








































































































































































































This following sections describe the specific features of the CG 40 from the system performance 
point-of-view. 

8.2 Kbus Address Interface 
The Kbus address interface converts Kbus addresses to local addresses used within the CG 40. 
This allows any Kbus master to access the various devices on the CG 40. 

8.3 Kbus Interface Control Logic 
The Kbus interface control logic provides the handshake signals required for Kbus masters to 
complete transactions with the CG 40. It also allows the CG 40 to generate Kbus interrupts on 
vertical sync. 

8.4 Kbus Data Interface 
The Kbus data interface provides the interface between the Kbus and various devices on the CG 
40. 

8.S Overlay Planes 
A Control Register, accessible to the software, is used to set the Kbus I/O space where the CG 
40 resides. Within that space, the first overlay plane occupies addresses from 0-1FFFF. The 
second overlay plane occupies addresses from 20000-3FFFF. The function of these overlay 
planes is determined by software accessible Control Registers within the Brooktree Bt458 
random access memory digital-to-analog converter (RAMOAC). The two overlay planes may 
be read or written using byte, double byte, or quad byte I/O read or I/O write transactions on 
Kbus. 

8.6 Image Plane 
The eight bit image plane occupies addresses from lOOOOO-lFFFFF within the Kbus I/O space 
assigned to the CG 40. The image plane may be accessed using byte, double byte and quad byte 
I/O read and write transactions on Kbus. Pixels are output left to right, top to bottom, starting 
in the top left hand comer of the screen. Address 100000 is the address of the first pixel. ID 
PROM are allowed, but the write transaction has no effect. 

8.7 Brooktree RAMDAC 
The Brooktree RAMOAC (Bt458) is designed specifically for high performance, high resolution 
color graphicS. 

The architecture of the Bt458 enables the display of up to 1280 by 1024 bitmapped color graphics 
(eight bits per pixes plus up to two bits of overlay information), minimizing the use of ECL 
interfacing, as most of the high speed. (pixel clock) logic is contained on the chip. The multiple 
pixel ports and internal multiplexing enables TTL compatible interfacing (up to 32 MHz) to the 
frame buffer, while maintaining the 125 MHz video data rates required for sophisticated color 
graphics. 

The Bt458 contains a 256 by 24 color lookup table with triple eight-bit video 0/ A converters. It 
generates RS-343-A compatible red, green, and blue video signals. 
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8.7.1 Bt458 Registers 
The Brooktree Bt458 RAMDAC has an eight-bit wide MPU interface. It allows read/write 
access to the internal control registers and color loverlay palates. The color palette RAM and 
overlay registers are dual ported and may be updated without contention while the display is 
being refreshed. The MPU pqrt of the Bt458 is accessed by performing byte I/O reads and 
writes to YX4 0000-YX4 0018 t. For a detailed discussion of registers, refer to the Brooktree 
Product Databook. 

8.7.2 Kbus Reads and Writes to the Bt458 

The lists in this subsection discuss how the Kbus bits control the operation of the Brooktree 
Bt458. 

• Writing to the color palette RAM: 

1. Perform a byte write to Address YX4 0000 with I<DATA[63:56] set to the Address 
within the Bt458 to be written. (This sets up the Address Register within the Bt458). 

2. Perform a byte write to Address YX4 0008 with KDATA[63:56] set to the RED value to 
be written to the Address specified in step 1. 

3. Perform a byte write to Address YX4 0008 with KDATA[63:56] set to the Green value to 
be written to the address specified in step 1. 

4. Perform a byte write to Address YX4 0008 with I<DATA[63:56] set to the Blue value to 
be written to the address Specified in step 1. 

On receiving the write of the blue value, the Bt458 updates the addressed location with the 
new data and increment the address register. If the next sequential location within the Bt458 
is to be written, the address register need not be written and the three color values may be 
written by performing three more sequential write to Address YX4 0010. 

• Reading the color palette RAM: 

1. Perform a byte write to Address YX4 0000 with KDATA[63:56] set to the Address 
within the Bt458 to be read. (This sets up the Address Register within the Bt458). 

2. Perform a byte read to address YX4 0008. The RED value at the location specified in 
step 1 is output on KDATA[63:56]. 

3. Perform a byte read to address YX4 0008. The Green value at the location specified in 
step 1 is output on I<DATA[63:56]. 

4. Perform a byte read to address YX4 0008. The Blue value at the location specified in 
step 1 is output on KDATA[63:56]. 

