& YAMAHA
YGV642

VC1H

m Overview

YGV642 (also called VC1H) is a pattern graphics controller with integrated VRAM functionality
requiring only a few inexpensive external components to build nicely animated GUI display

subsystems.

Conventional graphics controllers require complex and large display control program development
efforts, whereas YGV642 simply use a 12-byte parameter to control each graphic pattern
attributes—its position, scaling, alpha-values, colors—to do away with most of such efforts. Moreover

the host controller does not have to be powerful one to effectively animate GUIs with this device.

YGV642 supports on-the-fly decompression of sprites and font data which are compressed in Yamaha
proprietary algorithm and stored in the SPI flash memory. Less memory is needed for the same

graphics quality with this feature.

YGV642 now supports flash memories with SPI bus and comes in smaller package.

All these features allow this device to be built into the compact LCD display subsystems in car instrument
dashboards or any electric appliances, at an affordable cost with a minimum number of additional

components.
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B Features YGV642

m Features

B Display Controller

»  Display Monitors Supported

<>

TFT LCD Panels (with digital RGB) or other display devices with compatible interface

»  Screen Resolutions Supported

<>

Programmable to NTSC, PAL, QVGA, WQVGA, VGA, WVGA, SVGA, and other resolutions

» Integrated LCD Timing Controller

»  Display Plane Layering Architecture

S

Graphic primitives: Sprites (pattern graphics), Lines, and Text
Hardware clipping with rectangular windows

Up to 341 Layers (layered display planes)

Each Layer contains Sprite, or Lines, or Text

Alpha blending controls on pixel-by-pixel level

Contrast, brightness controls of layered image

Macro command sequencer for animating GUI

B Graphics Primitives
»  Sprite

<>

Up to 341 Sprites per screen (up to 64 Sprites per scan line)

< Supports sizes from 8 pixels x 8 pixels to 512 pixels x 512 pixels (horizontal and vertical sizes can be
chosen independently in 8 pixel units)

< Supports color palettes of 2, 16, 64, or 256 colors out of 16M colors; or 262 144 colors with 18-bit
RGB; or 16 777 216 colors with 24-bit RGB for photo quality images

< Image scaling with a 0 to 3.984375 scaling factor (in 0.015625 increments)

< Anti-aliased Sprite outlines using 4 bpp or 8 bpp Alpha Tables

< Up to 1024 total palette colors in combinations of 2-color palettes, 16-color palettes, 64-color palettes,
and 256-color palettes

>  Text

< Up to 1864 fonts per screen (up to 64 fonts per scan line)

< Font size from 1 pixel x 1 pixel to 64 pixels x 64 pixels (horizontal and vertical sizes can be chosen
independently in 1 pixel units)

< Independent font selections for each text strings

<> Supports proportional font

< Inter-character spacing control with kerning

< Supports half-width font

< Supports 4 bpp anti-aliasing font

<> Supports font rendering for vertically written texts

» Lines

<> Up to 510 lines per screen

<> Line width from 1 pixel to 16 pixels (in one-pixel increments)

< Colors selected from 32 768 colors (in RGB555 format) or specified with indices to a palette
(16 777 216 colors)

<> Hardware line renderer draws directly from the start- and end-point coordinates (no need to construct

lines with pixel patterns)
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B Features YGV642

< Flat or round cap for start- and end-point of the line
< Supports anti-aliased line rendering

B Other Features
»  Host Controller Interface

< Serial connection or 8-bit parallel connection
< Indirect accesses through a single access port (to built-in registers and tables and to the pattern
memory)
»  Pattern Memory Interface
< Up to 512 Mbit (64 MB) memory
< Supports SPI flash memory: Single, Dual, and Quad I/O modes
»  Other Specifications
Lead-free 100-pin SQFP (YGV642-S7)
Supply voltage: 3.3 V (with built-in regulator for core power supply (1.8 V))
Host controller interface signaling level: between 3.3 Vand 5 V
Operating temperature range from —40 °C to +105 °C

