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DS90UH941AS-Q1 2K DSI to FPD-Link Ill Bridge Serializer with Video Splitting and
HDCP

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 1ISO 26262
system design
*  Symmetric and asymmetric video splitting
* Integrated HDCP v1.4 cipher engine with on-chip
key storage

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 DS90UH941AS-Q1 is a dual DSI to FPD-Link I
bridge serializer designed for automotive infotainment
applications. When paired with an FPD-Link Il
DS90UH940N-Q1, DS90UH948-Q1, DS90UH924-Q1,
DS90UH926-Q1, or DS90UH928-Q1 deserializer, the
DS90UH941AS-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 DS90UH941AS-Q1 can support
symmetric and asymmetric splitting.

The DS90UH941AS-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 Ill 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 ()
DS90UH941AS-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 DS90UH941AS-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 DS90UH941AS-Q1 supports up to WXGA and 720p
resolutions with 24-bit color depth over one differential link.

The DS90UH941AS-Q1 supports HDCP applications that have a HDCP cipher engine in the serializer and
deserializer. DSI video data is encrypted before the data is sent to the FPD-Link Il interface and decrypted at the

deserializer.

6 Pin Configuration and Functions

Pin Functions
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DESCRIPTION

MIPI DSI INPUT PINS
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PIN
/0, TYPE DESCRIPTION
NAME NO.
DSI0_DOP 58 |
DSI0_DON 57 |
DSI0_D1P 56 |
DSI0 DIN 55 | 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 |
DSI0_D3N 51 |
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 | . - A
- pins may be tied to Ground or left as No Connect pins.
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
psi1_Dzp 2 ' pins may be tied to Ground or left as No Connect pins.
DSI1_D2N 1 |
DSI1_D3P 63 |
DSI1_D3N 62 |
DSI1_CLKP 8 | 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 | . - A
pins may be tied to Ground or left as No Connect pins.
LFDSI 49 D DSI Loop Filter pin
Connect a 10-nF 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 I1l 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 /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 Il 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 Il Loop Filter pin
Connect a 10-nF 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 Il 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 1/0, 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 1,8 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 I, S 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 .

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS633B&partnum=DS90UH941AS-Q1

13 TEXAS
INSTRUMENTS

DS90UH941AS-Q1
SNLS633B — MAY 2019 — REVISED JANUARY 2021 www.ti.com
PIN
/0, TYPE DESCRIPTION
NAME NO.
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: 4.7-kQ to VDDIO. DO NOT LEAVE OPEN OR NO CONNECT.
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

I/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

I/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_GPIO0

46

1/0, PD

High-Speed GPIOO 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

I/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

I/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

GPIO0

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

I/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.

GPI02

38

110, 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

I/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

I/0, PD

General-Purpose Input/Output 5 pin
Local register control only. Shared with 12S_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

I/0, PD

General-Purpose Input/Output 6 pin
Local register control only. Shared with 12S_DA. 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.
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 I12S 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.
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 GPIO3. 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 0.1-pF or 0.01- uF capacitors to GND at each VDD pin. Additional 1-pyF and 10-uF decoupling is
recommended for the pin group.
VDD11_PO 17 P 1.1- V (¥5%) Power Supply pins
Require 0.1-pF or 0.01- uF capacitors to GND at each VDD pin. Additional 1-pyF and 10-uF decoupling is
VDD11_P1 50 P )
- recommended for the pin group.
VDD11_DSI 64 P 1.1-V (¥5%) Power Supply pins
Require 0.1-pyF or 0.01- yF capacitors to GND at each VDD pin. Additional 1-yF and 10-uF decoupling is
VDD11_A 12 P )
= recommended for the pin group.
VDD11_HSO0 28 P
VDD11_HS1 21 P
VDD11_S 25 P
VDD11_L 9 P 1.1- V (¥5%) Power Supply pins
42 Require 0.1-pF or 0.01- uF capacitors to GND at each VDD pin. Additional 1-pyF and 10-uF decoupling is
recommended for the pin group.
VDDIO 16, 33 P 1.8-V (#5%) OR 3.3- V (£+10%) LVCMOS I/O Power Supply pins
Require 0.1-pF or 0.01- uF capacitors to GND at each VDD pin. Additional 1-uF decoupling is
recommended for the pin group. If 1.8- V VDDIO option is selected, the VDDIO and VDD18 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 /2C Bus Pullup Resistor Calculation (SLVA689)
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The definitions below define the functionality of the 1/0 cells for each pin. TYPE:
* |=Input