After the Blue value is read, the Bt458 increments its address register. If the next location in 
the Color Palette RAM is to be read, the three color value reads may be performed without 
reloading the address register. 

t In the CG 40 section, all address are given with a YX prefix. The Y is the slot ID bit of the Color Graphics Board and the 
X is a don't care bit. 
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• Writing the overlay registers: 

1. Perfonn a byte write to Kbus Address YX4 0000 with KDATA[63:56] set to the Address 
of the Overlay Register to be written. The following table shows the byte and register 
infonnation. 

Table 8-1. Writing to the Overlay Register 

Byte Register 
00 Overlay Register 0 
01 Overlay Register 1 
02 Overlay Register 2 
03 Overlay Register 3 

2. Perfonn a byte write to Address YX4 0018 with KDATA[63:56] set to the RED value to 
be written to the Overlay Register specified in step 1. 

3. Perfonn a byte write to Address YX4 0018 with KDATA[63:56] set to the Green value to 
be written to the Overlay Register Specified in step 1. 

4. Perfonn a byte write to Address YX4 0018 with KDATA[63:56] set to the Blue value to 
be written to the Overlay Register specified in step 1. 

On receiving the write of the blue value, the Bt458 updates the Overlay Register with the 
new data and increment the address register. If the next sequential Overlay Register within 
the Bt458 is to be written, the address register need not be written and the three color values 
may be written by performing three more sequential write to Address YX4 0018. 

• Reading the overlay registers: 

1. Perfonn a byte write to Kbus Address YX4 0000 withKDATA[63:56] set to the Address 
of the Overlay Register to be written. The following table shows the byte and register 
information. 

Table 8-2. Reading the Overlay Register 

Byte 
00 
01 
02 

Register 
Overlay Register 0 
Overlay Register 1 
~ver!ay ~e~ster ~ 
uverlay Kegtster 3 I 

2. Perfonn a byte read to address YX4 0018. The RED value at the location specified in 
step 1 is output on KDATA[63:56]. 

3. Perfonn a byte read to address YX4 0018. The Green value at the location Specified in 
step 1 is output on KDATA[63:56]. 

4. Perfonn a byte read to address YX4 0018. The Blue value at the location specified in 
step 1 is output on KDATA[63:56]. 

After the Blue value is read, the Bt458 increments its address register. If the next Overlay 
Register is to be read, the three color value reads may be performed without reloading the 
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address register. 

• Writing the other registers: 

1. Perfonn a byte write to Kbus Address YX4 0000 with KDATA[63:56] set to the Address 
of the Register to be written. The following table shows the byte and register 
infonnation. 

Table 8-3. Writing to Other Registers 
Byte Register 
04 Read Mask Register 
05 Blink Mask Register 
06 Command Register 
07 Test Register 

2. Perfonn a byte write to Kbus Address YX4 0010 with KDATA[63:56] set to the vahle to 
be written to the selected register. 

• Reading the other registers: 

1. Perfonn a byte write to Kbus Address YX4 0000 with KDATA[63:56] set to the Address 
of the Register to be read. The following table shows the byte and register 
infonnation. 

Table 8-4. REading Other Registers 

Byte Register 
04 Read Mask Register 
05 Blink Mask Register 
06 Command Register 
07 Test Register 

2. Perfonn a byte read to address YX4 0010. The contents of the register specified in step 
1 is output on KDATA[63:56]. 

8.8 Video Control Logic 

The video control logic provides the video timing. It provides the signals to the Brooktree 
RAMDAC that are required to generate the video. It also provides addresses to the video RAMs 
so the video infonnation is output to the Brooktree RAMDAC in proper sequence to generate 
the image on the monitor. 

8.9 Control Registers, 

The CG 40 contains a variety of Control Registers. These registers are read/write accessible to 
the software by means of byte I/O read and write transactions to the CG 40 ID space (space 
0001). During these transactions only Kbus Data bits 63:56 contain valid data. All Control 
Registers are byte wide and reside on even eight byte boundaries (only every eighth address is 
defined). Not every bit within all of the Control Register is defined. Some Registers (ID PROM) 
are read only. Writing to a read only register causes no action to take place. 
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8.9.1 CG 40 Board Control Register 
The Board Control Register controls the operation of the Color Graphics Board. It resides at 
Kbus address YXl 0000. The Board Control Register is a byte wide register that may be read or 
written by the software. Currently four of the eight bits in the register are defined. 