St
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B Pin Assignment

m Pin Assignment
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Figure 1 Pin Assignment.
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B Pin Descriptions YGV642
m Pin Descriptions
Table 1 Pin Attributes
Category | No. Pin Name 1/0 Power Description Attribute | Drive | Note
Host 30 DO /O | VDDS5 Data bus ¥ 4 mA 1
Controller |31 D1 * MSB: D7, LSB: DO 2
Interface |32 D2
33 D3
34 D4
35 D5
36 D6
37 D7
48 PSO I VDDS5 Access port select ¥ 1
47 PS1
46 PS2
43 CS N I VDDS5 Chip select ¥ 3
(SCS_N) Serial interface chip select
45 RD N I VDDS5 Data read strobe ¥ 3
(SDIN) Serial interface data input
4 |WRN I VDD5 | Datawritestrobe f 3
(SCLK) Serial interface clock
39 WAIT N oT VDDS5 Bus wait ¥ 4 mA 3
4
5
(SDOUT) Serial interface data output 2
3
40 READY N OT |VDDs5 Bus ready ¥ 4 mA 4
5
41 INT N OD |VDD5 Interrupt request ¥ 4 mA 5
16 SER N I VDD33 | Host controller interface select 6
Pattern 58 MSCSO N O VDD33 | Chip select 8 mA
Memory 59 MSCS1 N o VDD33 | Chip select 8 mA 7
Interface | 67 MSCLKO 0] VDD33 | Clock output 16mA | 8
68 MSCLKI I VDD33 | Clock input 8
9
61 MSIO0 1/0 VDD33 | Pattern Memory data input and output 8 mA 2
62 MSIO1 * MSB: MSIO3, LSB: MSIO0
64 MSIO2
65 MSIO3
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B Pin Descriptions YGV642
Category | No. Pin Name 1/0 Power Description Attribute | Drive | Note
Monitor 74 DRO o VDD33 | Digital video Red output 4mA | 10
Interface |75 DR1 * MSB: DR7, LSB: DRO
76 DR2
78 DR3
79 DR4
80 DRS5
81 DR6
83 DR7
84 DGO o VDD33 | Digital video Green output 4mA | 10
86 DGl * MSB: DG7, LSB: DGO
87 DG2
89 DG3
90 DG4
91 DG5
92 DG6
94 DG7
95 DB0 o VDD33 | Digital video Blue output 4mA | 10
96 DBI1 * MSB: DB7, LSB: DBO0
97 DB2
99 DB3
100 |DB4
1 DB5
2 DB6
4 DB7
5 VSYNC N OT |VDD33 | Vertical sync output 4mA | 3
(POL) Polarity reverse output 11
6 HCSYNC N |OT |VDD33 |Horizontal sync signal or composite sync 4 mA 3
signal output 11
(CLKV) Vertical clock output
7 BLANK N OT |VDD33 |Blanking signal output 4 mA 3
(STARTV) Vertical start signal output 11
9 DOTCLK O VDD33 | Dot clock output 4 mA
(12) | (STARTH) 1/0 VDD33 | Horizontal start signal output 4 mA 3
11
(11) |[(LOADH) /O VDD33 | Horizontal load signal output 4 mA 3
11
(13) |(OUTENV) /O VDD33 | Gate driver output enable 4 mA 3
11
51 TCONE I VDD33 | Timing controller function select 12
(internally pulled down) 13
Clock 56 XIN I VDD33 | Reference clock input 14
55 XOUT O VDD33 | For resonator device connection 14
53 DTCKIN I VDD33 | Dot clock input 15
15 DTCKS N I VDD33 | Dot clock select 12
13 PLLCTLO /O | VDD33 |PLL controls 3
(OUTENV) 12
12 PLLCTLI1
(STARTH)
11 PLLCTL2
(LOADH)
70 PCLKCTLO I VDD33 | PLL controls (for initial values on reset) 12
(internally pulled down) 13
71 PCLKCTLI1 3
(STALNM) 12
13
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B Pin Descriptions YGV642
Category | No. Pin Name 1/0 Power Description Attribute | Drive | Note
System 17 RESET N I$ VDD33 | Hardware reset input i
18 XTESTO OT |VDD33 |Testpin 4 mA 3
(WP_SDOUT) Pattern Memory program serial data output 16
19 XTESTI I VDD33 | Test pin i 3
(WP_SCS N) Pattern Memory program serial chip select 17
20 XTEST2 Test pin
(WP_SDIN) Pattern Memory program serial data input
21 XTEST3 Test pin
(WP_SCLK) Pattern Memory program serial clock
22 XTEST4 I VDD33 | Test pin 17
23 XTESTS
(71) | (STALNM) I VDD33 |Pattern Memory width select (for stand-alone 3
mode) 12
(internally pulled down) 13
72 STALNE I VDD33 | Stand-alone mode selection 12
(internally pulled down) 13
3 VDD33 - - Digital power supply 18
14 VDD33
54 VDD33
60 VDD33
66 VDD33
73 VDD33
82 VDD33
93 VDD33
38 VDD5 - - Host controller interface power supply 19
* Supports from 3.3 V to 5 V as the controller
interface signaling voltage
8 VSS - - Digital ground 18
25 VSS 20
42 VSS
50 VSS
57 VSS
69 VSS
77 VSS
88 VSS
98 VSS
52 PLLVDD - - PLL power supply 20
27 OCPEN I VDD5 Overcurrent protect enable/disable/reset il
28 TEST REG I VDD5 Overcurrent protect test pin T 21
29 OCP N O VDD5 Overcurrent detect indication 4 mA
10 VDDCORE - VDDIN | Core supply decoupling capacitor connection 22
63 VDDCORE
85 VDDCORE
24 VOUTI18 VDDIN | 1.8 V digital power supply 20
26 VDDIN - - 3.3 V supply for core supply regulator (1.8 V) 18
49 VDDIN
* Symbols in I/O column
- I: Input
+ /O:  Input and Output
- I8: Input with Schmitt trigger input
+ O: Output
+ OT:  3-state output
+ OD: Open-drain output
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B Pin Descriptions YGV642

* Symbols in Attribute column

+ +: "5V Tolerant"
These pins withstand the application of up to 5 V signals beyond the power rail.
This means that 5 V can be applied when the device power pin is at 0 V.

* f: "Tolerant"
These pins withstand, and not draw current even when the applied signal is beyond the power
rail.
This is slightly different from the "5 V Tolerant" attribute in that the extent beyond the power
rail must be 3.6 V or less. This means that only up to 3.6 V (the maximum operating voltage
supply) can be applied when the device is unpowered (at 0 V supply voltage).

[Note 1]
Parallel bus interface is used when SER_ N = H.
Fix these pins to "H" or "L" level when SER N = L.

[Note 2]
Pull up these pins with a resistor.

[Note 3]
Multi function pins.

[Note 4]
Use READY N and WAIT N pins as appropriate to the used controller interface timing.

[Note 5]
Pull up these pins with a resistor when used.
(No pull-up resistor is required when these pins are not used.)

[Note 6]
The voltage must be settled to a valid logic level while RESET N =L on device power-up.
SER N = L: serial interface
SER N = H: parallel interface

[Note 7]
Leave this pin unconnected (N.C.) when not used.
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B Pin Descriptions YGV642

[Note 8]
Circuit Board Layout Notes:
+ Place SPI flash memories as close to YGV642 as possible.
* Place a series 30—100 ohm damping resistor on MSCLKO signal near MSCLKO pin.
+ Values of MSCLKO series resistor for the MSCLKI connection and for the SPI flash memory
connections must be the same.

* Lengths of MSCLKO signal trace for the MSCLKI connection and for the SPI flash memory
connections must be the same.

YGV642 SPI Flash

MSCLKI (pin 68)[_] o <too ol [ SCLK

30 Q~100 Q

MSCLKO (pin 67)[_—

30 Q~100 Q

vV V.V SPI Flash

— SCLK

Figure 2 Series Damping Resistors on MSCLKO signal.

[Note 9]
Connect this pin to MSCLKO pin.

[Note 10]

Leave DR1-0, DG1-0, and DB1-0 pins unconnected (N.C.) when using 6 bit data for each RGB video
output.

