirectional Control
Channel once RX Lock has been detected. Software may overwrite
this value, but must also set the FREEZE DES CAP bit to prevent
overwriting by the Bidirectional Control Channel.

0 DES_CAP_FC_GPIO R/W Oh Deserializer supports GPIO in the Forward Channel Frame
DES_CAP_FC_GPIO_P1 This field is automatically configured by the Bidirectional Control
Channel once RX Lock has been detected. Software may overwrite
this value, but must also set the FREEZE DES CAP bit to prevent
overwriting by the Bidirectional Control Channel.

8.6.1.33 DES_CAP2 Register (Address = 0x21) [reset = 0h]
DES_CAP2 is described in Table 8-47.

FPD-Link 11l TX port-specific register. The FPD-Link Il Port Select register 0x1E configures which unique TX port
registers can be accessed by 12C read and write commands.

Return to Summary Table.
Table 8-47. DES_CAP2 Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh Reserved
3 FC_BCC_CRC6 R/W Oh Enable enhanced CRC and start sequence
2 RESERVED R Oh Reserved
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Table 8-47. DES_CAP2 Register Field Descriptions (continued)

Bit Field Type Reset Description
1-0 HSCC_MODE_2:1 R/W Oh High-Speed Control Channel bit 0
HSCC_MODE_P1_2:1 Upper bits of the 3-bit HSCC indication. The lowest bit is contained in

Deserializer Capabilities 1.

000: Normal back channel frame, GPIO mode
001: High Speed GPIO mode, 1 GPIO

010: High Speed GPIO mode, 2 GPIOs

011: High Speed GPIO mode: 4 GPIOs

100: Reserved

101: Reserved

110: High Speed, Forward Channel SPI mode
111: High Speed, Reverse Channel SPI mode
In Single Link devices, only Normal back channel frame modes are
supported.

8.6.1.34 LINK_DET_CTL Register (Address = 0x26) [reset = 0h]
LINK_DET_CTL is described in Table 8-48.
Return to Summary Table.
Table 8-48. LINK_DET_CTL Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R Oh Reserved
2-0 LINK_DETECT_TIMER R/W Oh Bidirectional Control Channel Link Detect Timer

This field configures the link detection timeout period. If the timer
expires without valid communication over the reverse channel, link
detect will be deasserted.

000: 162 ms

001: 325 ms

010: 650 ms

011: 1.3 ms

100: 10.25 us

101: 20.5 ys

110: 41 ps

111: 82 us

8.6.1.35 MAILBOX_2E Register (Address = 0x2E) [reset = A5h]
MAILBOX_2E is described in Table 8-49.
Return to Summary Table.

Table 8-49. MAILBOX_2E Register Field Descriptions
Bit Field Type Reset Description

7-0 MAILBOX_2E R/W A5h Mailbox Register
This register is an unused read/write register that can be used for

any purpose.

8.6.1.36 MAILBOX_2F Register (Address = 0x2F) [reset = 5Ah]
MAILBOX_2F is described in Table 8-50.

Return to Summary Table.
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Table 8-50. MAILBOX_2F Register Field Descriptions

Bit Field Type Reset Description

7-0 MAILBOX_2F R/wW 5Ah Mailbox Register
This register is an unused read/write register that can be used for
any purpose.

8.6.1.37 REM_INTB_CTRL Register (Address = 0x30) [reset = 0h]
REM_INTB_CTRL is described in Table 8-51.
Return to Summary Table.

Table 8-51. REM_INTB_CTRL Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh Reserved
3-0 REM_INTB_MODE R/W Oh Allows choosing different pins to output the remote interrupt. If

multiple links are available (not in Dual FPD-Link Il operation), the
REM_INTB is typically a combined interrupt from both ports. See
selection 0001 below for the exception that allows independent
remote interrupts from both ports.

Determines the pin that the Remote Interrupt will output on:

0000: NOT ENABLED

0001: REM_INTB indicates port 0 remote interrupt, INTB indicates
port 1 remote interrupt

001x,01xx Reserved

1000:GPIO0

1001:GPIO1

1010:GPIO2

1011:GPIO3

1100:D_GPIO0

1101:D_GPIO1

1110:D_GPIO2

1111:D_GPIO3

8.6.1.38 IMG_LINE_SIZEO Register (Address = 0x32) [reset = 0h]
IMG_LINE_SIZEQ is described in Table 8-52.
Return to Summary Table.

Table 8-52. IMG_LINE_SIZEO Register Field Descriptions

Bit Field Type Reset Description

7-0 IMG_LINE_SIZE_7:0 R/W Oh Dual Image Line Size Register 0

Dual Image line size (bits 7:0)

For processing Left/Right or Alternate Pixel 3D pixel format images
for splitting, this parameter provides the line size for the equivalent
2D image in pixels. For the default setting, a 2D image with 1280
pixels per line would have a combined Left/Right format image of
2560 pixels. The default is set to 1280 pixels (0x500). This
parameter is also used as the 2D image line size in pixels for the
Dual-DSI Left/Right mode. The Dual Image Line Size should be
programmed to a maximum value of 4096 pixels.

8.6.1.39 IMG_LINE_SIZE1 Register (Address = 0x33) [reset = 5h]
IMG_LINE_SIZE1 is described in Table 8-53.

Return to Summary Table.
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Table 8-53. IMG_LINE_SIZE1 Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-0 IMG_LINE_SIZE_12:8 R/W 5h Dual Image line size (bits 12:8)

For processing Left/Right or Alternate Pixel 3D pixel format images
for splitting, this parameter provides the line size for the equivalent
2D image in pixels. For the default setting, a 2D image with 1280
pixels per line would have a combined Left/Right format image of
2560 pixels. The default is set to 1280 pixels (0x500).

This parameter is also used as the 2D image line size in pixels for
the Dual-DSI Left/Right mode.

The Dual Image Line Size should be programmed to a maximum
value of 4096 pixels.
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8.6.1.40 IMG_DELAY0_IMG_DELAY0_P1 Register (Address = 0x34) [reset = Ch]
IMG_DELAYO_IMG_DELAYO_P1 is described in Table 8-54.

Return to Summary Table.
Table 8-54. IMG_DELAYO0_IMG_DELAYO0_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

IMG_DELAY_7:0
IMG_DELAY_P1_7:0

R/W

Ch

Dual Image Delay Register 0

In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Ill port.

Dual Image Delay (bits 7:0)

For processing Left/Right or Alternate Pixel 3D format images for
splitting, this parameter provides a delay for buffering data prior to
generation of 2D image data in alternating pixel format or for splitting
images.

For Left/Right 3D images, this parameter is typically set to a value of
12 pixels (0x00C).

For splitting Alternate Pixel 3D format images, this parameter will
typically be set to a value of 12 pixels (0x00C) if the
IMG_HSYNC_CTL registers are used to set HSYNC timing. If the
IMG_HSYNC_CTL registers are not used to set HSYNC timing, this
value should be set to the Horizontal Sync period plus the Horizontal
Back Porch period in pixels. Depending on cropping options, this
value may need to be modified to ensure proper operation.

The Dual Image Delay should be programmed to a maximum value
of 4096 pixels.

8.6.1.41 IMG_DELAY1_IMG_DELAY_P1 Register (Address = 0x35) [reset = 0h]
IMG_DELAY1_IMG_DELAY_P1 is described in Table 8-55.

Return to Summary Table.
Table 8-55. IMG_DELAY1_IMG_DELAY_P1 Register Field Descriptions

IMG_DELAY_P1_12:8

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-0 IMG_DELAY_12:8 R/W Oh Dual Image Delay (bits 12:8)

For processing Left/Right or Alternate Pixel 3D format images for
splitting, this parameter provides a delay for buffering data prior to
generation of Left/Right data in alternating pixel format or for splitting
images. For Left/Right 3D images, this parameter is typically set to a
value of 12 pixels (0x00C).

For splitting Alternate Pixel 3D format images, this parameter will
typically be set to a value of 12 pixels (0x00C) if the
IMG_HSYNC_CTL registers are used to set HSYNC timing. If the
IMG_HSYNC_CTL registers are not used to set HSYNC timing, this
value should be set to the Horizontal Sync period plus the Horizontal
Back Porch period in pixels. Depending on cropping options, this
value may need to be modified to ensure proper operation.

The Dual Image Delay should be programmed to a maximum value
of 4096 pixels.

8.6.1.42 CROP_START_X0_CROP_START_XO0_P1 Register (Address = 0x36) [reset = 0h]
CROP_START_X0_CROP_START_XO0_P1 is described in Table 8-56.

Returnto S

ummary Table.
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Table 8-56. CROP_START_X0_CROP_START_XO0_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

CROP_START_X_7:0
CROP_START _X_P1_7:0

R/W

Oh

Crop Start X0 Register

In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Ill port.

Image Cropping Start X position (bits 7:0)

The Image Cropping Start X position indicates the horizontal starting
position for the portion of the video line to forward. Pixels prior to the
start X position will not be forwarded, replaced with blank (DE will be
de-asserted). Pixel positions range from 0 to N-1 where N is the line
length in pixels.

8.6.1.43 CROP_START_X1_CROP_START_X1_P1 Register (Address = 0x37) [reset = 0h]
CROP_START_X1_CROP_START_X1_P1 is described in Table 8-57.

Return to Summary Table.
Table 8-57. CROP_START_X1_CROP_START_X1_P1 Register Field Descriptions

Bit Field Type Reset Description
7 CROP_ENABLE R/W Oh Crop Start X1 Register
CROP_ENABLE_P1 In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link IIl port.
Enable Video Cropping:
Setting this bit to a 1 will enabling cropping of video for the selected
port. Cropping is controlled by setting the X,Y start and stop
positions using the CROP_START_X/Y and CROP_STOP_X/Y
registers.
6-5 RESERVED R Oh Reserved
4-0 CROP_START_X_12:8 R/W Oh Image Cropping Start X position (bits 12:8)
CROP_START_X_P1_12: In Splitter or Independent 2:2 modes, this controls the selected FPD-
8 Link Il port.
The Image Cropping Start X position indicates the horizontal starting
position for the portion of the video line to forward. Pixels prior to the
start X position will not be forwarded, replaced with blank (DE will be
de-asserted). Pixel positions range from 0 to N-1 where N is the line
length in pixels.

8.6.1.44 CROP_STOP_X0_CROP_STOP_X0_P1 Register (Address = 0x38) [reset = 0h]
CROP_STOP_X0_CROP_STOP_XO0_P1 is described in Table 8-58.

Return to Summary Table.
Table 8-58. CROP_STOP_X0_CROP_STOP_X0_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

CROP_STOP_X_7:0
CROP_STOP_X_P1_7:0

R/W

Oh

Image Cropping Stop X position (bits 7:0)

In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Il port.

The Image Cropping Stop X position indicates the position of the last
pixel to be forwarded when cropping is enabled. Pixels following the

Stop X position will not be forwarded, replaced with blank (DE will be
de-asserted). Pixel positions range from 0 to N-1 where N is the line

length in pixels.

8.6.1.45 CROP_STOP_X1_CROP_STOP_X1_P1 Register (Address = 0x39) [reset = 0h]
CROP_STOP_X1_CROP_STOP_X1_P1 is described in Table 8-59.

Return to Summary Table.
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Table 8-59. CROP_STOP_X1_CROP_STOP_X1_P1 Register Field Descriptions

CROP_STOP_X_P1_12:8

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-0 CROP_STOP_X_12:8 R/W Oh Image Cropping Stop X position (bits 12:8)

In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Ill port.

The Image Cropping Stop X position indicates the position of the last
pixel to be forwarded when cropping is enabled. Pixels following the

Stop X position will not be forwarded, replaced with blank (DE will be
de-asserted). Pixel positions range from 0 to N-1 where N is the line

length in pixels.

8.6.1.46 CROP_START_Y0_CROP_START_YO0_P1 Register (Address = 0x3A) [reset = 0h]
CROP_START_Y0_CROP_START_YO0_P1 is described in Table 8-60.

Return to Summary Table.
Table 8-60. CROP_START_Y0_CROP_START_YO0_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

CROP_START_Y_7:0
CROP_START_Y_P1_7:0

R/W

Oh

Crop Start YO Register

In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Ill port.

Image Cropping Start Y position (bits 7:0)

The Image Cropping Start Y position indicates the first video line to
be forwarded when cropping is enabled. Pixels prior to the Start Y
position will not be forwarded, replaced with blank lines (DE will be
de-asserted). Line positions range from 0 to N-1 where N is the
number of lines in the frame. In Splitter or Independent 2:2 modes,
this controls the selected FPD-Link Il port.

8.6.1.47 CROP_START_Y1_CROP_START_Y1_P1 Register (Address = 0x3B) [reset = Oh]
CROP_START_Y1_CROP_START_Y1_P1 is described in Table 8-61.

Return to Summary Table.
Table 8-61. CROP_START_Y1_CROP_START_Y1_P1 Register Field Descriptions

CROP_START_Y_P1_12:
8

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-0 CROP_START_Y_12:8 R/W Oh Image Cropping Start Y position (bits 12:8)

In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Il port.

The Image Cropping Start Y position indicates the first video line to
be forwarded when cropping is enabled. Video lines following the
Start Y position will not be forwarded, replaced with blank lines (DE
will be de-asserted). Line positions range from 0 to N-1 where N is
the number of lines in the frame.

8.6.1.48 CROP_STOP_Y0_CROP_STOP_YO0_P1 Register (Address = 0x3C) [reset = Oh]
CROP_STOP_Y0_CROP_STOP_YO0_P1 is described in Table 8-62.

Return to Summary Table.
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Table 8-62. CROP_STOP_Y0_CROP_STOP_YO0_P1 Register Field Descriptions

Bit Field Type Reset Description
7-0 CROP_STOP_Y_7:0 R/W Oh Crop Stop YO0 Register
CROP_STOP_Y_P1_7:0 In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link IIl port.

Image Cropping Stop Y position (bits 7:0)

The Image Cropping Stop Y position indicates the last video line to
be forwarded when cropping is enabled. Video lines following the
Stop Y position will not be forwarded, replaced with blank lines (DE
will be de-asserted). Line positions range from 0 to N-1 where N is
the number of lines in the frame.

8.6.1.49 CROP_STOP_Y1_CROP_STOP_Y1_P1 Register (Address = 0x3D) [reset = 0h]
CROP_STOP_Y1_CROP_STOP_Y1_P1 is described in Table 8-63.
Return to Summary Table.

Table 8-63. CROP_STOP_Y1_CROP_STOP_Y1_P1 Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-0 CROP_STOP_Y_12:8 R/W Oh Image Cropping Stop Y position (bits 12:8)
CROP_STOP_Y_P1_12:8 In Splitter or Independent 2:2 modes, this controls the selected FPD-
Link Ill port.

The Image Cropping Stop Y position indicates the last video line to
be forwarded when cropping is enabled. Video lines following the
Stop Y position will not be forwarded, replaced with blank lines (DE
will be de-asserted). Line positions range from 0 to N-1 where N is
the number of lines in the frame.

8.6.1.50 SPLIT_CLK_CTLO_SPLIT_CLK_CTLO_P1 Register (Address = 0x3E) [reset = 81h]
SPLIT_CLK_CTLO_SPLIT_CLK_CTLO_P1 is described in Table 8-64.
Return to Summary Table.

Table 8-64. SPLIT_CLK_CTLO_SPLIT_CLK_CTLO_P1 Register Field Descriptions

Bit Field Type Reset Description
7 SPLIT_CLK_DIV_EN R/W 1h Splitter Mode Clock Control Register 0
SPLIT_CLK DIV_EN_P1 This controls the selected FPD-Link Il port.

Splitter mode clock divider enable

This register enables the splitter mode clock divider. In splitter mode,
if this register is set to 0, the pixel clock for splitter operation is
disabled. The divider should be disabled prior to changing the
Splitter Divider settings, SPLIT_CLK_SEL, SPLIT_CLK_DIV_M, and
SPLIT_CLK_DIV_N. In addition, changes to divider settings should
only be done when the DSI input is disabled to ensure proper mode
transition.

These values are ignored if Splitter mode is disabled. This controls
the selected FPD-Link Il port.

6-5 SPLIT_CLK_SEL R/W Oh Splitter mode clock select

This register selects the clock source for the FPD-Link Il transmit
side of the splitter operation for the selected port.

00 : Input pixel clock divided by 2 (default)

01 : M/N divider from the DPHY input clock

10 : M/N divider from the external clock on the REFCLKO pin

11 : M/N divider from the external clock on the REFCLK1 pin

For splitter mode this register takes priority over 0x56
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Table 8-64. SPLIT_CLK_CTLO_SPLIT_CLK_CTLO_P1 Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

4-0

SPLIT_CLK_DIV_M
SPLIT_CLK_DIV_M_P1

R/W

1h

Splitter mode clock divider M value

This register controls the M setting for the M/N divider used to
generate the splitter mode pixel clock from the selected input clock.
The default settings for M/N provide a 1/2 clock frequency normally
required for splitting symmetric video.

These values are ignored if Splitter mode is disabled. This controls
the selected FPD-Link Il port.

8.6.1.51 SPLIT_CLK_CTL1_SPLIT_CLK_CTL1_P1 Register (Address = 0x3F) [reset = 2h]
SPLIT_CLK_CTL1_SPLIT_CLK_CTL1_P1 is described in Table 8-65.

Return to Summary Table.
Table 8-65. SPLIT_CLK_CTL1_SPLIT_CLK_CTL1_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

SPLIT_CLK_DIV_N
SPLIT_CLK_DIV_N_P1

R/W

2h

Splitter Mode Clock Control Register 1

This controls the selected FPD-Link Il port.

Splitter mode clock divider N value

This register controls the N setting for the M/N divider used to
generate the splitter mode pixel clock from the selected input clock.
The default settings for M/N provide a 1/2 clock frequency normally
required for splitting symmetric video.

These values are ignored if Splitter mode is disabled. This controls
the selected FPD-Link Il port.

8.6.1.52 IND_ACC_CTL Register (Address = 0x40) [reset = 0h]
IND_ACC_CTL is described in Table 8-66.

Return to Summary Table.

Table 8-66. IND_ACC_CTL Register Field Descriptions

Bit Field Type Reset Description

7-5 RESERVED R Oh Reserved

4-2 IND_ACC_SEL R/W Oh Indirect Access Register Select:
Selects target page for register access
000 : Disabled
001 : DSI/D-PHY Port 0 Digital Registers
010 : DSI/D-PHY Port 1 Digital Registers
011 : Reserved
100 : Reserved
101 : Reserved
110 : Reserved
111 :Reserved

1 IND_ACC_AUTO_INC R/W Oh Indirect Access Auto Increment:

Enables auto-increment mode. Upon completion of a read or write,
the register address will automatically be incremented by 1. For auto-
increment on reads, the IND_ACC_READ bit should also be set.
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Table 8-66. IND_ACC_CTL Register Field Descriptions (continued)

Bit Field Type Reset Description
0 IND_ACC_READ R/W Oh Indirect Access Register Read:

Typically, this bit should be set to 1 when reading indirect access
registers. It should be set to 0 when writing to indirect access
registers.

