THC7984 Rev.2.01_E

THC7984

10-bit 3-channel Video Signal Digitizer

General Description
The THC7984 integrates all the functions to digitize
analog video signals on a single chip.

Acceptable Signals

PC Graphics (RGB) : VGA-UXGA

- Separate Sync

- Composite Sync

- Sync on Green

Component Video (YPbPr) :

- SDTV (4801 / 480p) 2-level Sync

- HDTV (1080i / 720p / 1080p) 3-level Sync
- Protection Signal

Applications
LCDTV/PDP TV
Rear-Projection TV

LCD Display / PDP Display
Front Projector etc.

Features

170 MSPS 10-bit ADC

- Internal 14-bit ADCs

- Oversampling functions (2x, 4x, and 8x)
Line-locked PLL with low jitter

- Phase adjustment: 64 steps

Fine clamp / preamp

- Pedestal / center clamp

- Clamp level auto adjust

- Very low gain mismatch

- Gain adjustment: 2048 steps

Video Filter (LPF)

- Bandwidth adjustment: 28 steps (6MHz - 310MHz)
Sync Processor

- 2-level / 3-level sync slicer

- Advanced sync detection / measurement
- Automatic sync processing mode

- IRQ Output
2-wire serial interface
LQFP 80-pin package
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Specifications
vD=1.8V,VvDD=3.3V, PVD=1.8V, DAVDD=1.8V, ADC Clock=Maximum Conversion Rate, Full Temperature Range=0° C to 70° C
Analog Input Voltage=0.5 to 1.0Vpp
Test THC7984-17 .
Parameter Temp Level Vi Tvo Max Unit
RESOLUTION Number of Bits 10 Bits
LSB Size 0.098 %FS
DC ACCURACY Differential Nonlinearity 25° C I +0.75 + 1 LSB
Full VI -1.0/+1.25 LSB
Integral Nonlinearity 25° C I +1.5 +3 LSB
Full VI + 4 LSB
No Missing Code 25° C 1 uaranteed
ANALOG INPUT Minimum Input Voltage Full VI 0.5 V p-p
Maximum Input Voltage Full VI 1.0 V p-p
Gain Tempco 25° C vV 100 ppm/° C
Input Bias Current™ 25° C vV 1 pA
Full v 1 uA
Input Offset Voltage Full VI + 1 LSB
Input Full-Scale Matching o
Between Channels Full VI 0.2 0.8 i
Offset Adjustment Range Full VI 50 %F S
SWITCHING Maximum Conversion Rate Full VI 170 MSPS
PERFORMANCE Minimum Conversion Rate Full IV 10 MSPS
Data Setup Time to Clock *2 Full |\ 0.48Tpixel-2.1 ns
Data Hold Time to Clock ** Full v 0.48Tpixel-0.4 ns
Duty Cycle, DATACK *? Full v 40 50 60 %
HSYNC Input Frequency Full v 15 110 kHz
Maximum PLL Clock Rate Full VI 170 MHz
Minimum PLL Clock Rate Full IV 10 MHz
PLL Jitter ** 25° C v 500 ps p-p
Sampling Phase Tempco Full 1V 15 ps/° C
2-WIRE SERIAL SCL Clock Frequency (fSCL ) Full IV 100 kHz
INTERFACE tBUFF Full v 4.7 us
tSTAH Full vV 4.0 us
tDHO Full vV 0 3.45 us
tDAL Full v 4.7 us
tDAH Full vV 4.0 us
tDSU Full vV 250 ns
tSTASU Full v 4.7 us
tSTOSU Full 1\ 4.0 us
Tr Full W% 1000 ns
Tf Full v 150 ns
Capacitive Load ( Cb ) Full v 400 pF
Noise margin at the LOW level ( VnL ) Full 1V 0.2 Vv
Noise margin at the HIGH level ( VnH ) Full 1V 0.25 i
DIGITAL INPUTS Input Voltage, High (VIH) Full VI 1.4 \
Input Voltage, Low (VIL) Full VI 0.8 Vv
Input Current, High (IIH) Full Vv 10 uA
Input Current, Low (IIL) Full \ 10 uA
Input Capacitance 25° C \ 2 pF
DIGITAL OUTPUTS Output Voltage, High (VOH) Full VI VDD-0.2 \
Output Voltage, Low (VOL) Full VI 0.2 V
Qutput Coding Binary
POWER SUPPLY VD Supply Voltage Full v 1.7 1.8 1.9 \
VDD Supply Voltage Full 1V 2.3 3.3 3.45 \
PVD Supply Voltage Full Vv 1.7 1.8 1.9 \
DAVDD Supply Voltage Full v 1.7 1.8 1.9 \
ID Supply Current (VD) 25° C Vv 295 mA
IDD Supply Current (VDD)** 25° C \ 180 mA
IPVD Supply Current (PVD) 25° C Vv 30 mA
IDAVDD Supply Current (DAVDD) 25° C \Y 65 mA
Total Power Dissipation Full VI 1350 mW
Power—-Down Supply Current Full VI 10 20 mA
Power—Down Dissipation Full V1 20 40 mW
THERMAL Operating Ambient Temperature )\ 0 70 ° C
CHARACTERISTICS 6 Jc Junctlonl—to—Case 25° o Y 4 ° C/W
Thermal Resistance
6 JA Junctlon—tlo—Amblent 25° G v 37 ° /W
Thermal Resistance

*1 Input Bias Voltage: 0

.05V to VD-0.05V

%2 See “Data/Clock Output Test Condition”.
*3 THC7984-17: UXGA@60Hz
*4 Output Load Capacitance per Pin: 15pF

EXPLANATION OF TEST
Test Level
I. 100% production tested.

LEVELS

II. 100% production tested at +25° C and sample tested at specified temperatures.

IIl. Sample tested only.
IV. Parameter is guarante

ed by design and characterization testing.

V. Parameter is a typical value only.
VI. 100% production tested at +25° C; guaranteed by design and characterization testing.

Copyright©2023 THine Electronics, Inc.

2/45

THine Electronics, Inc.

SCE



THC7984 Rev.2.01_E TH i n e

< Data Setup/Hold Time to Clock > < Data /Clock Output Test Condition >
T4
A pixel _ 330hm DPI’Obe
THC7984
10pF
DATACK / 50%
DATACK: Pixel Clock
VDD DATACK Phase: 4
A\ 944 NNXL/L 80% Output Format: Normal (not DDR)
DATA o Output Drive Strength (VDD=3.3V) : Medium
77XN 7ZXNN 20%
GND *DATACK output phase is register programmable.
Data Setup Timé Data Hold Time
Absolute Maximum Ratings
Parameter Min Max Unit
VD 2.1 \
VDD 3.8 \
PVD 2.1 \
DAVDD 2.1 \
Analog Inputs -0.2 VD+0.2 or 2.1 ™ \
Digital Inputs 0.3 | PVD+36 or 55V ™ \
Storage Temperature -55 150 ° C
Maximum Junction Temperature 125 °C
*1 Smaller Value is adopted.
Pin Configuration
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Pin List
Pin Name Type Function
VD P |Analog Power Supply
VDD P Output Power Supply
PVD P PLL Power Supply
DAVDD P Digital Core Power Supply
GND P Ground
BAINO Al |B—ch Analog Input, Port 0
BAIN1 Al |B—ch Analog Input, Port 1
GAINO Al |G—ch Analog Input, Port 0
SOGINO Al |Sync on Green Input, Port 0
GAIN1 Al |G—ch Analog Input, Port 1
SOGIN1 Al _|Sync on Green Input, Port 1
RAINO Al |R-ch Analog Input, Port O
RAIN1 Al |R—ch Analog Input, Port 1
RST DI |Reset Input
Low: Normal Operation
High: Power Down (Stand-by)
High —> Low: Chip Reset
REFLO = Connection for External Capacitor
REFCM = Connection for External Capacitor
REFHI = Connection for External Capacitor
O/E FIELD DO |Field Parity Output for Interlaced Video
<Other Function>
Data Enable (DE) Output
Sync Processor IRQ Output
VSOUT/A0 DIO ]JVSYNC Output / Serial Interface Device Address bit 0 (AQ)
HSOUT DO |JHSYNC Output
SOGOUT DO |SOG Slicer Output
DATACK DO |Data Clock Output
RED<9:0> DO |R—ch Data Output
GREEN<9:0> DO |G-ch Data Output
BLUE<9:0> DO |B—ch Data Output
SCL DI |Serial Port Data Clock Input
SDA DIO |Serial Port Data I/0
HSYNC1 DI |HSYNC Input, Port 1
VSYNC1 DI |VSYNC Input, Port 1
HSYNCO DI |HSYNC Input, Port 0
VSYNCO DI |VSYNC Input, Port 0
EXTCLK/COAST| DI |External Clock Input / Coast Signal Input
CLAMP DI |External Clamp Pulse Input
<Other Function>
Reference Clock Input for HSYNC Period Measure
FILT - Connection for PLL Loop Filter

P:Power Al:Analog Input DI:Digital Input DO:Digital Output DIO:Digital Input/Output

Copyright©2023 THine Electronics, Inc.

4/45

THine Electronics, Inc.

SCE



THC7984 Rev.2.01_E TH i n e

Functional Description

Digital Input
- All digital inputs are 5V tolerant during power-on.

Analog Input

- The THC7984 has two ports that each include three analog inputs for RGB or YPbPr. The input port can be selected by
register.

- In case input signals are YPbPr, Y may be input into GAINO (or GAIN1) and SOGINO (or SOGIN1) , Pr into RAINO
(or RAINT), and Pb into BAINO (or BAINT) .

- The THC7984 accommodates analog signals ranging from 0.5 Vpp to 1.0 Vpp.

Video Filter (LPF)

The THC7984 has 2 kinds of low-pass filters.

- Sth-order LPF for YPbPr, whose bandwidth is adjustable from 6 MHz to 92 MHz in 24 steps.

- 2nd-order LPF for RGB, whose bandwidth is adjustable in 4 steps (40 MHz, 90 MHz, 170 MHz, and 310 MHz) .

Serial Interface
- The THC7984 is controlled by 2-wire serial interface.
- Serial clock SCL supports up to 100 kHz.

Sync Input

- The THC7984 has two ports that each include two digital inputs for the separate sync (HSYNC and VSYNC) . The
input port can be selected by register.

- The THC7984 can process composite sync (CSYNC) . CSYNC may be input into HSYNCO or HSYNCI.

Digital Output
- The digital outputs can operate from 2.5 V to 3.3 V (VDD) .
- The output drive strength is programmable by 2-bit registers (except SDA) .

Clamp

- Pedestal clamp for RGB and Y (luminance) clamps black level to 0 with automatic offset cancel.

- Midscale clamp for PbPr clamps to 512 with automatic offset cancel.

- 256-level clamp for Y (luminance) clamps to 256 with automatic offset cancel. It can be used for A/D conversion of Y
including sync signal. In this case, input signal needs to be attenuated to put it within the input rang of A/D converter.

- Clamp pulses can be input from CLAMP pin when external clamp is selected.

Gain, Offset

- Gain is programmable by 11-bit registers (2048 steps) .

- Offset from -256 to +255 can be added to the output code.
- Gain and offset can be adjusted independently.

Reference Voltage

- The THC7984 has Band Gap Reference inside and doesn’t require external voltage reference.

- The internal reference voltages (REFHI, REFCM, and REFLO) must be bypassed to stabilize. Each pin (REFHI,
REFCM, and REFLO) is connected to ground through a 10 uF capacitor.
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Sampling Clock Generation

- The THC7984 has PLL to generate the sampling clock from HSYNC. The sampling clock frequency range is from
10MHz to 170 MHz.

- PLL divider ratio (the number of horizontal total pixels per line) can be set to the value between 200 to 8191.

- The sampling clock Phase can be adjusted in 64 steps of T/64.

- The external clock can be used as the sampling clock.

- It is required to set VCO Frequency Range and Charge Pump Current according to the input signal format (resolution) .

Oversampling

- Oversampling is the function that enables sampling analog signals with higher rate than the pixel clock and downsam-
pling to the pixel clock rate with decimation filter, which is effective for improving S/N ratio.

- Oversampling ratio can be selected among 1x (normal operation) , 2x, 4x, and 8x. Even if any is selected, output fre-
quency of the output clock and data is same as normal operation.

Output Clock (DATACK)

- The output clock phase can be selected in 8 steps for the data setup/hold adjustment.

- Divide-by-2 clock can be selected as the output clock for the dual edge data clocking at the subsequent stage. It can not
be selected when oversampling.

SOG Slicer

- Sync on Green (SOG) is sliced at the threshold level above the sync tip to extract the sync signal. The threshold level
can be set by a register ranging from 15 mV to 240 mV in steps of 15mV.