O =Output

e 1/O = Input/Output

« OD = Open Drain

* PD = Internal Pulldown

* P, G = Power supply, Ground

» D = Decoupling pin for internal LDO output

e S = Strap Input

8 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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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
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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

DS90UH941AS-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

Total power, normal

Pr operation

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

VDD11, VDD18,
VDDIO

800

mw

SUPPLY CURRENT

Supply current, normal
operation

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

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

RL =100 Q

VDD11

165

500

mA

VvVDD18

25

45

mA

VDDIO

10

mA

Supply current, power-

|
bbz down mode

PDB =L

VDD11

140

mA

VDD18

15

mA

VDDIO

mA

1.8 VLVCMOS I/O

ViH High Level Input Voltage

V(vbpbioy = 1.71V t0 1.89 V

Vi Low Level Input Voltage

V(VDDIO) =171Vto1.89V

Input High Current

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

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

0.65 x V(VDDIO)

0

0.35 x Vyppio)

100

HA

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

GPIOO, GPIO1,
GPIO2, GPIO3,
D_GPIOO,
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

10

HA

Input Low Current

V|N=0V

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

20

HA
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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_SELO,
MODE_SEL1

IIN-STRAP Strap Pin Input Current VIN =0Vor V(VDDIO) =171Vto1.89V
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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

lon =-2 MA, Voyppio) = 1.71 V to 1.89 V

VoL Low level output voltage

loL =2 mA, V(VDDIO) =1.71Vto1.89V

Output short-circuit

|
0s current

Vour=0V

TRI-STATE™ output

|
0z current

VOUT =0Vor VDDIO: PDB =L

GPIOO, GPIO1,
GPIO2, GPIO3,
D_GPIOO,
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,
128_DC, 12S_DD,
REM_INTB

V(VDDIO) -0.45

0 0.45

mA

A

3.3 VLVCMOS I/O

Vin High Level Input Voltage

V(vopbio) = 3.0 Vto 3.6 V

Vi Low Level Input Voltage

V(vbpio) = 3.0 Vto 3.6 V

lH Input High Current

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

PDB, GPIOO,
GPIO1, GPIO2,
GPIO3, D_GPIOO0,
D_GPIO1,
D_GPIO2,
D_GPIO3,
GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
GPIO8_REG,
MOSI, MISO,
SPLK, SS,
12C_WC, 128 _CLK,
12S_DA, 12S_DB,
128_DC, 12S_DD,
REFCLKO, REFCLK1

2.0 V(vbpio)

0 0.8

0 180

HA

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

GPIOO0, GPIO1,
GPIO2, GPIO3,
D_GPIOO,
D_GPIO1,
D_GPIO2,
D_GPIO3,
GPIO5_REG,
GPIO6_REG,
GPIO7_REG,
GPIO8_REG,
MOSI, MISO,
SPLK, SS,
[2C_WC, 12S_CLK,
12S_DA, 12S_DB,
12S_DC, 12S_DD,
REFCLKO, REFCLK1

25

HA

[ Input Low Current

V|N=0V

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

HA
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Over recommended operating supply and temperature ranges (unless otherwise noted)