For access to page 1 registers (DSI/D-PHY digital registers), setting
this bit allows Clear-on-read of status registers. If this bit is set to 0,
the status registers may be read, but will not be cleared on read.

For access to analog registers that require prefetch, setting this
allows generation of a read strobe to the analog block upon setting of
the IND_ACC_ADDR register. In auto-increment mode, read strobes
will also be asserted following a read of the IND_ACC_DATA
register.

8.6.1.53 IND_ACC_ADDR Register (Address = 0x41) [reset = 0h]
IND_ACC_ADDR is described in Table 8-67.
Return to Summary Table.

Table 8-67. IND_ACC_ADDR Register Field Descriptions
Bit Field Type Reset Description

7-0 IND_ACC_ADDR R/W Oh Indirect Access Register Offset:
This register contains the 8-bit register offset for the indirect access.

8.6.1.54 IND_ACC_DATA Register (Address = 0x42) [reset = Oh]
IND_ACC_DATA is described in Table 8-68.
Return to Summary Table.

Table 8-68. IND_ACC_DATA Register Field Descriptions
Bit Field Type Reset Description

7-0 IND_ACC_DATA R/W Oh Indirect Access Register Data:

Writing this register will cause an indirect write of the
IND_ACC_DATA value to the selected analog block register.
Reading this register will return the value of the selected analog
block register

8.6.1.55 BRIDGE_CTL Register (Address = 0x4F) [reset = Strap]
BRIDGE_CTL is described in Table 8-69.
Return to Summary Table.
Table 8-69. BRIDGE_CTL Register Field Descriptions

Bit Field Type Reset Description

7 DSI_CONTINUOUS_CLK |[R/W Strap DSI Continuous Clock Mode
DSI_CONTINUOUS_CLK This bit controls handling of the DSI Clock lane. If in continuous clock
_P1 mode, the DSI logic will assume the clock input is always in HS

Mode and will bypass initialization requirements for the clock lane.

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.
DSI_CONTINUOUS_CLK is initially loaded from the MODE_SEL1
strap options.

0: Discontinuous DSI clock mode

1: Continuous DSI clock mode
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Table 8-69. BRIDGE_CTL Register Field Descriptions (continued)

Bit Field Type Reset Description
6 DUAL_DSI_EN R/W Oh Dual DSI input mode:

Determines operating mode of dual DSI Receive interface
1: Dual-DSI mode

0: Single-DSI mode

This bit should be set to 0 for Independent 2:2 mode

5 DSI_PORT_SEL R/W Oh DSI Receive input select

In Single DSI mode, this control selects the active input DSI Port.

0 : Select DSI Input port 0

1 : Select DSI Input port 1

In Independent 2:2 mode, setting this bit to 1 will swap the DSI ports
such that DSI port 0 will map to FPD-Link Il port 1 and DSI port 1
will map to FPD-Link Il port 0.

If DUAL_DSI_EN is set to 1, DSI_PORT_SEL should be set to 0.

4 ALT_LINES_3D R/W Oh Enable Alternate Lines 3D mode

If set to a 1, the video input is handled as two images based on an
alternating line format. The device will merge the images into a
single image with an alternating pixel format that can then be split
into two images either at the FPD-Link Il transmit outputs or at a
downstream device. To split the images at the FPD-Link Ill transmit
ports, it is necessary to set the FPD3_TX_MODE in the DUAL_CTL1
register to the Forced Splitter Mode.

3-2 DSI_LANES R/WIS Strap DSI Lane Selection
DSI_LANES_P1 Indicates number of DSI Lanes that are active.

00 : 1 Lane (DSI Lane 0)
01:2 Lanes
10: 3 Lanes
11:4 Lanes
DSI_LANES is initially loaded from the MODE_SELO pin strap
options.

To avoid video errors, the DSI_LANES field should only be changed
when the DSl input is inactive.
In Independent 2:2 mode, this controls the selected FPD-Link IlI port.

1 CFG_INIT R/W Oh Initialize Configuration from Non-Volatile Memory:

Causes a reload of the configuration data from the non-volatile
memory. In addition, strap options will be restored to their initial
strapped value. This bit will be cleared when the initialization is
complete.

0 RESERVED R Oh Reserved

8.6.1.56 BRIDGE_STS Register (Address = 0x50) [reset = 2h]
BRIDGE_STS is described in Table 8-70.
Return to Summary Table.
Table 8-70. BRIDGE_STS Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6 RESERVED R Oh Reserved
5 RESERVED R Oh Reserved
4 INIT_DONE R Oh Initialization Done:

Initialization sequence has completed. This step will complete after
configuration complete (CFG_DONE)

3 RESERVED R Oh Reserved
CFG_DONE R Oh Configuration Complete:
Indicates automatic configuration has completed. This step will
complete prior to initialization complete (INIT_DONE).
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Table 8-70. BRIDGE_STS Register Field Descriptions (continued)

Bit Field Type Reset Description
1 CFG_CKSUM R 1h Configuration checksum status:

Indicates result of Configuration checksum during initialization. The
device verifies the 2 's complement checksum in the last 128 bytes of
the NVM. A value of 1 indicates the checksum passed.

0 RESERVED R Oh Reserved

8.6.1.57 BRIDGE_CFG Register (Address = 0x54) [reset = 2h]
BRIDGE_CFG is described in Table 8-71.
Return to Summary Table.
Table 8-71. BRIDGE_CFG Register Field Descriptions

Bit Field Type Reset Description

7-6 RESERVED R Oh Reserved

5-4 DSI_BYTES_PER_PIXEL |[R/W Oh Number of DSI Bytes Per Pixel:
DSI_BYTES_PER_PIXEL For Continuous Clock Mode, selects the number of DSI bytes per
_P1 pixel for the desired DSI Data Type

00: 3 bytes/pixel (RGB888, RGB666 loosely packed, 20b YCbCr
4:2:2, 24b YCbCr 4:2:2, 12b YCbCr 4:2:0, Compressed)

01: 2.25 bytes/pixel (RGB666 packed)

10: 2 bytes/pixel (RGB565, 16b YCbCr 4:2:2)

11: Reserved

Notes: All RGB formats are converted to RGB888. YCbCr and
Compressed formats are passed through unconverted.

In Independent 2:2 mode, this controls the selected port.

RESERVED R Oh Reserved

AUDIO_TDM R/W Oh Enable TDM Audio:

Setting this bit to a 1 will enable TDM audio for the 12S audio.
Parallel 12S data on the 12S pins will be serialized onto a single
12S_DA signal for sending over the serial link.

1 AUDIO_MODE R/W 1h Audio Mode:

Selects source for audio to be sent over the FPD-Link Il downstream
link.

0: Disabled

1: 128 audio from I12S pins

0 AUX_AUDIO_EN R/W Oh AUX Audio Channel Enable:
Setting this bit to a 1 will enable the AUX audio channel. This allows
sending additional 2-channel audio in addition to the 12S audio.

8.6.1.58 AUDIO_CFG Register (Address = 0x55) [reset = Strap]
AUDIO_CFG is described in Table 8-72.
Return to Summary Table.

Table 8-72. AUDIO_CFG Register Field Descriptions
Bit Field Type Reset Description

7 TDM_2_PARALLEL R/W Oh Enable TDM to parallel 12S audio conversion:

When this bit is set, the TDM to parallel 12S conversion is enabled.
TDM audio data on the 12S_DA pin will be split onto four 12S data
signals.

6 RESERVED R Oh Reserved
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Table 8-72. AUDIO_CFG Register Field Descriptions (continued)

Bit Field Type Reset Description
5 SWC_EDGE R/W Oh Secondary WC edge sampling:

Setting this bit to a 1 will change the sampling edge for the
secondary WC from the posedge of the 12S_CLK to the negedge.
1: Sample word clock on the negedge of the 12S CLK

0: Sample word clock on the posedge of the 12S CLK

4 SPLIT_AUDIO R/WIS Strap Split Audio across ports

When the FPD-Link Il Transmit is in Replicate or Splitter mode,
setting this bit will split the 12S audio across the two ports. This bit
will have no effect in Single or Dual FPD-Link Ill Transmit modes

0 : Audio signals will be mapped to both ports (up to 8 channel
audio)

1 : Split audio: Port 0 gets 12S_DA/I12S_DB, Port 1 gets 12S_DC/
12S_DD signals

The SPLIT_AUDIO control is strapped from the MODE_SELO pin at
power-up. If Splitter Mode is strapped, SPLIT_AUDIO will be set to 1.

3-0 RESERVED R Oh Reserved

8.6.1.59 BRIDGE_CFG2 Register (Address = 0x56) [reset = 0]
BRIDGE_CFG2 is described in Table 8-73.
Return to Summary Table.

Table 8-73. BRIDGE_CFG2 Register Field Descriptions
Bit Field Type Reset Description

7 LEFT_RIGHT_3D R/W Oh Enable Left/Right 3D processing:

Setting this bit to a 1 enables conversion of a Left/Right (side-by-
side) 3D image into an alternating pixel image. This conversion
allows splitting of the 3D image at the serializer FPD-Link 11l output
or at a downstream deserializer. In addition to setting this bit,
software should also set the IMG_LINE_SIZE and IMG_DELAY
parameters.

6 DUAL_DSI_LR_EN R/W Oh Dual-DSI Left/Right format enable:

Setting this bit to a 1 enables the serializer to arrange the Dual-DSI
input into a single frame with Left/Right (side-by-side) format. The left
image is received from DSI port 0 while the right image is received
on DSl port 1.

This mode also requires setting the DUAL_DSI_EN control in the
BRIDGE_CTL register.

5-2 RESERVED R Oh Reserved

1-0 BRIDGE_CLK_MODE R/W Oh Bridge Clocking Mode

00: DSI Reference Clock Mode. The FPD-Link Il transmitter will be
synchronous to the DSI clock. In this mode, the DSI clock must be
continuous and BRIDGE_CTL:DSI_CONTINUOUS_CLK must be
set.

01: External Reference Clock Mode. The FPD-Link Il transmitter is
sourced from an external pixel clock present on the REFCLK pin.
The DSI clock may be continuous or discontinuous.

10: Internal Reference Clock Mode. The FPD-Link Ill transmitter is
sourced from an internal pixel clock generated from the always-on
clock. The DSI clock may be continuous or discontinuous.

11: External Reference Clock Mode for Independent 2:2 Mode. The
FPD-Link Ill PortO transmitter is sourced from an external pixel clock
present on the REFCLKO pin while the Port1 transmitter is sourced
from an external pixel clock present on the REFCLK1 pin. The DSI
clock may be continuous or non-continuous. This option is only
available when in Independent 2:2 mode.

In Independent 2:2 mode, this controls the selected FPD-Link Il port.
This register should not be used in splitter mode.
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8.6.1.60 TDM_CONFIG Register (Address = 0x57) [reset = Ah]
TDM_CONFIG is described in Table 8-74.

Return to Summary Table.
Table 8-74. TDM_CONFIG Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh Reserved
3 TDM_FS_MODE R/W 1h TDM Frame Sync Mode:

Sets active level for the Frame Sync for the TDM audio. The Frame
Sync signal provides an active pulse to indicate the first sample data
on the TDM data signal.

0 : Active high Frame Sync

1 : Active low Frame Sync (similar to 12S word select)

This bit is used for both the output of the 12S to TDM conversion and
the input of the TDM to 12S conversion.

2 TDM_DELAY R/W Oh TDM Data Delay:

Controls data delay for TDM audio samples from the active Frame
Sync edge.

0 : Data is not delayed from Frame Sync (data is left justified)

1 : Data is delayed 1 bit from Frame Sync

This bit is used for both the output of the 12S to TDM conversion and
the input of the TDM to 12S conversion.

1-0 TDM_FS_WIDTH R/W 2h TDM Frame Sync Width:

Indicates width of TDM Frame Sync pulse for 12S to TDM conversion
00 : FS is 50/50 duty cycle

01 : FS is one slot/channel wide

1x: FSis 1 clock pulse wide

8.6.1.61 VIDEO_3D_STS Register (Address = 0x58) [reset = 0h]
VIDEO_3D_ STS is described in Table 8-75.
Return to Summary Table.
Table 8-75. VIDEO_3D_STS Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R Oh Reserved
2 LINE_OV_ERR R/COR Oh Line Buffer Overflow:

When set to a 1, an error has been detected in the 3D video Line
buffers due to receiving a video line that was too long for the buffer.
For Alternate Line 3D mode, this flag will be set if a video line
contains 4096 or more pixels.

For Left/Right 3D, or Alternate Pixel 3D modes, this flag will be set if
a video line contains 8192 or more pixels.

This flag will be cleared on read.

1 LINE_VID_ERR R/COR Oh Line Video Error:

When set to a 1, an error has been detected in the 3D video
processing likely due to invalid line length or blanking intervals. This
flag will be cleared on read.
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Table 8-75. VIDEO_3D_STS Register Field Descriptions (continued)

Bit Field Type Reset

Description

0 LINE_MISMATCH R/COR Oh

Line Mismatch Error

Alternate Line 3D mode:

When set to a 1, odd/even video line length mismatch has been
detected. This will occur if the odd and even lines of video are not
the same length. This flag will be cleared on read.

Left/Right 3D mode:

When set to a 1, a line length error has been detected. This will
occur if the received video line is not twice the IMG_LINE_SIZE
value. If the received line length is less than IMG_LINE_SIZE, an
error may not be detected. This flag will be cleared on read. If the
image is cropped in the horizontal dimension, this error flag may not
be accurate.

8.6.1.62 DUAL_DSI_CTL_STS Register (Address = 0x59) [reset = 0h]

DUAL_DSI_CTL_STS is described in Table 8-76.

Return to Summary Table.

Table 8-76. DUAL_DSI_CTL_STS Register Field Descriptions

Bit Field Reset

Type

Description

7-6 DSI1_DELAY R/W Oh

DSI Port 1 input delay

The DSI Port 1 input can be delayed by up to 3 pixel clocks prior to
merging dual DSI video data. This can be done for diagnostic
purposes or to compensate for known skew between DSI ports.

DSI0O_DELAY R/W Oh

DSI Port 0 input delay

The DSI Port 0 input can be delayed by up to 3 pixel clocks prior to
merging dual DSI video data. This can be done for diagnostic
purposes or to compensate for known skew between DSI ports.

3 DUAL_DSI_OK R Oh

Dual DSI Status
This register indicates if both DSI lanes are active and the skew is
within a measurable range.

2 DSI_SKEW_NEG R Oh

Dual Skew Negative indication

In Dual DSI mode, this bit indicates if the skew between DSI Ports is
positive or negative

0 : DSI Port 0 leads DSI Port 1 (or skew is 0)

1: DSI Port 1 leads DSI Port 1

1-0 DSI_SKEW_MAG R Oh

Dual DSI Skew Magnitude
This register indicates the magnitude of detected skew between DSI
ports in pixel clocks.

8.6.1.63 DUAL_STS_DUAL_STS_P1 Register (Address = 0x5A) [reset = 0h]

DUAL_STS_DUAL_STS_P1 is described in Table 8-77.

Return to Summary Table.

Table 8-77. DUAL_STS_DUAL_STS_P1 Register Field Descriptions

Bit Field Type Reset

Description

7 FPD3_LINK_RDY R Oh

FPD3_LINK_RDY_P1

FPD-Link Ill Link Ready status for selected port:

This bit indicates that the FPD-Link Il link has detected a valid
downstream connection and determined capabilities for the
downstream link.

In Independent 2:2 mode, this shows status for the selected FPD-
Link IIl port.
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Table 8-77. DUAL_STS_DUAL_STS_P1 Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

FPD3_TX_STS
FPD3_TX_STS_P1

R

Oh

FPD-Link Ill Transmit status for selected port:

This bit indicates that the FPD-Link Ill Transmitter is active and the
receiver is locked to the transmit clock. It is only asserted once a
valid input has been detected, and the FPD-Link Il Transmit
connection has entered the correct mode (that is, Single vs Dual
mode).

In Independent 2:2 mode, this shows status for the selected FPD-
Link Ill port.

FPD3_PORT_STS

Oh

FPD-Link Ill Port Status for selected port:

If FPD3_TX_STS is set to a 1, this field indicates the port mode
status as follows:

00: Dual FPD-Link lll Transmitter mode

01: Single FPD-Link Il Transmit on port O

10: Single FPD-Link Il Transmit on port 1

11: FPD-Link Il Transmit on both ports (Independent 2:2, Replicate,
or Splitter mode)

DSI_CLK_DET
DSI_CLK_DET_P1

Oh

DSI Clock Detect for selected port:

DSI Clock Detect indication from the DSI PLL controller.

In Independent 2:2 mode, this shows status for the selected FPD-
Link Il port.

Reserved

Oh

Reserved

NO_DSI_CLK
NO_DSI_CLK_P1

Oh

No DSI Clock Detected for selected port:

This bit indicates the Frequency Detect circuit did not detect a DSI
clock greater than the value specified in the FREQ_LOW register.
In Independent 2:2 mode, this shows status for the selected FPD-
Link IIl port.

FREQ_STABLE
FREQ_STABLE_P1

Oh

DSI Frequency is Stable:

Indicates the Frequency Detection circuit has detected a stable DSI
clock frequency.

In Independent 2:2 mode, this shows status for the selected FPD-
Link 1l port.

8.6.1.64 DUAL_CTL1 Register (Address = 0x5B) [reset = Strap]

DUAL_CTL1 is described in Table 8-78.

Return to Summary Table.

Table 8-78. DUAL_CTL1 Register Field Descriptions

Bit Field Type Reset Description

7 FPD3_COAX_MODE R/W Strap FPD-Link 11l Coax Mode:
Enables configuration for the FPD-Link Ill Interface cabling type
0 : Twisted Pair
1: Coax
This bit is loaded from the MODE_SEL1 pin at power-up.

6 DUAL_SWAP R/W Oh Dual Swap Control:
Indicates current status of the Dual Swap control. If automatic
correction of Dual Swap is disabled through the
DISABLE_DUAL_SWAP control, this bit may be modified by
software.

5 RST_PLL_FREQ R/W Oh Reset FPD-Link Il PLL on Frequency Change:
When set to a 1, frequency changes detected by the Frequency
Detect circuit will result in a reset of the FPD-Link 1l PLL.

4 FREQ_DET_PLL R/W Oh Frequency Detect Select PLL Clock:
Determines the clock source for the Frequency detection circuit:
0 : DSI clock (prior to PLL)
1: DSI PLL clock
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Table 8-78. DUAL_CTL1 Register Field Descriptions (continued)

Bit Field Type Reset Description
3 DUAL_ALIGN_DE R/wW Oh Dual Align on DE:
In dual-link mode, if this bit is set to a 1, the odd/even data will be
sent on the primary/secondary links respectively, based on the
assertion of DE. If this bit is set to a 0, data will be sent on alternating
links without regard to odd/even pixel position.
2-0 FPD3_TX_MODE R/W/S Strap FPD-Link 11l TX Mode:

This register controls the operating mode of the FPD-Link 11l
Transmit function. By default, the FPD-Link Ill Transmitter auto-
detects the best operating mode based on attached device(s). The
FPD-Link Ill Transmit can also be forced to specific operation.