- Low pass filer prior to the slicer can be used to reduce high frequency noise, which can be disabled by a register.

- The slicer also has hysteresis (about 30mV) , which can be disabled by a register.

- 3-level sync signal can be processed by slicing at the pedestal level.

Sync Processor

Sync Processor implements VSYNC separation from CSYNC, vertical timing generation, and detection and measure-
ment of the sync signals. The various automatic sync-processing modes are realized by utilizing the sync detection and
measurement.

The THC7984 can process the copy protection signal.

(1) VSYNC Separation
Extracting VSYNC from Composite sync (CSYNC) or Sync on Green (SOG) .

(2) Vertical Timing Generation
- VSYNC Output Generation

- PLL COAST Generation

- Clamp COAST Generation

- V-Blank of DE Generation

(3) Sync Detection/Measurement

- Input Sync Type Detection (Separate sync, Composite sync, Sync on Green, and No input signal)
- HSYNC, VSYNC Input Polarity Detection

- 3-level Sync Detection

- Interlace Detection

- Vertical Total Line Measurement

- VSYNC Input Pulse Width Measurement

- HSYNC Period Measurement (Reference clock needs to be input into CLAMP pin.)
- SYNC Change Detection

- HSYNC Edge Detection

- Sync Processor IRQ Output
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(4) Automatic Sync Processing Mode (Manual Setting Modes are also available)
- Auto Output Mode (All outputs are enabled when input signal is active)

- Input Port Auto Select (Selects the port whose input signal is active)

- Input Sync Type Auto Select (HSYNC Input, VSYNC Input)

- HSYNC, VSYNC Input Polarity Auto Select

- HSYNC, VSYNC Output Polarity Auto Select

- VSYNC Output Timing Auto Setting

- PLL COAST Timing Auto Setting

Power Control

- The THC7984 can be set to stand-by mode by a register or RST-pin.

- In stand-by mode, most of the analog circuits are powered down for low power dissipation.

- In stand-by mode, the sync detection and measurement are available nonetheless because SOG Slicer, Sync Processor,
and 2-wire serial interface are still power-on.

- The THC7984 is set to stand-by mode when RST-pin is set to High. If unused, RST-pin must be pull-down to ground
with a resistor.

Reset

- The logic circuit of the chip is reset when power is applied with RST-pin asserted Low (Power-on Reset) .

- The reset can be also triggered by RST-pin (Manual Reset) . The reset is triggered when RST-pin falls from High to
Low, that means the reset is triggered whenever the THC7984 gets out of stand-by mode by RST-pin.

- Reset after power-up is necessary to access the serial interface. Please power-up with RST-pin asserted Low or make
RST-pin High then Low after power-up. If unused, RST-pin must be pull-down to ground with a resistor.

- The registers are set to the default values by the reset and the chip becomes stand-by mode and output disable (Hi-Z) .
For normal operation, the registers must be set to power-on and output enable by the serial interface.

- For Manual Reset, keep RST-pin Low more than 20 us after the transition from High to Low.

Min. 100ns

RST (Reset Signal) Vi * Reset Timing

VIL

/ \

Min. 20us

Device Address
- The LSB of 7-bit device address of serial interface (A0) is obtained from VSOUT/AQ-pin at the reset.

Pull-down to ground with a resistor (10 kQ) , then Device Address is set to 1001100
Pull-up to VDD with a resistor (10 kQ) , then Device Address is set to 1001101

- The pull-up resistor must be connected to VDD.
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Registers

Register Notation
The register is notated with “R” added to the head of the address in hexadecimal. e.g. R00: Register of address 0x00
The bit position is notated with “[]”. e.g. R04[1:0]: Bit 1 and bit 0 of address 0x04
The register value in hexadecimal is notated with “h” added to the end. e.g. RO1=18h
The register value in binary is notated with “b” added to the end. e.g. R04[1:0]=11b
The register value in decimal is notated without suffix. e.g. R15[7:0]=32

Register Classification

< Register Classification>

Sign Category Description Register
R/W Read/Write [Registers for configuration and adjustment except below
R Read Only |Registers which report the result of measurement and detection |R00, R2C~R30, R32~ R34
Registers which ca.m be .aut(.)—conﬂgured . R12[3], R12[1:0], R13[5],
— When auto—configuration is enabled, the registers become Read
. R13[4], R13[2], R13[1],
A Auto Only and the value auto—configured can be read. R20[6:0], R21[5:0]
— When auto—configuration is disabled, the registers become R22[6:O]’ R23[6:O]’
Read/Write and the value must be set manually. Y )
Registers which record the event that has occurred in Sync
Event Processor.
EVRC Recorder |- 1 is set when the event occurs. R3%
— The value is cleared by writing 1 to the register.
Default Value
All registers are set to the default values by the reset (Power-on Reset, Manual Reset) .
Minus Number Setting
Some registers can be configured by two's complement.
< Minus Number Setting >
Function __ Register | Range |
Clamp Level Offset ROC/ROD, ROE/ROF, R10/R11 -256 to +255
HSYNC Output Start Position R14 -128 to +127
VSYNC Output Start Position R20 —64 to +63
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Register Map

Address| Bit|] R/W

Default
Value

Function

Description

R 00

|| 0|>||T|0| |

—=|o|o|o|o|=]|eo|o

Revision Code

Can be read 21h

R O1

R/W

Chip Power-On

0: Power-Down (Stand-by Mode) 1: Power—-On (Normal Operation)

R/W

Auto Output Enable (All outputs become Enable when input signal is active)

0: Disable 1: Enable

R/W

O utput Enable (Except SOGOUT & IRQ)

0: Disable 1: Enable

R/W

SOGOUT Output Enable

0: Disable 1: Enable

R/W

o|o|o|o|o

Reserved

Must be set to 0 (Default Value)

R 02

R/W

R/W

O versampling

00b: 1x(Normal Operation) 01b: 2x 10b: 4x 11b: 8x

R/W

R/W

R/W

R/W

R/W

R 03 R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

PLL Divider Ratio

Set the number of horizontal total pixels per line

R 04 R/W

Reserved

Must be set to 1 (Default Value)

R/W

R/W

VCO Frequency Range

00b: 1/8 01b: 1/4 10b: 1/2 11b: 1/1

R/W

R/W

R/W

Charge Pump Current

000b: 50uA 001b: 100uA 010b: 150uA 011b: 250uA
100b: 350uA 101b: 500uA 110b: 750uA 111b: 1000uA

R/W

R/W

(=1[=) (=] =) B B B B [=) [=) (= B B K= [ B (=] Bo B [=) K= (=Y F e

Sampling Clock Source

00b: Internal Clock O1b: Reserved
10b: External Clock (10-20MHz) 11b: External Clock (20-170MHz)

R 05

R/W

R/W

R/W

R/W

R/W

o|o|o|o|e|e

R/W

Sampling Clock Phase

Set in 64 steps of T/64
*Bigger values mean more delay.

R 06

R/W

R/W

R/W

R 07 R/W

R/W

R/W

R/W

R/W

R/W

R/W

of=|v|w|sla|o|w| o= e sla|o|w| o= ]w s | ool wlo] =N wls|volo | w|o] =S| wls | oo <o = Slw| s o] o || o= Ssw| s lalo || o= v s oo <

R/W

olo|o|o|o|o|ofo|o|of =

R-ch Gain

Gain = (Register Value + 1024) / 2048
2048 steps from x0.5 to x1.5
*Bigger values mean higher gain.
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R 08

R/W

R/W

R/W

R 09

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

o|o|o|o|o|o|o|o|o|e|—

G-ch Gain

Gain = (Register Value + 1024) / 2048
2048 steps from x0.5 to x1.5
*Bigger values mean higher gain.

R 0A

R/W

R/W

R/W

R 0B

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

olo|olo|o|o|o|o|o|e|—

B-ch Gain

Gain = (Register Value + 1024) / 2048
2048 steps from x0.5 to x1.5
*Bigger values mean higher gain.

ROC

R/W

R 0D

R/W

R/W

R/W

R/W

R/W

R/W

R/W

R/W

o|o|o|o|o|o|o|e|e

R-ch Clamp Level Offset

1 LSB of offset corresponds to 1 LSB of output code.

—256 to +255
*Set in two's complement.

R OE

R/W

R OF

R/W

R/W

R/W

R/W

R/W

R/W

R/W

of=v|wls|ulo|wlo]=|d el |alo| o] = | w|s oo w|ol= el oo o= | sw] s lo|o|w|o|= | sle s oo | w|o| =S| w s | oo w|o| = S| wl|s | oo |

R/W

[=][=] (=] [=] [=] =] (=] f=) (=)

G—ch Clamp Level Offset

1 LSB of offset corresponds to 1 LSB of output code.

—256 to +255
*Set in two's complement.
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R10 [ 7
6
5
4
0 |R/W 0 |B—ch Clamp Level Offset 1 LSB of offset corresponds to 1 LSB of output code.
R11 | 7|R/W| O —256 to +255
6 | R/W 0 *Set in two's complement.
5|R/W| 0
4 |R/W| 0
RAW| 0
2|R/W| O
RAW| 0O
OJR/W| O
R12 | 7 |R/W 0 |Reserved Must be set to 0
6 | /W 0 |Reserved Must be set to 0
5 |R/'W 1 nput Port Automatic Selection Enable 0: Disable 1: Enable
4 |R/W[ 0 |Reserved Must be set to 0
A 0 nput Port 0: Port-0 1: Port—1
2 |R/W 1 Sync Type Automatic Select Enable 0. Disable 1: Enable
A 0 |Sync Type Select 00b: Separate Sync 01b: Composite Sync
0] A 0 10b: Sync on Video (2-lelvel) 11b: Sync on Video (3-lelvel)
R13 [ 7
6 | R/W 1 HSYNC Input, VSYNC Input Polarity Automatic Selection Enable 0: Disable 1: Enable
5 A 0 |HSYNC Input Polarity 0 Active-Low 1: Active—High
4 A 0 |VSYNC Input Polarity 0 Active-Low 1: Active-High
R/'W 1 HSYNC Output, VSYNC Output Polarity Automatic Selection Enable 0: Disable 1: Enable (Output Polarity is conformed to Input Polarity)
2| A 0 [HSYNC Output (HSOUT) Polarity 0 Active-Low 1: Active—High
A 0 |VSYNC Output (VSOUT) Polarity 0 Active-Low 1: Active-High
0 |R/W 1__|VSYNC Output (VSOUT) Interlace Mode 0 Disable 1: Enable
R14 | 7 |R/W 0 |HSYNC Output (HO) Start Position Set in 1 pixel steps with reference to the leading edge of HSYNC input
6 |R/W| O -128 to +127
5 |R/W 0 *Set in two's complement.
4 |R/W| 0
RA'W| 0
2|R/W| O
RAW| 0
O|JR/W| O
R15 | 7|R/W 0 [HSYNC Output (HO) Pulse Width Set in 1 pixel steps
6 |R/W| O 1to 255
5 |R/'W 1
4 |R/W| 0
RAW| 0
2|R/W| O
RAW| 0
O|JR/W| O
R16 [ 7
6
5
4 |R/W[ 0 |PLLCOAST Source 0 Internal PLL COAST 1: External PLL COAST
R/W 1 PLL/Clamp COAST Input Polarity (If COAST Source is External) 0 Active-Low 1: Active-High
2 |R/W 0 |Clamp Pulse Source 0: Internal Clamp Pulse 1: External Clamp Pulse
R/W 1__|Clamp Pulse Input Polarity (If COAST Source is External) 0 Active-Low 1: Active-High
0 |R/W 0___|Clamp COAST Source 0 Internal Clamp COAST 1: External Clamp COAST
R17 [ 7
R/W 1 Clamp Pulse Start Reference Edge (Pedestal Clamp, Midscale Clamp) 0 the leading edge of HSYNC Input 1: the trailing edge of HSYNC Input
5 |R/W 0 |R—ch Clamp Mode 00b: Pedestal Clamp 01b: Midscale Clamp
4 |R/W 0 10b: Reserved 11b: 256—level clamp
R/'W 0 |G—ch Clamp Mode 00b: Pedestal Clamp 01b: Midscale Clamp
2 |R/'W 0 10b: Reserved 11b: 256-Ievel clamp
R/W 0 [B—ch Clamp Mode 00b: Pedestal Clamp 01b: Midscale Clamp
0 |R/W 0 10b: Reserved 11b: 256—level clamp
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R18 | 7 |R/W 0 |Clamp Pulse Start Position Set in 1 pixel steps with the reference edge of HSYNC Input (R17[6]).
6 |R/W| O 0to 255
5]R/W| 0
41R/W| 0
R/W 1
2|R/W O
RAW| 0
OJR/W| ©
R19 | 7 |R/W 0 |Clamp Pulse Width Set in 1 pixel steps
6 |JR/W| 0 1to 255
5|]R/W| 0
4 |R/W 1
RAW| 0
2|R/W| ©
RAWI 0O
OJR/W| ©
RI1A [ 7 |R/W
6 | R/W 1 SOG Slicer Hysterisis Enable 0 Disable 1: Enable
5 |R/'W 1 SOG Input Filter 00b: Disable 01b: Enable
4 | R/W 0 10b, 11b: Reserved
R/W 0 |SOG Slicer threshold Set in 15mV steps
2 |R/W 1 15mV to 240mV above the Sync Tip
R'W| 0
O|JR/W| O
R1B | 7|R/W 0 |SOGOUT Output Polarity 0 Active-Low 1: Active-High
6 | R/W 0 |SOGOUT Output Signal 00b: Raw HSYNC 01b: Regenerated HSYNC
5 |R/W 0 10b: Filtered HSYNC 11b: Reserved
4 | R/'W Preamp Bandwidth (Low Pass Filter)
R/W
2|R/W| O
R/W 1
OJR/W| ©
R1C | 7 |R/W 0 |Output Format 00b: 4: 4: 4 Output 01b: 4: 4: 4 DDR Output
6 |R/W| 0 10b: 4 2: 2 Output 11b: 4: 2: 2 DDR Output
5 |R/W 1 4:2:2 Decimation Filter Enable 0 Disable 1: Enable
4 |R/W[ 0 |Output Clock (DATACK) 00b: Pixel Clock 01b: 1/2x Pixel Clock
RAW| 0 10b: Internal Oscillator (40MH2) 11b: Reserved
2 |R/W 1 Output Clock Phase Set in T/8 steps
RAW| O Oto 7/8T
OJR/W[ 0 *Bigger values mean more delay.
R1ID [ 7 |R/W 1 Reserved Must be set to 0
6 |R/W| 0 |Reserved Must be set to 1
5 |R/W 0 RGB DATA Output Drive Strength 00b: Weak 01b: Medium 10b: Strong 11b: Very Strong
4 |R/W 1
R/W 0 __|Sync (SOGOUT/HSOUT/VSOUT /OEFIELD) Output Drive Strength 00b: Weak 01b: Medium 10b: Strong 11b: Very Strong
2 |R/W 1
R/'W 0 |Clock Output Drive Strength 00b: Weak 01b: Medium 10b: Strong 11b: Very Strong
0 |R/W 1
RIE [ 7 |R/W 0 |HSOUT Output Signal 00b: HO 01b: Regenerated HSYNC 10b: Raw HSYNC 11b: Filtered HSYNC
6 |R/'W 0
5 |R/W 0 [VSOUT Output Signal 00b: VO 01b: Regenerated VSYNC 10b: Raw VSYNC 11b: Filtered VSYNC
4 |R/W 1
3 |R/W 0 |O/E FIELD Output Signal 000b: FO 001b: Regenerated FIELD 010b: DE 011b: IRQ
2 |R/W 0 100b to 111b: Reserved
R/W 1
0 |R/W 0__|O/E FIELD Output Polarity 0. Odd Field=Low/Even Field=High 1: Odd Field=High/Even Field&=Low
RIF [ 7
6 |R/W| 0 |Reserved Must be set to 0
5 |R/W| 0 |Reserved Must be set to 0
4 |R/W| 1 |PLLHSYNC Filter Enable 0: Disable (Raw HSYNC) 1: Enable (Filtered HSYNC)
3 |R/W 0 HSYNC Filter Window Width Set in +/-100ns steps
2|R/W| 0 +/=100ns to +/-1600ns
R/W 1 *Bigger values mean wider window.
0 |R/W 1