[Note 11]
These pins are in the high-impedance state on device reset until R#1Ch: SYEN becomes "1". Check your
LCD specifications to see if pull-down or pull-up resistors are needed on these connections.

[Note 12]
The voltage must be settled to a valid logic level while RESET N = L on device power-up.

[Note 13]

Tie this pin directly to ground to signal logic low although a pull-down resistor is integrated. Tie this pin
directly to VDD?33 to signal logic high.
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B Pin Descriptions YGV642

[Note 14]
Clocks can be supplied either by connecting a crystal resonator between XIN and XOUT pins to use the

on-chip oscillator or by feeding external clock to XIN pin. When external clock is fed, XOUT pin must be
left open.

Supported frequency range of the crystal on XIN and XOUT: 6 MHz to 20 MHz
Supported frequency range of external clock input to XIN: 6 MHz to 40 MHz

The schematic below shows an external component network when a crystal is used for the clock supply.

VDD33 (pin 54) OUT (pin 55) IN (pin 5
A\ —1

§Rd

Crystal resonator
I D |
L]

— c2”"—

T

VSS (pin 57)

et
w
<

v

Ground

C1, C2: Load capacitance, Rf: Feedback resistor, Rd: Damping resistor
Figure 3 External Network for XIN / XOUT.

For the reliable operation of the crystal oscillator circuit, we recommend you to take the following design
considerations.
1) Place and connect all the components (such as this device, crystal resonator, etc.) as close to each
other as possible with short signal traces.
2) The ground node of the external network must be directly connected to VSS (pin 57) pin.
3) Locate other signal traces as far away as possible from this one, particularly those in which a large
current can flow.
4) Use decoupling capacitors between VDD33 (pin 54) and VSS (pin 57).
5) Design wide ground traces around the external network to prevent interference from other signals
and connect it to VSS (pin 57).

YGV642 electrical characteristics are specified on the assumption that either a crystal resonator
(XIN/XOUT) or an external crystal oscillator (XIN) is used. Whenever possible, therefore use one of these
crystal-based clock generators and design so that the frequency tolerance comes within £100 ppm
including its temperature induced variations.

When a ceramic resonator is used, note the following:
1. Find and use a ceramic resonator with jitter performance comparable to those of crystal resonators.
2. Ceramic resonator’s frequency tolerance and temperature coefficient are generally larger than those
of crystal resonators.
Larger frequency tolerance of components such as ceramic resonators are not considered in the YGV642
design; therefore, use a ceramic resonator with a slightly lower nominal frequency than the designed value
so that the system clock frequency remain within the specification even at the upper end of the variation.
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B Pin Descriptions YGV642

[Note 15]
Fix this pin either to logic high or low when DTCKS N = H.

[Note 16]
Pull up this pin with a resistor when designing an application board that runs both normal operations and
Pattern Memory program operations. Leave this pin open when it runs only normal operations.

[Note 17]
For normal operations, XTESTS5-1 pins must be tied to "HHHHH", or XTEST5-4 pins be tied to "HL" for
Pattern Memory program operations. Other setting may damage this device and devices connected to this
one.
Pull up XTEST4-1 pins with a resistor when designing an application board that runs both normal
operations and Pattern Memory program operations; pull up XTEST5-1 pins toVDD33 without a resistor
when it runs only normal operations.

[Note 18]
Use high-frequency ceramic capacitors across VDD33 and VSS pins and across VDDIN and VSS pins,
and place them very near to the IC to minimize wiring inductance.

[Note 19]
Put decoupling capacitors across VDDS5 and VSS pins.

[Note 20]
+  Connect PLLVDD pin to VOUT18 pin.

Put a decoupling capacitor across PLLVDD and VSS (pin 50).

- Place the capacitor as close to PLLVDD pin as possible.

Put a 1 pF or more ceramic capacitor across VOUT18 and ground.

- Place the capacitor as close to VOUT18 pin as possible.

[Note 21]
Connect this pin to ground directly, without a resistor.

[Note 22]
Put a 1 uF or more ceramic capacitor across VDDCORE and ground.
- Place the capacitor as close to VDDCORE pin as possible.
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B Pin Descriptions

YGV642

® Multi-Function Pins

Host Controller Interface

Table 2 Host Controller Interface

Pin Name Serial Interface (SER N =1L) Parallel Interface (SER_N = H)
D7-0 Tie these pins to H or L level D7-0

PS2-0 Tie these pins to H or L level PS2-0

CS_N SCS N CS N

RD_N SDIN RD_N

WR_N SCLK WR_N

WAIT N SDOUT WAIT N

READY N - (open) READY N

INT N INT N —

Timing Controller

Table 3 Timing Controller

Pin Name Timing Controller Disabled (TCONE = L) Timing Controller Enabled (TCONE = H)
DR7-0 DR7-0 —

DG7-0 DG7-0 —

DB7-0 DB7-0 —
DOTCLK DOTCLK —
HCSYNC N | HCSYNC_N CLKV
VSYNC N VSYNC N POL
BLANK N BLANK N STARTV
PLLCTL2 PLLCTL2 LOADH
PLLCTL1 PLLCTL1 STARTH
PLLCTLO PLLCTLO OUTENV

Pattern Memory Program Serial Interface

Table 4 Pattern Memory Program Serial Interface

Pin Name For Pattern Memory Program Operations For Normal Operations
(XTEST5-4 =HL) (XTEST5-4 = HH)

XTEST3 WP_SCLK XTEST3

XTEST2 WP_SDIN XTEST2

XTESTI WP_SCS N XTESTI

XTESTO WP_SDOUT XTESTO

Stand-Alone Mode

Table 5 Stand-Alone Mode

Pin Name Normal Mode Pin Function Stand-Alone Mode Pin Function
(STALNE =L) (STALNE = H)

PCLKCTL1 PCLKCTLI1 STALNM

PCLKCTLO PCLKCTLO Ignored

4GV642A00
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B Block Diagram

YGV642

m Block Diagram

Pattern
Memory I/F
(Quad_SPD)