000 : Auto-Detect FPD-Link Ill mode (Single, Dual, or Replicate)
001 : Forced Single FPD-Link Ill Transmitter mode (Port 1 disabled)
010 : Reserved

011 : Forced Dual FPD-Link Il Transmitter mode

100 : Auto-Detect FPD-Link Ill mode (Single or Replicate only, Dual
disabled)

101 : Forced Independent 2:2 mode

110 : Reserved

111 : Forced Splitter Mode (half of video stream on each port)

This field is loaded from MODE_SELO pin at power-up. Setting at
power-up is either 000 or 111. Note: Independent 2:2 mode should
only be enabled while the DSI inputs are disabled through the
DISABLE_DSI control in the RESET_CTL register.

8.6.1.65 DUAL_CTL2 Register (Address = 0x5C) [reset = 7h]

DUAL_CTLZ2 is described in Table 8-79.

Return to Summary Table.

Table 8-79. DUAL_CTL2 Register Field Descriptions

Bit

Field

Type

Reset

Description

7

DISABLE_DUAL_SWAP

R/W

Oh

Disable Dual Swap:

Prevents automatic correction of swapped Dual link connection.
Setting this bit allows writes to the DUAL_SWAP control in the
DUAL_CTLA1 register

FORCE_LINK_RDY
FORCE_LINK_RDY_P1

R/W

Oh

Force Link Ready:

Forces link ready indication, bypassing back channel link detection.
To enable desired operation, it may be necessary to force the
Deserializer capabilites registers (DES_CAP1 and DES_CAP2) for
each port.

In Independent 2:2 mode, this controls the selected FPD-Link Il port.

FORCE_CLK_DET
FORCE_CLK_DET_P1

R/W

Oh

Force Clock Detect:

Forces the DSI clock detect circuit to indicate presence of a valid
input clock. This bypasses the clock detect circuit, allowing operation
with an input clock that does not meet frequency or stability
requirements.

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.

4-3

FREQ_STBL_THR
FREQ_STBL_THR_P1

R/W

Oh

Frequency Stability Threshold:

The Frequency detect circuit can be used to detect a stable clock
frequency. The Stability Threshold determines the amount of time
required for the clock frequency to stay within the FREQ_HYST
range to be considered stable:

00 : 40us

01 : 80us

10 : 320us

11:1.28ms

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.
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Table 8-79. DUAL_CTL2 Register Field Descriptions (continued)

Bit Field Type Reset Description
2-0 FREQ_HYST R/wW 7h Frequency Detect Hysteresis:
FREQ_HYST_P1 The Frequency detect hysteresis setting allows ignoring minor

fluctuations in frequency. A new frequency measurement will be
captured only if the measured frequency differs from the current
measured frequency by more than the FREQ_HYST setting. The
FREQ_HYST setting is in MHz.

In Independent 2:2 mode, this controls the selected FPD-Link Il port.

8.6.1.66 FREQ_LOW Register (Address = 0x5D) [reset = 6h]
FREQ_LOW is described in Table 8-80.
Return to Summary Table.

Table 8-80. FREQ_LOW Register Field Descriptions
Bit Field Type Reset Description

7 FREQ_HYST_MODE R/W Oh Frequency Detect Hysteresis Mode:

0 : When frequency is not stable, allow saved frequency to update as
long as within hysteresis from previous measurement

1 : Legacy operation. When frequency is not stable, maintain initial
frequency measurement as long as within hysteresis from initial
measurement.

6 DSI_RST_MODE R/wW Oh DSI Phy Reset Mode:
0 : Reset DSI Phy on change in mode or frequency
1 : Don't reset DSI Phy on change in mode or frequency

5-0 FREQ_LO_THR R/W 6h Frequency Low Threshold:

Sets the low threshold for the DSI Clock frequency detect circuit in
MHz. This value is used to determine if the DSI clock frequency is
too low for proper operation.

8.6.1.67 FREQ_HIGH Register (Address = 0x5E) [reset = 2Ch]
FREQ_HIGH is described in Table 8-81.
Return to Summary Table.
Table 8-81. FREQ_HIGH Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6-0 FREQ_HI_THR R/W 2Ch Frequency High Threshold:
Sets the high threshold for the DSI Clock frequency detect circuit in
MHz.

8.6.1.68 DSI_FREQ_DSI_FREQ_P1 Register (Address = 0x5F) [reset = 0h]
DSI_FREQ_DSI_FREQ_P1 is described in Table 8-82.

Return to Summary Table.
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Table 8-82. DSI_FREQ_DSI_FREQ_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

DSI_FREQ

R

Oh

DSI Pixel Frequency:

Returns the value of the DSI pixel Frequency of the video data in
MHz for the selected port. This register indicates the pixel rate for the
incoming data (pixel size is 24-bits). DSI Lane frequency in Mbps
can be determined through the following ratio based on the number
of lanes:

1 lane: DSI lane frequency = DSI Pixel frequency * 24

2 lanes: DSI lane frequency = DSI Pixel frequency * 12

3 lanes: DSI lane frequency = DSI Pixel frequency * 8

4 lanes: DSI lane frequency = DSI Pixel frequency * 6

A value of 0 indicates the DSI receiver is not detecting a valid signal.
In External or Internal Reference Clock modes, the register will
report the pixel clock frequency used to forward the video rather than
the DSI pixel clock.

In Dual-DSI mode, the DSI Pixel frequency is the frequency for the
two ports combined, or twice the frequency for a single DSI port. In
that case, the DSI Lane frequency is 1/2 of the values computed
above.

In Splitter Mode, this register reports the FPD-Link 11l pixel clock
frequency for the selected port rather than the DSI input frequency.

8.6.1.69 SPI_TIMING1 Register (Address = 0x60) [reset = 22h]
SPI_TIMING1 is described in Table 8-83.

Return to Summary Table.

Table 8-83. SPI_TIMING1 Register Field Descriptions

Bit

Field

Type

Reset

Description

7-4

SPI_HOLD

R/W

2h

SPI Data Hold from SPI clock:

These bits set the minimum hold time for SPI data following the SPI
clock sampling edge. In addition, this also sets the minimum active
pulse width for the SPI output clock.

Hold = (SPI_HOLD + 1) * 40ns

For example, default setting of 2 will result in 120ns data hold time.

3-0

SPI_SETUP

R/W

2h

SPI Data Setup to SPI Clock:

These bits set the minimum setup time for SPI data to the SPI clock

active edge. In addition, this also sets the minimum inactive width for
the SPI output clock.

Hold = (SPI_SETUP + 1) * 40ns

For example, default setting of 2 will result in 120ns data setup time.

8.6.1.70 SPI_TIMING2 Register (Address = 0x61) [reset = 2h]
SPI_TIMING?2 is described in Table 8-84.

Return to Summary Table.

Table 8-84. SPI_TIMING2 Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh Reserved
3-0 SPI_SS _SETUP R/W 2h SPI Slave Select Setup:

This field controls the delay from assertion of the Slave Select low to
initial data timing. Delays are in units of 40ns.
Delay = (SPI_SS_SETUP + 1) *40 ns

8.6.1.71 SPI_CONFIG Register (Address = 0x62) [reset = Oh]
SPI_CONFIG is described in Table 8-85.
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Return to Summary Table.

Table 8-85. SPI_CONFIG Register Field Descriptions
Bit Field Type Reset Description

7 SPI_MSTR_OVER R Oh SPI Master Overflow Detection:

This flag is set if the SPI Master detects an overflow condition. This
occurs if the SPI Master is unable to regenerate the remote SPI data
at a fast enough rate to keep up with data arriving from the remote
Deserializer. If this condition occurs, it suggests the SPI_SETUP and
SPI_HOLD times should be set to smaller values. This flag is cleared
by setting the SPI_CLR_OVER bit in this register.

6-3 RESERVED R Oh Reserved

2 SPI_CLR_OVER R/W Oh Clear SPI Master Overflow Flag:

Setting this bit to 1 will clear the SPI Master Overflow Detection flag
(SPI_MSTR_OVER). This bit is not self-clearing and must be set
back to 0.

1 SPI_CPHA R Oh SPI Clock Phase setting:

Determines which phase of the SPI clock is used for sampling data.
0: Data sampled on leading (first) clock edge

1: Data sampled on trailing (second) clock edge

This bit is read-only, with a value of 0. The DS90UB949 does not
support CPHA of 1.

0 SPI_CPOL R/W Oh SPI Clock Polarity setting:

Determines the base (inactive) value of the SPI clock.

0: base value of the clock is 0

1: base value of the clock is 1

This bit affects both capture and propagation of SPI signals.

8.6.1.72 VCID_SPLIT_CTL Register (Address = 0x63) [reset = Oh]
VCID_SPLIT_CTL is described in Table 8-86.
Return to Summary Table.

Table 8-86. VCID_SPLIT_CTL Register Field Descriptions

Bit Field Type Reset Description
7-6 RESERVED R Oh Reserved
5 VCID_SHARE_VS R/W Oh VC-ID Splitter mode, Share VS:

During VC-ID Splitter mode, setting this bit allows both ports to use a
shared VSYNC signal. The VC-ID will be ignored for VSYNC
detection in the DSI input.

4-3 VCID_SEL_P1 R/W Oh VC-ID Select during VC-ID Split Mode:
These fields select the VC-ID for port 0 during VC-ID Split Mode.
2-1 VCID_SEL_PO R/W Oh VC-ID Select during VC-ID Split Mode:
These fields select the VC-ID for port 1 during VC-ID Split Mode.
0 VCID_SPLIT_EN R/W Oh Enable VC-ID Split:

Setting this bit to a 1 will enabling the DS90UB941AS-Q1 to split a
3D image based on the Virtual Channel ID (VC-ID) for each video
line.

8.6.1.73 PGCTL_PGCTL_P1 Register (Address = 0x64) [reset = 10h]
PGCTL_PGCTL_P1 is described in Table 8-87.

Return to Summary Table.
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Table 8-87. PGCTL_PGCTL_P1 Register Field Descriptions

Bit Field Type Reset Description
7-4 PATGEN_SEL R/W 1h In Fixed Pattern Select:

This field selects the pattern to output when in Fixed Pattern Mode.
Scaled patterns are evenly distributed across the horizontal or
vertical active regions. This field is ignored when Auto-Scrolling
Mode is enabled. The following table shows the color selections in
non-inverted followed by inverted color mode:

0000: Checkerboard

0001: White/Black

0010: Black/White

0011: Red/Cyan

0100: Green/Magenta

0101: Blue/Yellow

0110: Horizontally Scaled Black to White/White to Black

0111: Horizontally Scaled Black to Red/White to Cyan

1000: Horizontally Scaled Black to Green/White to Magenta
1001: Horizontally Scaled Black to Blue/White to Yellow

1010: Vertically Scaled Black to White/White to Black

1011: Vertically Scaled Black to Red/White to Cyan

1100: Vertically Scaled Black to Green/White to Magenta

1101: Vertically Scaled Black to Blue/White to Yellow

1110: Custom color (or its inversion) configured in PGRS, PGGS,
PGBS registers

1111: VCOM

In Independent 2:2 mode, this controls the selected FPD-Link Il port.
RESERVED R Oh Reserved
PATGEN_COLOR_BARS |R/W Oh Enable Color Bars

0: Color Bars disabled
1: Color Bars enabled (White, Yellow, Cyan, Green, Magenta, Red,

Blue, Black)
RESERVED R Oh Reserved
0 PATGEN_EN R/W Oh Pattern Generator Enable:

1: Enable Pattern Generator
0: Disable Pattern Generator

8.6.1.74 PGCFG_PGCFG_P1 Register (Address = 0x65) [reset = 0h]
PGCFG_PGCFG_P1 is described in Table 8-88.
Return to Summary Table.

Table 8-88. PGCFG_PGCFG_P1 Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R/W Oh Reserved
6 PATGEN_SCALE_CHKR |R/W Oh Scale Checkered Patterns:

1: Scale checkered patterns (VCOM and checkerboard) by 8 (each
square is 8x8 pixels

0: Normal operation (each square is 1x1 pixel)

Setting this bit allows better visibility of the checkered patterns.

In Independent 2:2 mode, this controls the selected FPD-Link Il port.

5 PATGEN_CUST_CHKR |R/W Oh Use Custom Checkerboard Color

1: Use the Custom Color (Pattern Type 14) and black in the
Checkerboard pattern

0: Use white and black in the Checkerboard pattern

In Independent 2:2 mode, this controls the selected FPD-Link Il port.
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Table 8-88. PGCFG_PGCFG_P1 Register Field Descriptions (continued)

Bit Field Type Reset Description
4 PATGEN_18B R/W Oh 18-bit Mode Select:

1: Enable 18-bit color pattern generation. Scaled patterns will have
64 levels of brightness and the R, G, and B outputs use the six most
significant color bits.

0: Enable 24-bit pattern generation. Scaled patterns use 256 levels
of brightness.

In Independent 2:2 mode, this controls the selected FPD-Link Il port.

3 PATGEN_EXTCLK R/W Oh Select External Clock Source:

1: Selects the external pixel clock when using internal timing.

0: Selects the internal divided clock when using internal timing

This bit has no effect in external timing mode (PATGEN_TSEL = 0).
In Independent 2:2 mode, this controls the selected FPD-Link Il port.

2 PATGEN_TSEL R/W Oh Timing Select Control:

1: The Pattern Generator creates its own video timing as configured
in the Pattern Generator Total Frame Size, Active Frame Size,
Horizontal Sync Width, Vertical Sync Width, Horizontal Back Porch,
Vertical Back Porch, and Sync Configuration registers.

0: the Pattern Generator uses external video timing from the pixel
clock, Data Enable, Horizontal Sync, and Vertical Sync signals.

In Independent 2:2 mode, this controls the selected FPD-Link Il port.

1 PATGEN_INV R/W Oh Enable Inverted Color Patterns:

1: Invert the color output.

0: Do not invert the color output.

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.

0 PATGEN_ASCRL R/W Oh Auto-Scroll Enable:

1: The Pattern Generator will automatically move to the next enabled
pattern after the number of frames specified in the Pattern Generator
Frame Time (PGFT) register.

0: The Pattern Generator retains the current pattern.

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.

8.6.1.75 PGIA_PGIA_P1 Register (Address = 0x66) [reset = 0h]
PGIA_PGIA_P1 is described in Table 8-89.
Return to Summary Table.

Table 8-89. PGIA_PGIA_P1 Register Field Descriptions
Bit Field Type Reset Description

7-0 PATGEN_IA R/W Oh Indirect Address:

This 8-bit field sets the indirect address for accesses to indirectly-
mapped registers. It should be written prior to reading or writing the
Pattern Generator Indirect Data register.

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.

8.6.1.76 PGID_PGID_P1 Register (Address = 0x67) [reset = 0h]
PGID_PGID_P1 is described in Table 8-90.
Return to Summary Table.

Table 8-90. PGID_PGID_P1 Register Field Descriptions
Bit Field Type Reset Description

7-0 PATGEN_ID R/W Oh Indirect Data:

When writing to indirect registers, this register contains the data to
be written. When reading from indirect registers, this register
contains the readback value.

In Independent 2:2 mode, this controls the selected FPD-Link IlI port.
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8.6.1.77 IMG_HSYNC_CTLO_IMG_HSYNC_CTLO_P1 Register (Address = 0x6A) [reset = 0h]
IMG_HSYNC_CTLO_IMG_HSYNC_CTLO_P1 is described in Table 8-91.

Return to Summary Table.
Table 8-91. IMG_HSYNC_CTLO_IMG_HSYNC_CTLO_P1 Register Field Descriptions

Bit

Field

Type

Reset

Description

7

HBACK_OV_EN
HBACK_OV_EN_P1

R/W

Oh

Dual-Image HSync Control Register 0 Provides control of HSync
generation for Dual-Image operation including splitter mode. In
Independent 2:2 or Splitter modes, this register controls the selected
FPD-Link 11l port.

HBACK Override Enable

During dual-image processing (3D images or splitter operation), the
device regenerates the horizontal sync back porch from the input
data. Setting this bit to 1 will use the IMG_HBACK value instead of
the measured value. In Independent 2:2 or Splitter modes, this
register controls the selected FPD-Link Il port.

RESERVED

Oh

Reserved

5-4

IMG_HBACK_9:8
IMG_HBACK_P1_9:8

R/W

Oh

HBACK Override value (bits 9:8)

During dual-image processing (3D images or splitter operation), the
device regenerates the horizontal sync back porch from the input
data. Setting the HBACK_OV_EN control to 1 will use the
IMG_HBACK value instead of the measured value. The
IMG_HBACK value should be set to the value of the 3D image
horizontal back porch, or twice the 2D image value. In Independent
2:2 or Splitter modes, this register controls the selected FPD-Link IlI
port.

HSYNC_OV_EN
HSYNC_OV_EN_P1

R/W

Oh

HSYNC Override Enable

During dual-image processing (3D images or splitter operation), the
device regenerates the horizontal sync pulse-width from the input
data. Setting this bit to 1 will use the IMG_HSYNC value instead of
the measured value. In Independent 2:2 or Splitter modes, this
register controls the selected FPD-Link Il port.

RESERVED

Oh

Reserved

IMG_HSYNC_9:8
IMG_HSYNC_P1_9:8

R/W

Oh

HSYNC Override value (bits 9:8)

During dual-image processing (3D images or splitter operation), the
device regenerates the horizontal sync pulse-width from the input
data. Setting the HSYNC_OV_EN control to 1 will use the
IMG_HSYNC value instead of the measured value. The
IMG_HBACK value should be set to the value of the 3D image
horizontal back porch, or twice the 2D image value. In Independent
2:2 or Splitter modes, this register controls the selected FPD-Link IlI
port.

8.6.1.78 IMG_HSYNC_CTL1_IMG_HSYNC_CTL1_P1 Register (Address = 0x6B) [reset = Oh]
IMG_HSYNC_CTL1_IMG_HSYNC_CTL1_P1 is described in Table 8-92.

Return to Summary Table.
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Table 8-92. IMG_HSYNC_CTL1_IMG_HSYNC_CTL1_P1 Register Field Descriptions

Bit Field Type Reset Description
7-0 IMG_HSYNC_7:0 R/W Oh Dual-Image HSync Control Register 1
IMG_HSYNC_P1_7:0 Provides control of HSync generation for Dual-lmage operation

including splitter mode.

HSYNC Override value (bits 7:0)

During dual-image processing (3D images or splitter operation), the
device regenerates the horizontal sync pulse-width from the input
data. Setting the HSYNC_OV_EN control to 1 will use the
IMG_HSYNC value instead of the measured value. The
IMG_HBACK value should be set to the value of the 3D image
horizontal back porch, or twice the 2D image value.

In Independent 2:2 or Splitter modes, this register controls the
selected FPD-Link Il port.