PARAMETER TEST CONDITIONS PIN/FREQ. MIN TYP MAX| UNIT
High Level Output _ _ GPIOO, GPIO1,
Vo Voltage lon =—4 mA, V(VDDIO) =3.0Vto36V GPIO2, GPIO3, 2.4 V(VDDIO) \Y
Low Level Output D_GPIOO,
VoL P loL =4 MA, Vyppio) = 3.0 Vt0 3.6 V D_GPIO1, 0 0.4 v
Voltage
D_GPI02,
Output Short Circuit _ D_GPIOS, _
los Current Vour=0V GPIO5_REG, 60 mA
GPIO6_REG,
GPIO7_REG,
GPIO8_REG,
TRI-STATE™ Mo MSO:
- 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
\ =3.0Vto36V,Ilo =4mA 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, loL =3 mA
VoL1 Output Low Level mode
V =3.0Vto 3.6 |Fast-mode
(VDDIO)
V. o, = 20 mA Plus 12C_SCL, 12C_SDA 0 0.4 \Y
_ Fast-mode,
Voro Output Low Level Vvopio) = 1;71 Vio Fast-mode 0 0.2 x Viyopio) v
189V, 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 Il 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 R.=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
Single-ended back Mbps
Vin-sc channel input amplitude 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(DC) | g 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

€SPIKE

Input pulse rejection

TMmIN-RX

Minimum pulse width response

ViNT

Peak interference amplitude

finT

Interference frequency

DSI0_DOP,
DSI0_DON,
DSIO_D1P,
DSIO0_D1N,
DSI0_D2P,
DSI0_D2N,
DSI0_D3P,
DSI0_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

300

V*s

20

ns

200

mV

450

MHz

DSI HSRX

RECEIVER

A
VCMRX(HF)

Common-mode Interference HF

Common-level variations above
450 MHz
Data rates < 1.5 Gbps

A
VCMRX(LF)

Common-mode Interference LF

Common-level variations between
50 to 450 MHz
Data rates < 1.5 Gbps

Cem

Common-mode termination

DSI0_DOP,
DSIO_DON,
DSI0_D1P,
DSI0_D1N,
DSI0_D2P,
DSI0O_D2N,
DSI0_D3P,
DSI0_D3N,

DSI0_CLKP,
DSO_CLKN,
DSI1_DOP,
DSI1_DON,
DSI1_D1P,
DSI1_D1N,
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

100

mV

mV

60

pF

DSI CLOCK TIMING

Ulpsi.insT

DSI Ul instantaneous

150 Mbps to 1.5 Gbps

AU|D5|

DSI Ul variation

Ulpgi21ns

0.667 ns < Ulpg; <1 ns

tosi_uiT

DSl clock jitter

DSI Reference Clock Mode,
BRIDGE_CFG2[1:0] = 00b
fecLk / 40 < Jitter frequency <
fecLk / 20, TV@BER<1E-10

DSI0_CLKP,
DSO0_CLKN,
DSI1_CLKP,
DSI1_CLKN

0.667 6.67

ns

-0.1 0.1

Ulpg @

-0.05 0.05

Ulpg @

0.3

Ulgpps )
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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

‘ Data-to-clock setup time Data rate < 1 Gbps DSI0_DOP, -0.15 0.15 ul @
SETUP(RX) -10- DSI0_DON, INST
Data rate: 1 Gbps to 1.5 Gbps DSI0_D1P, -0.2 0.2
Data rate < 1 Gbps DSIO_D1N, -0.15 0.15
DSI0_D2P,
DSIO_D2N,
DSI0_D3P,
DSIO0_D3N,
DSIO_CLKP,
DSO0_CLKN,
DSI1_DOP,
t Data-to-clock hold time DSI1_DON, ul @
HOLDRX) Data rate: 1 Gbps to 1.5 Gbps DSI1_D1P. -0.2 02| T
DSI1_D1N,
DSI1_D2P,
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

DSI RECEIVER RETURN LOSS

fLpmAX DSI0_DOP, >-18 dB
DSIO_DON,

DSI0_D1P, >-9 dB
fiax DSIO_D1N, >3 dB

DSI0_D2P,
1/4 fINT, MIN DS|0_D2N >0 dB
SCCrx RX common-mode return loss fiNT, MIN DSI0_D3P, >-6 dB
DSI0O_D3N,

fax DSI0_CLKP, >25 dB
DSO_CLKN,
DSI1_DOP,
DSI1_DON,
DSI1_D1P,
DSI1_D1N,
SDCRgx RX mode conversion >0 to fyax DSI1_D2P, >-26 dB
DSI1_D2N,
DSI1_D3P,
DSI1_D3N,
DSI1_CLKP,
DSI1_CLKN