MSC81-0.N

MSCLKO
MSCLKI

MSI03-0 >

Monitor /F

DR7-0
DGT-0
DBT7-0

HCSYNC_N
VSYNC_N
BLANK N
DOTCLK

CLKV
STARTH
STARTV
LOADH
POL
OUTENV
TCONE

PCLKCTL1-0

Pixel Data
Controller
Font Font
— Data — Rendering . e
Decoder Processor Line Buffer
)
g8
: |
=1
=
g
5] Pattern Sprite Line T
E‘ — Data —— Rendering Rendering
% Decoder Processor Processor
f_{ CRTC
:
Sprite & Font & Line Plane Generator
To all
CPU blocks | (Clock
Interface I I I Generator
To all
Color G'lénlflral Registers b(l)oiks
‘able >
Palette
To all
bluij_ Device
Controller

Device
Control

RESET N
STALNE
OCPEN
TEST_REG
OCP_N

Figure 4 Block Diagram.
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B Electrical Characteristics YGV642
m FElectrical Characteristics
® Absolute Maximum Ratings
Table 6 Absolute Maximum Ratings
Parameter Symbol Ratings Unit | Note
Supply voltage (VDD5) Vpps —0.5 to +7.0 \Y% 1
Supply voltage (VDD33, VDDIN) Vppa3 —0.5 to +4.6 \Y% 1
PLL supply voltage (PLLVDD) Vpivp —0.5t0 +2.5 \ 1
Input pin voltage (for pins supplied from VDDS5) \ —0.5t0+7.0 \ 1
Input pin voltage (for RESET N) \ —0.5 to VDD33+4.6 (< 5.5 Max.) \ 1
gll{:);;: I;il I\\Il)oltage (for pins supplied from VDD33 except v, 0.5 to VDD3340.5 (< 4.6 Max.) v |
Output pin voltage
("Tolerant" output (including I/O) pins supplied from Vo -0.5t0 +5.5 \% 1
VDD5)
Outp}lt pin voltage (for pins supplied from VDDS5 except Vo 0.5 to VDD5+40.5 (< 5.5 Max.) v 1
the pins above)
.Outqu pin volt?ge (for pins supplied from VDD33 Vo 0.5 to VDD33+0.5 (< 4.6 Max.) v |
including I/O pins)
Input pin current I; —20 to +20 mA
Output pin current Io —20 to +20 mA
Storage temperature Tsrg —50 to +125 °C
[Note 1] Values are specified using VSS (ground) = 0 V as the reference.
® Recommended Operating Conditions
Table 7 Recommended Operating Conditions
Parameter Symbol Min. Typ. Max. Unit | Note
Supply voltage (VDD33, VDDIN) Vpps3 3.0 3.3 3.6 \Y% 1
PLL supply voltage (PLLVDD) Vpivd 1.65 1.8 1.95 \ 1,2
Controller I/F supply voltage (VDDS) Vbps 3.0 5.0 5.25 \ 1
Operating ambient temperature Top —40 105 °C 3
[Note 1] Values are specified using VSS (ground) = 0 V as the reference.
[Note 2] Connect VOUT18 pin to PLLVDD pin. (no external 1.8 V power supply required)
[Note 3] The maximum operating ambient temperature of 105 °C is specified for the following conditions:
- 4-layer board with over 300 % copper coverage.
* These conditions also assume this device is the only one mounted on the board.
® Power Consumption
Table 8 Power Consumption
Parameter Conditions Symbol Min. Typ. Max. Unit | Note
Total power consumption Pp TBD mW 1
: CL=20pF
Current drawn from each supplies Vi = ground
-VDD33, VDDIN Ve=Voo, Tvop TBD mA | 1,2
-VDD5 Iypps TBD mA 1

[Note 1] The total power consumption and drawn current values assume recommended operating conditions.
[Note 2] The current drawn from PLLVDD is included in this value.
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B Electrical Characteristics YGV642

® DC Characteristics

Table 9 Input Voltages

Parameter | Symbol | Min. | Typ. Max. | Unit | Note
Low level input voltage
XIN pln VIL —-0.3 VDD33 x 0.3 \% 1
Input pins and I/O pins (except XIN pin) using 3.3 V
. A% —0.3 0.8 \% 1
rail (VDD33, VDDIN) 1L
Input pins and I/O pins using 5 V rail (VDDS) when 3
VDDS is from 3.0 V10 3.6 V Vi 03 Voos X021 V)
Input pins and I/O pins using 5 V rail (VDDS) when
. A% —0.3 0.8 \% 1
VDDS is from 3.6 V to 5.25 V "
High level input voltage
XIN plIl VIH VDD33 x 0.7 VDD33 +0.3 \'% 1
RESET N pin Vi 2.0 5.5 \4 1,2
Input pins and I/O pins (except XIN and RESET N
- \% 2.0 Vppss + 0.3 A% 1
pins) using 3.3 V rail (VDD33, VDDIN) ‘H DD33
Input pins and I/O pins using 5 V rail (VDDS5) when
VDDS is from 3.0 V 10 3.6 V Ve | Vopsx08 > V!
Input pins and I/O pins using 5 V rail (VDDS5) when
\% 2.0 5.5 A% 1
VDDS5 is from 3.6 V t0 5.25 V "

[Note 1] Values are specified using VSS (ground) = 0 V as the reference.
[Note 2] Upto 5.5V can be applied to RESET N pin when Vpp;3 is powered, or up to 4.6 V, when Vpps;3 is unpowered.

Table 10  Output Voltages

Parameter | Conditions | Symbol | Min. | Typ. Max. | Unit | Note

Low level output voltage

Output pins and I/O pins (except Tor = 100pA VoL 0 02 \V 1

XOUT pin) using 3.3 V rail (VDD33,

VDDIN) lo = 2mA Vou 0 0.4 \% 1

Output pins and I/O pins using 5 V Ior = 100pA VoL 0 0.2 \Y% 1

rail (VDD5) loL = 4mA VoL 0 0.4 \% 1
High level output voltage

Output pins and I/O pins (except Ton = —100pA Vou Vppss — 0.2 Vo Vv 1

XOUT pin) using 3.3 V rail (VDD33,

VDDIN) IoL= —2mA Vou 2.4 Voo \% 1

Output pins and I/O pins using 5 V Iou=—100pA Vou Vpps — 0.2 Vbbs \Y 1

rail (VDD5) ToL= —4mA Vou Vpps X 0.8 Vs v 1

[Note 1] Values are specified using VSS (ground) = 0 V as the reference.