8.6.1.79 IMG_HSYNC_CTL2_IMG_HSYNC_CTL2_P1 Register (Address = 0x6C) [reset = Oh]
IMG_HSYNC_CTL2_IMG_HSYNC_CTL2_P1 is described in Table 8-93.
Return to Summary Table.

Table 8-93. IMG_HSYNC_CTL2_IMG_HSYNC_CTL2_P1 Register Field Descriptions

Bit Field Type Reset Description
7-0 IMG_HBACK_7:0 R/W Oh Dual-Image HSync Control Register 2
IMG_HBACK_P1_7:0 Provides control of HSync back porch generation for Dual-Image

operation including splitter mode.

HBACK Override value (bits 7:0)

During dual-image processing (3D images or splitter operation), the
device regenerates the horizontal sync back porch from the input
data. Setting the HBACK_OV_EN control to 1 will use the
IMG_HBACK value instead of the measured value. The
IMG_HBACK value should be set to the value of the 3D image
horizontal back porch, or twice the 2D image value.

In Independent 2:2 or Splitter modes, this register controls the
selected FPD-Link Il port.

8.6.1.80 BCC_STATUS Register (Address = 0x6D) [reset = 0h]
BCC_STATUS is described in Table 8-94.
Return to Summary Table.

Table 8-94. BCC_STATUS Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R/W Oh BCC Status Register This register provides error status for the
Bidirectional Control Channel.
Reserved
4 BCC_MASTER_ERR R/COR Oh BCC Master Error

This flag indicates a back channel CRC error or loss of back channel
Lock occurred while waiting for a response from the Deserializer
while the BCC 12C Master is active. This flag is cleared on read of
this register.

3 BCC_MASTER_TO R/COR Oh BCC Slave Timeout Error

This bit will be set if the BCC Watchdog Timer expires. Will wait for a
response from the Deserializer while the BCC 12C Master is active.
This flag is cleared on read of this register.

2 BCC_SLAVE_ERR R/COR Oh BCC Slave Error

This flag indicates a back channel CRC error or loss of back channel
Lock occurred while waiting for a response from the Deserializer
while the BCC I12C Slave is active. This flag is cleared on read of this
register.
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Table 8-94. BCC_STATUS Register Field Descriptions (continued)

Bit Field Type Reset Description
1 BCC_SLAVE_TO R/COR Oh BCC Slave Timeout Error
This bit will be set if the BCC Watchdog Timer expires will waiting for
a response from the Deserializer while the BCC 12C Slave is active.
This flag is cleared on read of this register.
0 BCC_RESP_ERR R/COR Oh This flag indicates an error has been detected in response to a

command on the Bidirectional Control Channel. When the Serializer
sends a control channel frame, the Deserializer should return the 8-
bit data field in the subsequent response. The Serializer checks the
returned data for errors, and will set this flag if an error is detected.
This flag is cleared on read of this register.

8.6.1.81 BCC_CONFIG Register (Address = 0x6E) [reset = 20h]

BCC_CONFIG is described in Table 8-95.

Return to Summary Table.

Table 8-95. BCC_CONFIG Register Field Descriptions

Bit Field Type Reset Description

RESERVED R Oh Reserved

RESERVED R Oh Reserved

12C_Master_Disable R/W 1h This bit will disable the remote reads and writes from the 12C master.
12C master writes and reads to the local registers will still work, but
remote writes and reads will not
1: 12C master remote read/writes is disabled
0: 12C master remote read/write is enabled

4 BCC_TERM_ON_ERR R/RC Oh Terminate Control Channel transactions on CRC Error detection

During control channel operations, if a CRC Error occurs, it is
unlikely to affect control channel operation. Setting this bit will allow
more conservative operation that terminates any active Control
Channel operation if an error is detected in the back channel.
0 : Don't terminate BCC transactions on CRC Errors
1 : Terminate BCC transactions on CRC Errors
This bit will have no effect if Enhanced Error checking is disabled
(BCC_EN_ENH_ERROR set to 0).

RESERVED R/W Oh Reserved

BCC_ACK_REMOTE R/RC Oh Enable Control Channel to acknowledge start of remote read.

_READ When operating with a link partner that supports Enhanced Error
Checking for the Bidirectional Control Channel, setting this bit allows
the Serializer to generate an internal acknowledge to the beginning
of a remote 12C slave read. This allows additional error detection at
the Deserializer. This bit should not be set when operating with
Deserializers that do not support Enhanced Error Checking.
0: Disable
1: Enable

1 BCC_EN_DATA_CHK R/RC Oh Enable checking of returned data

Enhanced Error checking can check for errors on returned data
during an acknowledge cycle for data sent to remote devices over
the Bidirectional Control Channel. In addition, if an error is detected,
this register control will allow changing a remote Ack to a Nack to
indicate the data error on the local 12C interface. This bit should not
be set when operating with Deserializers that do not support
Enhanced Error checking as they will not always return the correct
data during an Ack.

0: Disable returned data error detection

1: Enable returned data error detection
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Table 8-95. BCC_CONFIG Register Field Descriptions (continued)

Bit Field Type Reset Description
0 BCC_EN_ENH_ERROR |R/RC Oh Enable Enhanced Error checking in Bidirectional Control Channel

The Bidirectional Control Channel can detect certain error conditions
and terminate transactions if an error is detected. This capability can
be disabled by setting this bit to 0.

0: Disable Enhanced Error checking

1: Enable Enhanced Error checking

8.6.1.82 FC_BCC_TEST Register (Address = 0x6h) [reset = 0h]
FC_BCC_TEST is described in Table 8-96.
Return to Summary Table.
Table 8-96. FC_BCC_TEST Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6 FORCE_BCC_ERROR SC Oh Force an error on forward channel BCC frame Setting the

FORCE_BCC_ERROR bit will cause an error to be forced on a
forward channel BCC frame. The BCC_ERROR_SEL and
BCC_FRAME_SEL fields in this register determine the type of error
to be forced and which frame will include the error. This bit is self-
clearing and will always return 0.

5-3 BCC_ERROR_SEL R/W Oh BCC Error Select

The BCC Error Select determines which type of error is forced on a
forward channel BCC frame.

000 : No error

001 : Force CRC Error

010 : Force Sequence Error (skips one sequence number)

011 : Drop BCC Frame (results in sequence error at Deserializer)
100 : Force error on Data field (random bit 1 through 7)

101 : Force error on Data field, bit 0 (RW bit if during Start command)
110 - 111 : Reserved

2-0 BCC_FRAME_SEL R/W Oh BCC Frame Select

The BCC Frame Select allows selection of the forward channel BCC
frame which will include the error condition selected in the force
control bits of this register. BCC transfers are sent in bytes for each
block transferred. This value may be set in range of 0 to 7 to force an
error on any of the first 8 bytes sent on the BCC forward channel.

8.6.1.83 SlavelD_1 Register (Address = 0x70) [reset = Oh]
SlavelD_1 is described in Table 8-97.
Return to Summary Table.

Table 8-97. SlavelD_1 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID1 R/W Oh 7-bit Remote Slave Device ID 1
SLAVE_ID1_P1 Configures the physical I12C address of the remote 12C Slave device

attached to the remote Deserializer. If an 12C transaction is
addressed to the Slave Alias ID1, the transaction will be remapped to
this address before passing the transaction across the Bidirectional
Control Channel to the Deserializer.

0 RESERVED R Oh Reserved

8.6.1.84 SlavelD_2 Register (Address = 0x71) [reset = Oh]
SlavelD_2 is described in Table 8-98.
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Return to Summary Table.
Table 8-98. SlavelD_2 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID2 R/W Oh 7-bit Remote Slave Device ID 2
SLAVE_ID2_P1 Configures the physical 12C address of the remote 12C Slave device

attached to the remote Deserializer. If an 12C transaction is
addressed to the Slave Alias ID2, the transaction will be remapped to
this address before passing the transaction across the Bidirectional
Control Channel to the Deserializer.

0 RESERVED R Oh Reserved

8.6.1.85 SlavelD_3 Register (Address = 0x72) [reset = Oh]
SlavelD 3 is described in Table 8-99.
Return to Summary Table.
Table 8-99. SlavelD_3 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID3 R/W Oh 7-bit Remote Slave Device ID 3
SLAVE_ID3_P1 Configures the physical 12C address of the remote 12C Slave device

attached to the remote Deserializer. If an 12C transaction is
addressed to the Slave Alias ID3, the transaction will be remapped to
this address before passing the transaction across the Bidirectional
Control Channel to the Deserializer.

0 RESERVED R Oh Reserved

8.6.1.86 SlavelD_4 Register (Address = 0x73) [reset = Oh]
SlavelD_4 is described in Table 8-100.
Return to Summary Table.
Table 8-100. SlavelD_4 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID4 R/W Oh 7-bit Remote Slave Device ID 4
SLAVE_ID4_P1 Configures the physical 12C address of the remote 12C Slave device

attached to the remote Deserializer. If an 12C transaction is
addressed to the Slave Alias |D4, the transaction will be remapped to
this address before passing the transaction across the Bidirectional
Control Channel to the Deserializer.

0 RESERVED R Oh Reserved

8.6.1.87 SlavelD_5 Register (Address = 0x74) [reset = Oh]
SlavelD_5 is described in Table 8-101.
Return to Summary Table.
Table 8-101. SlavelD_5 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID5 R/W Oh 7-bit Remote Slave Device ID 5
SLAVE_ID5_P1 Configures the physical I12C address of the remote 12C Slave device

attached to the remote Deserializer. If an 12C 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 Deserializer.
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Table 8-101. SlavelD_5 Register Field Descriptions (continued)
Bit Field Type Reset Description
0 RESERVED R Oh Reserved

8.6.1.88 SlavelD_6 Register (Address = 0x75) [reset = Oh]
SlavelD_6 is described in Table 8-102.
Return to Summary Table.
Table 8-102. SlavelD_6 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID6 R/W Oh 7-bit Remote Slave Device ID 6
SLAVE_ID6_P1 Configures the physical 12C address of the remote 12C Slave device

attached to the remote Deserializer. If an 12C 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 Deserializer.

0 RESERVED R Oh Reserved

8.6.1.89 SlavelD_7 Register (Address = 0x76) [reset = Oh]
SlavelD 7 is described in Table 8-103.
Return to Summary Table.
Table 8-103. SlavelD_7 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ID7 R/W Oh 7-bit Remote Slave Device ID 7 Configures the physical 12C address
SLAVE_ID7_P1 of the remote 12C Slave device attached to the remote Deserializer. If

an 12C 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
Deserializer.

0 RESERVED R Oh Reserved

8.6.1.90 SlaveAlias_1 Register (Address = 0x77) [reset = Oh]
SlaveAlias_1 is described in Table 8-104.
Return to Summary Table.

Table 8-104. SlaveAlias_1 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS_ID1 R/W Oh 7-bit Remote Slave Device Alias ID 1
SLAVE_ALIAS_ID1_P1 Configures the decoder for detecting transactions designated for an

12C Slave device attached to the remote Deserializer. 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
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.91 SlaveAlias_2 Register (Address = 0x78) [reset = Oh]
SlaveAlias_2 is described in Table 8-105.

Return to Summary Table.
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Table 8-105. SlaveAlias_2 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS ID2 R/W Oh 7-bit Remote Slave Device Alias ID 2
SLAVE_ALIAS_ID2_P1 Configures the decoder for detecting transactions designated for an

12C Slave device attached to the remote Deserializer. The
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
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.92 SlaveAlias_3 Register (Address = 0x79) [reset = Oh]

SlaveAlias_3 is described in Table 8-106.

Return to Summary Table.

Table 8-106. SlaveAlias_3 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS ID3 R/W Oh 7-bit Remote Slave Device Alias ID 3
SLAVE_ALIAS_ID3_P1 Configures the decoder for detecting transactions designated for an

12C Slave device attached to the remote Deserializer. The
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
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.93 SlaveAlias_4 Register (Address = 0x7A) [reset = 0h]

SlaveAlias_4 is described in Table 8-107.

Return to Summary Table.

Table 8-107. SlaveAlias_4 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS ID4 R/W Oh 7-bit Remote Slave Device Alias ID 4
SLAVE_ALIAS_ID4_P1 Configures the decoder for detecting transactions designated for an

12C Slave device attached to the remote Deserializer. The
transaction will be remapped to the address specified in the Slave
ID4 register. A value of 0 in this field disables access to the remote
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.94 SlaveAlias_5 Register (Address = 0x7B) [reset = 0h]

SlaveAlias_5 is described in Table 8-108.

Return to Summary Table.

Table 8-108. SlaveAlias_5 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS_ID5 R/W Oh 7-bit Remote Slave Device Alias ID 5
SLAVE_ALIAS_ID5_P1 Configures the decoder for detecting transactions designated for an

12C Slave device attached to the remote Deserializer. The
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
12C Slave.

0 RESERVED R Oh Reserved
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8.6.1.95 SlaveAlias_6 Register (Address = 0x7C) [reset = 0h]
SlaveAlias_6 is described in Table 8-109.

Return to Summary Table.
Table 8-109. SlaveAlias_6 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS_ID6 R/W Oh 7-bit Remote Slave Device Alias ID 6
SLAVE_ALIAS_ID6_P1 Configures the decoder for detecting transactions designated for an

12C Slave device attached to the remote Deserializer. The
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
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.96 SlaveAlias_7 Register (Address = 0x7D) [reset = 0h]
SlaveAlias_7 is described in Table 8-110.
Return to Summary Table.
Table 8-110. SlaveAlias_7 Register Field Descriptions

Bit Field Type Reset Description
7-1 SLAVE_ALIAS_ID7 R/W Oh 7-bit Remote Slave Device Alias ID 7
SLAVE_ALIAS_ID7_P1 Configures the decoder for detecting transactions designated for an

I12C Slave device attached to the remote Deserializer. The
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
12C Slave.

0 RESERVED R Oh Reserved

8.6.1.97 CFG Register (Address = 0xC2) [reset = 82h]
CFG is described in Table 8-111.
Return to Summary Table.
Table 8-111. CFG Register Field Descriptions

Bit Field Type |Reset Description
Reserved R/W |1h Reserved
Reserved R/W |0Oh Reserved
5 Reserved R/W |0Oh Reserved
4-3 Reserved R/W |0Oh Reserved
2 Reserved R/W |0Oh Reserved
1 RX_DET_SEL R/W |1h RX Detect Select:
Controls assertion of the Receiver Detect Interrupt. If set to 0, the
Receiver Detect Interrupt will be asserted on detection of an FPD-
Link Il Receiver. If set to 1, the Receiver Detect Interrupt will also
require a receive lock indication from the receiver.
0 Reserved R/W |0h Reserved

8.6.1.98 STS Register (Address = 0xC4) [reset = 0h]
STS is described in Table 8-112.

Return to Summary Table.
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Table 8-112. STS Register Field Descriptions
Bit Field Type Reset Description

Reserved R/COR |0h Reserved
RX_INT R Oh RX Interrupt :

Status of the RX Interrupt signal. The signal is received from the
attached Receiver and is the status on the INTB_IN pin of the
Receiver. The signal is active low, so a 0 indicates an interrupt
condition.

5 RX_LOCK_DET R Oh Receiver Lock Detect :
This bit indicates that the downstream Receiver has indicated
Receive Lock to incoming serial data.

Reserved R/COR |Oh Reserved
RX_DETECT R Oh Receiver Detect :
This bit indicates that a downstream Receiver has been detected.
2 Reserved R Oh Reserved
1 Reserved R Oh Reserved
0 Reserved R Oh Reserved

8.6.1.99 ICR Register (Address = 0xC6) [reset = 0h]
ICR is described in Table 8-113.
Return to Summary Table.
Table 8-113. ICR Register Field Descriptions

Bit Field Type Reset |Description
RESERVED R/RC  |Oh Reserved
6 IE_RXDET_INT R/W Oh Interrupt on Receiver Detect:

Enables interrupt on detection of a downstream Receiver. If
CFG:RX_DET_SEL is set to a 1, the interrupt will wait for Receiver Lock
Detect.

5 IE_RX_INT R/W Oh Interrupt on Receiver interrupt:
Enables interrupt on indication from the Receiver. Allows propagation of
interrupts from downstream devices.

4 Reserved R/RC |0Oh Reserved
3 Reserved R/W Oh Reserved
2 Reserved R/W Oh Reserved
1 Reserved R/wW Oh Reserved
0 INT_EN R/W Oh Global Interrupt Enable:

Enables interrupt on the interrupt signal to the controller.

8.6.1.100 ISR Register (Address = 0xC7) [reset = Oh]
ISR is described in Table 8-114.
Return to Summary Table.
Table 8-114. ISR Register Field Descriptions

Bit Field Type |Reset |Description
7 RESERVED R Oh Reserved
6 IS_RXDET_INT R Oh Interrupt on Receiver Detect interrupt:

A downstream receiver has been detected.If CFG:RX_DET_SEL is
set to a 1, the interrupt will wait for Receiver Lock Detect.

5 IS_RX_INT R Oh Interrupt on Receiver interrupt:
Receiver has indicated an interrupt request from down-stream device.
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Table 8-114. ISR Register Field Descriptions (continued)

Bit Field Type |Reset |Description
4 Reserved R Oh Reserved
3 Reserved R Oh Reserved
2 Reserved R Oh Reserved
1 Reserved R Oh Reserved
0 INT R Oh Global Interrupt:
Set if any enabled interrupt is indicated.

8.6.1.101 TX_IDO Register (Address = 0xF0) [reset = 5Fh]
TX_IDO is described in Table 8-115.
Return to Summary Table.

Table 8-115. TX_IDO Register Field Descriptions
Bit Field Type Reset Description

7-0 TX_IDO R 5Fh TX_IDO: First byte ID code, '_"

8.6.1.102 TX_ID1 Register (Address = 0xF1) [reset = 55h]
TX _ID1 is described in Table 8-116.
Return to Summary Table.

Table 8-116. TX_ID1 Register Field Descriptions
Bit Field Type Reset Description

7-0 TX_ID1 R 55h TX_ID1: 2nd byte of ID code, 'U"

8.6.1.103 TX_ID2 Register (Address = 0xF2) [reset = 42h]
TX ID2 is described in Table 8-117.
Return to Summary Table.

Table 8-117. TX_ID2 Register Field Descriptions
Bit Field Type Reset Description

7-0 TX_ID2 R 42h TX_ID2: 3rd byte of ID code. 'B'

8.6.1.104 TX_ID3 Register (Address = 0xF3) [reset = 39h]
TX_ID3 is described in Table 8-118.
Return to Summary Table.

Table 8-118. TX_ID3 Register Field Descriptions
Bit Field Type Reset Description
7-0 TX_ID3 R 3%9h TX_ID3: 4th byte of ID code, '9"'

8.6.1.105 TX_ID4 Register (Address = 0xF4) [reset = 34h]
TX_ID4 is described in Table 8-119.

Return to Summary Table.
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Table 8-119. TX_ID4 Register Field Descriptions

Bit

Field

Type

Reset

Description

TX_ID4

R

34h

TX_ID4: 5th byte of ID code, '4'

8.6.1.106 TX_ID5 Register (Address = 0xF5) [reset = 31h]
TX_ID5 is described in Table 8-120.

Return to Summary Table.