Copyright©2023 THine Electronics, Inc.

12 /45

THine Electronics, Inc.

SCE



THC7984 Rev.2.01_E

THine

®

R2 | 7 |R/W 1 VSYNC Output Timing Automatic Setting Enable (Except Raw VSYNC) 0: Disable 1: Enable
6] A 0 |VSYNC Output (VO, Regenerated VSYNC) Start Position Set in 1 line steps
5] A 0 64 to +63
4 A 0 *Set in two's complement.
A 0 *VSYNC Output Start Position with reference to the leading edge of VSYNC Input.
2] A 0
A 0
0] A 0
R21 [ 7
6
5 A 0 |VSYNC Output (VO, Regenerated VSYNC) Pulse Width Setin 1 line steps
41 A 0 1to 63
A 0
2] A 0
A 0
0] A 0
R22 | 7|R/W 1 PLL COAST Timing Automatic Setting Enable 0: Disable 1: Enable
6 A 0 |PLLPre—Coast (PLL COAST Start Position) Setin 1 line steps
5 A 0 |*PLL free—runs during PLL COAST Oto 127
4 A 0 HPLL COAST Start Position prior to the leading edge of VSYNC Input.
A 0
2] A 0
A 0
0] A 0
R23 [ 7
6 A 0 |PLL Post-Coast (PLL COAST End Position) Setin 1 line steps
5 A 0 |*PLL free—runs during PLL COAST Oto 127
4 A 0 HPLL COAST End Position after the leading edge of VSYNC Input.
A 0
2| A 0
A 0
0] A 1
R24 | 7
6 |R/W 0 |Clamp Pre—Coast (Clamp COAST Start Position) Setin 1 line steps
5 |R/W 0 |*Clamp stops during Clamp COAST Oto 127
4 |R/W 0 *Clamp COAST Start Position prior to the leading edge of VSYNC Input.
R/W 0
2 |R/W
R/W
0 |R/W 0
R2 [ 7
6 | R/W 0 |Clamp Post-Coast (Clamp COAST End Position) Setin 1 line steps
5 |R/W 0 |*Clamp stops during Clamp COAST Oto 127
4 | R/W 1 *Clamp COAST End Position after the leading edge of VSYNC Input.
R/W 0
2 |R/W 1
R/W 0
0 |R/W 0
R26 |7
6
5
4
R/W 0 |DE Start Position Set in 1 pixel steps
2 |R/'W 0 *DE Start Position after the leading edge of HSYNC Input.
R/W 0
0 |R/W 1
R27 | 7|R/W 0
R/W
5 |R/W
4 |R/W
R/W 0
2 |R/'W 0
R/W 0
0 |R/W 0
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R28 [ 7
6
5
4
R/W 0 |DE Width Set in 1 pixel steps
2 |R/W 1
R/W 0
0 |R/W 1
R2 [ 7|R/W 0
6 |R/W 0
5 |R/W 0
4 |R/W 0
R/W 0
2 |R/W 0
R/W 0
0 |R/W 0
R2A [ 7
6 | R/W 0 |V-Blank Front Porch (DE Low Start Position) Setin 1 line steps
5 |R/W 0 Oto 127
4 |R/W 0 *#V-Blank Start Position prior to the leading edge of VSYNC Output.
3 |R/W 0
2 |R/W 0
1|R/W 0
0 |R/W 1
R2B [ 7
6 | R/W 0  |V-Blank Back Porch (DE Low Start Position) Setin 1 line steps
5 |R/W 1 Oto 127
4 |R/W 0 *#V-Blank End Position after the trailing edge of VSYNC Output.
R/W 0
2 |R/W
R/W
0 |R/W
R2C | 7 R Reserved
6] R
5 R Reserved
4 R
R Port-1 Input Sync Type Detection 00b: Separate Sync 01b: Composite Sync
2 R 10b: Sync on Video 11b: No Signal
R Port-0 Input Sync Type Detection 00b: Separate Sync 01b: Composite Sync
0 R 10b: Sync on Video 11b: No Signal
R2D [ 7
6
5
4
2 R 0 |VSYNC Input Polarity Detection 0 Active-Low 1: Active—High
R 0 HSYNC Input Polarity Detection 0 Active-Low 1: Active—High
0 R 0 Sync on Video 2-level/3-level Detection 0. 2-level 1: 3—level
R2E | 7 R 0 |Interlace Detection 0: Progressive 1: Interlace
6 R 0 [Vertical Total Line Measurement Reports the number of vertical total lines
5 R 0 on the active input counted in 1/4 line unit.
4 R 0
R 0
2 R 0
R 0
O] R 0
R2F | 7] R 0
6] R 0
5] R 0
4 R 0
R 0
2 R 0
R 0
O] R 0
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R30 [ 7 R 0 |VSYNC Input Pulse Width Measurement Reports the number of VSYNC Pulse Width
6 R 0 on the active input counted in 1/4 line unit.
5] R 0
4 R 0
R 0
2 R 0
R 0
0] R 0
R31 [ 7
6
5
4
2 |R/W 0 |Reserved Must be set to 0
R/W 0 Reference Clock Enable from Clamp—pin for HSYNC Period Measurement 0: Disable 1: Enable
0 | R/W 1 HSYNC Period Measurement Run (Must be stop before reading the result) 0. Stop 1: Run
R32 [ 7
6
5
4
3] R 0 [HSYNC Period Measurement Result
2| R 0
1 R 0
O] R 0
R33 | 7] R 0
6] R 0
5] R 0
4 R 0
R 0
2 R 0
R 0
O] R 0
R34 | 7] R 0
6] R 0
5] R 0
4 R 0
R 0
2 R 0
R 0
0]l R 0
R 35 | 7 |[EVRC 0 Sync Signal Valid Flag 0: Detect 1: Not Detect
6 |EVRC| O Reserved
L5 |EV?C 0 Reserved
4 |[EVRC 0 Port-1 Input Sync Type Change Detection 0: Detect 1: Not Detect
| 3 [EVRC 0 Port-0 Input Sync Type Change Detection 0. Detect 1: Not Detect
| 2 JEVRC| 0 nput Signal Format Change Detection 0: Detect 1: Not Detect
EVRC 0 nput HSYNC Missing Edge Detection 0: Detect 1: Not Detect
0 |EVRC| 0 nput HSYNC Extraneous Edge Detection 0: Detect 1: Not Detect
R3 [ 7 |R/W 0 [Sync Processor IRQ Output Enable by Event Recorder (R34[7]) 0: Disable 1: Enable
6 |R/W 0 |Reserved
5 |R/W 0 |Reserved
4 |R/W 0 [Sync Processor IRQ Output Enable by Event Recorder (R34[4]) 0: Disable 1: Enable
2 | R/W 0 Sync Processor IRQ Output Enable by Event Recorder (R34[3]) 0: Disable 1: Enable
2 |R/W 0 Sync Processor IRQ Output Enable by Event Recorder (R34[2]) 0: Disable 1: Enable
R/W 0 Sync Processor IRQ Output Enable by Event Recorder (R34[1]) 0: Disable 1: Enable
0 |R/W 0 Sync Processor IRQ Output Enable by Event Recorder (R34[0]) 0: Disable 1: Enable
R37 | 7 |R/W 0 |Input Signal Format Change Detection 000b: 0.5lines 001b: 1line 010b: 2lines 011b: 4lines
6 | R/W 0 — Threshold of Vertical Total Line Change 100b: 8lines 101b: 16lines 110b: 32lines 111b: Do not watching
5 |R/W 0
4 |R/W 0 |Input Signal Format Change Detection 00b: 0.5lines O1b: 1line 10b: 4lines 11b: Do not watching
2 |R/W 0 — Threshold of VSYNC Input Pulse Width
2 |R/W 0 |Input Signal Format Change Detection 000b: 8 001b: 16 010b: 32 011b: 64
R/W 0 - Threshold of HSYNC Period 100b: 128 101b: 256 110b: 512 111b: Do not watching
0lRrR/W 0
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Sync Signal Flow
< Sync Processing Block Diagram >
RI2[3]+R12[1:0] RIF[4] 1/2 x Pixel Clock RIC[4:3]
HSYNCO0
&
RI3(S] Pixel Clock DATACK
HSY%CI SYNC MUX MUX
HSYN
POL . .
MUX Filter / PLL COAST PLL
.y External Clock
Filtered HSYNC
L
CSYNC Raw HSYNC SOGOUT
MUX POL X
= RIB[7]
R1BI[6:5]
Internal
3-level Sliced SOGIN Oscillator Regenerated HSYNC
2-level Sliced SOGIN1 Internal Oscillator Clock
2-level Sliced SOGINO v Regenerated HSYNC
R1E[7:6
HO \[ ' Ry HSOUT
Raw HSYNC MUX X
Sync Filtered HSYNC
SO%INO Processor
SOG
X Slicer VO
SOGIN1 Regenerated VSYN%
Raw VSYNC
VSYNCO RI12[3]+R12[1:0] —W
&
E RIE[0] Regenerated FIELD
VSYNC1  CSYNC RIE[3:1]
RIE[0] \l O/E FIELD
External REFCLK *l} X
DE MUX
— =]
Internal Clamp Pulse IRQ
R31[1] R16[2]
CLAMP Rio[l] 1‘
DEMU MUX >
| POL I/ Clamp Pulse
External Clamp Pulse R16[0]
Internal Clamp COAST .
MUX = b Polarity Select
RO4[1:0] R16[3] > amp
External COAST
POL .
| R164] Multiplexer
—>1 PLL COAST
Demultiplexer
EXTCLK/COAST Internal PLL COAST | P
External Clock
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Register Function

RO00 Revision Code 21h can be read

RO1[4] Chip Power-On

1: all the circuits power-on for normal operation.

