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m Overview

YGV638 (hereinafter called “VC2”) is a pattern graphic controller with an on-chip VRAM and
the ample drawing performance enables high-resolution animated GUIs on WVGA display

panels.

VC2’s multiple video ports allow direct handling of video signals from various sources: DVD
players, car navigation systems, rear view cameras, etc.
In addition, VC2 is capable of superimposing characters, lines, and even graphic icons or menu

screens (hereinafter called “sprite”) onto these videos.

With conventional graphic controllers, complicated display control programs need to be
developed. With VC2, Sprites can be used to simplify the programs as all the controls of a Sprite

is available in its 12-byte attribute: position, scaling factor, transparency, color gradation, etc.

VC2 integrates image de-compression engine (Yamaha proprietary algorithm) to dynamically
decompress the Sprite data stored in its external memory (Flash ROM etc.) achieving substantial

memory capacity savings.

VC2, with the features above, allows display systems for in-vehicle AV equipments, audio

equipments with display to be built with low-cost components.

YAMAHA CORPORATION

YGV638 CATALOG

CATALOG No. LSI-4GV638A21

2011.03




B Features YGV638

m Features

B Display Function

® Video Output
Monitor supported: TFT liquid crystal display (digital RGB connection) or compatible display
equipments
Digital RGB666, Digital RGB666+FRC, Digital RGB888
Supports NTSC, PAL, QVGA, WQVGA, VGA, WVGA, and SVGA
Supports interlace and progressive scans
Supports display timings in 1 dot and in 1 line resolution
Equalizing pulse insertion for composite sync signals
Dot clock polarity selection
Sync signal polarity selection
Gamma correction function (look-up table based)
On-chip LCD timing controller

® Display Plane Functions
Up to 341 planes (up to 128 planes per scan line) and one external video plane
A layer displays either sprites, lines or texts
Alpha-blending between layers
Alpha-blending between layer and external video

Picture attribute controls by layers (contrasts, brightness)

B Layer Function
® Sprite

Displaying up to 341 sprites per screen and up to 128 sprites per scan line
Specified by horizontal and vertical coordinates
Sizes from 8 dot x 8 dot to 1024 dot x 1024 dot. Horizontal and vertical scaling independently
selectable (in 8-dot unit)
2, 16, 64, or 256 palette colors from 16M colors, or 64K colors with 16-bit RGB, 256K colors with
18-bit RGB, and 16M colors, life-like picture quality with 24-bit RGB
Scaling Function
Anti-aliasing of the outline profile
On-chip palettes with 1024 colors (combinations of 2 color palettes, 16 color palettes, 64 color

palettes, and 256 color palettes up to 1024 colors in total)

4GV638A21 2



B Features YGV638

® Text
Displaying up to 1948 characters per screen and up to 128 characters per scan line
Independent font selections for each character strings
Supports proportional font
Supports half-width font
Scaling function
Supports 4-bit/pixel anti-aliasing font
Font size: 1 dot x 1 dot to 64 dot x 64 dot in increments of 1-dot independently in horizontal and
vertical direction
® Line
Line drawn directly from specifications of start/end point coordinates
Up to 510 lines per screen
32768-color (RGBS555) specification or palette index (10 bits) specification
Line width: from 1 dot to 16 dots (in one dot increments)

Anti-aliasing drawing function

B Video Signal Inputs
® Analog Video Input
: Compatible with composite video, S video, component video, and RGB signal inputs

On-chip three 10bit-ADCs
Compatible with NTSC and PAL signal formats
On-chip video decoder
Supports interlace and progressive scans (RGB)
Compatible with composite sync signal inputs (RGB)

® Digital Video Input
Compatible with RGB666, 16bit YCrCb, and 8bit YCrCb (ITU-R BT.656)
Compatible with interlace and progressive scans
Compatible with composite sync signal inputs

® Video Image Processing
Scaling (the input images scaled to fit the display resolution, not a zooming function)
Mirror flipping (through vertical axis)

External sync mode (or free-running mode: switchable)
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B Features YGV638

B Video Decoder

®  On-chip High-quality Y/C Separation Circuit (2D adaptive comb filter)
® Digital AGC Circuit

Image Color Controls

Contrast
Brightness
Color hue

Chroma saturation

® Color Killer Function

B Other Features
® CPU Interface

Serial or 8-bit parallel connection
Indirect accesses to internal registers and tables through single access port
Flexible asynchronous bus interface
Macro command function
® Pattern Memory Interface
Bus width of 32 bits, or 16 bits
Up to 512 Mbits (64 MB) memory
Supports Mask-ROM, NOR-type flash-memory, SRAM, or compatible timing memories
Supports Page Mode accesses
Access timings in multiples of the system clock cycle
® Device Specifications
Lead-free 208-pin LQFP package (YGV638-VZ)
Supply voltages: 3.3V and 1.8V
CPU interface power supply 3.3V
Operating temperature range from -40°C to +85°C
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B Pin Attributes YGV638
m Pin Attributes

Pin Name | Num. | /O | Function Attribute Drive

CPU Interface (22)