• BITO - This is Kbus data bit 56; the Video Enable (VIDEN). When this bit is a 1 the video 
timing chain on the CG 40 is enabled to operate and horiwntal and vertical timing signals 
are generated for the monitor. 

• BITt - This is Kbus data bit 57; the Video Blank (VBLK). When this bit is set to a 0 the video 
display is blanked. This bit is to be used for blanking the monitor under software control 
rather than VIDEN, since the refresh of the VIDEO RAMS depends on the operation of the 
video timing chain. 

• BIT2 - This is Kbus data bit 58; the Interrupt Enable (INTEN). The CG 40 has the capability 
on generating a Kbus interrupt on each vertical sync. When set to a 1 this bit enables the 
interrupt to occur. 

• BIT7 - This is Kbus data bit 63; the light emitting diode (LED). This bit, when set to a 1, 
turns on the LED on the Color Graphics Board. 

The Remainder of the bits in the Board Control Register are undefined. Setting or clearing them 
has no effect. The CG 40 de-asserts all of the bits in the Board Control Register when Kbus Reset 
is asserted. 

8.9.2 Space Register 

The Space Register which Kbus I/O space the CG 40 occupies. It resides at address YX2 0000 in 
its ID Space. Only bits 0-3 (Kbus data bits 59-56) are defined. Bit 0 is the LSB and bit 3 is the 
MSB of the I/O space number. 

8.9.3 Video Control Registers 

The Video Control Registers control the horiwntal and vertical timing chains within the CG 40. 
They allow most video timing parameters to be set by the software. Each of the Video Control 
Registers is 8 bits wide and byte I/O read/write accessible by the software. 

• Horizontal Pixel Count Register - This register is loaded, during software configuration, 
with the number of pixels in a horiwntalline divided by eight. In the case of an 1152 pixel 
width display the value is 144 decimal (90 hex). The Horizontal Pixel Count Register resides 
at address YX3 0000. 

• Horizontal Front Porch Count Register - This register controls the delay between the 
assertion of horiwntal blanking and the assertion of horiwntal sync. This time is called the 
horiwntal front porch and varies with the type of monitor being used. An initial value based 
on our chosen monitor is five. This value may change slightly based on experimentation. 
The Horizontal Front Porch Count Register is at address YX3 0010. 

• Horizontal Sync Width Count Register - This register controls the width of the horiwntal 
sync pulse. Again, this parameter depends on the monitor type and may change slightly 
during bring up. A good initial value is 17 decimal (11 hex). This register resides at YX3 
0018. 

• Horizontal Back Porch Width Count Register - This register controls the delay between the 
de-assertion of horiwntal sync and the de-assertion of horiwntal blanking. This delay time 
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is called the Horizontal Back Porch. This is also a parameter which depends on the monitor 
type and could change during bring up. A good initial value is 25 decimal (19 hex). The 
Horizontal Back Porch Count Register is located at address YX3 0020. 

• Line Count Registers - These two registers make up a 16 bit counter which is loaded with 
the number of horizontal lines to be displayed +256, minus two. In the case of a 900 line 
monitor the counter is loaded with a value of 1054. The 16 bit counter is divided up into two 
eight bit counters. The low byte of the counter is located at address YX3 0040. The high byte 
of the counter is at YX3 0048. The low byte counter should be loaded with 82 hex and the 
high byte counter should be loaded with four. 

• Vertical Front Porch Count Register - This register controls the delay between the assertion 
of vertical blanking and the assertion of vertical sync. This delay time is called the vertical 
front porch. This parameter varies with the monitor type and may change slightly during 
bring up. The initial value should be three. The address of this register is YX3 0050. 

• Vertical Sync Width Count Register - This register controls the width of the vertical sync 
pulse. This parameter also varies with monitor type and may change during bring up. A 
good initial value is two. This register is located at'YX3 0058. 

• Vertical Back Porch Count Register - This register controls the delay from the de-assertion 
of vertical sync to the de-assertion of vertical blanking. This delay is called the vertical back 
porch. This parameter varies with monitor type and may change during initial bring up. A 
good initial value is 31 decimal (IF hex). This register is located at address YX3 0060. 

8.10 Interrupt Information and Interrupt Vector Registers 
The IIR resides at Kbus Address YX5 0000 and the IVR resides at Kbus address YX60000. 
Together, these two registers comprise the Interrupt Transmit Register as described in the Kbus 
Specification Manual. Each register is read/write and, together, they provide the capability for 
directed or non directed interrupts. These registers are both byte wide and are accessed via byte 
I/O read and write transactions. 