Table 11 Leakage Current

Parameter Symbol Min. Typ. Max. Unit | Note
Input leakage current I -10 +10 LA
Output leakage current Iio =25 +25 LA

Table 12 Pin Capacitance

Parameter Symbol Min. Typ. Max. Unit | Note
Input pin capacitance C; 10 pF
Output pin capacitance Co 10 pF
Input and Output pin capacitance Cio 10 pF

4GV642A00 15




B Electrical Characteristics YGV642
® AC Characteristics
Measurement Conditions:
Input voltage 0V /Vppszor0V/Vpps
Input ramp time 1 ns (The ramp time is defined as the time interval from when the

input voltage reaches at Vppz; % 0.2 (or Vpps x 0.2) till when it

reaches at Vppz; % 0.8 (or Vpps x 0.8.))

Timing reference signal levels Input Vi./ Vi
Output VDD33 /2V or VDDS 12V
Output load capacitance 20 pF
Clock Input
Table 13 Clock Input
No. Parameter Symbol Min. Typ. Max. Unit | Note

1 XIN: Clock Frequency fxmn 6 40 MHz 1

XIN: Clock Cycle Time txIN 25 166 ns 1
) DTCKIN: Clock Frequency forekin 40 MHz

DTCKIN: Clock Cycle Time tDTCKIN 25 ns
3 | XIN, DTCKIN: Clock High Level Pulse Width twhCLK 7.5 ns

XIN, DTCKIN: Clock Low Level Pulse Width twiCLK 7.5 ns

50 30 2

X SYCLK: Clock Frequency fsverk <0 100 MHz 23

SYCLK: Clock Cycle Time tsycLk 12:5 20 ns 2

10 20 2,3

6 PLL Out: Clock Frequency frrro 200 320 MHz 2

PLL Out: Clock Cycle Time tprLo 3.125 5 ns 2
7 DCLK: Clock Frequency fherk 40 MHz 4

DCLK: Clock Cycle Time tbcLk 25 ns 4

[Note 1] A clock frequency ranging from 6 MHz to 40 MHz can be fed to XIN pin. The on-chip oscillator supports from 6 MHz

to 20 MHz crystals on XIN and XOUT pins.
[Note 2] SYCLK indicates the internal system clock (PLL Out divided by 4).
[Note 3] Values for system reset in a preset mode (PCLKCTL1-0 = LH, HL, or HH).
[Note 4] DCLK indicates the internal dot clock.

1,2

Figure 5 Clock Input.
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B Electrical Characteristics YGV642

Power Supply and Reset Timing Requirements

Table 14 Power Supply and Reset Timing Requirements

No. Parameter Symbol Min. Typ. Max. Unit | Note
1 | RESET N: Assert time twRES 10 us 1
RESET N: Controller Access Hold-Off Time After
2 . twaw 1to3.4 ms
De-assertion
3 | RESET N: Setup Time tRES 0 ns 2
4 | VDD33, VDDIN: Turn-on Time Difference tySKWR 1 S 3
5 | VDD33, VDDIN: Turn-off Time Difference tySKWF 1 S
6 | Supply Voltage Ramp Time tyRISE 200 ms
7 VDDS5: Turn-on Time Difference to VDD33, ¢ 9 s 5
VDDIN VSKWRS
3 VDDS5: Turn-off Time Difference to VDD33, ¢ 9 s 5
VDDIN VSKWFS
9 | VOUTI18: Ramp Time tyCORE 300 us 6
10 | OCPEN: Reset Input Time twOCPE 10 us
11 | OCPEN: Error Input Time twOCPR 0.4 10 ms
[Note 1] RESET N signal must be asserted for the duration of the time indicated after all the supply voltages exceed 3.0 V, and
the VDDI138 rise beyond 1.7 V while receiving a stable clock signal on XIN.
[Note 2] RESET N signal must be asserted the time indicated before first supply voltage reaches its operating level.
[Note 3] Itis recommended to turn on both VDD33 and VDDIN at the same time. Uses with one second or more time-difference
can affect device reliability.
[Note 4] It is recommended to turn off both VDD33 and VDDIN at the same time. Uses with one second or more
time-difference can affect device reliability.
[Note 5] 5V supply can remain powered when 3 V supplies (VDD33, VDDIN) are turned off.
[Note 6] Four 1 uF capacitors are connected to VOUT18 and VDDCORE pins.

VDD5

VDD33
VDDIN

VOUT18

CS N

XIN

VDD33
VDDIN

VDDS5

2
2

=73 .0v (VDD5-3.3V)
475v (VDD5=5.0V)

1

3.0vmi—p—t=" < 3.0v

3.0v =

3.0v (VDD5=33V)
4.75v (VDD5=5.0V)

Figure 6 Power Supply and Reset Timing Requirements (1).
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VDDIN 20—

VOUTI8 VOUTI8

) )

VOUTI8 % S % | '
) ) -
) )

OCPEN

N
RESET N J
ocex 55 - 55 ~ R

A 4 ¥ A ¥

Error detected by Recovery  Recovery  Error detected by Recovery Error State
Host Controller ~ Processing Confirmed Host Controller  Processing Confirmed

N AL N )

Power-up Temporal Short-circuiting Continuous Short-circuiting

Figure 7 Power Supply and Reset Timing Requirements (2).
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B Electrical Characteristics YGV642
Host Controller Interface
i) Parallel Interface
Table 15 Host Controller Interface (Parallel)

No. Parameter Symbol Min. Typ. Max. Unit | Note
1 | PS2-0: Input Data Setup Time tia 4 ns 1
2 | PS2-0: Input Data Hold Time tha 0 ns 1
3 | CS_N: Input Data Setup Time tscs 0 ns 2
4 | CS_N: Input Data Hold Time thes 0 ns 2
5 | D7-0: Output Data Turn On Time tonD 0 ns
6 | D7-0: Output Data Turn Off Time tofiD 30 ns
7 | D7-0: Output Data Valid Delay Time todD 0 ns
8 | D7-0: Output Data Hold Time tohD 0 ns
9 | WAIT N, READY N: Output Data Turn On Time LonWAIT 0 ns