0: the chip is set to stand-by mode. In stand-by mode, several circuits are active for sync monitoring.
Stan-by mode can be triggered by RST-pin.

< Power Control >

. Serial SOG Sync
RO1[4] | RST-pin Status ADG/PLL Interface Slicer Procyessor
1 Low Normal Operation Power-On Power-On Power-On Power-On
1 High Stand-by Power—-Down Power-On Power-On Power-On
0 Low Stand-by Power—-Down Power-On Power-On Power-On
0 High Stand—by Power—Down Power-On Power—-On Power-On

* During the stand-by mode, all the output pins except SOGOUT and SDA are disable (Hi-Z) .

RO1[3] Auto Output Enable

1: all the output pins are automatically enabled regardless of “Output Enable except SOGOUT (R01[2]) ” or “SOGOUT
Output Enable (RO1[1]) ” while input sync is detected. Input sync detection is processed in Sync Processor.

* Output Pins are RED<9:0>, GREEN<9:0>, BLUE<9:0>, DATACK, SOGOUT, HSOUT, VSOUT, and O/E FIELD

RO1[2] Output Enable (Except SOGOUT)
1: Output pins except SOGOUT-pin are enabled.

RO1[1] SOGOUT Output Enable
1: SOGOUT-pin is enabled.

< Output Control >

Input Output Signal
RO1[3]| RO1[2]] RO1[1] Signal except SOGOUT
SOGOUT

0 0 0 Inactive Disable Disable
0 0 0 Active Disable Disable
0 0 1 Inactive Disable Enable
0 0 1 Active Disable Enable
0 1 0 Inactive Enable Disable
0 1 0 Active Enable Disable
0 1 1 Inactive Enable Enable
0 1 1 Active Enable Enable
1 0 0 Inactive Disable Disable
1 0 0 Active Enable Enable
1 0 1 Inactive Disable Enable
1 0 1 Active Enable Enable
1 1 0 Inactive Enable Disable
1 1 0 Active Enable Enable
1 1 1 Inactive Enable Enable
1 1 1 Active Enable Enable

* When disabled, output pins are Hi-Z.

* SDA-pin is always enabled.

RO1[0] Reserved * Must be set to 0 (Default Value: 0)
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R02[6:5] Oversampling

Oversampling is the function that enables sampling analog signals with higher rate than the pixel clock and
downsampling to the pixel clock rate with the decimation filter.

When setting it as oversampling, setting of the PLL Divider Ratio (R02 [4:0] /R03 [7:0]) and the Charge Pump Current
(R04 [4:2]) is unnecessary, but it's necessary to change the VCO frequency range (R04 [6:5]) .

Every time the oversampling setting is increased one step, VCO frequency range also must be increased one step.

00b: Normal operation
01b: 2x Oversampling
10b: 4x Oversampling
11b: 8x Oversampling

(ex) In case of 4801 (HSYNC Frequency: 15.75kHz / Pixel Clock: 13.51MHz)

Oversampling(R02[6:5]) VCO Range(R04[6:5]) Charge Pump(R04[4:2])

1x(00b) 1/8(00b) 250uA(011b)
2x(01b) 1/4(01b) 250uA(011b)
4x(10b) 1/2(10b) 250uA(011b)
8x(11b) 1/1(11b) 250uA(011b)

* Under the output of 4:4:4 DDR (R1C[7:6]=01b) or 4:2:2 DDR (R1C[7:6]=11b), the oversampling function can't be
used.
* “Internal PLL Divider Ratio” can’t be over 8191.

“Internal PLL Divider Ratio” = PLL Divider Ratio setting * Oversampling setting
* Sampling frequency can’t be over 170MHz

Sampling frequency = Input HSYNC frequency * PLL Divider Ratio * Oversampling setting

* Even if oversampling setting is changed, the output clock frequency and the output data rate don't change.
* The latency of the data output changes according to the oversampling setting.

R02[4:0]/R03[7:0] PLL Divider Ratio

The internal PLL generates sampling clock from HSYNC.

Set the number of horizontal total pixels per line according to the input signal.

*When the external clock input which is supplied through EXTCLK/COAST-pin is used as sampling clock
(R04[1:0]=10b or 11b), PLL Divider Ratio setting is unnecessary.

R04[7] Reserved *Must be set to 1 (Default value: 1)

R04[6:5] VCO Frequency Range *Set according to “Recommended PLL Settings”

R04[4:2] Charge Pump Current *Set according to “Recommended PLL Settings”
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R04[1:0] Sampling Clock Source

Set to 00b, when the internal PLL generates sampling clock (pixel clock) from the HSYNC input.

When an external clock input supplied through EXTCLK/COAST-pin is used and the clock frequency is from 10 to
20MHz, set to 10b.

When an external clock input supplied through EXTCLK/COAST-pin is used and the clock frequency is from 20 to
170MHz, set to 11b.

* Even though the external clock is used as sampling clock(R04[1:0]=10b or 11b) , setting like a Recommended PLL
Settings are necessary.

* When the external clock is used as sampling clock(R04[1:0]=10b or 11b) , PLL COAST and Clamp COAST can not be
input (R16[4]=1, R16[0]=1) .

< Recommended PLL Settings >

Hsync Pixel PLL Sampling Clock: Intemal Sampling Clock: External
[kHz] Rate Divider | R04[6:5] | R04[4:2]] R04[1:0] R04 R04[6:5] | R04[4:2] | R04[1:0] R04
480i 15.750 13.51 858 00 011 00 8C 00 000 10 82
480p 31.469 27.00 858 01 011 00 AC 01 000 11 A3
720p 45.000 74.25 1650 10 101 00 D4 10 000 11 C3
1080i 33.750 74.25 2200 10 100 00 DO 10 000 11 C3
1080p 67.500 148.50 2200 11 101 00 F4 11 000 11 E3
VGA-60 ] 31.479 25.18 800 01 011 00 AC 01 000 11 A3
VGA-72 | 37.861 31.50 832 01 100 00 BO 01 000 11 A3
VGA-75] 37.500 31.50 840 01 100 00 BO 01 000 11 A3
VGA-85] 43.269 36.00 832 01 101 00 B4 01 000 11 A3
SVGA-56] 35.156 36.00 1024 01 100 00 BO 01 000 11 A3
SVGA-60] 37.879 40.00 1056 01 101 00 B4 01 000 11 A3
SVGA-72| 48.077 50.00 1040 10 100 00 DO 10 000 11 C3
SVGA-75] 46.875 49.50 1056 10 100 00 DO 10 000 11 C3
SVGA-85] 53.674 56.25 1048 10 100 00 DO 10 000 11 C3
XGA-60 ] 48.363 65.00 1344 10 100 00 DO 10 000 11 C3
XGA-70| 56.476 75.00 1328 10 101 00 D4 10 000 11 C3
XGA-75] 60.023 78.75 1312 10 101 00 D4 10 000 11 C3
XGA-80 ] 64.000 85.50 1336 11 011 00 EC 11 000 11 E3
XGA-85] 68.677 94.50 1376 11 100 00 FO 11 000 11 E3
SXGA-60] 63.981 108.00 1688 11 100 00 FO 11 000 11 E3
SXGA-75] 79.976 135.00 1688 11 101 00 F4 11 000 11 E3
SXGA-85] 91.146 157.50 1728 11 101 00 F4 11 000 11 E3
UXGA-60] 75.000 162.00 2160 11 101 00 F4 11 000 11 E3

* Other than the settings above, please refer to the other document, “THC7984 PLL Setting Sheet”.

RO5[5:0] Sampling Clock Phase
The sampling clock phase can be shifted in 64 steps of T/64. Bigger values mean more delay.
* Even the external clock is used as sampling clock(R04[1:0]=10b or 11b) , the clock phase can be shifted.

R06[2:0]/R07[7:0] R-ch (Pr-ch) Gain
RO8[2:0]/R09[7:0] G-ch (Y-ch) Gain
ROA[2:0]/ROB[7:0] B-ch (Pb-ch) Gain

The gain can be adjusted from 0.5 to 1.5 in 2048 steps. Bigger value means higher gain.
Gain = (Register Value + 1024) /2048

Because the full scale of ADC input is 0.7 Vpp (Typical Value) , the gain is set to [0.7 / Video Signal Level*].
* Signal Level without Sync on Video (Vpp)

Example.

Video Signal Level: 0.5 Vpp Gain =0.7/0.5 =1.4 Register value=1843

Video Signal Level: 0.7 Vpp Gain =0.7/0.7 =1.0 Register value=1024

Video Signal Level: 1.0 Vpp Gain = 0.7/1.0 =0.7 Register value=410

* The setting method above is not always necessary for the purpose of contrast adjustment. Bigger gain means higher
contrast.
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ROC[0]/ROD[7:0] R-ch (Pr-ch) Clamp Level Offset

ROE[0]/ROF[7:0] G-ch (Y-ch) Clamp Level Offset

R10[0]/R11[7:0] B-ch (Pb-ch) Clamp Level Offset

Clamping restores DC level of the video signals. Three clamp modes can be selected; Pedestal clamp, Center clamp
(Midscale clamp) , and Sync tip clamp (R17[5:4]/R17[3:2]/R17[1:0]) .

It's possible to give an offset to the clamp level by the 1LSB unit by a clamp level offset. The register value is configured
by two's complement from -256 to +255.

< Clamp Level Offset >
1023 Clamp Level Offset=0  Clamp Level Offset > 0 Clamp Level Offset <0
| /1

Output Code

(Pedestal Clamp)

0
Clamp Level Offset
1023 Clamp Level Offset=0  Clamp Level Offset > 0 Clamp Level Offset <0
)
s
Output Code 512— — -== , 4 -
(Center Clamp)
7
0 /
Clamp Level Offset
1023 Clamp Level Offset=0  Clamp Level Offset > 0 Clamp Level Offset <0
Output Code
(256-1evel Clamp)
256
0
Clamp Level Offset

R12[7:6] Reserved *Must be set to 00b (Default value: 00b)

R12[5] Input Port Automatic Selection Enable

1: Selection input port (R12[3]) is done automatically.

Under Automatic setting, with the judgement result of the input SYNC type by Sync Processor, An activated port is
selected with the following rules.

-When the selected port is activated, even if the other port becomes activated, selection of port doesn't change.
-Both ports are activate and one port which is selected became inactivate, selection of port changes to the other port.
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R12[4] Reserved * Must be set to 0 (Default Value: 0)

R12[3] Input Port Select

0: Port-0 is selected.

Port-0: HSYNCO0, VSYNCO0, RAINO, GAINO, SOGINO, BAINO
1: Port-1 is selected.

Port-1: HSYNCI1, VSYNCI, RAIN1, GAIN1, SOGIN1, BAIN1

R12[2] Input Sync Type Automatic Select Enable

1: Input Sync Type Select (R12[1:0]) is automatically set.

When Automatic Select is enabled, Input Sync Type Select is determined by sync processor based on the result of Input
Sync Type Detection(R2C[6:5]/R2C[4:3]/R2C[0]) .

R12[1:0] Input Sync Type Select

Select the input sync type.

The combination of Input Port Select (R12[3]) and Input Sync Type Select (R12[1:0]) determines the input pin for
HSYNC and VSYNC.

< Input Port/ Sync Type >
, HSYNC VSYNC
R12[3] Input Port| R12[1:0] Sync Type Input Pin Input Pin
0 Port-0 00b Separate Sync HSYNCO VSYNCO
0 Port-0 01b Composite Sync ||_HSYNCO HSYNCO
0 Port-0 10b Sync on Video SOGINO SOGINO
(2-level)
0 Port-0 11b Sync on Video SOGINO* SOGINO*
(3-level)
1 Port—1 00b Separate Sync HSYNC1 VSYNC 1
1 Port—1 01b Composite Sync || _HSYNC1 HSYNC
1 Port-1 10b Sync on Video SOGIN1 SOGINT1
(2-level)
1 Port-1 11b Sync on Video SOGIN1#* SOGINT*
(3-level)

*3-level sliced (pedestal slice) .