D7-0 8 I/0 | CPU data bus Tolerant 4mA

PS2-0 3 I CPU port selection Tolerant

CS N 1 I Chip select (dual-purpose pin) Tolerant

RD N 1 I Read strobe (dual-purpose pin) Tolerant

WR N 1 I Write strobe (dual-purpose pin) Tolerant

WAIT N 1 OT | CPU bus wait (dual-purpose pin) Tolerant 4mA

READY N 1 OT | CPU bus ready Tolerant 4mA

INT N 1 OD | Interrupt Tolerant 4mA

SER N 1 I CPU interface selection

SCS N 1 I Serial interface chip select (dual-purpose pin) Tolerant

SDIN 1 I Serial interface data input (dual-purpose pin) Tolerant

SCLK 1 I Serial interface clocked into (dual-purpose pin) Tolerant

SDOUT 1 OT | Serial interface data output (dual-purpose pin) Tolerant 4mA

Pattern Memory Interface (60)

MD31-0 32 I/0 | Pattern memory data bus 4mA

MA25-1 25 OT | Pattern memory address bus 4mA

MOE N 1 OT | Pattern memory output enable 4mA

MWE N 1 OT | Pattern memory write pulse 4mA

RAHZ N 1 I Pattern memory high-impedance switching pin Tolerant

Video Input (58)

ACIN1 1 I Analog composite video input Analog

ACIN2 1 I Analog composite video input Analog

ARIN 1 1 Analog video R input Analog

AGIN 1 I Analog video G input Analog

ABIN 1 I Analog video B input Analog

ATESTIN 1 I Test input Analog

VREF0 1 O | ADC reference Analog

VREFP 1 (0] Plus reference voltage for ADC Analog

VREFN 1 (0] Minus reference voltage for ADC Analog

ADCKIN 1 1 Analog video clock input Tolerant

ARCKIN 1 1 Analog video clock input Tolerant

AVSIN N 1 1 Analog video vertical sync signal input Tolerant

AHSIN N 1 | Analog video horizontal sync signal input Tolerant

DRI7-2 6 I Digital video R input (dual-purpose pin) Tolerant

DGI7-2 6 1 Digital video G input (dual-purpose pin) Tolerant

DBI7-2 6 I Digital video B input (dual-purpose pin) Tolerant

DIN7-0 8 I Digital video 8bit YCrCb input (dual-purpose pin) Tolerant

YIN7-0 8 I Digital video Y input (dual-purpose pin) Tolerant

CIN7-0 8 I Digital video Cr/Cb input (dual-purpose pin) Tolerant

DVSIN N 1 1 Digital video vertical sync signal input Tolerant

DHSIN N 1 1 Digital video horizontal sync signal input Tolerant

DGCKIN 1 1 Digital video clock input Tolerant
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B Pin Attributes YGV638
Monitor Interface (34)
DRO7-0 8 O | Digital video: R output 4mA
DGO7-0 8 O | Digital video: G output 4mA
DBO7-0 8 O | Digital video: B output 4mA
VSYNC N 1 OT | Vertical sync signal output (dual-purpose pin) Tolerant 4mA
HCSYNC N | oT Horizontal sync.signal or composite sync signal output Tolerant AmA

- (dual-purpose pin)
BLANK N 1 OT | Display timing output (dual-purpose pin) Tolerant 4mA
STARTH 1 OT | Horizontal start signal output Tolerant 4mA
LOADH 1 OT | Horizontal load signal output Tolerant 4mA
CLKV 1 OT | Vertical clock output (dual-purpose pin) Tolerant 4mA
STARTV 1 OT | Vertical start signal output (dual-purpose pin) Tolerant 4mA
POL 1 OT | Polarity reverse output (dual-purpose pin) Tolerant 4mA
OUTENV 1 OT | Output enable signal for a gate driver output Tolerant 4mA
DOTCLK 1 O | Dot clock output 4mA
Clock & Reset (8)
XIN 1 I Reference clock input
XOUT 1 O | Crystal connection
DTCKIN 1 1 Dot clock input Tolerant
PLLCTL3-0 4 1 PLL control
RESET N 1 I$ | Reset Tolerant
for device (56)
XTEST2-0 3 I Test pin
VDD33 17 — | Digital I/O power supply
VSS 19 — | Digital /O VSS
PLLVDD 1 — | Power supply for system clock generation PLL
PLLVSS 1 — | VSS for system clock generation PLL
APLLVDD 1 — | Power supply for analog RGB clock generation PLL
APLLVSS 1 — | VSS for analog RGB clock generation PLL
AVDD33 1 — | Power supply for Analog Front End
AVDDI18 2 — | Power supply for Analog Front End
AVSS 2 — | VSS for Analog Front End
VDD18 4 — | Power supply for digital core
VSS18 4 — | VSS for digital core
others (1)
NC | 1 | — | No connection pin
Total number of pins: 239 pin - 31 dual-purpose pin = 208 pins
[Description of I/O]

I.  Input I$: Input with Schmitt trigger 1/0:  Input and Output
O: Output OT:  3-state output OD: Open-drain output

[Description of attribute]

Tolerant:  An attribute of an input pin buffer and a bidirectional pin buffer, or the output pin buffer.
During high impedance states, current will not flow into power supply pins from a pin
when some voltage higher than the I/O supply voltage is applied to the pin, if the pin is
“Tolerant.”

Analog: Attribute which indicates an analog pin. These pins are operated from AVDD33 power
supply.
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B Pin Attributes YGV638

Sharing Pins
On VC2,
- the CPU interface pins change functions depending on which CPU interface, parallel or serial, is used.
- the digital video input pins change functions depending on the digital video input format used.