WAIT N, READY N: O t Data Valid Del
10 . - - utpu ata vail clay tdWAIT 25 ns
Time
11 | WAIT N, READY N: Output Data Turn Off Time Lo fFWAIT 30 ns
12 | D7-0: Input Data Setup Time [ tsyerg T 15 ns
13 | D7-0: Input Data Hold Time tho 2 ns
14 | WR N: Hold Time thwr 0 ns
15 | READY N: Output Data Hold Time thREADY 0 30 ns
16 | Command Pulse Active Time tacMD 2 X tsycLk ns 3
17 | Command Pulse Inhibit Time ticMD 4 X tsycrk ns 3
18 | Command Cycle Time teeMD 6 X tgycri ns

[Note 1] These values assume that WR_N or RD N is the access strobe signal. Substitute CS_N for WR_N or RD N in the

diagrams and interpret these values accordingly if CS_N is the access strobe signal.

[Note 2] Satisfying these conditions establishes that WR_N or RD_N is the access strobe signal. Otherwise CS_N is the access

strobe signal.
[Note 3] Command Pulse is a low-active pulse, which is the result of a logical OR operation between WR_N and CS_N signals
or RD N and CS N signals.
»  Host Controller Read Cycle
4 N
PS2-0 >§ §<
N 7
1 2
CS N N\
- X
3 4
—
RD N
_ L A,
8
5
Hi-Z '_’ ) Hi-Z
D7-0 X >
10 7 11
9 (> —>
Hi-Z ] Hi-Z
WAIT N —— -
7 15 11
(> —>
9
READY N miz ™| \ Hiz
1
Figure 8 Host Controller Access Timing (Parallel Interface / Read Cycle).
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»  Host Controller Write Cycle

PS2-0
1 2

CS N N\ /‘

WRN [\ 1

12 13
D7-0 >§E %
10 14 <ll’
. 9 .
WAIT N 12 =] il\—// [ HiZ
14

AN

AN /" \|_Hi-Z

Figure 9 Host Controller Access Timing (Parallel Interface / Write Cycle).

READY N wniz

AL te

»  Access Cycle

T YA WA
A

WR N \

RD N \
16 17 16 17 16 17 16 17
I I
18 18

18 18

Figure 10 Host Controller Access Timing (Parallel Interface / Access Cycle).
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B Electrical Characteristics YGV642
ii)  Serial Interface
Table 16 Host Controller Interface (Serial)
No. Parameter Symbol Min. Typ. Max. Unit | Note
125
1 | SCLK: Clock Cycle Time twsCLK ns
. . 62.5
2 | SCLK: Clock High Level Pulse Width twhSCLK ns
2 X txn 1
. 62.5
3 | SCLK: Clock Low Level Pulse Width twISCLK ns
2 X txn 1
. 25
4 | SCS_N: Input Data Setup Time tescs ns
. 25
5 | SCS_N: Input Data Hold Time thscs ns
. 25
6 | SDIN: Input Data Setup Time tsspr 1.5 * tamy ns 1
) 25
7 | SDIN: Input Data Hold Time thspI ns
1.5x% txin 1
8 | SDOUT: Output Data Delay Time t4sDo 30 ns
9 | SDOUT: Output Data Turn Off Time tofsDO 20 ns
400
10 | SCS_N: Pulse Inhibit Time tiscs ns
[Note 1] The alternative value must be used for consideration during the initialization period of YGV642. The clock signal to
XIN pin is used as a system clock for during the initialization.
—
SCS_N ) )
AN Y AN Y /
1
4 3 ; 3 ! 5
SCLK 3 >SJ /| l% 8
6 7
SDIN > KE 3§ <
8 9
) N\
SDOUT 1~ /
A\

Figure 11 Host Controller Access Timing (Serial Interface) (1).

!

SCS N _\

10

!

—

Figure 12

Host Controller Access Timing (Serial Interface) (2).
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B Electrical Characteristics YGV642
iii) Pattern Memory Programming
Table 17 Pattern Memory Programming
No. Parameter Symbol Min. Max. Unit | Note
125
1 WP_SCLK. Clock Period tWWPSCLK ns
. . 62.5
2 | WP_SCLK: Clock High Duration twhWPSCLK ns
. 62.5
3 | WP_SCLK: Clock Low Duration twIWPSCLK ns
- 2 X txN 1
. 25
4 | WP_SCS_N: Input Data Setup Time towpscs ns
. 25
5 | WP_SCS_N: Input Data Hold Time thwpscs ns
. 25
6 | WP_SDIN: Input Data Setup Time tswPSDI ns
. 25
7 | WP_SDIN: Input Data Hold Time thwPSDI ns
- 1.5x% tXlN 1
8 | WP _SDOUT: Output Data Delay Time t4wPSDO 30 ns
WP SDOUT: Output Data Turn Off Time Lo fFWPSDO 20 ns
400
10 | WP_SCS N: Pulse Inhibit Time tiwpscs ns

[Note 1] The alternative value must be used for consideration during the initialization period of YGV642. The clock signal to

XIN pin is used as a system clock for during the initialization.

W scs )

WP_SCLK ) \

WP_SDIN

WP_SDOUT

Figure 13 Pattern Memory Programming (1).