SDDRgx RX differential return loss fu

(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 Ulgpps = 1/(35*fpcLk/2). The Ulgpps 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

Hold time for a start or a repeated

tHD;STA start condition Fast-mode 06 Hs
Fast-mode Plus 0.26 us
Standard-mode 4.7 us
Set up time for a start or a repeated
tsu;sTa start condition Fast-mode 0.6 HS
Fast-mode Plus 0.26 us
Standard-mode 0 us
tHD.DAT Data hold time Fast-mode 0 us
Fast-mode Plus 0 us
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

¢ Bus free time Fast-mode 13 °
BUF between STOP and START . “

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

SERIALIZER B
DOUT+ 100 nF 50 Q
5 | ——— —"/Wj
|
DOUT- 100 nF 50 Q
Dout- = T v -
i out
Single Ended VouT
Dout+ = — L Vos
ov
. . v
Differential (Dout+) - (BouT-) T ov

Figure 7-1. Serializer Output Vop, Vour

(DOUT+) - (DOUT+——

Figure 7-2. Output Transition Times

VDD
VDDIO
PDB —'l

teio txzo

DOUT
(Diff.) Driver OFF, Vop =0 V Driver OFF, Vop =0 V
Driver On

Figure 7-3. Serializer Lock Time
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Figure 7-4. Serializer Output Jitter
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Figure 7-5. Serial Control Bus Timing Diagram
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Figure 7-6. 12S Timing Diagram

<

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 21


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS633B&partnum=DS90UH941AS-Q1

13 TEXAS
DS90UH941AS-Q1 INSTRUMENTS
SNLS633B — MAY 2019 — REVISED JANUARY 2021 www.ti.com

8 Detailed Description
8.1 Overview

The DS90UH941AS-Q1 is a Display Serial Interface (DSI) to FPD-Link Ill Bridge device that, in conjunction with
the DS90UH94x 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 DS90UH92x-Q1 deserializers.

The DS90UH941AS-Q1 implements an HDCP Transmitter. The 12S audio and video data are encrypted prior to
sending on the FPD-Link lll interface. HDCP keys for encryption are stored securely in on-chip, non-volatile
memory.

The DS90UH941AS-Q1 supports up to eight 12S audio channels. Audio data received from the I2S 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
o DSIRx —# ~cy [ HDCP - Output
Select -
" e FPD-Link Ill TX |—® FPD3 TX p FPD-Link Il
Digital < Anaog [ |7
Audio Config
Regs 12C

A

Clocks

DET Interface
L %
v Y
12S 12C

8.3 Feature Description

The DS90UH941AS-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 of
HDCP protected content.

8.3.1 DSI Receiver

The DS90UH941AS-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:

22 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS633B&partnum=DS90UH941AS-Q1

13 TEXAS
INSTRUMENTS DS90UH941AS-Q1
www.ti.com SNLS633B — MAY 2019 — REVISED JANUARY 2021

+ DEVICE_CFG:DSIO_LANE_REVERSE = 1:
— DSI0_D3P/N -> Port 0 Lane 0
— DSI0_D2P/N -> Port 0 Lane 1
— DSIO0_D1P/N -> Port 0 Lane 2
— DSIO_DOP/N -> Port 0 Lane 3
+ DEVICE_CFG:DSI1_LANE_REVERSE = 1:
— DSI1_D3P/N -> Port 1 Lane 0
— DSIM1_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
— DSI0_D1P/N -> DSI0_D1N/P
— DSIO_DOP/N -> DSIO_DON/P
. DEVICE_CFG:DSI0_CLK_PN_SWAP = 1:
— DSIO_CLKP/N -> DSI0_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 DS90UH941AS-Q1supports DSI continuous clock lane mode where the clock LP RX stays at
LP-00 state.
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8.3.1.1.2
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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 DS90UH941AS-Q1
implements the following RX timing parameters:

* toik-miss

* tcik-seTTLE (Programmable)

* tcLk-TERM-EN (Programmable)

* tpTERM-EN (Programmable)

* ths.serTLE (Programmable)

*  tys.skip (programmable)

* {7 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 DS90UH941AS-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 DS90UH941AS-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 DS90UH941AS-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 DS90UH941AS-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, HDCP,
I2C, GPIOs, and 12S 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 5-
Mbps, 10- Mbps, or 20- Mbps line rate (configured by the compatible deserializer).

8.3.4 FPD-Link Ill Port Register Access

The DS90UH941AS-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 DS90UH941AS-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 Vppo 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 DS90UH941AS-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 O of address 0x0C ( Section 8.6 ). The DS90UH941AS-
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

The HDCP Transmitter can generate an interrupt signal to the attached controller through the INTB pin. This
may be used to indicate need for the controller to process some portion of the authentication flow or to indicate
errors in the link status or authentication. The INTB pin is an open-drain, active-low signal that may be shared
with other interrupt sources. The HDCP Interrupt Control Register (HDCP_ICR, address 0xC6) enables the
various interrupt conditions, while the HDCP Insterrupt Status Register (HDCP_ISR, address 0xC7) is used to
monitor the interrupt conditions. Bit 0 of the HDCP_ICR is the global interrupt enable that must be set along with
at least one of the other interrupt enables to allow the generation of the interrupt on the active-low INTB pin.

When the interrupt is detected, the controller should read the HDCP_ISR register to determine the interrupt
condition. Bit 0 of the HDCP_ISR indicates an interrupt has occurred, while the individual status bits indicate
which conditions have been triggered. The read of the HDCP_ISR will also clear the interrupt, releasing the INTB
pin. If desired, the controller may then read the HDCP_STS register to determine the current device status. For
details on the available interrupt conditions, see the HDCP_ICR and HDCP_ISR register definitions.

The Receiver interrupt, bit 5 of HDCP_ICR and HDCP_ISR, is a special case. This interrupt is used to propagate
an external interrupt from the HDCP Receiver INTB_IN pin to the HDCP Transmitter interrupt pin (INTB). The
interrupt is active low and is handled similar to other interrupt conditions. Upon detection of a falling edge of the
interrupt signal, the HDCP Transmitter will latch the interrupt condition, set the IS_RX_INT bit in the HDCP_ISR,
and assert the INTB pin low. To clear the interrupt signal, the controller must read the HDCP_ISR, releasing the
INTB pin, and clearing the HDCP_ISR. It may then check the HDCP_STS:RX_INT bit to determine the current
status of the HDCP Receiver INTB_IN pin. The INTB pin will remain deasserted until the next falling edge of the
INTB_IN signal.

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 O0xC7 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.

S
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8.3.8.2 Remote Interrupt Pin (REM_INTB)

The DS90UH941AS-Q1 includes a dedicated REM_INTB (remote interrupt) pin. This pin provides a pass-
through of the INTB signal from an attached FPD-Link Il deserializer like the DS90UH948-Q1. During a valid link
condition, the value on the deserializer INTB_IN pin will be reflected on the DS90UH941AS-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.

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 the INTB pin, the remote interrupt is combined
with the HDCP interrupt register sources. Note that the HDCP interrupts are only active if enabled via the
HDCP_ICR register.