R13[6] HSYNC Input, VSYNC Input Polarity Automatic Select Enable

1: HSYNC Input Polarity (R13[5]) and VSYNC Input Polarity (R13[4]) are automatically set.

When Automatic Select is enabled, the sync input polarity is determined by sync processor based on the result of
HSYNC Input Polarity Detection (R2C[1]) and VSYNC Input Polarity Detection (R2C[2]) .

R13[5] HSYNC Input Polarity

HSYNC Input Polarity must be correctly set for normal operation.

Set to 0 when the input polarity is Active-Low.

Set to 1 when the input polarity is Active-High.

* Set to 0 when Input Sync Type Select is set to “Sync on Video (3-level) ” (R12[1:0]=11b) .

R13[4] VSYNC Input Polarity

VSYNC Input Polarity must be correctly set for normal operation.
Set to 0 when the input polarity is Active-Low.

Set to 1 when the input polarity is Active-High.
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R13[3] HSYNC Output, VSYNC Output Polarity Automatic Select Enable

1: HSYNC Output Polarity (R13[2]) and VSYNC Output Polarity (R13[1]) are automatically set to the same polarity
as the input.

When Automatic Select is enabled, the sync output polarity is determined by sync processor based on the result of
HSYNC Input Polarity Detection (R2D[1]) and VSYNC Input Polarity Detection (R2D[2]) .

R13[2] HSYNC Output (HSOUT) Polarity

Select the HSYNC output polarity of HSOUT-pin.

0: Output polarity is Active-Low.

1: Output polarity is Active-High.

* The polarity of HSYNC available from HSOUT-pin (HO, Regenerated HSYNC) is selected.

R13[1] VSYNC Output (VSOUT) Polarity

Select the VSYNC output polarity of VSOUT-pin.

0: Output polarity is Active-Low.

1: Output polarity is Active-High.

* The polarity of VSYNC available from VSOUT-pin (VO, Regenerated VSYNC, Raw VSYNC) is selected.

R13[0] VSYNC Output (VSOUT) Interlace Mode

Select the output mode of VSYNC available from VSOUT-pin (VO, Regenerated VSYNC) for interlaced video input.
1: VSYNC Output (VO, Regenerated VSYNC) is produced at the center of horizontal period when video field of
interlaced video changes from ODD field to EVEN field.

0: VSYNC Output is produced only at the start position of horizontal period. Consequently, the vertical total line number
of interlaced video changes by 1 depending on video field.

* The output mode of VSYNC available from VSOUT-pin (VO, Regenerated VSYNC) is selected. Raw VSYNC is not
affected by this mode.

* The edge of VSYNC Output always occurs at the start position of horizontal period for non-interlaced video
(Detection result: R2E[7]=0) . Therefore, R13[0]=0 and R13[0]=1 produce the same result for non-interlaced video.

<VSOUT Interlace Mode >

EVEN Field -> ODD Field Horizontal Cycle

Input Sync |_| |_| n n ﬂu ”

VSOUT (R13[0]=1)

VSOUT (R13[0]=0)

ODD Field -> EVEN Field Horizonial Cycle
Input Sync |-| |.| | ﬂ ”l

VSOUT (R13[0]=1) | |

]

VSOUT (R13[0]=0)
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R14[7:0] HSYNC Output (HO) Start Position

Set the start position of HO available from HSOUT-pin in steps of 1 pixel with reference to the leading edge of the
HSYNC (It is the leading edge of the positive pulse when it is 3-level sync) . The register value is configured by two's
complement from -128 to +127.

* When the external clock input is used (R04[1:0]=10b or 11b) , minus number is prohibited.

R15[7:0] HSYNC Output (HO) Pulse Width
Set the pulse width of HO available from HSOUT-pin in steps of 1 pixel.

< HO Start Position / Pulse Width >

HSYNC / CSYNC / Sync on Video (2-level)
Input HSYNC

Start Position
HO (Start Position <0) < [
Pulse Width

HO (Start Position > 0) I |

Start Position

Syncon Video (3level) )
Input HSYNC | W

Start Position
HO (Start Position < 0) |< |

Pulse Width

.. [
HO (Start Position > 0) I ]

Start Position

R16[4] PLL COAST Source

PLL should stop synchronization with the HSYNC input during the vertical blank time including the pulses disturbing
PLL lock and the sampling clock generation such as equalization pulses and copy protection signal. PLL COAST signal
causes PLL to stop synchronization with the HSYNC input and free-run.

0: PLL COAST signal is internally generated in the device.

1: PLL COAST signal can be externally input from COAST-pin.

* When PLL COAST signal is internally generated, automatic setting mode (R22[7]) is available.

R16[3] PLL COAST Input Polarity

Select the input polarity of PLL COAST signal when externally input (R16[4]=1) .
Set to 0 when the input polarity is Active-Low (PLL free-runs at COAST-pin=Low) .
Set to 1 when the input polarity is Active-High (PLL free-runs at COAST-pin=High) .

R16]2] Clamp Pulse Source

Select the generation source of clamp pulse which is a timing signal of a clamp
0: The clamp pulse is generated internally.

1: Clamp pulse must be inputted through Clamp-pin.

R16[1] Clamp Pulse Input Polarity

Select input polarity when the external clamp pulse is used (R16[2]=1).
0: Input polarity becomes Active-Low.

1: Input polarity becomes Active-High.
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®

R16[0] Clamp COAST Source

It's sometimes necessary to make the clamp suspend while the period which is including the signals that disturb the
clamp such as a copy protection signal. The clamp COAST signal is the signal which makes the clamp stop.

0: Internal Clamp COAST

1: External Clamp COAST

R17[6] Clamp Pulse Start Reference Edge

The timing of Clamp pulse is set based on the edge of the HSYNC input. Selecting the edge of the HSYNC input
0: the leading edge of the HSYNC input is referred.

1: the trailing edge of the HSYNC input is referred.

* In case of 3-level sync, the leading edge or trailing edge of the positive pulse is referred.

R17[5:4] R-ch (Pr-ch) Clamp Mode

R17[3:2] G-ch (Y-ch) Clamp Mode

R17[1:0] B-ch (Pb-ch) Clamp Mode

As a clamp method, pedestal clamp, midscale clamp, and 256-level clamp can be selected.

00b: Pedestal clamp for RGB and Y (luminance) clamps black level to 0 with automatic offset cancel (if clamp level oft-
set is set to 0) . The Automatic offset cancel circuitry eliminates any offset errors.

01b: Midscale clamp for PbPr clamps to 512 with automatic offset cancel (if clamp level offset is set to 0) . The
Automatic offset cancel circuitry eliminates any offset errors.

10b: Reserved

11b: 256-level clamp clamps to 256 with automatic offset cancel (if clamp level offset is set to 0). The Automatic offset
cancel circuitry eliminates any offset errors.

* It's possible to set a clamp pulse on sync part and realize sync tip clamp by a pedestal clamp (R17 [5:4], R17 [3:2] and
R17[1:0] =00b) .

R18[7:0] Clamp Pulse Start Position
Set the clamp pulse start position in steps of 1 pixel with reference to clamp pulse start reference edge (selected by
R17[6]) .

R19[7:0] Clamp Pulse Width

Set the clamp pulse width in steps of 1 pixel.

* When the register is set to 0, clamp pulse is not generated.

* Set the end position of clamp pulse (R18[7:0] + R19[7:0]) more than 16 pixels front of active video period because
Clamp Offset Cancel is completed after 16 pixels from the clamp pulse.
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< Clamp Pulse Start Position / Pulse Width >

HSYNC / CSYNC / Sync on Video (2-level)
Input HSYNC

Start Position

Clamp Pulse (R17[6]=0) %l_l
Start Position

Clamp Pulse (R17[6]=1) ﬁ

Pulse Width

Sync on Video (3-level)

Input HSYNC \—
Py Start Position
Clamp Pulse (R17[6]=0) || |
Start Position
Clamp Pulse (R17[6]=1)
Pulse Width

R1A[6] SOG Slicer Hysterisis Enable
1: SOG Slicer works with about 30mV hysteresis.

R1A[5:4] SOG Input Filter

SOG Input Filter (low pass filter) can reduce the noise and the ringing, etc. of SOG input.

00b: OFF (Through)

01b: ON

10b,11b: Reserved

*The default value is 10b(Reserved) , so please change the setting to 00b (OFF) or 01b (ON) .

R1A[3:0] SOG Slicer threshold
When Input Sync Type Select is set to “Sync on Video (2-level) ” (R12[1:0]=10b) , input signal from SOGINO or
SOGINT is sliced at the selected level by R1A[3:0] relative to the lowest level (sync tip) to extract the sync signal.

SOG slicer threshold can be adjusted from15 mV to 240 mV in steps of 15 mV.
*Set the value of SOG Slicer threshold to 3 and over.

< SOG Slicer >

SOG Slice Level (W ’_/I_‘
Sync on Video ¢ || I O |J I H

Extracted Sync Ll Ll Ll |_|

Copyright©2023 THine Electronics, Inc. 25/45 THine Electronics, Inc.
SC:E



THC7984 Rev.2.01_E TH i n e

<2-Level Slice / 3-Level Slice>

Sync on Video
Sliced at SOG Slice Level (R1A[3:0])

Extracted Sync

Sync on Video (3-Level)

Sync on Video \ Sliced at Pedestal Level

Extracted Sync ‘ |

*When setting the input sync signal as Sync on Video (2-level) at the time of 3-level sync signal input, (R12 [1:0],
=10b), it is sliced by the SOG slicer threshold.

R1B[7] SOGOUT Output Polarity

Select the output polarity of SOGOUT-pin.

0: Output polarity is Active-Low.

1: Output polarity is Active-High.

* The polarity of signals available from SOGOUT-pin (Raw HSYNC, Regenerated HSYNC, and Filtered HSYNC) is
selected.

R1B[6:5] SOGOUT Output Signal
Select the output signal from SOGOUT-pin. The source signal of the output is HSYNC selected by the combination of
Input Port Select (R12[3]) and Input Sync Type Select (R12[1:0]) .

00b: Raw HSYNC --- Buffered signal of the HSYNC input.

01b: Regenerated HSYNC --- This HSYNC is generated by using the internal oscillator (about 40 MHz) from Raw
HSYNC. It has jitter of several internal oscillator clock cycles.

10b: Filtered HSYNC --- By the HSYNC Filter, the pulses which are not related to Horizontal period is eliminated.
11b: Reserved

< Output Signal from SOGOUT>

Horizontal Period

Input HSYNC u |_| |.|

Raw HSYNC I | I

l

l
Regenerated HSYNC || L 1 1]
Filtered HSYNC || L |

1
1
L

|
|
1
L |
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R1B[4:0] Pre-Amp Bandwidth (Low Pass Filter)
The THC7984 has the internal Sth-order Low Pass Filters as anti-aliasing filter for component video input (YPbPr) , and
it's possible to control cut-off frequency in 24 steps between 6 to 92MHz by setting the register.
The THC7984 also has the internal 2nd-order Low Pass Filters to filter the noise and glitch of PC input (RGB) , and it's
possible to control cut-off frequency in 4 steps (40 MHz/90 MHz/170 MHz/310 MHz) by setting the register.

< Preamp Bandwidth>

Analog Input

Pream

utput (ADC Input

< Cutoff Frequency >

R1B[4:0] fo Note R1B[4:0] fo Note
Dec Binary Dec Binary
0 JOJ0jOJ0OJO] 6MHz 16 |1]0J0]0J 0] 39MHz
1 0j0jojo]1 TMHz 17 |1]0J0]0|1] 42MHz
2 |0]0JO0]1]0] 8MHz 18 |1]0J0]1]0] 46MHz
3 |0]JOJO]1]1 9MHz 19 |1]0JO0]1]1] 52MHz 5th—order LPF
4 0]0]1]0J0] 10MHz 20 |1]0]1]0]0] 58MHz | for Component Video
5 J0]O0J1]0}1] 11MHz 21 |1]0]1J0]1] 66MHz
6 J0JOJ1]1]0] 12MHz 22 |1]0]1]1]0] 78MHz
7 0jJOJ1]1]1] 13.5MHz 5th-order LPF 23 |1]0]1J1]1] 92MHz
8 10]1]10]0J0] 15MHz |+or Component Video 24 |1]1]0J0]0] 40MHz
9 |0]1]0]JOJ1] 18MHz 25 |1]1]0J0]1] 90MHz 2nd-order LPF
10 |OJ1]0}1]0] 21MHz 26 |1]1]0]1]0] 170MHz for PC
11 JOJ1]JOf1]1] 24MHz 27 |1]1]0fJ1]1] 310MHz
12 |0|1]1]0]0] 27MHz 28 |1]1]1]0]0 Reserved
13 |OJ1]1]0]1] 30MHz 29 |1]1]1]0]1 Reserved
14 |O|1]1]1]0] 33MHz 30 |1]1]1]1]0 Reserved
15 |OJ1]1]1]1] 36MHz 31 |1]1]1]1]1 Reserved

*Setting example

Component video input: About 0.5 times of the sampling frequency is used as cut-off frequency.