Table 8-120. TX_ID5 Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

TX_ID5

R

31h

TX_ID5: 6th byte of ID code, '1'
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8.6.2 DSI Port 0 and Port 1 Indirect Registers

DSl Indirect Registers Summary summarizes the DS90UB941AS-Q1 indirect DSI registers. All register offset
addresses not listed in Table 8-121 should be considered as reserved locations and the register contents should
not be modified.

Register access is provided through an indirect access mechanism through the Indirect Access registers
(IND_ACC_CTL, IND_ACC_ADDR, and IND_ACC_DATA). These registers are located at offsets 0x40-0x42 in
the main register space.

The indirect address mechanism involves setting the control register to select the desired block, setting the
register offset address, and reading or writing the data register. In addition, an auto-increment function is
provided in the control register to automatically increment the offset address following each read or write of the
data register.

For writes, the process is as follows:

1. Write to the IND_ACC_CTL register to select the desired register block
* For selecting DSI/D-PHY Port 0 Indirect Registers set 0x40 = 0x04
* For selecting DSI/D-PHY Port 1 Indirect Registers set 0x40 = 0x08

2. Write to the IND_ACC_ADDR register to set the register offset

3. Write the data value to the IND_ACC_DATA register

If auto-increment is set in the IND_ACC_CTL register, repeating step 3 will write additional data bytes to
subsequent register offset locations

For reads, the process is as follows:
1. Write to the IND_ACC_CTL register to select the desired register block
» For selecting and reading from DSI/D-PHY Port 0 Indirect Registers set 0x40 = 0x05
» For selecting and reading from DSI/D-PHY Port 1 Indirect Registers set 0x40 = 0x09
2. Write to the IND_ACC_ADDR register to set the register offset
3. Read from the IND_ACC_DATA register

If auto-increment is set in the IND_ACC_CTL register, repeating step 3 will read additional data bytes from
subsequent register offset locations.

Table 8-121. DSI Indirect Registers Summary

Offset Acronym Register Name Section
0x1 DPHY_TINIT_TIMING Section 8.6.2.1
0x2 DPHY_TERM_TIMING Section 8.6.2.2
0x3 DPHY_CLK_SETTLE_TIMING Section 8.6.2.3
0x4 DPHY_HS_SETTLE_TIMING Section 8.6.2.4
0x5 DPHY_SKIP_TIMING Section 8.6.2.5
0x6 DPHY_LP_POLARITY Section 8.6.2.6
0x7 DPHY_BYPASS Section 8.6.2.7
0x8 HSRX_TO_CNT Section 8.6.2.8
OxF DPHY_STATUS Section 8.6.2.9
0x10 DPHY_DLANEO_ERR Section 8.6.2.10
0x11 DPHY_DLANE1_ERR Section 8.6.2.11
0x12 DPHY_DLANE2_ERR Section 8.6.2.12
0x13 DPHY_DLANE3_ERR Section 8.6.2.13
0x14 DPHY_ERR_CLK_LANE Section 8.6.2.14
0x15 DPHY_SYNC_STS Section 8.6.2.15
0x20 DSI_CONFIG_0 Section 8.6.2.16
0x21 DSI_CONFIG_1 Section 8.6.2.17
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Table 8-121. DSI Indirect Registers Summary (continued)

Offset Acronym Register Name Section

0x22 DSI_ERR_CFG_0 Section 8.6.2.18
0x23 DSI_ERR_CFG_1 Section 8.6.2.19
0x28 DSI_STATUS Section 8.6.2.20
0x29 DSI_ERR_COUNT Section 8.6.2.21
0x2A DSI_VC_DTYPE Section 8.6.2.22
0x2B DSI_ERR_RPT_0O Section 8.6.2.23
0x2C DSI_ERR_RPT_1 Section 8.6.2.24
0x2D DSI_ERR_RPT_2 Section 8.6.2.25
0x30 DSI_HSW_CFG_HI Section 8.6.2.26
0x31 DSI_HSW_CFG_LO Section 8.6.2.27
0x32 DSI_VSW_CFG_HI Section 8.6.2.28
0x33 DSI_VSW_CFG_LO Section 8.6.2.29
0x34 DSI_SYNC_DLY_CFG_HI Section 8.6.2.30
0x35 DSI_SYNC_DLY_CFG_LO Section 8.6.2.31
0x36 DSI_EN_HSRX Section 8.6.2.32
0x37 DSI_EN_LPRX Section 8.6.2.33
0x38 DSI_EN_RXTERM Section 8.6.2.34
0x3A DSI_PCLK_DIV_M Section 8.6.2.35
0x3B DSI_PCLK_DIV_N Section 8.6.2.36

Table 8-122 shows the codes that are used for access types in this section.

Table 8-122. Register Access Type Codes

Access Type |[Code Description

R R Read only access

R/W R/W Read / Write access

R/WI/RC R/WIRC Read / Write access / Read to

Clear

8.6.2.1 DPHY_TINIT_TIMING Register (Offset = 0x1) [reset = 0h]
DPHY_TINIT_TIMING is described in Table 8-123.
Return to Table 8-121.

Table 8-123. DPHY_TINIT_TIMING Register Field Descriptions

Bit Field Type Reset Description

7-3 RESERVED R Oh Reserved

2-0 TINIT_TIME R/W Oh D-PHY Initialization Time after power up in 100-us units
Initialization time = (TINIT_TIME + 1) * 100 ps

8.6.2.2 DPHY_TERM_TIMING Register (Offset = 0x2) [reset = Oh]

DPHY_TERM_TIMING is described in Table 8-124.

Return to Table 8-121.

Table 8-124. DPHY_TERM_TIMING Register Field Descriptions

Bit

Field

Type

Reset

Description

RESERVED

R

Oh

Reserved

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DS90UB941AS-Q1

Submit Document Feedback

109


https://www.ti.com
https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS

DS90UB941AS-Q1 INSTRUMENTS
SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021 www.ti.com
Table 8-124. DPHY_TERM_TIMING Register Field Descriptions (continued)

Bit Field Type Reset Description
6-4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2-0 DPHY_TERM_DATA R/W Oh TD TermEn terminal Count
_TIMING

8.6.2.3 DPHY_CLK_SETTLE_TIMING Register (Offset = 0x3) [reset = 1Dh]
DPHY_CLK_SETTLE_TIMING is described in Table 8-125.
Return to Table 8-121.

Table 8-125. DPHY_CLK_SETTLE_TIMING Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6-0 TCLK_SETTLE_CNT R/W 1Dh TCLK-SETTLE
Tclk Settle terminal Count in units of 10ns

8.6.2.4 DPHY_HS_SETTLE_TIMING Register (Offset = 0x4) [reset = 14h]
DPHY_HS_SETTLE_TIMING is described in Table 8-126.
Return to Table 8-121.

Table 8-126. DPHY_HS_SETTLE_TIMING Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6-0 THS_SETTLE_CNT R/W 14h THS-SETTLE Settle terminal Count in units of 10ns.

8.6.2.5 DPHY_SKIP_TIMING Register (Offset = 0x5) [reset = 3Ah]
DPHY_SKIP_TIMING is described in Table 8-127.
Return to Table 8-121.

Table 8-127. DPHY_SKIP_TIMING Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6-1 TSKIP_CNT R/W 1Dh Tskip Count

This register controls the amount of data that will be ignored at the
end of transmission detection. This value is in units of the DDR clock
(that is, two Ul intervals). Setting of this register will be dependent on
the D-PHY lane frequency.

0 RESERVED R Oh Reserved

8.6.2.6 DPHY_LP_POLARITY Register (Offset = 0x6) [reset = 0h]
DPHY_LP_POLARITY is described in Table 8-128.
Return to Table 8-121.

Table 8-128. DPHY_LP_POLARITY Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
110  Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DS90UB941AS-Q1


https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS
INSTRUMENTS

www.ti.com

DS90UB941AS-Q1
SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021

Table 8-128. DPHY_LP_POLARITY Register Field Descriptions (continued)

Bit Field Type Reset Description
4 POL_LP_CLKO R/W Oh LP Clock 0 Polarity
3-0 POL_LP_DATA R/W Oh LP Data Polarity

8.6.2.7 DPHY_BYPASS Register (Offset = 0x7) [reset = Oh]

DPHY_BYPASS is described in Table 8-129.

Return to Table 8-121.

Table 8-129. DPHY_BYPASS Register Field Descriptions

Bit Field Type Reset Description
BYPASS_TINIT R/W Oh Bypass Tinit wait time
BYPASS_TCK_MISS R/W Oh Bypass Tck Miss time
BYPASS_ULPS_CKO R/W Oh Bypass ULPS for CLKO

4-0 BYPASS_LP R/W Oh Bypass Lp on clk and data lanes 3,2,1,0

8.6.2.8 HSRX_TO_CNT Register (Offset = 0x8) [reset = 0h]

HSRX TO_CNT is described in Table 8-130.

Return to Table 8-121.

Table 8-130. HSRX_TO_CNT Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

HSRX_TO_CNT

R/W

Oh

Timeout counter in ms. The timer will have a 1-ms range

Example: if HSRX_TO_CNT = 1, then the timeout will occur between
0-1 ms and if HSRX_TO_CNT = 255, then the timeout will occur
between 254-255 ms. If the register value is 0, then the timeout will
be off.

8.6.2.9 DPHY_STATUS Register (Offset = 0xF) [reset = 0h]

DPHY_STATUS is described in Table 8-131.

Return to Table 8-121.

Table 8-131. DPHY_STATUS Register Field Descriptions

Bit

Field

Type

Reset

Description

RESERVED

R

Oh

Reserved

LANE_SYNC_ERROR

R/ROC

Oh

D-PHY Lane Sync Error

This flag indicates the proper synchronization was not detected on all
data lanes at the same time. Each enabled lane is expected to detect
the sync sequence at the same time. If this does not occur correctly,
this flag will be set. In addition, the DPHY_SYNC_STS register may
be read to determine the synchronization status at the most recent
error condition.

DPHY_LANE_ERROR

Oh

D-PHY Lane Error Detected If this bit is set, one or more of the clock
or data lanes has detected an error. To determine the error, read the
DPHY_DLANEx_ERR ane DPHY_CLANE_ERR registers. This flag

will be cleared when the Lane Error registers have been read.

C_LANE_ACTIVE

Oh

Clock Lane Active
0 : Clock Lane not active
1 : Clock Lane active
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Table 8-131. DPHY_STATUS Register Field Descriptions (continued)

Bit Field Type Reset Description
3-0 D_LANE_ACTIVE R Oh Data Lanes Active
For each data lane, this register reports if the lane is detected as
active.
0 : Data Lane is not active
1: Data Lane is active

8.6.2.10 DPHY_DLANEO_ERR Register (Offset = 0x10) [reset = Oh]
DPHY_DLANEOQO_ERR is described in Table 8-132.
Return to Table 8-121.

Table 8-132. DPHY_DLANEO_ERR Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved

4 EOT_SYNC_ERROR_0 R/ROC Oh End of transmission sync error - Uncorrectable
3 SOT_ERROR_0 R/ROC Oh Bit Error in SYNC Sequence - Correctable

2 SOT_SYNC_ERROR_0 R/ROC Oh SYNC Sequence Error - Uncorrectable

1 CNTRL_ERR_HSRQST_0 |R/ROC Oh Control Error in HS Request Mode

0 HS_RX_TO_ERROR_0 R/ROC Oh HS Transmission timeout error

8.6.2.11 DPHY_DLANE1_ERR Register (Offset = 0x11) [reset = 0h]
DPHY_DLANE1_ERR is described in Table 8-133.
Return to Table 8-121.

Table 8-133. DPHY_DLANE1_ERR Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4 EOT_SYNC_ERROR_1 R/ROC Oh End of transmission sync error - Uncorrectable
3 SOT_ERROR_1 R/ROC Oh Bit Error in SYNC Sequence - Correctable
2 SOT_SYNC_ERROR _1 R/ROC Oh SYNC Sequence Error - Uncorrectable
1 CNTRL_ERR_HSRQST_1 |R/ROC Oh Control Error in HS Request Mode
0 HS_RX _TO_ERROR _1 R/ROC Oh HS Transmission timeout error

8.6.2.12 DPHY_DLANE2_ERR Register (Offset = 0x12) [reset = Oh]
DPHY_DLANE2_ERR is described in Table 8-134.
Return to Table 8-121.

Table 8-134. DPHY_DLANE2_ERR Register Field Descriptions

Bit Field Type Reset Description

7-5 RESERVED R Oh Reserved

4 EOT_SYNC_ERROR_2 R/ROC Oh End of transmission sync error - Uncorrectable
3 SOT_ERROR_2 R/ROC Oh Bit Error in SYNC Sequence - Correctable
2 SOT_SYNC_ERROR_2 R/ROC Oh SYNC Sequence Error - Uncorrectable
1 CNTRL_ERR_HSRQST_2 |R/ROC Oh Control Error in HS Request Mode
0 HS _RX _TO_ERROR_2 R/ROC Oh HS Transmission timeout error
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8.6.2.13 DPHY_DLANE3_ERR Register (Offset = 0x13) [reset = Oh]
DPHY_DLANE3_ERR is described in Table 8-135.
Return to Table 8-121.

Table 8-135. DPHY_DLANE3_ERR Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved

4 EOT_SYNC_ERROR_3 R/ROC Oh End of transmission sync error - Uncorrectable
3 SOT_ERROR_3 R/ROC Oh Bit Error in SYNC Sequence - Correctable

2 SOT_SYNC_ERROR_3 R/ROC Oh SYNC Sequence Error - Uncorrectable

1 CNTRL_ERR_HSRQST_3 |R/ROC Oh Control Error in HS Request Mode

0 HS_RX_TO_ERROR_3 R/ROC Oh HS Transmission timeout error

8.6.2.14 DPHY_ERR_CLK_LANE Register (Offset = 0x14) [reset = 0h]
DPHY_ERR_CLK_LANE is described in Table 8-136.
Return to Table 8-121.

Table 8-136. DPHY_ERR_CLK_LANE Register Field Descriptions

Bit Field Type Reset Description

7-4 RESERVED R Oh Reserved

3 CNTRL_ERR_ULPRQST |R/ROC Oh Control Error in ULP Request Mode
_CLK

2 CNTRL_ERR_HSRQST |R/ROC Oh Control Error in HS Request Mode
_CLK

1 ULPS_INVALID_ERR R/ROC Oh Invalid ULP state Detected in ULP Mode

_CLK

0 HS_RX _TO_ERROR R/ROC Oh HS Transmission timeout error
_CLK

8.6.2.15 DPHY_SYNC_STS Register (Offset = 0x15) [reset = 0h]
DPHY_SYNC_STS is described in Table 8-137.

Return to Table 8-121.

Table 8-137. DPHY_SYNC_STS Register Field Descriptions

Bit

Field

Type Reset Description

7-4

RESERVED

R Oh Reserved

DLANE3_SYNC_STS R Oh

Sync Status for DLANE 3
Reports synchronization status for Data Lane 3 during most recent
Synchronization error

DLANE2_SYNC_STS R Oh

Sync Status for DLANE 2
Reports synchronization status for Data Lane 3 during most recent
Synchronization error

DLANE1_SYNC_STS R Oh

Sync Status for DLANE 1
Reports synchronization status for Data Lane 3 during most recent
Synchronization error

DLANEO_SYNC_STS R Oh

Sync Status for DLANE 0
Reports synchronization status for Data Lane 3 during most recent
Synchronization error
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8.6.2.16 DSI_CONFIG_0 Register (Offset = 0x20) [reset = 7Fh]
DSI_CONFIG_0 is described in Table 8-138.
Return to Table 8-121.

Table 8-138. DSI_CONFIG_0 Register Field Descriptions

Bit

Field

Type

Reset

Description

RESERVED

R

Oh

Reserved

DSI_TRY_RECOVERY

R/W

1h

DSI Attempt Recovery
When set to a 1, the DSI Protocol module will attempt to recover
from error conditions.

DSI_IGNORE_HS_CMD

R/W

1h

Ignore DSI HS Commands
0 : Process HS Commands
1 : Ignore HS Commands

DSI_SYNC_PULSES

R/W

1h

Controls generation of Sync Pulses
0 : Don't regenerate original VS/HS timing
1 : Regenerate original VS/HS timing

DSI_VC_ENABLE

R/W

Fh

Enable VC-IDs

Each bit in this four bit field enables one of the four Virtual Channel
IDs. If a packet was received without an expected VC-ID, an error
will be reported. For the error to be reported in the DSI_ERR_DET
bit, the DSI_INV_VC_ERR_EN bit must also be set. These controls
do not filter out packets with invalid VC-IDs.

8.6.2.17 DSI_CONFIG_1 Register (Offset = 0x21) [reset = 0h]
DSI_CONFIG_1 is described in Table 8-139.
Return to Table 8-121.

Table 8-139. DSI_CONFIG_1 Register Field Descriptions

Bit

Field

Type

Reset

Description

DSI_NO_GRAYSCALE

R/W

Oh

Disable Grayscale Interpolation

For DSI RGB data types less than 24 bits, the conversion to RGB888
replicates the most significant subpixel bits on the otherwise-unused
least significant subpixel bits to achieve a higher grayscale range.

0 : Enable Grayscale Interpolation

1 : Disable Grayscale Interpolation

DSI_VS_POLARITY

R/wW

Oh

DSI VS Polarity Control
0 : VS signal is active high
1:VS signal is active low

DSI_HS_POLARITY

R/wW

Oh

DSI HS Polarity Control
0 : HS signal is active high
1 : HS signal is active low

DS|_HOLD_ERR

R/wW

Oh

Hold Error
When set to 1, latched error conditions will be indicated on the
dsi_err status indication rather than pulses.