- the monitor interface pins change functions when the integrated LCD timing controller is used.

i) Sharing of CPU Interface Pins
The VC2 supports the 8-bit parallel interface or serial interface. The correspondence between CPU

interface and the shared pin is as follows.

. Parallel Interface Serial Interface
Pin Name
(SER_N=H) (SER_N=L)
D7-0 D7-0 Not used (Fixed to “H” or “L”)
PS2-0 PS2-0 Not used (Fixed to “H” or “L”)
CS N CS N SCS N
RD N RD N SDIN
WR N WR N SCLK
WAIT N WAIT N SDOUT
READY N READY N Not used (N.C.)
INT N INT N INT N

ii)  Sharing of Digital Video Input Pins

VC2 supports the digital video input of RGB666, 16bit YCrCb, and 8bit YCrCb format. The

correspondence between the format of digital video and the pins are as follows.

Pin Name RGB666 8bit YCrCb 16bit YCrCb
(DVIF=2"b00) (DVIF=2"b01) (DVIF=2’b10)
DRI2 DRI2 Not used CINO
DRI3 DRI3 Not used CIN1
DRI4 DRI4 Not used CIN2
DRI5 DRI5 Not used CIN3
DRI6 DRI6 Not used CIN4
DRI7 DRI7 Not used CINS
DGI2 DGI2 Not used CING6
DGI3 DGI3 Not used CIN7
DGI4 DGI4 Not used Not used
DGI5 DGIS5 Not used Not used
DGI6 DGI6 DINO YINO
DGI7 DGI7 DIN1 YIN1
DBI2 DBI2 DIN2 YIN2
DBI3 DBI3 DIN3 YIN3
DBI4 DBI4 DIN4 YIN4
DBI5 DBI5 DINS5 YINS5
DBI6 DBI6 DIN6 YIN6
DBI7 DBI7 DIN7 YIN7
DGCKIN DGCKIN DGCKIN DGCKIN
DVSIN N DVSIN N Not used DVSIN N
DHSIN N DHSIN N Not used DHSIN N

Pull up the “Not used” pins to “H” or “L” outside the device.
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B Pin Attributes

YGV638

)  Sharing of Monitor Interface Pins

VC2 has an on-chip LCD timing controller. The function of the following pins depends on whether or not

the timing controller is used, as shown below:

. Timing controller not used Timing controller used
Pin Name
(TCONE=0) (TCONE=1)
DRO7-0 DRO7-0 DRO7-0
DGO7-0 DGO7-0 DGO7-0
DBO7-0 DBO7-0 DBO7-0
DOTCLK DOTCLK DOTCLK
HCSYNC N HCSYNC N CLKV
VSYNC N VSYNC N POL
BLANK N BLANK N STARTV
LOADH Not used LOADH
STARTH Not used STARTH
OUTENV Not used OUTENV