WP_SCS N _\ 88

B

U<

10

—

R VAVAVA JAVAV SR VAVAVAVZAVAVAE

Figure 14 Pattern Memory Programming (2).
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Pattern Memory Interface

Table 18 Pattern Memory Interface

No. Parameter Symbol Min. Typ. Max. Unit | Note

! MSCLKO: Clock Frequency fvscLk 50 80 MHz
MSCLKO: Clock Cycle Time tMSCLK 12.5 20 ns

2 | MSCLKO: Clock High Level Pulse Width twhMSCLK tmscrg X 0.4 ns

3 | MSCLKO: Clock Low Level Pulse Width twIMSCLK. tmscrk X 0.4 ns

4 | MSIO3-0: Input Data Setup Time tsMsI 2 ns

5 | MSIO3-0: Input Data Hold Time thmsI 0 ns

6 | MSCS1-0 N, MSIO3-0: Output Data Hold Time thMSO -0.5 ns
MSCS1-0_N, MSIO3-0: Output Data Delay

7 . toamso 2 ns
Time
MSIO3-0: Output Turn on Time tonMSO 0 ns
MSIO3-0: Output Turn off Time tofMSO 10 ns

10 | MSCLKI: Input Delay Time tidMSCLKI 0 4 ns 1

[Note 1] For MSCLKO and MSCLKI connections, see notes 8 and 9 in section M Pin Descriptions.

MSCLKO

MSCLKO xﬁ ﬁ K—/
6 7

MSCS1-0 N <X><
- 9

MSIO3-0 i T TTTTTTTTTTTTTTTTToTTToTTTen
10

MSCLKI \ m

et e S
MSIO3-0 X X

Figure 16 Pattern Memory Access Timing (2).
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YGV642

Display Timing Signals

Table 19 Display Timing Signals

No. Parameter Symbol Min. Typ. Max. Unit | Note
1 | DOTCLK: Delay Time tapoTC 26 ns
VSYNC N, HCSYNC N, BLANK N, DR7-0,
2 | DG7-0, DB7-0, CLKV, STARTH, STARTY, thpisp 0 MHz

LOADH, POL, OUTENV: Output Hold Time

VSYNC N, HCSYNC N, BLANK N, DR7-0,
3 | DG7-0, DB7-0, CLKV, STARTH, STARTYV, tapisp
LOADH, POL, OUTENV: Output Delay Time

ns

DTCKIN or XIN
1 1
<> <>
DOTCLK /
_/
2
<>
Outputs >l<X><

* DOTCLK output not inverted

Figure 17 Display Timing Signals.
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YGV642

m Package In

formation

U-PKT005P2-

16.0040.40

18-1

(14.00)

76

51

50

100§ @

1.70 MAX.

(14.00)
16.00£0.40

26

I

l1IlIIJlIlIlIIJlI

]

UUHHUU&IE)*.

P-0.50TYP

0.22£0.10

See Detail "A"

0 MIN. (STAND OFF)

p—

FILHT IEH
Half etched hole

[S[0.08|

(6.2)

InninannnnnAnnnnn

(nnnnn

(6.7

IR

i

| 1]

——— 0~10°

0.6020.15

+0.03

W78 /Lead Thickness:0.17_( g

Ny INDTEBESEEL T 5,

The value parenthesized is not specified.
E-VRSMTERNUE B &R,

Plastic body dimensions do not include burr of resin.

UNIT: mm

Figure 18 Package Information.

x)

Note:
surface

mount IC.

1. REXRELSIE. REEH. BV FAMFITOVTORINGEREEABLETT .
2. A THICKY, TEOBRGENRGDIEEAHYFET,
FHLLFVYTNREEETEEVEHEESLY,

1. Special attention needs to be paid to the storage conditions and soldering method of the

2. Dimension, form, etc. may differ depending on assembly plants.
For details, please contact your local Yamaha agent.
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PRECAUTIONS AND INSTRUCTIONS FOR SAFETY

Do not use the device under stresses beyond those listed in Absolute Maximum Ratings.
- Such stresses may become causes of breakdown, damages, or deterioration, causing explosion
Prohibited or ignition, and this may lead to fire or personal injury.

/\  WARNING
(N

Do not mount the device reversely or improperly and also do not connect a supply voltage in

® wrong polarity. Otherwise, this may cause current and/or power-consumption to exceed the
absolute maximum ratings, causing personal injury due to explosion or ignition as well as causing

Prohibited | preakdown, damages, or deterioration.

And, do not use the device again that has been improperly mounted and powered once.

® Do not short between pins.
- In particular, when different power supply pins, such as between high-voltage and low-voltage
Prohibited pins, are shorted, smoke, fire, or explosion may take place.

As to devices capable of generating sound from its speaker outputs, please design with safety of

your products and system in mind, such as the consequences of unusual speaker output due to a
0 malfunction or failure. A speaker dissipates heat in a voice-coil by air flow accompanying
Instructions | Vibration of a diaphragm. When a DC signal (several Hz or less) is input due to device failure,
heat dissipation characteristics degrade rapidly, thereby leading to voice-coil burnout, smoking or
ignition of the speaker even if it is used within the rated input value.

/\  CAuTION

® Do not use Yamaha products in close proximity to burning materials, combustible substances, or
- inflammable materials, in order to prevent the spread of the fire caused by Yamaha products, and
Prohibited to prevent the smoke or fire of Yamaha products due to peripheral components.

Generally, semiconductor products may malfunction and break down due to aging, degradation,
0 etc. It is the responsibility of the designer to take actions such as safety design of products and
Instructions | the entire system and also fail-safe design according to applications, so as not to cause property
damage and/or bodily injury due to malfunction and/or failure of semiconductor products.

The built-in DSP may output the maximum amplitude waveform suddenly due to malfunction from
disturbances etc. and this may cause damage to headphones, external amplifiers, and human
Instructions | body (the ear). Please pay attention to safety measures for device malfunction and failure both in
product and system design.

e

As semiconductor devices are not nonflammable, overcurrent or failure may cause smoke or fire.
‘ Therefore, products should be designed with safety in mind such as using overcurrent protection
Instructions | cjrcuits to control the amount of current during operation and to shut off on failure.

e

Products should be designed with fail safe in mind in case of malfunction of the built-in protection
circuits. Note that the built-in protection circuits such as overcurrent protection circuit and
high-temperature protection circuit do not always protect the internal circuits. In some cases,
Instructions | gepending on usage or situations, such protection circuit may not work properly or the device
itself may break down before the protection circuit kicks in.

e

Use a robust power supply.
. The use of an unrobust power supply may lead to malfunctions of the protection circuit, causing
Instructions | device breakdown, personal injury due to explosion, or smoke or fire.