PC input: About 1.5 times of the sampling frequency is used as cutoff frequency.
*When R54[4] is set to 1, it's possible to control the cut-off frequency of a Sth-order lowpass filter

in steps of IMHz between 25MHzto 39MHz by using register R54 [3:0]. In this case, R1B [4:0] is ignored.

< Cutoff Frequency >

R54[3:0]

fc

Binary

Note

o

0 25MHz

26MHz

27MHz

28MHz

29MHz

30MHz

31MHz

32MHz

33MHz

34MHz

34MHz

35MHz

36MHz

37MHz

38MHz

o
=== ]=]=
a|=[z|S =B~ 1= ]el g

Y Y Y N N BN EN =1 =1 =] =] =] [=][=]) =]

m|=m]=]|=]olololo|=|=|=|=]loclo]o

—|=]lolol=|=|lolo|=|=lolol=|=]o
= |lo|=|o|=|o|=]|o|=|o|=|o|=]|o|—=|o

39MHz

5th—order LPF
for Component Video
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R1C[7:6] Output Format

4 output formats can be selected.

00b: 4:4:4 Output
01b: 4:4:4 DDR Output
10b: 4:2:2 Output
11b: 4:2:2 DDR Output

* 4:4:4 DDR Output and 4:2:2 DDR Output are supported up to 85 MHz of sampling clock.
<OQOutput Format>

RED GREEN BLUE
Output Format Edgel918]17]615141312]1]019]817]6J5141312]1]0]9|8]71615]413]12J1160
Normal R[9:0] G[9:0] B[9:0]
4:4:4 G[4:0] | B[9:0]
DDR R9:0] Glo5]
Normal Cb/Cr Y
4:2:2 DDR CbéCr

* The pins not assigned to output data are disabled (Hi-Z) .

< 4:4:4 Normal Output >

RED[9:0]

GREEN[9:0]

BLUE[9:0]

DATACK
R1C[4:3]=00b
R1C[2:0]=000b

HO, DE

o\

7

HO, DE Start Position = Even

N

HO, DE Start Position = Odd

* DATACK can be shifted in 8 steps (R1C[2:0]) .

<4:4:4 DDR Output >

RED[9:5]

RED[4:0]

GREEN[9:5]

DATACK
R1C[4:3]=00b
R1C[2:0]=000b

HO, DE

GOL GI1L

G2L G3L

G4L

G5SL

GIM

G2M G3M

G4M G5M

o\

7

HO, DE Start Position = Even

N

HO, DE Start Position = Odd

* "M" indicates upper 5 bits in MSB side. "L" indicates lower 5 bits in LSB side.
* DATACK can be shifted in 8 steps (R1C[2:0]) .
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< 4:2:2 Normal Output >

REDI[9:0]

GREEN[9:0]

DATACK
R1C[4:3]=00b

R1C[2:0]=000b

HO, DE

7

HO, DE Start Position = Even

X

HO, DE Start Position = Odd

* DATACK can be shifted in 8 steps (R1C[2:0]) .

< 4:2:2 DDR Output >

Rictison \ \

R1C[2:0]=000b

HO, DE

\

T T N O T

o\

.

7

HO, DE Start Position = Even

N

HO, DE Start Position = Odd

* DATACK can be shifted in 8 steps (R1C[2:0]) .

R1CJ5] 4:2:2 Decimation Filter Enable

Set the way of downsampling (process of changing from 4:4:4 to 4:2:2) of CbCr in 4:2:2 output and 4:2:2 DDR output
0: CbCr is sampled every two pixel by pixel skipping.

1: CbCr is decimated by digital filter.
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R1CJ[4:3] Output Clock Select

Select a output signal from DATACK-pin.

00b: Pixel Clock: the same frequency as the sampling clock
01b: 1/2 x Pixel Clock: half the frequency of the sampling clock
10b: Internal Oscillator (approximately 40 MHz)

11b: Reserved

R1CJ[2:0] Output Clock Phase

Since the output clock phase can be shifted in 8 steps, the setup and hold time of output data can be adjusted.

* If DATACLK is Pixel Clock(R1C[4:3]=00b) , Phase setteing 0-2 is not recommended to use (except for DDR output)
because rising edge of output clock will be around the transition period of output data.

* The phase of internal oscillator clock (R1C[4:3]=10b) can not be controlled.

* When oversampling setting is 8 times, the output clock pahse is possible to set in only 4 steps. (the value of Oand 1 , 2
and 3, 4 and 5, 6 and 7 will be the same phase setting.)

< DATACK Phase Shift>

Output Data X

(Normal Output)
Output Data
(DDR Output) X X X X
HO, DE Start Position =Even
HO, DE

x HO, DE Start Position =0dd

DATACK: Pixel Clock

ricoo | .\ L
riczo=t |\ | [\ | [ \___|
rRicol2 | [\ [\ | [ ]
rcoss | [\ [\ [ U
RiCO=4 N [ A [ [ ]
Riczos |\ [ [\ [T\ [ ]
RIC[2:0]=6 \ / \ / \ /

rczor | [\ [ \___ [

DATACK: 1/2 x Pixel Clock
R1C[2:0]=0

RIC[2:0]=1 | / \ /
RIC[2:0]=2 | / \

RIC[2:0]=3 / \

—
/
R1C[2:0]=4
RIC[201=5 |  \ / \
RIC2016 |\ / \ |
[

R1C[2:0]=7 \ /
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R1D[7:6] Reserved *Must be set to 01b for proper operation (Default value: 10b)

R1D[5:4] RGB DATA Output Drive Strength
Output pins: RED<9:0>, GREEN<9:0>, BLUE<9:0>

R1D[3:2] Sync Output Drive Strength
Output pins: SOGOUT, HSOUT, VSOUT, O/E FIELD

R1D[1:0] Clock Output Drive Strength
Output pins: DATACK

Bigger values mean stronger output drive strength.

* Output drive strength should be adjusted according to the load capacitance, the trance length on PCB, and the power
supply voltage of output buffer (VDD) .

* Clock output drive strength is stronger than others.

R1E[7:6] HSOUT OQOutput Signal Select

Select a output signal from HSOU T-pin.

00: HO --- HSYNC generated from the HSYNC input, and synchronous with the PLL clock.

Output polarity (R13[2]), Start Position (R14[7:0]) , and Pulse Width (R15[7:0]) can be selected by the register setting.
PLL parameter settings (R02 to R04) are necessary for normal output.

HO can be used as a reference of the image (RGB data) alignment.

01: Regenerated HSYNC --- HSYNC generated from the HSYNC input, and synchronous with the internal oscillator
clock (approximately 40 MHz) . The start position is delayed some internal oscillator clock cycles after the leading edge
of the HSYNC input, and the pulse width is approximately 1/16 of horizontal period. The polarity is selected by register
(R13[2]) . PLL parameter settings (R02 to R04) are unnecessary for normal output. It has jitter of several internal
oscillator clock cycles.

10b: Raw HSYNC --- Buffered signal of the HSYNC input.

11b: Filtered HSYNC --- The Raw Hsync’s pulse which is not relate to horizontal period is removed by the HSYNC
Filter (R1F[3:0].

< Output Signal from HSOUT>

Horizontal Period

Input VSYNC u |_| |_| n n ﬂ

HO |

T
Regenerated HSYNC I_I I_I I_I I_I I_I I—I
Raw HSYNC | | I | L 10

Filtered HSYNC

_
_
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R1E[5:4] VSOUT Output Signal Select

Select a output signal from VSOU T-pin.

00b: VO --- VSYNC generated from the HSYNC and VSYNC input, and synchronous with the PLL clock.

Output polarity (R13[1]) , Start Position (R20[6:0]) , and Pulse Width (R21[5:0]) can be select by the register setting
(auto setting modes are available) . PLL parameter settings (R02 to R04) are necessary for normal output. It is
synchronous with HO.

01b: Regenerated VSYNC --- VSYNC generated from the HSYNC and VSYNC input, and synchronous with the
internal oscillator clock (approximately 40 MHz) . Output polarity (R13[1]), Start Position (R20[6:0]) , and Pulse Width
(R21[5:0]) can be selected by the register setting (auto setting modes are available) . PLL parameter settings (R02 to
RO4) are unnecessary for normal output. It has jitter of several internal oscillator clock cycles. It is synchronous with
Regenerated HSYNC.

10b: Raw VSYNC --- Buffered signal of the VSYNC input

11b: Filtered VSYNC --- VSYNC generated from the HSYNC and VSYNC input, and digitally filtered with the internal
oscillator clock (approximately 40 MHz). It's possible to set polarity (R13 [1]) by register. (An automatic setting mode is
available.) It's generated regardless of PLL setting (R02-R04). It has jitter of several internal oscillator clock cycles. The
output phase is delayed about 3/4 H to input VSYNC.

< Output Signal from VSOUT>

Horizontal Period
Input VSYNC || I I | |
VO
Regenerated VSYNC | I
Raw VSYNC ] I I | |
Filtered VSYNC | [
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R1E[3:1] O/E FIELD Output Signal Select

Select a output signal from O/E FIELD-pin.

000b: FO --- Odd / Even FIELD generated from the HSYNC and VSYNC input, and synchronous with the PLL clock.
Output polarity (R1E[0]) can be select by the register setting. PLL parameter settings (R02 to R04) are necessary for
normal output. It is synchronous with VO.

001b: Regenerated FIELD --- Odd / Even FIELD generated from the HSYNC and VSYNC input, and synchronous with
the internal oscillator clock (approximately 40 MHz) . Output polarity (R1E[0]) can be selected by the register setting.
PLL parameter settings (R02 to R04) are unnecessary for normal output. It has jitter of several internal oscillator clock
cycles. It is synchronous with Regenerated VSYNC.

010b: DE --- Data Enable signal generated from the HSYNC and VSYNC input, and synchronous with the PLL clock.
The polarity is Active-High. Start Position (R26[3:0]/R27[7:0]) , Pulse Width(R28[3:0]/R29[7:0]) , Vertical Blank Front
Porch (R2A[6:0]) and Back Porch (R2B[6:0]) are programmable by registers (auto setting modes are not available) .
011b: IRQ --- Interrupt Request Signal from Sync Processor.

100b - 111b: Reserved

< FO /Regenerated FIELD>

Horizontal Period

VSYNC Input u |_| |_| ﬂ n HU |.| |

FO

Regenerated FIELD I

R1E[0] O/E FIELD Output Polarity

Select the polarity of FO and Regenerated FIELD available from O/E FIELD-pin
0: O/E FIELD=Low in Odd FIELD, O/E FIELD=High in Even FIELD.

1: O/E FIELD=High in Odd FIELD, O/E FIELD=Low in Even FIELD.

<FO /Regenerated FIELD>

EVEN Field -> ODD Field Horizontal Period
Sync Input u |_| |_| ﬂ n HU |.| |

FIELD (R1E[0]=0)

FIELD (R1E[0]=1)

ODD Field -> EVEN Field

Horizontal Period

Input Sync u “ “ | n ”J_

FIELD (R1E[0]=0) |

FIELD (R1E[0]=1) |
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R1F[6:5] Reserved *Must be set to 00b for proper operation (Default value: 00b)

R1F[4] PLL HSYNC Filter Enable

By using Filtered HSYNC generated by HSYNC Filter that eliminates the extraneous pulses such as equalization pulses
and copy protection signal from the HSYNC input (Raw HSYNC) , the PLL COAST period (PLL free-run period) can
be set shorter. However, the HSYNC input with high jitter makes HSYNC Filter Window unstable and possibly causes
PLL unlock.

0: Raw HSYNC is used as the reference signal of PLL.

1: Filtered HSYNC is used as the reference signal of PLL.

R1F[3:0] HSYNC Filter Window Width

Set HSYNC Filter Window Width of HSYNC Filter. The setting range is from about +/-100ns (internal oscillator clock
+/-4 cycles) to about +/-1600ns (internal oscillator clock +/-64 cycles) around the leading edge of the HSYNC input
(the leading edge of the positive pulse for 3-level sync) . The setting step is +/-100ns (internal oscillator clock +/-4
cycles) and bigger value results in wider width.