® Pin Assignments

157 MD1

158 MD8

159 MDO

160 VSS

161 RAHZ N
162 APLLVDD

163 NC

164 APLLVSS
165 VSS

166 DROO
167 DRO1
168 DRO2
169 VDD33
170 DRO3
171 DRO4
172 DRO5
173 DRO6
174 VSS

175 DRO7
176 DGOO
177 DGO1
178 DGO2
179 VDD33
180 DGO3
181 VDD18
182 DGO4
183 VSS18
184 DGO5
185 DGO6
186 VSS

187 DGO7
188 DBOO
189 DBO1
190 DBO2
191 VDD33
192 DBO3
193 DBO4
194 DBOS
195 DBO6
196 DBO7
197 VSS

198 DOTCLK
199 VSYNC.N
200 HCSYNC N
201 BLANK.N
202 VDD33
203 LOADH
204 STARTH
205 OUTENV
206 SERN
207 VSS

208 PLLVSS

O

| SR RSO ST SR TR

PLLVDD

<208pin LQFP Top View>

42 AHSIN_N

38 READY N
39 INTN
40 ARCKIN
41 AVSIN.N
43 VSS

44 AVDD18

45 AVSS

———]46 ACIN1

C——]47 ACIN2

C—]48 ARIN

/49 VREFP

C——]50 VREFN

—]51 VREFO

——]52 AGIN
2. >» oo
>g)<>§§<82iUUUéoUUU<UUUUUéUU§U§UU<U§§§§§§§§§<
@459 RXZZ I oYn?om
22028020 RRRRRER 8RRE8aRE R 888 2RaaRERRRY
QOO0 O~~~ ~J~J~J~J~J~J 0000 000000000000 00 00O WWWWW
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B Pin Attributes YGV638
B Pin Names
# ‘ Pin Name i Pin Name i Pin Name i Pin Name
1 | PLLVDD 53 | ABIN 105 | MA1 157 | MD1
2 | DTCKIN 54 | ATESTIN 106 | MA2 158 | MD8
3 | ADCKIN 55 | AVSS 107 | VSS 159 | MDO0
4 | VSS 56 | AVDDI18 108 | MA3 160 | VSS
5 | XIN 57 | AVDD33 109 | MA4 161 | RAHZ N
6 | XOUT 58 | VSS 110 | MAS 162 | APLLVDD
7 | VDD33 59 | DGCKIN 111 | MA6 163 | NC
8 | XTESTO 60 | DVSIN N 112 | VDD33 164 | APLLVSS
9 | XTESTI 61 | DHSIN_N 113 | MA7 165 | VSS
10 | XTEST2 62 | DRI2 114 | MA8 166 | DROO
11 | PLLCTL3 63 | DRI3 115 | MA9 167 | DROI1
12 | PLLCTL2 64 | DRI4 116 | MA10 168 | DRO2
13 | PLLCTLI 65 | VDD33 117 | VSS 169 | VDD33
14 | PLLCTLO 66 | DRI5 118 | MAIlI 170 | DRO3
15 | RESET N 67 | DRI6 119 | MAI2 171 | DRO4
16 | VSS 68 | DRI7 120 | MA13 172 | DROS
17 |CS N 69 | DGI2 121 | MA14 173 | DRO6
18 | WR N 70 | VSS 122 | VDD33 174 | VSS
19 | RD N 71 | DGI3 123 | MA15S 175 | DRO7
20 | VDD33 72 | DGI4 124 | MA16 176 | DGOO
21 | PS2 73 | DGI5 125 | MA17 177 | DGOl
22 | PSI 74 | DGI6 126 | MA18 178 | DGO2
23 | PSO 75 | DGI7 127 | VSS 179 | VDD33
24 | VSSI8 76 | VDD33 128 | MA19 180 | DGO3
25 | DO 77 | DBI2 129 | VDDI8 181 | VDDI8
26 | VDDI8 78 | DBI3 130 | MA20 182 | DGO4
27 | DI 79 | VDDIS8 131 | VSSI8 183 | VSSI18
28 | VDD33 80 | DBI4 132 | MA21 184 | DGOS
29 | D2 81 | VSSI8 133 | MA22 185 | DGO6
30 | D3 82 | DBI5S 134 | VDD33 186 | VSS
31 | VSS 83 | DBI6 135 | MA23 187 | DGO7
32 | D4 84 | VSS 136 | MA24 188 | DBOO
33 | D5 85 | DBI7 137 | MA25 189 | DBOI1
34 | D6 86 | MD31 138 | MWE N 190 | DBO2
35 | D7 87 | MD23 139 | MOE_ N 191 | VDD33
36 | VDD33 88 | MD30 140 | VSS 192 | DBO3
37 | WAIT N 89 | VDD33 141 | MDI15 193 | DBO4
38 | READY N 90 | MD22 142 | MD7 194 | DBOS
39 | INT N 91 | MD29 143 | MD14 195 | DBO6
40 | ARCKIN 92 | MD21 144 | VDD33 196 | DBO7
41 | AVSIN N 93 | MD28 145 | MD6 197 | VSS
42 | AHSIN N 94 | MD20 146 | MD13 198 | DOTCLK
43 | VSS 95 | VSS 147 | MD5 199 | VSYNC N
44 | AVDDI8 96 | MD27 148 | MD12 200 | HCSYNC N
45 | AVSS 97 | MDI9 149 | VSS 201 | BLANK N
46 | ACINI 98 | MD26 150 | MD4 202 | VDD33
47 | ACIN2 99 | MDI8 151 | MDI11 203 | LOADH
48 | ARIN 100 | MD25 152 | MD3 204 | STARTH
49 | VREFP 101 | VDD33 153 | MDI0 205 | OUTENV
50 | VREFN 102 | MD17 154 | MD2 206 | SER N
51 | VREF0 103 | MD24 155 | VDD33 207 | VSS
52 | AGIN 104 | MD16 156 | MD9 208 | PLLVSS
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B Block Diagram

YGV638

Block Diagram

Video Input
Analog
ACINI
ACIN2

ADCKIN
ARCKIN

Digital
DRI7-2
DGI7-2
DBI7-2
DVSIN_ N
DHSIN N
DGCKIN

Analog
Front
End

Video
Decoder

Analog
Video
Controller

Input —

Video

Signal
Controller

Line Buffer

Pattern
Memory VE

MD31-0
MA25-1
MOE N
MWE N
RAHZ N

CPUI/F

D70
PS2-0
CS N
RD N
WR N
WAIT N
READY N
INT N
SDIN
SDOUT
SCS N
SCLK
SER N

Pattern

Data m=p{ Rendering

Decoder

Q0e}IU] AIOWSA UWIaped

CPU

Interface

Sprite

Processor

Line
Rendering
Processor

Sprite & Line Plane Generator

| } ] r

Color Palette

General
Table

Registers

To all
blocks

To all

blocks
—

Pixel Data

Controller

CRTC

Clock

Generator

Monitor I/F

DRO7-0
DGO7-0
DBO7-0

HCSYNC N
VSYNC N
BLANK N
DOTCLK
CLKV
STARTH
STARTV
LOADH
POL
OUTENV

Clock

XIN

XouT
DTCKIN
PLLCTL3-0
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B Block Diagram YGV638

® Typical Applications

B V(2 Stand-alone system

Typical display contents: Dashboard instruments or vehicle information and alarms

LCD

=
@
%)
\ 4

Pattern memory
(Flash ROM)

B OSD system for video camera images

Typical display contents: Dashboard instruments or vehicle information and alarms, Blind spot monitor,