DSI_NULL_CRC_DIS

R/W

Oh

Error reporting for NULL and BLANK long packets

RESERVED

R/W

Oh

Reserved

DSI_NO_FILTER

R/W

Oh

Disable Filter on packet word count

oO| =N W

DSI_NO_EOTPKT

R/W

Oh

No EOT Packet mode

If set to 0, the device will indicate and error if an End of Transmission
occurs without an EOT Packet. If set to 0, no error will be indicated.
The error is indicated in the DSI_EOT_ERR bit in the DSI_STATUS
register.
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8.6.2.18 DSI_ERR_CFG_0 Register (Offset = 0x22) [reset = FFh]
DSI_ERR_CFG_0 is described in Table 8-140.
Return to Table 8-121.
Table 8-140. DSI_ERR_CFG_0 Register Field Descriptions

Bit Field Type Reset Description

7 DSI_ECC1_ERR R/W 1h Enable Single-bit ECC errors on dsi_err status
_EN

6 DSI_CONT_LP1_ERR R/W 1h Enable LP-1 Contention error on dsi_err status
_EN

5 DSI_CONT_LPO_ERR R/W 1h Enable LP-0 Contention error on dsi_err status
_EN

4 DSI_LP_SYNC_ERR R/W 1h Enable LP Sync error on dsi_err status
_EN

3 DSI_HSRX_TO_ERR R/W 1h Enable HS Receive timeout error on dsi_err status
_EN

2 DSI_ESC_ENTRY_ERR |R/W 1h Enable escape Entry error on dsi_err status
_EN

1 DSI_SOT_SYNC_ERR R/W 1h Enable SOT Sync error on dsi_err status
_EN

0 DSI_SOT_ERR R/W 1h Enable SOT error on dsi_err status
_EN

8.6.2.19 DSI_ERR_CFG_1 Register (Offset = 0x23) [reset = 7Fh]
DSI_ERR_CFG_1 is described in Table 8-141.
Return to Table 8-121.
Table 8-141. DSI_ERR_CFG_1 Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 DSI_EOT_SYNC_ERR R/W 1h Enable EOT Sync error on dsi_err status
_EN

5 DSI_PROT_ERR R/W 1h Enable DSI Protocol errors on dsi_err status
_EN

4 DSI_INV_LEN_ERR R/W 1h Enable Invalid Length errors on dsi_err status
_EN

3 DSI_INV_VC_ERR R/W 1h Enable Invalid VC errors on dsi_err status
_EN

2 DSI_INV_DT_ERR R/W 1h Enable Invalid DT errors on dsi_err status
_EN

1 DSI_CHKSUM_ERR R/W 1h Enable 16-bit CRC Checksum errors on dsi_err status
_EN

0 DSI_ECC2_ERR R/W 1h Enable Multi-bit ECC errors on dsi_err status
_EN

8.6.2.20 DSI_STATUS Register (Offset = 0x28) [reset = 0h]
DSI_STATUS is described in Table 8-142.
Return to Table 8-121.
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Table 8-142. DSI_STATUS Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6 DSI_FIFO_OVERFLOW |R/ROC Oh DSI to FPD-Link Il FIFO Overflow

When 1, this bit indicates one or more FIFO overflow errors have
occurred in the video data crossing between the DSI and FPD-Link
Il domains. This bit is cleared on read unless another overflow
occurs.

DSI_FIFO_UNDERFLOW |R/ROC Oh

DSI_FPD3_ERR R/ROC Oh DSl to FPD-Link Il Buffer Error

This flag indicates a buffer overflow has occurred between the DSI
Protocol logic and the FPD-Link Il Transmitter. This flag will be
cleared on read.

3 DSI_CMD_OVER R/ROC Oh DSI Command FIFO Overflow

If the DSI Command FIFO Overflows, this bit will be set. This flag will
be cleared on read. This is not supported because command mode
is not implemented.

2 DSI_EOT_ERR R/ROC Oh DSI EOT Error detected

If this bit is set, a DSI End-of-Transmission (EOT) has been detected
without an EOT Packet. This bit will only be set of DSI_NO_EOTPKT
is set to 0. This flag will be cleared on read.

1 DSI_READ_WOUT_BTA |R/ROC Oh DSI Read without Bus Turn-Around (BTA)

If this bit is set, a DSI Read has been detected without a Bus Turn-
Around. This flag will be cleared on read. This is not supported
because command mode is not implemented.

0 DSI_ERROR_DET R/ROC Oh DSI Error Detected

If this bit is set, one or more DSI Errors has been detected. Error
conditions that can cause a DSI error are configured through the
DSI_ERR_CFG_0/1 registers. This flag will be cleared on read. The
number of DSI error events may be read from the DSI_ERR_COUNT
register.

8.6.2.21 DSI_ERR_COUNT Register (Offset = 0x29) [reset = 0h]
DSI_ERR_COUNT is described in Section 8.6.2.21 .
Return to Table 8-121.

Table 8-143. DSI_ERR_COUNT Register Field Descriptions
Bit Field Type Reset Description

7-0 DSI_ERROR_COUNT R/W/RC Oh DSI Error Count

This register reports the number of DSI errors that have been
detected. This value will be cleared on read. The DSI Error counter is
for diagnostic purposes only and may not be an accurate count of
the number of errors detected. For accurate reading of error counts,
disable error counting by clearing the DSI_ERR_CFG_0/1 registers
prior to reading the counter.

8.6.2.22 DSI_VC_DTYPE Register (Offset = 0x2A) [reset = 0h]
DSI_VC _DTYPE is described in Table 8-144.
Return to Table 8-121.
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Table 8-144. DSI_VC_DTYPE Register Field Descriptions

Bit Field Type Reset Description

7-6 DSI_VC R Oh DSI Virtual Channel ID
This field returns the Virtual Channel ID for the most recently
received pixel stream packet. This field is updated by the DSI

bits of the DTYPE in the range of 0xB to OxE.

Protocol logic whenever a packet header is detected with the lower 4

5-0 DSI_DTYPE R Oh DSI Data Type

This field returns the Data Type for the most recently received pixel
stream packet. This field is updated by the DSI Protocol logic
whenever a packet header is detected with the lower 4 bits of the
DTYPE in the range of OxB to OxE.

8.6.2.23 DSI_ERR_RPT_0 Register (Offset = 0x2B) [reset = 0h]
DSI_ERR_RPT_0 is described in Table 8-145.
Return to Table 8-121.
Table 8-145. DSI_ERR_RPT_0 Register Field Descriptions

Bit Field Type Reset Description

7 DSI_PROT_ERR R Oh DSI Protocol errors on dsi_err status

6 RESERVED R Oh Reserved

5 DSI_INV_LEN_ERR R Oh Invalid Length errors on dsi_err status

4 DSI_INV_VC_ERR R Oh Invalid VC errors on dsi_err status

3 DSI_INV_DT_ERR R Oh Invalid DT errors on dsi_err status

2 DSI_CHKSUM_ERR R Oh 16-bit CRC Checksum errors on dsi_err status
1 DSI_ECC_MULTI_ERR R Oh Multi-bit ECC errors on dsi_err status

0 DSI_ECC_SINGLE_ERR |[R Oh Single-bit ECC errors on dsi_err status

8.6.2.24 DSI_ERR_RPT_1 Register (Offset = 0x2C) [reset = 0h]
DSI_ERR_RPT_1 is described in Table 8-146.
Return to Table 8-121.
Table 8-146. DSI_ERR_RPT_1 Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 DSI_CTRL_ERR R Oh EOT Sync error on dsi_err status

5 DSI_HSRX TO_ERR R Oh HS Receive timeout error on dsi_err status
4 DSI_LP_SYNC_ERR R Oh LP Sync error on dsi_err status

3 DSI_ESC_ENTRY_ERR |[R Oh Escape Entry error on dsi_err status

2 DSI_EOT_SYNC_ERR R Oh EOT Sync error on dsi_err status

1 DSI_SOT_SYNC_ERR R Oh SOT Sync error on dsi_err status

0 DSI_SOT_ERR R Oh SOT error on dsi_err status

8.6.2.25 DSI_ERR_RPT_2 Register (Offset = 0x2D) [reset = 0h]
DSI_ERR_RPT_2 is described in Table 8-147.
Return to Table 8-121.
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Table 8-147. DSI_ERR_RPT_2 Register Field Descriptions

Bit Field Type Reset Description
7-3 RESERVED R Oh Reserved
2 CMD_FIFO_ R Oh Command FIFO overflow error
OVERFLOW_ERR
1 EOT_WITHOUT _ R Oh EOT without EOT packet error
EOT_PKT_ERR
0 READ_WITHOUT_ R Oh Read without Bit Turn-Around error
BTA_ERR

8.6.2.26 DSI_HSW_CFG_HI Register (Offset = 0x30) [reset = Oh]
DSI_HSW_CFG_Hl is described in Table 8-148.
Return to Table 8-121.
Table 8-148. DSI_HSW_CFG_HI Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R Oh Reserved
1-0 DSI_HSYNC_WIDTH_HI [R/W Oh Hsync Pulse Width

When DSI Sync Events are enabled
(DSI_CONFIG_0:DSI_SYNC_PULSES = 0), this field configures the
width, in pixel clocks, of the generated Hsync pulse This register
contains bits 9:8 of DSI_HSYNC_WIDTH

8.6.2.27 DSI_HSW_CFG_LO Register (Offset = 0x31) [reset = 20h]
DSI_HSW_CFG_LO is described in Table 8-149.
Return to Table 8-121.

Table 8-149. DSI_HSW_CFG_LO Register Field Descriptions
Bit Field Type Reset Description

7-0 DSI_HSYNC_WIDTH_LO [R/W 20h Hsync Pulse Width

When DSI Sync Events are enabled
(DSI_CONFIG_0:DSI_SYNC_PULSES = 0), this field configures the
width, in pixel clocks, of the generated Hsync pulse This register
contains bits 7:0 of DSI_HSYNC_WIDTH

8.6.2.28 DSI_VSW_CFG_HI Register (Offset = 0x32) [reset = 0h]
DSI_VSW_CFG_Hl is described in Table 8-150.
Return to Table 8-121.
Table 8-150. DSI_VSW_CFG_HI Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R Oh Reserved
1-0 DSI_VSYNC_WIDTH_HI |R/W Oh Vsync Pulse Width

When DSI Sync Events are enabled
(DSI_CONFIG_0:DSI_SYNC_PULSES = 0), this field configures the
width, in lines (that is, the number of Hsync pulses), of the generated
Vsync pulse This register contains bits 9:8 of DSI_VSYNC_WIDTH

8.6.2.29 DSI_VSW_CFG_LO Register (Offset = 0x33) [reset = 4h]
DSI_VSW_CFG_LO is described in Table 8-151.

118  Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DS90UB941AS-Q1


https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS
INSTRUMENTS

www.ti.com

DS90UB941AS-Q

1

SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021

Return to Table 8-121.

Table 8-151. DSI_VSW_CFG_LO Register Field Descriptions

Bit Field Reset

Type

Description

7-0 DSI_VSYNC_WIDTH_LO |R/W 4h

Vsync Pulse Width

When DSI Sync Events are enabled
(DSI_CONFIG_0:DSI_SYNC_PULSES = 0), this field configures the
width, in lines (that is, the number of Hsync pulses), of the generated
Vsync pulse This register contains bits 7:0 of DSI_VSYNC_WIDTH

8.6.2.30 DSI_SYNC_DLY_CFG_HI Register (Offset = 0x34) [reset = Oh]

DSI_SYNC _DLY_CFG_HI is described in Table 8-152.
Return to Table 8-121.

Table 8-152. DSI_SYNC_DLY_CFG_HI Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R Oh Reserved
1-0 DSI_SYNC_DELAY_HI R/W Oh Sync Delay

This 10-bit field configures the delay, in pixel clocks, from the
detection of Hsync or Vsync in the DSI protocol logic, to the output of
the DSI-to-FPD-Link Il FIFO, and as such, sets the depth of the
FIFO between the domains.

This register contains bits 9:8 of DSI_SYNC_DELAY The maximum
value of DSI_SYNC_DELAY is 766 (0x2FE)

8.6.2.31 DSI_SYNC_DLY_CFG_LO Register (Offset = 0x35) [reset = 20h]

DSI_SYNC_DLY_CFG_LO is described in Table 8-153.
Return to Table 8-121.

Table 8-153. DSI_SYNC_DLY_CFG_LO Register Field Descriptions

Bit Field Reset

Type

Description

7-0 DSI_SYNC_DELAY_LO |RW 20h

Sync Delay

This 10-bit field configures the delay, in pixel clocks, from the
detection of Hsync or Vsync in the DSI protocol logic, to the output of
the DSI-to-FPD-Link Il FIFO, and as such, sets the depth of the
FIFO between the domains.

This register contains bits 7:0 of DSI_SYNC_DELAY The maximum
value of DSI_SYNC_DELAY is 766 (0x2FE)

8.6.2.32 DSI_EN_HSRX Register (Offset = 0x36) [reset = 0h]

DSI_EN_HSRX is described in Table 8-154.
Return to Table 8-121.

Table 8-154. DSI_EN_HSRX Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 EN_HSRX OV R/W Oh Overwrite to enable CSI RX HS receiver
5 RESERVED R/W Oh Reserved

4 EN_HSRX_CLKO R/W Oh Enable HSRX CLKO

3 EN_HSRX_D3 R/W Oh Enable HSRX D3

2 EN_HSRX_D2 R/W Oh Enable HSRX D2

1 EN_HSRX_D1 R/W Oh Enable HSRX D1
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Table 8-154. DSI_EN_HSRX Register Field Descriptions (continued)

Bit Field Type Reset Description
0 EN_HSRX_DO R/W oOh Enable HSRX DO

8.6.2.33 DSI_EN_LPRX Register (Offset = 0x37) [reset = Oh]
DSI_EN_LPRX is described in Table 8-155.
Return to Table 8-121.
Table 8-155. DSI_EN_LPRX Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 EN_LPRX_OQV R/W Oh Overwrite CSI LP Receiver

5 RESERVED R Oh Reserved

4 EN_LPRX_CLKO R/W Oh Enable LP Receiver for CLKO
3 EN_LPRX_D3 R/W Oh Enable LP Receiver for D3

2 EN_LPRX_D2 R/W Oh Enable LP Receiver for D2

1 EN_LPRX_D1 R/W Oh Enable LP Receiver for D1

0 EN_LPRX_DO R/W Oh Enable LP Receiver for DO

8.6.2.34 DSI_EN_RXTERM Register (Offset = 0x38) [reset = 0h]
DSI_EN_RXTERM is described in Table 8-156.
Return to Table 8-121.
Table 8-156. DSI_EN_RXTERM Register Field Descriptions

Bit Field Type Reset Description

7 RESERVED R Oh Reserved

6 EN_RXTERM_OV R/W Oh Overwrite CSI RX HS Termination

5 RESERVED R Oh Reserved

4 EN_RXTERM_CLKO R/W Oh Enable RX Termination for CSI CLKO
3 EN_RXTERM_D3 R/W Oh Enable RX Termination for CSI D3

2 EN_RXTERM_D2 R/W Oh Enable RX Termination for CSI D2

1 EN_RXTERM_D1 R/W Oh Enable RX Termination for CSI D1

0 EN_RXTERM_DO R/W Oh Enable RX Termination for CSI D1

8.6.2.35 DSI_PCLK_DIV_M Register (Offset = 0x3A) [reset = X]
DSI_PCLK _DIV_M is described in Table 8-157.
Return to Table 8-121.

Table 8-157. DSI_PCLK_DIV_M Register Field Descriptions
Bit Field Type Reset Description

7 EN_PCLK_DIV_OV R/W Oh Enable Override of DSI PCLK M/N divider

When set to 1, the DSI_DIV_M and DSI_DIV_N register values will
be used for the M/N divider used to generate the pixel clock from the
DSI clock.

6-5 RESERVED R Oh Reserved
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Table 8-157. DSI_PCLK_DIV_M Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

DSI_DIV_M

R/W

X

DSI Pclk divider M value This register controls the M setting for the
M/N divider used to generate the pixel clock from the DSI input clock.
Normally this value is based on the number of DSI lanes, the number
of bytes per pixel, and the DSI input mode (single vs dual).

If the EN_PCLK_DIV_OV is set to 0, this register returns the
automatically determined M setting for the M/N divider.

If EN_PCLK_DIV_QV is set to 1, this register value is used as the M
setting for the M/N divider

8.6.2.36 DSI_PCLK_DIV_N Register (Offset = 0x3B) [reset = X]
DSI_PCLK_DIV_N is described in Table 8-158.

Return to Table 8-121.

Table 8-158. DSI_PCLK_DIV_N Register Field Descriptions

Bit

Field

Type

Reset

Description

7-0

DSI_DIV_N

R/W

X

DSI Pclk divider N value

This register controls the N setting for the M/N divider used to
generate the pixel clock from the DSI input clock. Normally, the M/N
settings are based on the number of DSI lanes, the number of bytes
per pixel, and the DSI input mode (single vs dual). If
EN_PCLK_DIV_OV is set to 1, the DSI_DIV_M and DSI_DIV_N
values are used.

If the EN_PCLK_DIV_OV is set to 0, this register returns the
automatically determined M setting for the M/N divider.

If EN_PCLK_DIV_OQV is set to 1, this register value is used as the M
setting for the M/N divider
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8.6.3 Analog Indirect Registers

Analog Indirect Registers Summary lists the memory-mapped registers for the DS90UB941AS-Q1 registers. All
register offset addresses not listed in Analog Indirect Registers Summary should be considered as reserved
locations and the register contents should not be modified.

Register access is provided through an indirect access mechanism through the Indirect Access registers
(IND_ACC_CTL, IND_ACC_ADDR, and IND_ACC_DATA). These registers are located at offsets 0x40-0x42 in
the main register space.

The indirect address mechanism involves setting the control register to select the desired block, setting the
register offset address, and reading or writing the data register. In addition, an auto-increment function is
provided in the control register to automatically increment the offset address following each read or write of the
data register.

For writes, the process is as follows:

1. Write to the IND_ACC_CTL register to select the desired register block
» For selecting DSI/D-PHY Analog Indirect Registers set 0x40 = 0x10
» For selecting FPD-Link 11l Analog Indirect Registers set 0x40 = 0x14

2. Write to the IND_ACC_ADDR register to set the register offset

3. Write the data value to the IND_ACC_DATA register

If auto-increment is set in the IND_ACC_CTL register, repeating step 3 will write additional data bytes to
subsequent register offset locations

For reads, the process is as follows:
1. Write to the IND_ACC_CTL register to select the desired register block
* For selecting and reading from DSI/D-PHY Analog Indirect Registers set 0x40 = 0x11
» For selecting and reading from FPD-Link Ill Analog Indirect Registers set 0x40 = 0x15
2. Write to the IND_ACC_ADDR register to set the register offset
3. Read from the IND_ACC_DATA register

If auto-increment is set in the IND_ACC_CTL register, repeating step 3 will read additional data bytes from
subsequent register offset locations.

Table 8-159. Analog Indirect Registers Summary

Offset Acronym Register Name Section
0x86 DSI0_CLK_INVERSION
0x94 DSI1_CLK_INVERSION

Register Access Type Codes shows the codes that are used for access types in this section.

Table 8-160. Register Access Type Codes

Access Type |[Code Description
R R Read only access
R/W R/W Read / Write access

8.6.3.1 DSI0O_CLK_INVERSION Register (Offset = 0x86) [reset = 8h]
DSI_PLL_STATE_MC_CTL is described in DSIO_CLK_INVERSION Register Field Descriptions.
Return to Summary Table.

Table 8-161. DSI0_CLK_INVERSION Register Field Descriptions

Bit Field Type Reset Description
7-2 RESERVED R/W 2h Reserved
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Table 8-161. DSI0_CLK_INVERSION Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

DSI0_CLK_INVERSION

R/W

Oh

Invert internal DSI sampling clock

0: Non-inverted sampling clock

1: Inverted sampling clock (normal operation)

Note: Set this bit to 1 for all applications based on the Power-Up and
Initialization sequence in section 10.2. This is not related to the clock
polarity settings in register 0x2

RESERVED

R/W

Oh

Reserved

8.6.3.2 DSI1_CLK_INVERSION Register (Offset = 0x94) [reset = 8h]
DSI_PLL_STATE_MC_CTL is described in DSI0O_CLK_INVERSION Register Field Descriptions.