The CG 40 has the capability of generating a Kbus interrupt message on each vertical sync. Bits 
0-7 of the Interrupt Vector Register correspond to KD56-KD63 and provide the interrupt vector 
portion of the interrupt message. Bits 0-7 of the Interrupt Information Register correspond to 
KD56-KD63. IIR Bit 7 is always 0, IIR Bit 6 is Directed (IIR6 = 1) or Undirected (IIR6 = 0). The 
remainder of the bits comprise the Destination ID (for Directed Interrupts) or Information Field 
(for Undirected Interrupts). 

8.11IDPROM 
The ID PROM occupies addresses from YXO 0000 through YXO FFFF. The ID PROM is an 8 
Kbyte by 8 Kbit device. Only every eighth Kbus address is defined. Both byte I/O read and 
write transactions to the 
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Section 9: CG 30 Color Graphics Board 

9.1 Introduction 
This section contains a description of the function and design of the Solbourne Computer CG 30 
Color Graphics Board. The CG 30 Color Board replaces the earlier color frame buffer, CG 40, in 
the Solboume 5eries4 and 5eries5 product lines. 

9.2 Major Design Goals 
The CG 30 Color Graphics Board consists of a 1 Mbyte RAM frame buffer plus number of 
hardware features that support increased performance when operating software graphics 
packages. The board provides approximately a 2-5X performance advantage over the Solboume 
CG 40 Color Graphics Board. 

The main functional portion of the board is Sun CG3-compatible, meaning that the CG 30 
provides compatibility with Sun-4 applications that address the frame buffer directly, as well as 
to the Sun-4 version of Sunview, Pixrect, and NeWS drivers and applications. Any software 
application that operates under Sun-4 architecture and uses Sun Microsystem's CG 3 Board runs 
on theCG 30. 

9.3 CG 30 Color Board System Connection 
The board is physically connected to the Kbus backplane. Figure 9-1 shows the relationship of 
the CG 30 board to the Kbus and a CPU Board. 

RED 

MEEN CCIL.OR 
CPU CG30 

MONITOR 
!L.UE 80ARD 

ICEYIIOAAD 

I~ 

Figure 9-1. CG 30 System Connections 
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Features of the CG 30 Board include: 

• 1152 by 900 resolution at 66 Hz refresh (1024 X 1024 resolution implemented but not 
currently supported) 

• Eight raster operation (ROP) chips each capable of launching logical display cycles into the 
frame buffer for high-speed graphics effects. 

• Alternate planar and pixel organization of the frame buffer for more graphic flexibility 

• 24-bit color lookup table providing 256 colors at anyone time out of a total of over 
16,000,000 colors through remapping the table 

• Hardware cursor for flicker-free scrolling 

• Keyboard connection 

• Multiple terminals (multiple boards) supported; not multiple keyboards 
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9.4 Functional Block Diagram 
Figure 9-2 shows the primary functional blocks on the board and their internal and external 
interfaces. 
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9.5 Kbus Interface 
The Kbus interface latches data and address lines from Kbus. 

The latches in the interface section provide data to two main buses on the CG 30 board, a VID 
(Video Data) bus and an IDD (ID data) bus. Devices that respond to cycles in ID space are 
connected to the IDD bus. These include the ID ROM, the I/O Location register, the cursors, and 
the color map. The VID bus connects the CG3 compatibility section to the Kbus and the Cpu. 
Control information, such as the movement of the cursor from one spot to another is provided 
through cycles in ID space and onto the IDD bus. Pixel data, the content of the screen image is 
run through cycles to I/O space and ends up on the VID bus on the color board. 

In addition to the KADDR and KDATA lines, the KINTR line is connected to the CG 30 board. 
Interrupt vectors are assigned to the serial (keyboard and mouse) ports so interrupt requests can 
be communicated to the external world from the keyboard and mouse. Also interrupt requests 
can come from vertical blanking. 

9.6 CG 3 Compatibility Section 
The CG3 compatibility block includes the frame buffer, the raster operation (ROP) chips, and the 
color map. The CG3 compatibility area is the primary functional area on the board, and is 
organized to be completely compatible with applications designed for the Sun Microsystems 
CG3 board. All RAM, buffer, and register locations are identical to the addresses on the CG 3 
board. 
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9.6.1 The Frame Buffer 

The frame buffer is the primary functional element of the CG 30. It is a RAM array consisting of 
a gross total of 1 Mbyte. Figure 9-3 shows conceptually two ways that a video image can be ~. 
organized with the CG 30. 
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Figure 9·3. Relation Between Video Image and Frame Buffer RAM 

The video RAM in the CG 30 is organized in eight 128-Kbyte bit planes. The 1152 x 900 pixel 
video screen contains approximately 1 million pixels. Thus, there are approximately eight times 
as many bits in the frame buffer as there are pixels in the video image, as 128K x 8 x 8 = 8 Mbit. 