Night view

Camera module

CVBS . vC2 LCD

A
A 4

Pattern memory
(Flash ROM)
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B Block Diagram YGV638

B AV + Video camera images

Typical display contents: Dashboard instruments and vehicle information, Blind spot monitor,

HMI (Air-conditioner, Audio), DVD, TV, AUX

Camera module CVBS
] -
7\
DVD module CVBS
> vC2 o] LCD
TV module CVBS >
(=0 f
—— CVBS
F‘ Pattern memory
L Aux | (Flash ROM)

B Video camera add-ons for car navigation systems

Typical display contents: Dashboard instruments and vehicles information, Blind spot monitor,

HMI (Air-conditioner, Audio), Car navigation system, Video

CPU
7}
Camera module
CVBS R Y
Analog RGB VC2 > LCD
Navigation module na oog}
— Digital RGB

Pattern memory
(Flash ROM)
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B Electrical Characteristics YGV638

m Electrical Characteristics

® Absolute Maximum Ratings

Items Symbol Ratings Unit | Note
Power supply voltage (VDD33 pin) Vb33 -0.5 to +4.6 \Y 1
Power supply voltage (VDD18 pin) Vbbis -0.5to +2.5 \Y 1
Analog power supply voltage (AVDD?33 pin) Vavp33 -0.5 to +4.6 \Y% 1
Analog power supply voltage (AVDD18 pin) Vavpis -0.5to +2.5 \Y% 1
PLL power supply voltage
(PLLI\)/DD, AIfIle};/DD pgin) Vewo 0510425 s
Input pin voltage (Tolerant pin) Vv -0.5 to VDD33+4.6 ( < 5.5 Max) \Y 1
Input pin voltage (Analog pin) Vi -0.5 to AVDD+0.5 ( < 4.6 Max) \ 1
Input pin voltage (Other pin) Vi -0.5 to VDD33+0.5 ( < 4.6 Max) \ 1
Output pin voltage (Tolerant pins including I/0 pins) Vo -0.5 to VDD33+4.6 ( < 5.5 Max) \Y 1
Output pin voltage (Analog pins including I/O pins) Vo -0.5 to AVDD+0.5 ( < 4.6 Max) \Y 1
Output pin voltage (Other pins including 1/O pins) Vo -0.5 to VDD33+0.5 ( < 4.6 Max) \Y 1
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) Voltage relative to Vgs=0V.
® Recommended Operating Condition
Items Symbol Min. Typ. Max. Unit | Note
Power supply voltage (VDD33 pin) Vb33 3.0 33 3.6 \% 1
Power supply voltage (VDD18 pin) Vbbis 1.65 1.8 1.95 \% 1
Analog power supply voltage (AVDD33 pin) Vavp33 3.0 33 3.6 \Y 1
Analog power supply voltage (AVDD18 pin) Vavpis 1.65 1.8 1.95 \Y 1
PLL power supply voltage VrLvp
(PLLVDD, APLLVDD pin) VapvbD 1.65 1.8 195 v !
Operating ambient temperature Top -40 85 C 2
Note 1) Voltage relative to Vgs=0V.
Note 2) The ambient temperature of 85°C is the value measured under the following conditions:
Four-layer board with over 300% copper trace coverage
® Current Consumption
Items Conditions Symbol Min. Typ. Max. Unit | Note
Total power consumption Pp 766 mW 1
Current consumption by supply
voltage CL=20pF
VDDI8 b
(including PLLVDD, APLLVDD) \\: IL;\(;’ND Ivois 192 mA | 1.2
VDD33 e [T 40 mA | 1
AVDD33 Tavp3s 20 mA 1
AVDD18 Tavpis 90 mA 1
Note 1) Current consumption value and power consumption value are the values under the recommended operating

condition.
Note 2) PLLVDD and APLLVDD are internally connected to VDD18.
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B Electrical Characteristics

YGV638

® DC Characteristics

Items Symbol Min. Typ. Max. Unit | Note
Low level input voltage (XIN pin) ViL -0.3 0.3xVpp33 \'% 1
Low level input voltage (except XIN pin) Vi -0.3 0.8 \% 1
High level input voltage (XIN pin) Viu 0.7%Vpp33 Vpp33t+0.3 \" 1
High level input voltage (RESET N pin) Vi 2.2 5.5 \Y 1,2
High level input voltage
(Tflerant pinI:)ther thagn RESET N) Vi 20 33 v 1,2
High level input voltage (except the above) Vi 2.0 Vbp33+0.3 \ 1
Note 1) Voltage relative to Vgs=0V.
Note 2) 5.5V can be applied to the Tolerant pin when the supply voltage is within the range of the recommended
operating voltage; however, up to 3.6V when the power is not applied.
Items Conditions | Symbol Min. Typ. Max. Unit | Note
Low level output voltage Ior=100pA VoL 0 0.2 \'% 1
(except XOUT pin) Ior=2mA VoL 0 0.4 \ 1
High level output voltage Iop=-100pA Vou Vpp33-0.2 Vb33 \" 1
(except XOUT pin) Iog= -2mA Vou 2.4 Vb33 Vv 1
Input leak current Iy -10 +10 LA
Output leak current Iio -25 +25 A
Note 1) Voltage relative to Vgs=0V.
Items Symbol Min. Typ. Max. Unit | Note
Analog video input voltage (ACIN1, ACIN2 pins) Vacmw 1.25 1.4 Vp-p 1
Analog video input voltage
(ARH\?, AGIN, £BIN pini) Varm 0.7 14 Vep| 1
Note 1) The above maximum value is for the setting of “R#021h: ADC*GAIN=2"b00.”
Items Symbol Min. Typ. Max. Unit | Note
Input pin capacitance Cy 10 pF
Output pin capacitance Co 10 pF
Input-Output pin capacitance Cio 10 pF
4GV638A21 14
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YGV638

® AC Characteristics

AC characteristic is a value under the following conditions unless otherwise noted.