< HSYNC Filter >

Input HSYNC Leading Edge Excessive Edge
Input HSYNC
with extraneous pulses Filter Window Width | | | | |
Filter Window P —
Filtered HSYNC | | Suppressed
Filter Window = High: Not suppressed
Filter Window = Low: Falling Edges are suppressed
*Input HSYNC into HSYNC Filter is always Active-Low
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®

* About timing of input VSYNC
Input VSYNC Forbidden Region
0% 15% 35% 65% 85% 100%

Input HSYNC | | |

Input VSYNC

Input VSYNC Forbidden Region

When the transition of VSYNC is in “Input VSYNC Forbidden Region”, it is possible that following vertical timing fluc-
tuates about one line.

VSYNC output (VO, Regenerated VSYNC) ---Setting Register: R20[6:0]/R21[5:0]
PLL COAST Timing ---Setting Register: R22[6:0]/R23[6:0]

Clamp COAST Timing ---Setting Register: R24[6:0]/R25[6:0]

DE Restraint period ---Setting Register: R2A[6:0]/R2B[6:0]

The edge of Input VSYNC must be outside "Input VSYNC Forbidden Region" to prevent fluctuation of these vertical
timing.

R20[7] VSYNC Output (VO, Regenerated VSYNC) Timing Automatic Setting Enable

When set to 1, VSYNC Output Start Position (R20[6:0]) and VSYNC Output Pulse Width (R21[5:0]) are automatically
set to match the VSYNC input timing. The VSYNC Output Start Position is set to 0 and the VSYNC Output Pulse Width
is determined by sync processor based on the result of VSYNC Input Pulse Width Measurement (R2F[7:0]).

R20[6:0] VSYNC Output (VO, Regenerated VSYNC) Start Position

The starting position of VO and Regenerated VSYNC, which are the possible output from VSOUT-pin, is set in steps of
1 line based on leading edge of Input VSYNC. The set value is expressed by complement of 2 and the set range is from -
64 to +63.

R21[5:0] VSYNC Output (VO, Regenerated VSYNC) Pulse Width
The pulse width of VO and Regenerated VSYNC, which are the possible output from VSOUT-pin, is set in steps of 1

line.

< Output VSYNC Start Position / Pulse Width >

Horizontal Period

Input VSYNC u |_| |_| n n ﬂu |.| |

Output VSYNC
(R20[6:0]=-1)

Output VSYNC
(R20[6:0]=0)

Output VSYNC
(R20[6:0]=+1)

Output VSYNC Pulse Width
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R22[7] PLL COAST Timing Automatic Setting Enable

PLL should stop synchronization with the HSYNC input during the vertical blank time including the pulses disturbing
PLL lock and the sampling clock generation such as equalization pulses and copy protection signal. PLL COAST signal
causes PLL to stop synchronization with the HSYNC input and free-run.

1: PLL Pre-COAST (R22[6:0]) and PLL Post-COAST (R23[6:0]) are automatically set

PLL COAST Period generated by automatic setting is depend on the setting of PLL HSYNC Filter Enable (R1F[4]) .

* When HSYNC Filter is disabled (R1F[4]=0) , the PLL COAST period covers the period including extraneous and
missing pulses in vertical blank time.

* Even in the case Input Sync Type is set to “Separate Sync” (R12[1:0]=00b) , the PLL COAST signal covers the
VSYNC pulse period.

* When HSYNC Filter is enabled (R1F[4]=1) , the PLL COAST period covers the VSYNC pulse period because
extraneous pulses are eliminated by HSYNC Filter.

< PLL COAST Auto Mode>

Horizontal Period

Input HSYNC |_| n n ﬂu |.|

Raw HSYNC || I | |
PLLCOAST | | L

HSYNC Filter Enable (R1F[4]=1)

Filtered HSYNC  |] L L

PLL COAST |

R22[6:0] PLL Pre-COAST
Set the start position of PLL COAST in steps of 1 line with reference to the leading edge of the VSYNC input.

R23[6:0] PLL Post-COAST
Set the end position of PLL COAST in steps of 1 line with reference to the leading edge of the VSYNC input.

< PLL COAST Timing>

Horizontal Period

Input VSYNC |_| n n ﬂu |.|

PLL COAST

PLL Pre-COAST PLL Post-COAST
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R24[6:0] Clamp Pre-COAST

Clamp should be suspended during the vertical blank time including the pulses disturbing clamp such as copy protection
signal. Clamp COAST signal causes clamp to be suspend.

Set the start position of Clamp COAST in steps of 1 line with reference to the leading edge of the VSYNC input.

R25[6:0] Clamp Post-COAST
Set the end position of Clamp COAST in steps of 1 line with reference to the leading edge of the VSYNC input.

< Clamp COAST Timing>
Horizontal Period
Analog Input |P n n ﬂd |.| d
Clamp COAST I |
Clamp Pre-COAST Clamp Post-COAST

* Clamp COAST timing is related to a 3-level slicer. In case that Sync type select is "Sync on Video (3-level) "
(R12[1:0]=11b) , Clamp COAST timing should cover VSYNC pulse (and the period which includes equalization pulses
in interlace signal) , and end at least 12 lines prior to the active line start.

(Setting example: Clamp Pre-COAST=2 / Clamp Post-COAST=S).

R26[3:0] / R27[7:0] DE Start Position
set the start position of DE (Data Enable) available from O/E FIELD-pin in steps of 1 pixel with reference to the leading
edge of the HSYNC input (the leading edge of the positive pulse for 3-level sync) .

R28[3:0] / R29[7:0] DE Pulse Width
set the pulse width of DE (Data Enable) available from O/E FIELD-pin in steps of 1 pixel.
The output polarity of DE is Active-High.

< DE Horizontal Timing>

mput HSYNC || |

DE Start Position

DE | |
DE Pulse Width

R2A[6:0] V-Blank Front Porch (DE End Line Position)
Set the end line of DE (Data Enable) available from O/E FIELD-pin in steps of 1 line with reference to the VSYNC
Output Start Position (R20[6:0]) .

R2B[6:0] V-Blank Back Porch (DE Start Line Position)
Set the start line of DE (Data Enable) available from O/E FIELD-pin in steps of 1 line with reference to the VSYNC
Output End Position (R20[6:0]+R21[5:0]) .

< V-Blank Front Porch / V-Blank Back Porch >

Horizontal Period

Input VSYNC u |_| n n ﬂu |.|

Output VSYNC Pulse Width
Output VSYNC T 7

\ /
DE _I_l V-Blank| Front Porch V-Blank [Back Porch I_L
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R2CJ3:2] Port-1 Input Sync Type Detection
R2CJ[1:0] Port-0 Input Sync Type Detection
The result of Input Sync Type Detection can be read.

< Input Sync Type Detection >

HSYNC VSYNC SOGIN Input Sync Type 2:8%?3
Not Active | Not Active | Not Active No Signal 11b
Not Active | Not Active| Active Sync on Video 10b
Not Active Active Not Active No Signal 11b
Not Active Active Active Sync on Video 10b

Active Not Active | Not Active|| Composite Sync 01b

Active Not Active Active Composite Sync 01b

Active Active Not Activell Separate Sync 00b

Active Active Active Separate Sync 00b

R2D[2] VSYNC Input Polarity Detection

The result of VSYNC Input Polarity Detection can be read.
0: Input polarity is Active-Low.

1: Input polarity is Active-High.

R2D[1] HSYNC Input Polarity Detection

The result of HSYNC Input Polarity Detection can be read.
0: Input polarity is Active-Low.

1: Input polarity is Active-High.

R2D[0] Sync on Video 2-level / 3-level Detection

When the result of Input Sync Type Detection of the selected input port (R12[3]) is Sync on Video (R2C[6:5],
R2(C[4:3]=10b) , the result of Sync on Video 2-level / 3-level Detection can be read.

0: Sync on Video is 2-level.

1: Sync on Video is 3-level.

* When Input Sync Type is not Sync on Video, 0 can be read.

R2E][7] Interlace Detection

The result of Interlace Detection detected by the HSYNC and VSYNC input can be read.
0: Input signal is non-interlace (progressive) .

1: Input signal is interlace.

R2E[6:0] / R2F[7:0] Vertical Total Line Measurement
The result of Vertical Total Line Measurement measured by the HSYNC and VSYNC input can be read in 1/4 line unit.

R30[7:0] VSYNC Input Pulse Width Measurement
The result of VSYNC Input Pulse Width Measurement measured by the HSYNC and VSYNC input can be read in 1/4
line unit.

R31]2] Reserved * Must be set to 0 (Default Value: 0)

R31[1] External REFCLK Input Enable

1: It is possible to measure the horizontal period (R32[3:0]/R33[7:0] / R34[7:0]) by inputting clock which is 7 - 40 MHz
to CLAMP-pin. The frequency precision of the input clock influences a result of measurement directly, so please input
the clock with the high frequency precision.

* If the external REFCLK input is enable (R31[1]=1) , the function of external clamp pulse (R16[2]) can not be used.
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R31[0] HSYNC Period Measurement Run

0: Stop the Measurement of HSYNC Period.

1: Start Measurement of HSYNC Period. (A result of measurement is renewed every 100 lines.) .

*When reading the result of measurement (R32[3:0]/ R33[7:0] / R34[7:0]) , please suspend measurement.

R32[3:0]/R33[7:0]/R34[7:0] HSYNC Period Measurement Result
The period of 100 lines of horizontal period is counted by External REFCLK and the result can be read.
The horizontal period and frequency are calculated by the following formula.

Horizontal period [us] = Measurement result / (100 * fREFCLK)

Horizontal Frequency [kHz] = fREFCLK * 10° / Measurement result
* fREFCLK is REFCLK frequency (unit :MHz)

*Input a reference clock (7-40MHz) to CLAMP-pin to measure period of Horizontal, and the setting of External REF-
CLK input should be enabled(R31[1]=1) .

*Stop the measurement after more than 20ms(or more than 300 lines) from the start of measurement of horizontal period
(R31[0]=1), and read the result(R32[3:0] / R33[7:0] / R34[7:0]) .

R35[7] Sync Signal Valid Flag (Event Recorder)
1 is set when HSYNC and VSYNC are detected in input sync. At this point, all the measurement and detection are
completed.

R35][4] Port-1 Input Sync Type Change Detection (Event Recorder)
R35|3] Port-0 Input Sync Type Change Detection (Event Recorder)
1 is set when Port-1 Input Sync Type Detection (R2C[6:5]) , Port-0 Input Sync Type Detection (R2C[4:3]) changes.

R35[2] Input Signal Format Change Detection

When following even one detection and result of measurement changed, 1 is set

HSYNC Input polarity Detection

VSYNC Input polarity Detection

Vertical Total Line Measurement (Change detection threshod(R37[7:5]) default setting is +/-1 line)

VSYNC Input Pulse Width Measurement (Change detection threshold (R37 [4:3]) default setting:+/- 1 line.)
HSYNC Period Measurement (Change detection threshold (R37 [2:0]) default setting:+/- 64)

*It's possible to detect the switching of seamless input format change of which the input SYNC type doesn't change.

R35[1] Input HSYNC Missing Edge Detection (Event Recorder)

1 is set when HSYNC edges are not detected inside the prospective period. The PLL COAST period (R22[6:0]/R23[6:0])
is not the subject of detection.

* In case input sync signal includes no pulses during the vertical sync time such as OR-type CSYNC, these missing
pulses should be covered by PLL COAST signal.

R35[0] Input HSYNC Extraneous Edge Detection (Event Recorder)

‘1’ is read when HSYNC edges are detected outside the prospective period. The PLL COAST period (R22[6:0]/
R23[6:0]) is not the subject of detection.

* In case input sync signal includes extraneous pulses such as equalization pulses and copy protection signal during the
vertical blank time, these pulses should be covered by PLL COAST signal or eliminated by HSYNC Filter (R1F[4]) .

* Event recorders must be cleared by writing 1 to them to start the measurement and detection by them.
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R36[7]/R36[4:0] Sync Processor IRQ Output Enable by Event Recorder
1: When corresponding bit of event recorders R34[5:0] is set to 1, interrupt request is triggered. Interrupt request signal is
available from O/E FIELD-pin (R1E[3:1]=011b) .