Return to Summary Table.
Table 8-162. DSI1_CLK_INVERSION Register Field Descriptions

Bit

Field

Type

Reset

Description

7-2

RESERVED

R/W

2h

Reserved

1 DSI1_CLK_INVERSION |R/W Oh Invert internal DSI sampling clock

0: Non-inverted sampling clock

1: Inverted sampling clock (normal operation)

Note: Set this bit to 1 for all applications based on the Power-Up and
Initialization sequence in section 10.2. This is not related to the clock

polarity settings in register 0x2

0 RESERVED R/W Oh Reserved
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8.6.4 Port 0 and Port 1 Pattern Generator Indirect Registers

Table 8-163 summarizes the memory-mapped registers for the DS90UB941AS-Q1 pattern generator. All register
offset addresses not listed in Table 8-163 should be considered as reserved locations and the register contents
should not be modified.

Register access is provided through an indirect access mechanism through the Pattern Generator Indirect
Access registers (PGIA and PGID). These registers are located at offsets 0x66 and 0x67 in the main register
space.

The indirect address mechanism involves setting the register offset address and reading or writing the data
register.

For writes, the process is as follows:

1. Write to the TX_PORT_SEL register to select the desired FPD-Link Il Port
» For selecting Port 0 set PORTO_SEL bit in the TX_PORT_SEL (0Ox1E) register (default)
» For selecting Port 1 set PORT1_SEL bit in the TX_PORT_SEL (0x1E) register

2. Write to the PGIA register to set the register offset

3. Write the data value to the PGID register

For reads, the process is as follows:

1. Write to the TX_PORT_SEL register to select the desired FPD-Link Il Port
» For selecting Port 0 set PORTO_SEL bit in the TX_PORT_SEL (0x1E) register (default)
» For selecting Port 1 set PORT1_SEL bit in the TX PORT_SEL (0x1E) register

2. Write to the PGIA register to set the register offset

3. Read from the PGID register

Table 8-163. Pattern Generator Indirect Registers Summary

Offset Acronym Register Name Section
0x0 PGRS Go
0x1 PGGS Go
0x2 PGBS Go
0x3 PGCDCA1 Go
0x4 PGTFS1 Go
0x5 PGTFS2 Go
0x6 PCTFS3 Go
0x7 PGAFS1 Go
0x8 PGAFS2 Go
0x9 PGAFS3 Go
OxA PGHSW Go
0xB PGVSW Go
0xC PGHBP Go
0xD PGVBP Go
OxE PBSC Go
OxF PGFT Go
0x10 PGTSC Go
0x11 PGTSO1 Go
0x12 PGTSO2 Go
0x13 PGTSO3 Go
0x14 PGTSO4 Go
0x15 PGTSO5 Go
0x16 PGTSO6 Go
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Table 8-163. Pattern Generator Indirect Registers Summary (continued)

Offset Acronym Register Name Section
0x17 PGTSO7 Go
0x18 PGTSO8 Go
0x19 PGBE Go
Ox1A PGCDC2 Go

Table 8-164 shows the codes that are used for access types in this section.

Table 8-164. Register Access Type Codes

Description

Read only access

Read / Write access

Access Type |[Code

R R

R/W R/W
R/W/RC R/W/RC

Read / Write access / Read to
Clear

8.6.4.1 PGRS Register (Offset = 0x0) [reset = 0h]
PGRS is described in Table 8-165.

Return to Summary Table.

Table 8-165. PGRS Register Field Descriptions

Bit Field Reset

Type

Description

7-0 PATGEN_RSP R/W Oh

Red Sub-Pixel: This field is the 8-bit Red sub-pixel for the custom
color

8.6.4.2 PGGS Register (Offset = 0x1) [reset = 0h]
PGGS is described in Table 8-166.
Return to Table 8-163.

Table 8-166. PGGS Register Field Descriptions

Bit Field Reset

Type

Description

7-0 PATGEN_GSP R/W Oh

Green Sub-Pixel: This field is the 8-bit Green sub-pixel for the
custom color

8.6.4.3 PGBS Register (Offset = 0x2) [reset = 0h]
PGBS is described in Table 8-167.
Return to Table 8-163.

Table 8-167. PGBS Register Field Descriptions

Bit Field Reset

Type

Description

7-0 PATGEN_BSP R/W Oh

Blue Sub-Pixel: This field is the 8-bit Blue sub-pixel for the custom
color

8.6.4.4 PGCDC1 Register (Offset = 0x3) [reset = 8h]
PGCDCH1 is described in Table 8-168.
Return to Table 8-163.
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Table 8-168. PGCDC1 Register Field Descriptions

Bit Field Type Reset Description
7 RESERVED R Oh Reserved
6-0 PATGEN_CDIV_N R/W 8h Clock Divider:

This field configures the clock divider for the internally generated
pixel clock. If PGCDC2:PGEN_CDIV_M is 1, the internal pixel clock
frequency is nominally (200/N) MHz. If PGCDC2:PGEN_CDIV_M is
greater than 1, the internal pixel clock frequency is nominally
(800*M/N) MHz.

8.6.4.5 PGTFS1 Register (Offset = 0x4) [reset = 48h]
PGTFS1 is described in Table 8-169.
Return to Table 8-163.

Table 8-169. PGTFS1 Register Field Descriptions
Bit Field Type Reset Description
7-0 PATGEN_THW_7:0 R/W 48h Total Horizontal Width:
This field is the 8 least significant bits of the 12-bit Total Horizontal

Width of the frame, in units of pixels. This field should only be written
when the pattern generator is disabled.

8.6.4.6 PGTFS2 Register (Offset = 0x5) [reset = 53h]
PGTFS2 is described in Table 8-170.
Return to Table 8-163.

Table 8-170. PGTFS2 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TVW_3:0 R/wW 5h Total Vertical Width:

This field is the 4 least significant bits of the 12-bit Total Vertical
Wdith of the frame, in units of lines. This field should only be written
when the pattern generator is disabled

3-0 PATGEN_THW_11:8 R/W 3h Total Horizontal Width:

This field is the 4 most significant bits of the 12-bit Total Horizontal
Width of the frame, in units of pixels. This field should only be written
when the pattern generator is disabled.

8.6.4.7 PCTFS3 Register (Offset = 0x6) [reset = 1Eh]
PCTFS3 is described in Table 8-171.
Return to Table 8-163.
Table 8-171. PCTFS3 Register Field Descriptions

Bit Field Type Reset Description

7-0 PATGEN_TVW_11:4 R/wW 1Eh Total Vertical Width:

This field is the 8 most significant bits of the 12-bit Total Vertical
Wdith of the frame, in units of lines. This field should only be written
when the pattern generator is disabled

8.6.4.8 PGAFS1 Register (Offset = 0x7) [reset = 20h]
PGAFS1 is described in Table 8-172.
Return to Table 8-163.
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Table 8-172. PGAFS1 Register Field Descriptions

Bit Field Type Reset

Description

PATGEN_AHW_7:0 R/W 20h

Active Horizontal Width:

This field is the 8 least significant bits of the 12-bit Active Horizontal
Width of the frame, in units of pixels. This field should only be written
when the pattern generator is disabled.

8.6.4.9 PGAFS2 Register (Offset = 0x8) [reset = 3h]
PGAFS2 is described in Table 8-173.
Return to Table 8-163.

Table 8-173. PGAFS2 Register Field Descriptions

Bit Field Type Reset

Description

7-4 PATGEN_AVW_3:0 R/W Oh

Active Vertical Width:

This field is the 4 least significant bits of the 12-bit Active Vertical
Width of the frame, in units of lines. This field should only be written
when the pattern generator is disabled.

3-0 PATGEN_AHW_11:8 R/W 3h

Active Horizontal Width:

This field is the 4 most significant bits of the 12-bit Active Horizontal
Width of the frame, in units of pixels. This field should only be written
when the pattern generator is disabled.

8.6.4.10 PGAFS3 Register (Offset = 0x9) [reset = 1Eh]
PGAFS3 is described in Table 8-174.
Return to Table 8-163.

Table 8-174. PGAFS3 Register Field Descriptions

Bit Field Type Reset

Description

7-0 PATGEN_AVW_11:4 R/W 1Eh

Active Vertical Width:

This field is the 8 most significant bits of the 12-bit Active Vertical
Width of the frame, in units of lines. This field should only be written
when the pattern generator is disabled.

8.6.4.11 PGHSW Register (Offset = 0xA) [reset = Ah]
PGHSW is described in Table 8-175.
Return to Table 8-163.

Table 8-175. PGHSW Register Field Descriptions

Bit Field Type Reset

Description

7-0 PATGEN_HSW R/W Ah

Horizontal Sync Width:

This field controls the width of the Horizontal Sync pulse, in units of
pixels. Valid values are 1-255. This field should only be written when
the pattern generator is disabled.

8.6.4.12 PGVSW Register (Offset = 0xB) [reset = 2h]
PGVSW is described in Table 8-176.
Return to Table 8-163.
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Table 8-176. PGVSW Register Field Descriptions

Bit Field Type Reset Description
7-0 PATGEN_VSW R/W 2h Vertical Sync Width:

This field controls the width of the Vertical Sync pulse, in units of
lines. Valid values are 1-255. This field should only be written when
the pattern generator is disabled.

8.6.4.13 PGHBP Register (Offset = 0xC) [reset = Ah]
PGHBP is described in Table 8-177.
Return to Table 8-163.

Table 8-177. PGHBP Register Field Descriptions
Bit Field Type Reset Description

7-0 PATGEN_HBP R/W Ah Horizontal Back Porch Width:

This field controls the width of the Horizontal Back Porch, in units of
pixels. Valid values are 1-255. This field should only be written when
the pattern generator is disabled.

8.6.4.14 PGVBP Register (Offset = 0xD) [reset = 2h]
PGVBP is described in Table 8-178.
Return to Table 8-163.

Table 8-178. PGVBP Register Field Descriptions
Bit Field Type Reset Description
7-0 PATGEN_VBP R/W 2h Vertical back Porch Width:
This field controls the width of the Vertical Back Porch, in units of

lines. Valid values are 1-255. This field should only be written when
the pattern generator is disabled.

8.6.4.15 PBSC Register (Offset = 0xE) [reset = 3h]
PBSC is described in Table 8-179.
Return to Table 8-163.
Table 8-179. PBSC Register Field Descriptions

Bit Field Type Reset Description
7-4 RESERVED R Oh Reserved
3 RESERVED R Oh Reserved
2 PATGEN_HS_DIS R/W Oh Horizontal Sync Disable:

Disable Horizontal Sync signaling when the pattern generator is in
internal timing mode. This bit has no effect when the pattern
generator is in external timing mode. This bit should only be written
when the pattern generator is disabled.

1 PATGEN_VS_POL R/W 1h Vertical Sync Polarity:

When 1, the pattern generator will invert the Vertical Sync signal
when in internal timing mode. This bit has no effect when the pattern
generator is in external timing mode. This bit should only be written
when the pattern generator is disabled.

0 PATGEN_HS_POL R/W 1h Horizontal Sync Polarity:

When 1, the pattern generator will invert the Horizontal Sync signal
when in internal timing mode. This bit has no effect when the pattern
generator is in external timing mode. This bit should only be written
when the pattern generator is disabled
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8.6.4.16 PGFT Register (Offset = 0xF) [reset = 1Eh]
PGFT is described in Table 8-180.
Return to Table 8-163.

Table 8-180. PGFT Register Field Descriptions
Bit Field Type Reset Description

7-0 PATGEN_FTIME R/wW 1Eh Frame Time:

When Auto-Scrolling is enabled, this field controls the number of
frames to display each pattern in increments of two frames. Valid
register values are 1-255, giving a programmable range of even
numbers between 2 and 510, inclusive.

8.6.4.17 PGTSC Register (Offset = 0x10) [reset = Ch]
PGTSC is described in Table 8-181.
Return to Table 8-163.
Table 8-181. PGTSC Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
4-0 PATGEN_TSLOT R/W Ch Time Slots:

This field configures the number of enabled time slots for Auto-
Scrolling. Valid Values are 1-16

8.6.4.18 PGTSO1 Register (Offset = 0x11) [reset = 21h]
PGTSO1 is described in Table 8-182.
Return to Table 8-163.

Table 8-182. PGTSO1 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TS2 R/W 2h Time Slot 2 Pattern:
This field configures the pattern enabled in Time Slot 2. Valid values
are 0-15

3-0 PATGEN_TS1 R/W 1h Time Slot 1 Pattern:
This field configures the pattern enabled in Time Slot 1. Valid values
are 0-15

8.6.4.19 PGTSO2 Register (Offset = 0x12) [reset = 43h]
PGTSO2 is described in Table 8-183.
Return to Table 8-163.
Table 8-183. PGTSO2 Register Field Descriptions

Bit Field Type Reset Description

7-4 PATGEN_TS4 R/W 4h Time Slot 4 Pattern:
This field configures the pattern enabled in Time Slot 4. Valid values
are 0-15

3-0 PATGEN_TS3 R/W 3h Time Slot 3 Pattern:
This field configures the pattern enabled in Time Slot 3. Valid values
are 0-15
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8.6.4.20 PGTSO3 Register (Offset = 0x13) [reset = 65h]

PGTSO3 is described in Table 8-184.

Return to Table 8-163.

Table 8-184. PGTSO3 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TS6 R/W 6h Time Slot 6 Pattern:
This field configures the pattern enabled in Time Slot 6. Valid values
are 0-15

3-0 PATGEN_TS5 R/W 5h Time Slot 5 Pattern:
This field configures the pattern enabled in Time Slot 5. Valid values
are 0-15

8.6.4.21 PGTSO4 Register (Offset = 0x14) [reset = 87h]
PGTSO04 is described in Table 8-185.
Return to Table 8-163.

Table 8-185. PGTSO4 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TS8 R/W 8h Time Slot 8 Pattern:
This field configures the pattern enabled in Time Slot 8. Valid values
are 0-15

3-0 PATGEN_TS7 R/W 7h Time Slot 7 Pattern:
This field configures the pattern enabled in Time Slot 7. Valid values
are 0-15

8.6.4.22 PGTSOS5 Register (Offset = 0x15) [reset = A9h]
PGTSOS5 is described in Table 8-186.
Return to Table 8-163.

Table 8-186. PGTSOS5 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TS10 R/W Ah Time Slot 10 Pattern:
This field configures the pattern enabled in Time Slot 10. Valid values

are 0-15

3-0 PATGEN_TS9 R/W 9h Time Slot 9 Pattern:
This field configures the pattern enabled in Time Slot 9. Valid values
are 0-15

8.6.4.23 PGTSO6 Register (Offset = 0x16) [reset = CBh]
PGTSOG is described in Table 8-187.
Return to Table 8-163.
Table 8-187. PGTSO6 Register Field Descriptions

Bit Field Type Reset Description
7-4 PATGEN_TS12 R/W Ch Time Slot 12 Pattern:
This field configures the pattern enabled in Time Slot 12. Valid values
are 0-15
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Table 8-187. PGTSO6 Register Field Descriptions (continued)

Bit Field Type Reset Description

3-0 PATGEN_TS11 R/W Bh Time Slot 11 Pattern:
This field configures the pattern enabled in Time Slot 11. Valid values
are 0-15

8.6.4.24 PGTSO7 Register (Offset = 0x17) [reset = EDh]
PGTSO7 is described in Table 8-188.
Return to Table 8-163.

Table 8-188. PGTSO7 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TS14 R/W Eh Time Slot 14 Pattern:
This field configures the pattern enabled in Time Slot 14. Valid values
are 0-15

3-0 PATGEN_TS13 R/W Dh Time Slot 13 Pattern:
This field configures the pattern enabled in Time Slot 13. Valid values
are 0-15

8.6.4.25 PGTSO8 Register (Offset = 0x18) [reset = Fh]
PGTSO8 is described in Table 8-189.
Return to Table 8-163.

Table 8-189. PGTSO8 Register Field Descriptions
Bit Field Type Reset Description

7-4 PATGEN_TS16 R/W Oh Time Slot 16 Pattern:
This field configures the pattern enabled in Time Slot 16. Valid values
are 0-15

3-0 PATGEN_TS15 R/W Fh Time Slot 15 Pattern:
This field configures the pattern enabled in Time Slot 15. Valid values
are 0-15

8.6.4.26 PGBE Register (Offset = 0x19) [reset = 0h]
PGBE is described in Table 8-190.
Return to Table 8-163.

Table 8-190. PGBE Register Field Descriptions
Bit Field Type Reset Description
7-0 PATGEN_BIST_ERRS R Oh Clear on read

8.6.4.27 PGCDC2 Register (Offset = 0x1A) [reset = 1h]
PGCDC2 is described in Table 8-191.
Return to Table 8-163.
Table 8-191. PGCDC2 Register Field Descriptions

Bit Field Type Reset Description
7-5 RESERVED R Oh Reserved
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Table 8-191. PGCDC2 Register Field Descriptions (continued)

Bit

Field

Type

Reset

Description

PATGEN_CDIV_M

R/W

1h

Clock Divider:

This field configures the clock divider for the internally generated
pixel clock. If PGCDC2:PGEN_CDIV_M is 1, the internal pixel clock
frequency is nominally (200/N) MHz. If PGCDC2:PGEN_CDIV_M is
greater than 1, the internal pixel clock frequency is nominally
(800*M/N) MHz.
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9 Application and Implementation

Note

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

9.1 Application Information

The DS90UB941AS-Q1, in conjunction with the DS90UB940N-Q1 or DS90UB948-Q1 deserializer, is intended to
interface between a host (graphics processor) and a display, supporting 24-bit color depth (RGB888) and high-
definition (1080p) digital video format. It can receive an 8-bit RGB stream with a pixel clock rate up to 210 MHz
together with four I2S audio streams. The DS90UB941AS-Q1 can support up to 170MHz pixel clock when paired
with DS90UB940N-Q1 , and up to 192MHz pixel clock when paired with a DS90UB948-Q1.
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9.2 Typical Application
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Figure 9-2. Typical Connection Diagram - Coaxial

Rr=49.90

Copyright © 2018, Texas Instruments Incorporated

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DS90UB941AS-Q1

Submit Document Feedback

135


https://www.ti.com
https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS
DS90UB941AS-Q1 INSTRUMENTS

SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021 www.ti.com

9.2.1 Design Requirements

The FPD-Link Il interface supports 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 shown in
Figure 9-3 and Figure 9-4.

Table 9-1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
VDDIO 1.8V
AC Coupling Capacitor for STP: DOUT0+ and DOUT1+ 100 nF (50V / X7R / 0402)
AC Coupling Capacitor for Coaxial: DOUT0+ and DOUT1+ 100 nF (50V / X7R / 0402)
AC Coupling Capacitor for Coaxial: DOUTO- and DOUT1- 47 nF (50V / X7R / 0402)

For applications using single-ended, 50 Q coaxial cables, terminate the unused data pins (DOUTO0-, DOUT1-)
with an AC-coupling capacitor and a 50 Q resistor.