B Input signal measurement condition:

Input voltages

Input transition time (tr,tf)

Input measurement reference voltage

tr

0V / Vpps3

1ns (Provide for the transition time between 10% and 90% of
the input voltage.)

0.5%Vpp33

Vbbss = =
Input /
signal
g GND A 015V
Vb33
Input
signal

GND

B Output signal measurement condition

Output measurement reference voltage

VDD33
Output
signal

Measurement
reference voltage

. 0.9%Vppss

0.5%Vpp33 0.5%Vpp33

Measurement
reference voltage

0.5%Vpp33

(In neither 3-state output pin nor input output pins, even when it
changed to high impedance, an output wave changes; therefore,
/O cell specifies the transition to high impedance to the timing,

being as a disable state.)

0.5%Vpp3; 0.5%Vpp33

GND H i
Measurement Measurement
Vopss
3-state output signal AN Hi-Z
i
GND
Measurement point
VDD33
3-state output signal Hi-Z
GND !
Measurerﬁem point
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YGV638

Output load capacitance 20pF
Output pin 'e)
:: 20pF
N
Clock Input
No. Items Symbol Min. Typ. Max. Unit | Note
| XIN, DTCKIN, DGCKIN: clock frequency fox 6 40 MHz 1
XIN, DTCKIN, DGCKIN: clock cycle time teck 25 166 ns
) XIN, DTCKIN, DGCKIN: tonck 75 ns
clock high level pulse width b
3 XIN, DTCKIN, DGCKIN: fock 75 ns
clock low level pulse width v
4 ADCKIN: clock frequency fap 20 28 MHz
ADCKIN: clock cycle time teAD 35.7 50 ns
5 ADCKIN: clock high level pulse width twhAD 14.29 ns
6 ADCKIN: clock low level pulse width twilAD 14.29 ns
7 ARCKIN: clock frequency far 6 40 MHz
ARCKIN: clock cycle time teAR 25 166 ns
8 ARCKIN: clock high level pulse width twhAR 10 ns
9 ARCKIN: clock low level pulse width twiAR 10 ns
10 SYCLK: clock frequency fsy 63 84 MHz | 2
SYCLK: clock cycle time tesy 11.90 15.88 ns 2
1 DCLK: clock frequency for 6 40 MHz| 2
DCLK: clock cycle time tepT 25 166 ns 2

Note 1) The maximum of the oscillation frequency between XIN-XOUT is 30 MHz.
Note 2) SYCLK, DCLK is the internal clock.

twhCk

twick

XIN v
DTCKIN "
DGCKIN 0.5xVDD33

0.5xVDD33

4GV638A21
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B Electrical Characteristics YGVe638
teaD
g i, twhAD twiAD g
Vl[[
ADCKIN
0.5xVDD33 0.5xVDD33
x le twhAR twiAR -
Vl[[
ARCKIN
0.5xVDD33 0.5xVDD33
Power Supply and Reset Input
No. Items Symbol Min. Typ. Max. Unit | Note
1 RESET N: input time twRES 10 us 1
5 CPU .access stand-by time after RESET N sy 110 6.7 ms )
negation
3 RESET N: setup time tRES 0 ns 3
4 Power-on time difference tySKWR 1 S 4
5 Power-off time difference tVSKWF 1 S 5
6 Power rise time tVRISE 200 ms
Note 1) The time from a point where a power supply powered up last VDD33 reaches at 3.0V, and VDD18 reaches at
1.7V, and the input clock to the XIN pin becomes stable.
Note 2) It is necessary to wait to access for 40000 x t XIN time (cycle of the clock inputted into XIN pin) after
RESET N negation as PLL lock-up time.
Note 3) The specified value of VDD which is raised up the earliest.
Note 4) It is preferable to turn on VDD33, VDD18, AVDD33, AVDD18, PLLVDD, and APLLVDD at the same time. If 1
second or more time-difference occurs among their power-on, it may affect the LSI’s reliability.
Note 5) It is preferable to turn oftf VDD33, VDD18§, AVDD33, AVDDI18§, PLLVDD, and APLLVDD at the same time. If 1
second or more time-difference occurs among their power-off, it may affect the LSI’s reliability.
4GV638A21 17