< Sync Processor IRQ Enable >

Event Recorder | Event | _IRQ Enable
R35(7] Sync Signal Valid Flag R3617]
R35[6] Reserved R36[6]
R35[5] Reserved R36[5]
R35[4] Port=1 Input Sync Type Change Detection R36[4]
R35[3] Port=0 Input Sync Type Change Detection R36[3]
R35[2] Input Signal Format Change R36[2]
R35[1] Input HSYNC Missing Edge Detection R36[1]
R35[0] Input HSYNC Extraneous Edge Detection R36[0]

R37[7:5] Input Signal Format Change Detection---Threshold of Vertical Total Line Change

Set the change detection threshold of vertical total line for Input Signal Format Change Detection (R35[2]). When the
result of vertical total line measurement (R2E[6:0] / R2F[7:0]) change more than this value, R35[2] will be 1.
000b: 0.5 lines

001b: 1 line

010b: 2 lines

011b: 4 lines

100b: 8 lines

101b: 16 lines

110b: 32 lines

111b: Do not observe the change

R37[4:3] Input Signal Format Change Detection---Threshold of VSYNC Input Pulse Width

Set the change detection threshold of VSYNC Input Pulse Width for Input Signal Format Change Detection (R35[2]).
When the result of VSYNC Input Pulse Width measurement (R30[7:0]) change more than this value, R35[2] will be 1.
00b: 0.5 lines

01b: 1 line

10b: 4 lines

11b: Do not observe the change

R37[2:0] Input Signal Format Change Detection---Threshold of HSYNC Period

Set the change detection threshold of VSYNC Input Pulse Width for Input Signal Format Change Detection (R35[2]).
When the result of VSYNC Input Pulse Width measurement (R32[3:0]/R33[7:0]/R34[7:0]) change more than this value,
R35[2] will be 1.

000b: 8

001b: 16

010b: 32

011b: 64

100b: 128

101b: 256

110b: 512

111b: Do not observe the change

R39[7:2] Reserved *Must be set to 111111b for proper operation (Default value: 111111b)
R39[1] SOG Slicer Port 1 (SOGIN1) Power-on

R39[0] SOG Slicer Port 0 (SOGINO) Power-on

When the SOG slicer is not used, it’s possible to be powered down.

When making only SOG slicer Port 1 to be powered down, set R39=FDh

When making only SOG slicer Port 0 to be powered down, set R39=FEh

When making both of SOG Slicer Port to be powered down, set R39=FCh.

*R38 and the registers after R39 are for test purpose. Don’t write values to these registers.

Copyright©2023 THine Electronics, Inc. 40/45 THine Electronics, Inc.
SC:E



THC7984 Rev.2.01_E TH i n e

Application Example

EXTCLK/COAST
VSYNCO
BLUE<0>
BLUE<1>

HSYNCO
VSYNC1
HSYNC1

100nF —|: S BLUE<3>
T BAINO — = BLUE<4>
1
75Q <5>
100nF —|: 58 JomE<S
J—2ANT = BLUE<6>
750 BLUE<7>
1000F G_:AINO =
759<-‘NH
1nF _:

L {|-S0cN0 = :I—
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e {70} THC7984 2 GREEN<0>
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_| VD 49 GREEN<2>
100In|= ::13 77| GREEN<3>
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|.. IR 16] — —
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. P GREEN<9>

< ——{79] (A7} CREEN<> \\—
10uF DAVDD

BLUE<9>

REFHI
4_||_@
10puF E_

(o} (2] | (=]
el i 521 | 5
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3|2 MR E R MRNEHEE
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< Wl w wiw wi w) wfw

80 |yl x| x x| x| |

alternative <

Notel. Power-down / Reset
- When it is not used, set this pin to low. (e.g., pull-down to GND by a resistor (10kohm) ) .
- RST-pin is not made pull-up or pull-down inside of device.

Note2. Device address setting

Pull-down VSOUT/AO0-pin to GND by a resistor (10kohm) : Device address will be 1001100.

Pull-up VSOUT/A0-pin to VDD by a resistor (10kohm) : Device address will be 1001101.

- In case of pull-up, connect a resistor to VDD.

- Don’t connect VSOUT/AO-pin to the input pin with bus hold circuit of the subsequent device (Device address can’t be
acquired properly).

- VSOUT-pin is not made pull-up or pull-down inside the device, so please be sure to connect the resistor to this pin.

Note3. SYNC Signal Input

- The outside circuit should be designed not to apply higher voltage above absolute maximum rating (PVD+3.6v) to the
digital input pins when power is not supplied,

- Fix the input level when there is no sync signal on the sync input pins (e.g., pull-down to GND by resistor (10kohm) ) .
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Notice about the crosstalk when using 2 ports (Port 0/ Port1).

Crosstalk of video signal

Although the input signal to the non-selected port will give weak noise to the signal on the selected port by crosstalk, it
has little influence as long as the signal level is normal.

If the input signal to non-selected port is abnormally higher amplitude than normal signals (nominally 1.15V peak to
peak from the bottom of the sync to the peak level of copy protection signal) and supply voltage VD is lower (1.7V) than
the typical value, the crosstalk may increase and has influence to the selected port.

The component video signal on the non-selected port should be muted (output disable) by the video switch or video buf-
fer prior to the device to prevent the crosstalk.

* The amplitude of component video signal (YPbPr) with sync and copy protection signal is relatively high.

Mute of non-selected port (e.g.) THC7984 port selection

L

RGB | | i selected port
(PC input) %I

video switch

[~~~
YPbPr I_['I
. - |
(Component input) non-selected port
—1 %
mute

Crosstalk of SOG slicer

The SOG slicer extracts a sync signal from Sync-On-Video signal (SOG, SOY). In case that the Input Sync Type of the
selected port is Sync-On-Video(2-level) (R12[1:0]=10b) and a signal is inputted to the non-selected port, there is a pos-
sibility to have an influence on the clock Jitter by crosstalk.

* When the SOG slicer is not used (including YPbPr with separated sync input) , SOG crosstalk doesn’t influence on the
clock jitter.

To prevent crosstalk of the SOG slicer, take one of following countermeasures.

1. SOG slicer of non-selected port should be Power-down

When Port 0 is selected (R12[3]=0) : SOG slicer of port 1 should be powered down (R39=FDh)
When Port 1 is selected (R12[3]=1) : SOG slicer of port 0 should be powered down (R39=FEh)

* The SOG slicer of the port which doesn’t support SOG (e.g., PC input) can be powered down and the capacitor (1nF)
of the SOG input can be eliminated.

2. The video signal on the non-selected port should be muted (output disable) by the video switch or video buffer prior to
the device to prevent the crosstalk.

By above countermeasures, the SOG activity detection of the non-selected port can’t work and the following function
can not be used.

SYNC Type Detection of non-selected port (R2C[3:2]/R2C[1:0])

Input port Automatic Selection (R12[5])

Copyright©2023 THine Electronics, Inc. 42/45 THine Electronics, Inc.
SC:E



THC7984 Rev.2.01_E TH i n e

2-wire Serial Interface

< 2-wire Serial Interface Protocol >

Start con fﬂlition 9 cycle 9 cycle
A AR AW AW AN AW AU AWAWRY/AN
SDA T\ 16 {15 f----10 Jrw) a o7 D6 )---"D1 { D0) A [ D7)
o DEVICE ID R/'W ACK REGISTER ADDRESS ~ ACK
WRITE DATA
READ DATA
9 cycle 9 cycle Stop cop c_iiltion
---------- D7 { D6 f---- D1 Do A D7) D6 )---- D1 D0 AR/ "
=]
ACK ACK
-WRITE CYCYLE- .
[s| DeEvicEib  |W[AJREGISTER ADDRESS[A]  wriTEDATA [A] ---- [A]P]
-READ CYCYLE- .
[s| DEVICEID  |W|A|REGISTER ADDRESS| A|
1
[s| DpevicEib |rR[A] READDATA [A] ----  |ZE|[p|
S: Start condition P: Stop condition .
W: Write (Low) R: Read (High) A: Acknowledge (Low) A: Not acknowledge (High)
[ ]- -From Master to THC7984 ~ []- -From THC7984 to Master

* The THC7984 operates as a slave device.
* While SCL is High, SDA must be stable. SDA can change when SCL is Low. (except for start/end conditions)
* A SDA High to Low transition when SCL is High defines "Start condition". A SDA Low to High transition when SCL
is High defines "Stop condition".
* In write or read cycle, whenever data is written or read, the register address (address pointer) is incremented. The
address pointer is hold when the write cycle ends. However, The address pointer is undefined when the read cycle ends.
* To read the register data, specify a register address by the write cycle, and read the data by read cycle.
* Embedded watch dog timer monitors SCL transitions. When SCL stays High more than 39ms (min.) or stays Low
more than 19ms (min.) , 2-wire serial interface is reset to initial state (this is different from chip reset) .

< 2-wire Serial Interface Timing >

L ——ry, | y , . - - - | | j——— VIHmin=14V
SDA + t t t 7 AV Z H\d 1 t
— "y - - _
|l BUFF_ | toHo tpsu tstasu| | tstosu| | VILmax=0.8V
| | == = = ||tban <o | =< sl
tSTAH
R S S N — —-- — —l  VIHmin=1.4V
SCL [ [ / L1\ [
| | | | \ / - - | | —_ - | | VILmax=0.8V
_ _ < _ _
STOP  START DALl >|(<Tf START STOP
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Package Dimension (Unit: mm)

Rilililililillalitilillaltitililalalic . )

THC7984
Top View

14.00 BSC.
16.00 BSC

0-7deg.

ﬁ‘ * C) % Gauge Plane *

0.15 0.75 0.25
0.05 0.60
0.45
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Notice and Requests

1. The product specifications described in this material are subject to change without prior notice.

2. The circuit diagrams described in this material are examples of the application which may not always apply to the customer’s
design. THine Electronics, Inc. (“THine”) is not responsible for possible errors and omissions in this material. Please note even if
errors or omissions should be found in this material, THine may not be able to correct them immediately.

3. This material contains THine’s copyright, know-how or other intellectual property rights. Copying, reverse-engineer or
disclosing to third parties the contents of this material without THine’s prior written permission is prohibited.

4. THINE ACCEPTS NO LIABILITY FOR ANY DAMAGE OR LOSS IN CONNECTION WITH ANY DISPUTE RELATING
TO INTELLECTUAL PROPERTY RIGHTS BETWEEN THE USER AND ANY THIRD PARTY, ARISING OUT OF THIS
PRODUCT, EXCEPT FOR SUCH DAMAGE OR LOSS IN CONNECTION WITH DISPUTES SUCCESSFULLY PROVED
BY THE USER THAT SUCH DISPUTES ARE DUE SOLELY TO THINE. NOTE, HOWEVER, EVEN IN THE
AFOREMENTIONED CASE, THINE ACCEPTS NO LIABILITY FOR SUCH DAMAGE OR LOSS IF THE DISPUTE IS
CAUSED BY THE USER’S INSTRUCTION.

5. This product is not designed for applications that require extremely high-reliability/safety such as aerospace device, nuclear
power control device, or medical device related to critical care, excluding when this product is specified for automotive use by
THine and used it for that purpose. THine accepts no liability whatsoever for any damages, claims or losses arising out of the uses
set forth above.

6. Despite our utmost efforts to improve the quality and reliability of the product, faults will occur with a certain small probability,
which is inevitable to a semi-conductor product. Therefore, you are encouraged to have sufficiently fail-safe design principles
such as redundant or error preventive design applied to the use of the product so as not to have our product cause any social or
public damage.

7. This product may be permanently damaged and suffer from performance degradation or loss of mechanical functionality if
subjected to electrostatic charge exceeding capacity of the ESD (Electrostatic Discharge) protection circuitry. Safety earth ground
must be provided to anything in contact with the product, including any operator, floor, tester and soldering iron.

8. Please note that this product is not designed to be radiation-proof.

9. Testing and other quality control techniques are used to this product to the extent THine deems necessary to support warranty for
performance of this product. Except where mandated by applicable law or deemed necessary by THine based on the user’s
request, testing of all functions and performance of the product is not necessarily performed.

10. This product must be stored according to storage method which is specified in this specifications. THine accepts no liability
whatsoever for any damage or loss caused to the user due to any storage not according to above-mentioned method.

11. Customers are asked, if required, to judge by themselves if this product falls under the category of strategic goods under the
Foreign Exchange and Foreign Trade Act in Japan and the Export Administration Regulations in the United States of America on
export or transit of this product. This product is prohibited for the purpose of developing military modernization, including the
development of weapons of mass destruction (WMD), and the purpose of violating human rights.

12. The product or peripheral parts may be damaged by a surge in voltage over the absolute maximum ratings or malfunction, if pins
of the product are shorted by such as foreign substance. The damages may cause a smoking and ignition. Therefore, you are
encouraged to implement safety measures by adding protection devices, such as fuses. THine accepts no liability whatsoever for
any damage or loss caused to the user due to use under a condition exceeding the limiting values.

13.  All patents or pending patent applications, trademarks, copyrights, layout-design exploitation rights or other intellectual property
rights concerned with this product belong to THine or licensor(s) of THine. No license or right is granted to the user for any
intellectual property right or other proprietary right now or in the future owned by THine or THine’s licensor. The user must enter
into a license agreement with THine or THine’s licensor to be granted of such license or right.

THine Electronics, Inc.
https://www.thine.co.jp
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