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 (DS90UH948-Q1 or DS90UH940N-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
7/\ \ /\7
MISO \/ RDO \/ RD1
\ \
ss
DESERIALIZER SPLK A
MOSI ) oo
/
/
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

SPLK mmmm‘
MosI :><DO><D1><DZ><D3>< ><DN><

-
[
-
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SERIALIZER SPLK 4 4 m 4 y
7X/ 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 ﬂ A

N/ / /
MOSI X Do D1 X
_/ / AN
/ /
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 DS90UH941AS-Q1 serializer features six I12S 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) I2S DATA WORD SIZE (bits) IS CLK (MHz)
32 16 1.024
441 16 1.411
48 16 1.536
9 16 3.072
192 16 6.144
32 24 1.536
441 24 2.117
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 DS90UH928-Q1, DS90UH948-Q1, or
DS90UH940N-Q1 deserializer. If connected to a DS90UH926-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 DS90UH928-Q1, DS90UH948-
Q1, or DS90UH940N-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 DS90UH941AS-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 I12S audio interface, the DS90UH941AS-Q1 serializer also supports TDM format. A number of
specifications for TDM format are in common use, and the DS90UH941AS-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 (12S_CLK) time period. In this case, the DS90UH941AS-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 HDCP

The HDCP Cipher function is implemented in the serializer per HDCP v1.4 specification. The DS90UH941AS-Q1
provides HDCP encryption of audiovisual content when connected to an HDCP video source. HDCP
authentication and shared key generation is performed using the HDCP Control Channel, which is embedded in
the forward and backward channels of the serial link. On-chip Non-Volatile Memory (NVM) is used to store the
HDCP keys. The confidential HDCP keys are loaded by Tl during the manufacturing process and are not
accessible external to the device. See HDCP application note HDCP Repeater with FPD-Link 1ll DS90UH94x
and External Controller for more information.

8.3.12.1 HDCP I2S Audio Encryption

Depending on the quality and specifications of the audiovisual source, HDCP encryption of digital audio may be
required. When HDCP is active, packetized Data Island Transport audio is also encrypted along with the video
data per HDCP v1.4. I2S audio transmitted in Forward Channel Frame Transport mode is not encrypted. System
designers should consult the specific HDCP specifications to determine if encryption of digital audio is required
by the specific application audiovisual source.

8.3.13 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.
8.3.13.1 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
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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.

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

8.3.13.2 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.
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Figure 8-11. BIST Waveforms in Conjunction With Deserializer Signals

8.3.14 Internal Pattern Generation

The DS90UH941AS-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.

8.3.14.1 Pattern Options

The DS90UH941AS-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 O ®N

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
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PGCTL register when Auto-Scrolling is disabled. The PGTSC and PGTSO1-8 registers control the pattern
selection and order when Auto-Scrolling is enabled.

8.3.14.2 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.

8.3.14.3 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
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).

8.3.14.4 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.

8.3.14.5 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.

8.3.14.6 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.

8.3.14.7 Additional Features

Additional pattern generator features can be accessed through the Pattern Generator Indirect Registers (see
Table 8-187).

8.3.15 EMI Reduction Features

8.3.15.1 Input SSC Tolerance

The DS90UH941AS-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:
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Table 8-8. MODE_SEL[1:0] Settings

MODE SETTING FUNCTION
00 1 Lane
01 2 Lanes
DSI LANES
10 3 Lanes
1 4 Lanes
SPLITTER Mode 0 Normal operation.

Split video (odd/even) to each FPD-Link Il output port

0 DSl inputs enabled.
DISABLE DSI 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 Il is generated from DSI clock. The DSI clock has to be continuous.
1.8V
Via MODE_SELO
1.8V MODE_SEL1
R4 Serializer
Rs
Vre
Re
Figure 8-12. MODE_SEL[1:0] Connection Diagram
Table 8-9. Strap Configuration MODE_SEL0
Vg4 VOLTAGE Vg4 TARGET |SUGGESTED STRAP
VOLTAGE RESISTORS (1% TOL)
MODE NO. SPLITTER DSI LANES
Vmin Vrvp Vmax V(vbp1s) = 1.8 |R3 (kQ) R4 (kQ)
Vv
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 2
V(vpD18) V(vpD18) V(vpD18)
2 0.286 x 0.325 x 0.364 x 0.585 60.4 301 0 3
V(vbD18) V(vpD18) V(vpD18)
3 0.404 x 0.441 x 0.472 x 0.794 511 40.2 0 4
V(vbb18) V(vbb18) V(vbp18)
4 0.526 x 0.556 x 0.59