B Electrical Characteristics

YGV638

LVRISE ;!
3.0V ; 3.0V
VDD33 s
AVDD33 - «
VDD18
AVDDI8 | N
PLLVDD
APLLVDD s ;
H tures N
tes tukes !  —
RESET N / e( N
buaw tuaw R
s N ‘*—Bd S
AV aVaAVaAVAVAYAYAYAYAYAVAVAYAVAVAVAY,
xin XROOKKIXKINN Ba
‘ tusiwr :
VDD33 3.0V —p : ~L
AVDD33
VDDI18 oty
AvDDIg 'Y
PLLVDD
APLLVDD
CPU Interface
i) Parallel Interface
No. Items Symbol Min. Typ. Max. Unit | Note
1 PS2-0: setup time tsA 4 1
2 PS2-0: hold time thA 0 1
3 CS N: setup time tsCS 0 2
4 CS N: hold time thes 0 2
5 D7-0: output data turn on time tonD 0
6 D7-0: output data turn off time tofd 30
7 D7-0: output data valid delay time tip 0
8 D7-0: output data hold time thp 0
9 | WAIT N, READY N: turn on time tonwAlT 0 "
10 WAIT N: valid delay time taWAIT 25
11 WAIT N, READY N: turn off time Lo ffWAIT 30
12 D7-0: input data setup time [ tesy 15
13 D7-0: input data hold time tho 0
14 WR N: hold time thwr 0
15 READY_N. hold time thREADY 0 30
16 command pulse active time tacMD 2 X tgy
17 command pulse inhibit time ticMp 4 X t.gy
18 | command cycle time tecMD 6 X tegy

Note 1) Specified values for WR_N and RD_N signals; however, in CS_N control, there are specified values for CS_N.
Note 2) Conditions that prove to be WR_N and RD_N controls. If these specified values are not met, these are for CS_N

control.

Note 3) “command pulse” means a low active pulse obtained by performing OR operation between CS_N signal and each

of WR_N and RD N signals.

4GV638A21
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B Electrical Characteristics YGV638
® CPU read cycle
PS2-0 >§ j§<
CS N
RD N
D7-0
WAIT N .
READY N Hiz ""' w Hi-Z
[l T :
® CPU write cycle
A \
PS2-0 >§( 7§<
|9N tha
CS N \( N
‘tsﬁ’ thes
WR N L V%
! tsp thp |
D7-0 >§ ><
( IdWA]IE : fhwr 'omr
WAIT N Hi-Z “AI‘T-T/_\—/;/ Hi-Z
Conw Al thwr M\
READY N__Hiz ™
® Access cycle
CSN \ /\ /\ /\ /\
WRN ) v i
_ A A
RD N Y—7L—X F
tacMD ticMD tacmp ticmp taoMD : ticvp tacmp ticMp
teemp teevp tecMp tecp
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YGV638

Serial Interface

i)

No. Items Symbol Min. Typ. Max. Unit | Note
. 200
1 SCLK clock cycle time twSCLK
4 X texin 1,2
. . 100
2 SCLK clock high level pulse width twhSCLK
2 X texiN 1,2
. 100
3 SCLK clock low level pulse width twISCLK
2 X texiN 1,2
4 SCS N: setup time tsscs 25 ns
5 SCS_N hold time thscs 25
6 SDIN: setup time tssDI 25
7 SDIN: hold time thsDI 25
8 SDOUT: output data delay time t4sDo 65 3
9 SDOUT: turn off time tofSDO 20
10 SCS N: pulse inhibit time tiscs 400
Note 1) Alternative value during VC2 initialization.
Note 2) tcxy is the period of a clock that is fed to XIN pin.
Note 3) During VC2 initialization, the maximum of tyspo becomes 17 ns plus 3 times the XIN input cycle.
SCS N /‘
‘ tscs i < bscuk > thscs
— ; twisCLK : LwhsCLK \ —>
SDIN > < > <
! tdSD()i _ tdSD(')ﬁ ! LoffSDO, :
i ) = ~ N
spour X X >

tiscs
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YGV638

Pattern Memory Interface

No. Items Symbol Min. Typ. Max. Unit | Note
1 MAZ25-1: output delay time tama 14 1
2 MOE_N: output delay time tioE 2 14 1
3 MWE N: output delay time tawE 2 14 1
4 MD31-0: input setup time tsmD 4 1
5 MD31-0: input hold time thvD 0 1
6 MD31-0: output delay time tavD 24 1
7 MAZ25-1: output hold time from MOE N thMAR 0 ns
g MD31-0: oy 0

input hold time from MOE N and MA25-1
9 MAZ25-1: output hold time from MWE N thMAW 0
10 | MD31-0: output hold time from MWE N thMDO 1
11 MD31-0: turn off time from MWE N tofiMDO 1 10
12 output turn off / on time from RAHZ N ton/offRA 25

Note 1) Specified value for an internal clock (SYCLK)

® Memory Access Cycle (Random Read Cycle)

SYCLK s

MA25-1 n>MiR<

MOE N ey t

MWE N f | \&
tamp

Note) After the read access, values of MA[25:0] and MOE N are held until the next access to the pattern memory.

® Memory Access Cycle (Write Cycle)

SYCLK f_\J

JZ_\_/

Z_\_/_71_\_/

! Lama s tamia
MA25-1 X X
taoE
- N
MOE_N i N
tawe : tawe | ¢
/

MWE_N \ LofiMDO,

tamp M
MD31-0

Note) After the write access, values of MA25-1 and MOE N are held until the next access to the pattern memory.

4GV638A21
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YGV638

® RAHZ N

MA25-1, MD31-0 ﬁ
MOE N.MWE N

RAHZ N j&

' tun/u i

to;./ﬁ RA

The AC characteristics of an external memory connecting to VC2 must meet the following conditions.
(The following conditions are the values converted from the AC characteristics of the VC2 Pattern Memory;
they do not guarantee the following specifications directly. In addition, the item names below are those mainly
for an externally-connected memory.)