e

Product's housing should be designed with the considerations of short-circuiting between pins of
the mounted device due to foreign conductive substances (such as metal pins etc.). Moreover,
Instructions | the housing should be designed with spatter prevention etc. due to explosion or burning.
Otherwise, the spattered substance may cause bodily injury.

e

0 The device may be heated to a high temperature due to internal heat generation during
Instructions | operation. Therefore, please take care not to touch an operating device directly.

v02
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IMPORTANT NOTICE

1. YAMAHA RESERVES THE RIGHT TO MAKE CHANGES TO ITS PRODUCTS AND TO THIS DOCUMENT WITHOUT
NOTICE. THE INFORMATION CONTAINED IN THIS DOCUMENT HAS BEEN CAREFULLY CHECKED AND IS
BELIEVED. HOWEVER, YAMAHA SHALL ASSUME NO RESPONSIBILITIES FOR INACCURACIES AND MAKE NO
COMMITMENT TO UPDATE OR TO KEEP CURRENT THE INFORMATION CONTAINED IN THIS DOCUMENT.

2. THESE YAMAHA PRODUCTS ARE DESIGNED ONLY FOR COMMERCIAL AND NORMAL INDUSTRIAL
APPLICATIONS, AND ARE NOT SUITABLE FOR OTHER USES, SUCH AS MEDICAL LIFE SUPPORT EQUIPMENT,
NUCLEAR FACILITIES, CRITICAL CARE EQUIPMENT OR ANY OTHER APPLICATION THE FAILURE OF WHICH
COULD LEAD TO DEATH, PERSONAL INJURY OR ENVIRONMENTAL OR PROPERTY DAMAGE. USE OF THE
PRODUCTS IN ANY SUCH APPLICATION IS AT THE CUSTOMER'S OWN RISK AND EXPENSE.

3. YAMAHA SHALL ASSUME NO LIABILITY FOR INCIDENTAL, CONSEQUENTIAL OR SPECIAL DAMAGES OR INJURY
THAT MAY RESULT FROM MISAPPLICATION OR IMPROPER USE OR OPERATION OF THE PRODUCT.

4, YAMAHA MAKES NO WARRANTY OR REPRESENTATION THAT THE PRODUCTS ARE SUBJECT TO INTELLECTUAL
PROPERTY LICENSE FROM YAMAHA OR ANY THIRD PARTY, AND YAMAHA MAKES NO WARRANTY OR
REPRESENTATION OF NON-INFRINGEMENT WITH RESPECT TO THE PRODUCTS. YAMAHA SPECIFICALLY
EXCLUDES ANY LIABILITY TO THE CUSTOMER OR ANY THIRD PARTY ARISING FROM OR RELATED TO THE
PRODUCTS INFRINGEMENT OF ANY THIRD PARTY'S INTELLECTUAL PROPERTY RIGHTS, INCLUDING THE
PATENT, COPYRIGHT, TRADEMARK OR TRADE SECRET RIGHTS OF ANY THIRD PARTY.

5. EXAMPLES OF USE DESCRIBED HEREIN ARE MERELY TO INDICATE THE CHARACTERISTICS AND
PERFORMANCE OF PRODUCTS. YAMAHA SHALL ASSUME NO RESPONSIBILITY FOR ANY INTELLECTUAL
PROPERTY CLAIMES OR OTHER PROBLEMS THAT MAY RESULT FROM APPLICATIONS BASED ON THE
EXAMPLES DESCRIBED HEREIN. YAMAHA MAKES NO WARRANTY WITH RESPECT TO THE PRODUCTS, EXPRESS
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR USE AND TITLE.

6. YAMAHA MAKES EVERY EFFORT TO IMPROVE THE QUALITY AND RELIABILITY OF ITS PRODUCTS. HOWEVER,
ALL SEMICONDUCTOR PRODUCTS FAIL WITH SOME PROBABILITY. THEREFORE, YAMAHA REQUIRES THAT
SUFFICIENT CARE BE GIVEN TO ENSURING SAFE DESIGN IN CUSTOMER PRODUCTS SUCH AS REDUNDANT
DESIGN, ANTI-CONFLAGRATION DESIGN, AND DESIGN FOR PREVENTING MALFUNCTION IN ORDER TO
PREVENT ACCIDENTS RESULTING IN INJURY OR DEATH, FIRE OR OTHER SOCIAL DAMAGE FROM OCCURRING
AS A RESULT OF PRODUCT FAILURE.

7. INFORMATION DESCRIBED IN THIS DOCUMENT: APPLICATION CIRCUITS AND ITS CONSTANTS AND
CALCULATION FORMULAS, PROGRAMS AND CONTROL PROCEDURES ARE PROVIDED FOR THE PURPOSE OF
EXPLAINING TYPICAL OPERATION AND USAGE. THEREFORE, PLEASE EVALUATE THE DESIGN SUFFICIENTLY AS
WHOLE SYSTEM UNDER THE CONSIDERATION OF VARIOUS EXTERNAL OR ENVIRONMENTAL CONDITIONS AND
DETERMINE THEIR APPLICATION AT THE CUSTOMER'S OWN RISK. YAMAHA SHALL ASSUME NO
RESPONSIBILITY FOR CLAIMS, DAMAGES, COSTS AND EXPENSES CAUSED BY THE CUSTOMER OR ANY THIRD

_ PARTY, OWING TO THE USE OF THE ABOVE INFORMATION. )

NOTICE The information provided is preliminary, and subject to change without notice.
Please check for the latest information when using this product in your design.

- ~  —— YAMAHA CORPORATION ————

AGENT Address Inquiries to :
Semiconductor Sales & Marketing Department
M ead Office 203, Matsunokijima, Iwata,
Shizuoka, 438-0192, Japan
Tel. +81-539-62-4918 Fax.+81-539-62-5054
M Tokyo Office 2-17-11, Takanawa, Minato-ku,
Tokyo, 108-8586, Japan
Tel. +81-3-5488-5431 Fax.+81-3-5488-5088
M Osaka Office Universal City Wako Bldg.
6-2-82, Shimaya, Konohana-ku,
Osaka, 554-0024, Japan
K / Tel. +81-6-6465-0325 Fax.+81-6-6465-0391
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