Dout-

Figure 9-3. AC-Coupled Connection (STP)

Dout-

Figure 9-4. AC-Coupled Connection (Coaxial)

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.

9.2.2 Detailed Design Procedure
9.2.2.1 High-Speed Interconnect Guidelines

See AN-1108 Channel-Link PCB and Interconnect Design-In Guidelines (SNLAOO8) and AN-905 Transmission
Line RAPIDESIGNER Operation and Applications Guide (SNLAQ35) for full details.

*  Use 100Q coupled differential pairs
* Use the S/2S/3S rule in spacings
— S = space between the pair
— 28 = space between pairs
— 3S = space to LVCMOS signal
* Minimize the number of Vias
» Use differential connectors when operating above 500-Mbps line speed
* Maintain balance of the traces
* Minimize skew within the pair
» Terminate as close to the TX outputs and RX inputs as possible

Additional general guidance can be found in the LVDS Owner's Manual (SNLA187) on ti.com.

136  Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: DS90UB941AS-Q1


https://www.ti.com/lit/pdf/SNLA008
https://www.ti.com/lit/pdf/SNLA035
https://www.ti.com/lit/pdf/SNLA035
https://www.ti.com/lit/pdf/SNLA187
https://www.ti.com/product/DS90UB941AS-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS640C&partnum=DS90UB941AS-Q1
https://www.ti.com/product/ds90ub941as-q1?qgpn=ds90ub941as-q1

13 TEXAS
INSTRUMENTS DS90UB941AS-Q1
www.ti.com SNLS640C — DECEMBER 2018 — REVISED JANUARY 2021

9.2.3 Application Curves

Y Woltage TIE1: Eye Diagram

BO0mMY

400m*

200m

-200m*

-400m*"

Figure 9-5. Serializer Output at 3.675Gbps, Dual FPD-Link 210 Mhz PCLK
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10 Power Supply Recommendations

This device provides separate power and ground pins 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. The Section Pin Functions section provides guidance on which circuit blocks are connected to which
power pins. In some cases, an external filter many be used to provide clean power to sensitive circuits such as
PLLs.

10.1 VDD Power Supply

Each VDD power supply pin must have a 10 nF (or 100 nF) capacitor to ground connected as close as possible
to the DS90UB941AS-Q1 device. Tl recommends having additional decoupling capacitors (1 yF and 10 pF) and
the pins connected to a solid power plane.

10.2 Power-Up and Initialization
There are two recommended power up sequences that can be used for the DS90UB941AS-Q1.
Sequence A:

1. Apply Vppio and Vpp1s
+ If 1.8 V Vppp option is selected, Vpp o and Vpp1g need to be supplied from the same power source.

» If 3.3V Vpp)p option is selected, power to the Vppo may be applied before or after Vpp4s.
Vbp11

Wait until all supplies have settled

Apply Pixel clock (either DSI clock or REFCLK(s))

Wait for the Pixel clock to stabilize within 0.5% of the target frequency

Assert PDB

Apply DSI inputs

Initialize the device

See Figure 10-2.

The initialization sequence 941AS Init shown in Figure 10-2 consists of any user-defined device configurations
and the following:

®© N O WD

1. If the device is powered up with the DSI inputs enabled (MODE_SEL1 strap option), disable the DSI inputs by
setting DISABLE_DSI 0x01[3]=1 in the RESET_CTL register.
2. Insert any user defined device configurations here.
3. Set TSKIP_CNT field in DSI Indirect Register 0x05 based on the operating DSI clock frequency. See Section
8.3.1.2 for more information.
4. Initialize internal DSI clock settings:
* Register 0x40 = 0x10
* Register 0x41 = 0x86
* Register 0x42 = 0x0A
* Register 0x41 = 0x94
* Register 0x42 = 0x0A
5. Enable the DSl inputs by setting DISABLE_DSI 0x01[3]=0 in the RESET_CTL register.

Sequence B:

1. Apply Vppio and Vpp1s
* If 1.8 V Vppp option is selected, Vppo and Vpp1g need to be supplied from the same power source.

* If 3.3 V Vppio option is selected, power to the Vpp o may be applied before or after Vpp1s.
2. Vpp11
3. Wait until all supplies have settled
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Assert PDB

Apply Pixel clock (either DSI clock or REFCLK(s))

Apply DSI inputs

Wait for the Pixel clock to stabilize within 0.5% of the target frequency
Initialize the device

See Figure 10-3.

S

The initialization sequence 941AS Init shown in Figure 10-2 consists of any user-defined device configurations
and the following:

1. Reset the device by setting DIGITAL_RESET1 0x01[1]=1 in the RESET_CTL register.

2. If the device is powered up with the DSI inputs enabled (MODE_SEL1 strap option), disable the DSI inputs by
setting DISABLE_DSI 0x01[3]=1 in the RESET_CTL register.

3. Insert any user defined device configurations here.

4. Set TSKIP_CNT field in DSI Indirect Register 0x05 based on the operating DSI clock frequency. See Section
8.3.1.2 for more information.

5. Initialize internal DSI clock settings:
* Register 0x40 = 0x10
* Register 0x41 = 0x86
* Register 0x42 = 0x0A
* Register 0x41 = 0x94
* Register 0x42 = 0x0A
6. Enable the DSI inputs by setting DISABLE_DSI 0x01[3]=0 in the RESET_CTL register.

Refer to the DS90UB941AS-Q1 DSI Bringup Guide application note (SNLA356) for more detail on device bring
up.
Table 10-1. Timing Diagram for the Power-Up and Initialization Sequences

PARAMETER MIN TYP MAX UNIT NOTES
to VDD18 / VDDIO rise time 0.2 ms @10/90%
tr VDD11 rise time 0.05 ms @10/90%
to VDD18 / VDDIO to VDD11 delay 0 ms
t4 VDDx to PDB delay 0 ms Release PDB after
all supplies are up
and stable.
to PDB to 12C ready (IDX and MODE valid) 2 ms
delay
t3 PDB negative pulse width required for the 2 ms Hard reset
device reset
t4 DSl delay time 0 ms Apply DSI after PDB
is released.
ts Pixel Clock delay time 0 ms Apply Pixel clock
(DSI Clock or
REFCLK(s)) after all
supplies are up. The
clock may be
applied independent
of PDB state,
however, if applied
before PDB, then
Sequence A should
be followed, or else,
sequence B should
be followed.
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Table 10-1. Timing Diagram for the Power-Up and Initialization Sequences (continued)

PARAMETER MIN TYP MAX UNIT NOTES
tg Pixel Clock Stable to Initialization delay 1 us Pixel clock (DSl
time Clock or
REFCLK(s))

frequency must be

within 0.5% of the
target frequency and
stable before device

initialization
(Sequence B) or
PDB release
(Sequence A).
trO
>
VDD18 /
GND —8M8M8
trO
] »
VDDIO
/ to
GND ———— « >
<& t »
< »
VDD11 /
GND
t VDD18
1
PDB“) VPDBiH\GH : =
Vpps_Low
GND _
to 13 t2

Ot is recommended to assert PDB (active High) with a microcontroller rather than an RC filter network to help ensure
proper sequencing of PDB pin after settling of power supplies.

Copyright © 2018, Texas Instruments Incorporated

Figure 10-1. Power-Up Sequence
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VDDx
PDB
t
. AX XXX XXX AAX
ts i
> —>
nnnnnnnnonnnnnnnnni
Pixel Clock +10,5% vaniatign
jyyuuuuuuuuuupouuoouy
i < "
941AS Init
12C Local
7 N7 \7
DOUTO/1 > Valid Data
N/ N/ N\

(1)
Pixel clock is a clock reference for the FPD-Link Il transceiver. Depending on the mode of operation, the pixel clock may be derived from a DSI clock, an external clock source, or an internal clock reference.

Copyright © 2018, Texas Instruments Incorporated

Figure 10-2. Initialization Sequence A

VDDx
t
PDB
i
. XA XX XXX XX XXX
< L > — >t ——
nonnnnonnnnoonnnonnnnnn
Pixel Clock" <o vanation
JU Juuuuuuuuuuuuuuuuy
941AS Init
12C Local
>/ N7 \7
DOUTOA Valid Data
N/\N/\

)
Pixel clock is a clock reference for the FPD-Link Ill transceiver. Depending on the mode of operation, the pixel clock may be derived from a DSI clock, an external clock source, or an internal clock reference.
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Figure 10-3. Initialization Sequence B
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11 Layout

11.1 Layout Guidelines

Circuit board layout and stack-up for the FPD-Link Ill serializer and deserializer devices should be designed to
provide low-noise power to the device. Good layout practice will also separate high frequency or high-level
inputs and outputs to minimize unwanted stray noise, feedback and interference. Power system performance
may be greatly improved by using thin dielectrics (2 to 4 mil) for power / ground sandwiches. This arrangement
uses the plane capacitance for the PCB power system and has low-inductance, which has proven effectiveness
especially 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 yF to 0.1 pyF. Tantalum capacitors may be in the 2.2 yF to 10 yF range. The
voltage rating of the tantalum capacitors should be at least 5X the power supply voltage being used.

Tl recommends surface mount capacitors due to their smaller parasitic properties. When using multiple
capacitors per supply pin, place the smaller value closer to the pin. A large bulk capacitor is recommended at the
point of power entry. This is typically in the 50 pF to 100 yF range and smooths low-frequency switching noise.
Tl recommends that the user connect the power and ground pins directly to the power and ground planes, and
place a via on both ends of the bypass capacitors connected to the plane. Connecting the power or ground pins
to an external bypass capacitor increases the inductance of the path.

A small body size X7R chip capacitor, such as 0603 or 0402, 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 MHz 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 common practice to use two vias from the power and ground
pins to the planes, reducing the impedance at high frequency.

Some devices provide separate power and ground pins for different portions of the circuit. This is done to isolate
the switching noise effects between different sections of the circuit. Separate planes on the PCB are typically not
required. See the Pin Functions table in the Section 6 section for guidance on which circuit blocks are connected
to which power pin pairs. In some cases, an external filter may be used to provide clean power to sensitive
circuits such as PLLs.

Place DSI signals away from the FPD-Link Il lines to prevent coupling from the DSI lines to the FPD-Link Il
lines. A single-ended impedance of 50 Q for coaxial interconnect and a differential impedance of 100 Q are
typically recommended for STP interconnect. The closely coupled lines help to ensure that coupled noise
appears as common-mode and thus is rejected by the receivers. The tightly coupled lines also radiate less.

11.1.1 Ground

Tl recommends that a consistent ground plane reference for the high-speed signals in the PCB design to provide
the best image plane for signal traces running parallel to the plane.

Connect the thermal pad of the DS90UB941AS-Q1 to this plane with vias. At least 9 thermal vias are necessary
from the device center DAP to the ground plane. They connect the device ground to the PCB ground plane, as
well as conduct heat from the exposed pad of the package to the PCB ground plane. Information on the VQFN
style package is provided in the TI AN-1187 Leadless Leadframe Package (LLP) application note (SNOA401).

11.1.2 Routing FPD-Link Ill Signal Traces

Routing the FPD-Link Il signal traces between the DOUTz pins and the connector is one of the most critical
pieces of a successful DS90UB941AS-Q1 PCB layout. Figure 11-1 shows an example PCB layout of the
DS90UB941AS-Q1 configured for interface to a companion deserializer module over a STQ cable. For additional
PCB layout details of the example, check the DS90Ux941AS-Q1EVM User's Guide.

The following list provides essential recommendations for routing the FPD-Link Il signal traces between the

DS90UB941AS-Q1 TX pins (DOUT+) and the connector.

» The routing of the FPD-Link Il traces may be all on the top layer or partially embedded in middle layers if EMI
is a concern.
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» The AC-coupling capacitors should be on the top layer and close to the DS90UB941AS-Q1 TX pins.

* Route the DOUT traces between the AC-coupling capacitor and the connector as a 100Q differential or 50Q
single-ended micro-strips with tight impedance control (+10%). Calculate the proper width of the traces based
on the PCB stack-up.

» If routing as 100 Q, differential micro-strips, keep intra-pair length mismatch to < 5 mils.

« If routing as 50 Q, single-ended micro-strips, route the DOUT+ traces with minimum coupling to the DOUT+
traces (S > 3W).

* Consult with connector manufacturer for optimized connector footprint. If the connector is mounted on the
same side as the IC, minimize the impact of the through-hole connector stubs by routing the high-speed
signal traces on the opposite side of the connector mounting side.

*  When choosing to implement a common mode choke for common mode noise reduction, minimize the effects
of any mismatch.

11.1.3 Routing DSI Signal Traces

1. Route DSI signal pairs with controlled 100 Q differential impedance (£20%) or 50 Q single-ended impedance
(£15%).

2. Keep away from other high-speed signals.

Keep intra-pair length mismatch to < 5 mils.

4. Keep inter-pair length mismatch to < 50 mils within a single DSI RX port. DSI RX Port 0 differential traces do
not need to match DSI Port 1 differential traces.

5. Length matching should be near the location of mismatch.

Each pair should be separated at least by 3 times the signal trace width.

7. Keep the use of bends in differential traces to a minimum. When bends are used, the number of left and right
bends must be as equal as possible, and the angle of the bend should be = 135 degrees. This arrangement

minimizes any length mismatch caused by the bends and therefore minimizes the impact that bends have on
EMI.

8. Keep the number of VIAS to a minimum. Tl recommends keeping the VIA count to 2 or fewer.

9. Keep traces on layers adjacent to ground plane.

10.Do NOT route differential pairs over any plane splits.

11.Adding Test points causes impedance discontinuity and therefore negatively impacts signal performance. If

test points are used, place them in series and symmetrically. Test points must not be placed in a manner that
causes a stub on the differential pair.

w

o
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11.2 Layout Example

Figure 11-1 PCB layout example is derived from the layout design of the DS90UB941AS-Q1EVM Evaluation
Board. The graphic and layout description are used to determine proper routing when designing the Serializer
board. The high-speed FPD-Link Ill traces are routed differentially to the connector. The traces are buried in an
internal layer with a GND layer and power layer on each adjacent layer. Burying the traces helps reduce
emissions, and it is important not to route other high-speed signals near these critical signal traces. The 100 Q,
differential characteristic impedance and 50 Q, single-ended characteristic impedance traces are maintained as
much as possible for both STP and coax applications. For layout of a coax board, 100 Q coupled traces should
be used with the DOUT- termination near to the connector.

Figure 11-1 shows the high-speed FPD-Link Il traces close to the DOUT% pins. The AC-coupling capacitors and
the common-mode choke are placed closely together so that the impedance discontinuity appears as tightly
grouped as possible.

Tightly grouped
discontinuites

Figure 11-1. DS90UB941AS-Q1 Serializer Example Layout
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12 Device and Documentation Support
12.1 Documentation Support
12.1.1 Related Documentation

For related documentation see the following:

» Soldering Specifications Application Report, SNOA549

» IC Package Thermal Metrics Application Report, SPRA953

* Channel-Link PCB and Interconnect Design-In Guidelines, SNLA008

» Transmission Line RAPIDESIGNER Operation and Application Guide, SNLAQ035

* LVDS Owner's Manual, SNLA187

* [2C Communication Over FPD-Link Il with Bidirectional Control Channel, SNLA131

* Using the 12S Audio Interface of DS90Ux92x FPD-Link Ill Devices, SNLA221

» Exploring the Internal Test Pattern Generation Feature of 720p FPD-Link Ill Devices, SNLA132
* [2C Bus Pullup Resistor Calculation (SLVAG89)

* FPD-Link Learning Center

*  An EMC/EMI System-Design and Testing Methodology for FPD-Link Il SerDes (SLYT719)
» Ten Tips for Successfully Designing With Automotive EMC/EMI Requirements (SLYT636)

12.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

12.3 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

12.4 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

12.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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13 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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Tape and Reel Information
REEL DIMENSIONS TAPE DIMENSIONS

. ~>‘|<—K0 « P1-»]

RigRcaR g g R gt R g T

® & o|( B0 W

v
Reel k 1
Diameter
Cavity —>| A0 |<—

A0 | Dimension designed to accommodate the component width

BO | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O 0O O O Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2
____I___. -__T__ - . .
Q3 | Q4 Q3 1 Q4 User Direction of Feed
[ & 4 |
T T
N
Pocket Quadrants
Reel Reel "
Device PaT"kage :c""v?ge Pins sPQ Diameter | Width W1 n’:r‘:‘ ::1 “'f:‘ r::“ "‘1’"’“ QP':: "
ype awing (i, () (mm) (mm) (mm) (mm) (mm) uadral
DS90UB941ASRTDRQ1| VQFN RTD 64 2000 330 16.4 9.3 9.3 1.1 12 16 Q2
DS90UB941ASRTDTQ1| VQFN RTD 64 250 180 16.4 9.3 9.3 1.1 12 16 Q2
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TAPE AND REEL BOX DIMENSIONS

Device Package Type Package Drawing | Pins | SPQ Length (mm) | Width (mm) | Height (mm)
DS90UB941ASRTDRQ1 VQFN RTD 64 2000 367 367 38
DS90UB941ASRTDTQ1 VQFN RTD 64 250 210 185 35
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PACKAGE OUTLINE
RTDO064F VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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(0.15)

DETAIL A
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DETAIL B
0.9 MAX — SEE DETAIL A TYPICAL

I 0
o |

4X (45°X0.42) —=

PIN 11D
(45°X 0.2)

ALTERNATE PIN 1 ID SHAPE

N

[J5.75+0.1

4223128/B 08/2023

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
RTDOO064F VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@ 5.75)
64X (0.6) (1.36) TYP ‘ ‘ ‘ 3X (1.265)
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SCALE:8X
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T———SOLDER MASK ‘
e e
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED)
SOLDER MASK DETAILS

4223128/B 08/2023

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
RTDO064F VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

64X (0.6)
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 65:

65% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:8X
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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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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

DS90UB941ASRTDRQ1 Active Production VQFN (RTD) | 64 2000 | LARGE T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 105 UB941ASQ
DS90UB941ASRTDRQ1.A Active Production VQFN (RTD) | 64 2000 | LARGE T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 105 UB941ASQ
DS90UB941ASRTDRQ1.B Active Production VQFN (RTD) | 64 2000 | LARGE T&R = Call Tl Call Tl -40 to 105

DS90UB941ASRTDTQ1 Active Production VQFN (RTD) | 64 250 | SMALL T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 105 UB941ASQ
DS90UB941ASRTDTQ1.A Active Production VQFN (RTD) | 64 250 | SMALL T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 105 UB941ASQ
DS90UB941ASRTDTQ1.B Active Production VQFN (RTD) | 64 250 | SMALL T&R - Call Tl Call Tl -40 to 105

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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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GENERIC PACKAGE VIEW
RTD 64 VQFNP - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4205146/D
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PACKAGE OUTLINE
RTDO064F VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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
RTDOO064F VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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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
RTDO064F VQFN - 0.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 65:

65% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:8X
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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 Tl 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, regulatory 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 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, TI's General Quality Guidelines, 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 Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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