“F”, “R”, and “P” in the below are as follows.
F = (R#008h: FLTIM[1:0] + 1)
R = (R#009h: RDM[3:0] + 1)
P = (R#009h: PAG[2:0] + 1)

Number of floating clocks
Number of random access clocks
Number of page mode access clocks

No. Items Symbol Conditions
13 Address access time tacc It should be (F + R) * t gy — tgma(max) — top(min) or less
14 Output enable time toE It should be R * t gy — tyop(max) — tyyp(min) or less
15 Page mode access time tpacc It should be P * t.gy — tgva(max) — ty\p(min) or less
16 | Data turn on time tbo It should be O[ns] or over
17 Data turn off time tor It should be F * t.gy - tyop(max) + tywr(min) or less
18 Data setup time tps It should be R * t.gy - tgvp(max) + tgwr(min) or less

F R P
S Y A 0 B B o I 0 Y
tya(max) Laor(max) L)
MA25-(n+1) ( '
tama(max) taa(max) -
i
MA(0)-1 < % :
e [ g
1y
MOE_N N !(
taye(max) P |
|
MWE N 4 L,
fps tiviop, o Laup(min); ) Lvp(min) g |
s = al p el
000 S T /00000 ST 0
i i i
F R
sve [ L L L LU L L
fana(max) tana(max)
MA25-(n+1) ( /
MA(0)-1 /
tyoe(max)
MOE_N y
twp(max) f fyye(max)
|
MWE_N \ /
tplimax) tos tavino §
i
MD31-0

QU

Note) After accesses, values of MA25—-1 and MOE N are held until the next access to the pattern memory.
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B Electrical Characteristics YGV638

Video Signal Interface

No. Items Symbol Min. Typ. Max. Unit | Note
1 DOTCLK: delay time tapoTC 26
VSYNC N, HCSYNC N, BLANK N,
2 DRO7-0, DGO7-0, DBO7-0, LOADH, thpisp 0

STARTH, OUTENV: hold time
VSYNC_N, HCSYNC_ N, BLANK N,

3 DRO7-0, DGO7-0, DBO7-0, LOADH, tapIsp 10
STARTH, OUTENV: delay time ns
4 DVSIN N, DHSIN_N, DRI7-2, DGI7-2, oy 4
DBI7-2: setup time
5 DVSIN N, DHSIN_N, DRI7-2, DGI7-2, - 1
DBI7-2: hold time
6 AVSIN N, AHSIN N: setup time tsp1 3
7 AVSIN N, AHSIN N: hold time thpi
DGCKIN or DTCKIN or XIN

DOTCLK

tthsgg

i tapisp
——

Note) the above figure shows the state that DOTCLK is not reversed.

DGCKIN ,
ARCKN N A xS
Inputs >{ x
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Package Information

U-PK208VPT1-16-1

30.00.30
28.0%0.20
156 105
_[LI]J]JlI]JlI]J]J]Jl[lﬂJ]J]JlI]JlI]Jl[LI]J]Jl[LI]J]hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂll
157§ i 2104
= | = oo
= . = 9”
= = o o
—g—-—-———-—{—————-—-—g—u 7
= = O O
= | = oo
= | = am
e O | =,
Wmmmmmwmmmmwnpuuuuuuu [ooouroommoron
1 e 52
0.22+0.10 ‘ See Detai "A"
P—0.50TYP.
S

|
T~

mmmmm )

0 MIN
stand off

| & [0.08[S]

1.70MAX:

8 & /Lead Thickness 0.145+0.055

Detail "A" .

(1-0)

i\

|

f

0.60+0.15

Ay INDTEBIISEEET %,
The value parenthesized is not specified.

TV RMEESTIAR N 2 S EIg, ,
Plastic body dimensions do not include burr of resin.

UNIT:mm

)

Note:

1. RERELSIE, REEH. BEU, FERMFITOVTORRIBERENSBHETY,
2. fATHITEY, TEPEREGENRLGLIZENHYET,
FHLLLFVYINREBEEETBRLEHELZS,

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

surface mount IC.

2. Dimension, form, etc. may differ depending on assembly plants.
For details, please contact your local Yamaha agent.
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YGV638

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.

/A WARNING
©

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 breakdown, 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 vibration
Instructions | ©f @ 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.

/A\  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 | Pody (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.
i Therefore, products should be designed with safety in mind such as using overcurrent protection
Instructions | circuits 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 depending 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.
i 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

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.

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.

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.

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.

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.

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.

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.

J

Notice

AGENT Address inquiries to:

Semiconductor Sales & Marketing Department

W Head Office 203, Matsunokijima, Iwata,
Shizuoka, 438-0192, Japan

B Tokyo Office 2-17-11, Takanawa, Minato-ku,
Tokyo, 108-8568, Japan

W Osaka Office 3-12-12, Minami Senba, Chuo-ku,
Osaka City, Osaka, 542-0081, Japan

/

The specifications of this product are subject to improvement changes without prior notice.

~ — YAMAHA CORPORATION ——

Tel. +81-539-62-4918  Fax. +81-539-62-5054
Tel. +81-3-5488-5431 Fax. +81-3-5488-5088
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