The frame buffer is accessible with 8-, 16-, and 32·bit operations. In addition, three modes of 
access to the frame buffer and to the video image are possible: 

1. Planar mode 

2. Pixel mode 

3. ROPMode 

In planar mode, the first eight bits of the frame buffer can map eight pixels on the video screen. 
In pixel mode, the first eight bits in the frame buffer map to the first pixel in the video image, 
eight bits deep. These two different organizational modes are for different purposes. An eight
bit-deep (or byte-per-pixel) access allows the pixel information to contain color codes the color 
map can translate to colors on the video screen. Planar (bit-per-pixel) mode allows eight times 
more pixels to be accessed per cycle than pixel mode. 

The ROP mode is more complex and involves a CPU-like cycle to be run from hardware on the 
CG 30 Board. Data remains on the CG 30 Board, processed by the ROP chips, rather than being 
transferred by the bus. This allows much higher processing rates (i.e., 16 x eight bits rather than 
only eight bits) 

ROP operations, also commonly called BITBLT (bit block translation), allow bit-mapped images 
to be combined and manipulated by logical operators. VTI rasterop chips are used for this 
application. Types of operations that can be performed locally on the board include movements 
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of graphics elements from one point on the screen to another and various ways of merging and 
combining of graphic elements 

9.6.2 Color Map 

The color map is connected to the 1 Mbyte frame buffer. The color map provides of 256 
combinations of red, green, and blue color at anyone time. As (in pixel mode) each pixel is 
represented by one byte, 256 (28) different values could be associated with each pixel. The color 
map interprets each pixel as one of the available 256 colors, some combination of red, green, and 
blue. In this way the pixel data forms patterns of light, dark, and various colors, which make up 
the text, windows, and background you see on the screen. 

The color map has two main ports: the one from the frame buffer and another that comes 
through ID space and which is used to change the color mappings. By writing to the color map 
address through ID space, the CPU can change the mappings of color combinations to numbers. 
For example, if (to simplify the formula somewhat) the number 119 represents 10 percent blue, 
70 percent red, and 20 percent green in one mapping, it might represent 100 percent blue, a 
percent red, and a percent green in another mapping. In total, over 16,777,216 color 
combinations can be created through remapping the color map. 

9.6.3 Shadow RAM 
The shadow RAM exists in I/O address space and contains a copy of the color mappings in the 
color map. The shadow RAM may be copied to the hardware color map every vertical retrace. 
This allows smooth color changes as the colors change only during vertical blanking period. As 
stated above, the CPU can write directly to the color map to change mappings through ID 
space. 

9.6.4 Video Output Signals 

Output of the board consists of four elements: video syncing, red signals, green signals, and 
blue signals. The red, green, and blue control the pixel data that appears on the screen. Sync 
controls the timing of the monitor. Video timing consists of horizontal and vertical timing. The 
electron beam in the monitor requires just under 1000 horizontal sweeps to make one vertical 
sweep; 66 vertical sweeps occur each second. Table 9-1 shows the details of vertical and 
horizontal timing. 

Video timing is the output of the video sync circuit, which is tied to the green output. The sync 
port exter,ding fhrough the cover plate of the board is noi. used in ihe cuneni implementation. 
The following additional video timing specifications characterize the CG 30. 
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Table 9·1. Video Timing 

Type Parameter 1152 x 900 1024 x 10241 

Horizontal 
Period 16.16 J.I.S N/A 
Blank 4.04 /.lS N/A 
Front Porch 337ns N/A 
Sync 1.43 J.I.S N/A 
Frequency 61.88 KHz N/A 

Vertical 
Period 15.141 InS N/A 
Blank 598 J.lS N/A 
Front Porch 48.5/.lS N/A 
Sync 48.5 /.lS N/A 
Frequency 66fu N/A 

9.7 The ID Space Block 
The ID Space block responds to addresses in Kbus ID space, Ox1YOOOOOO and up. The 1 is the 
I/O space allocated to ID in the Series4 architecture; Y is the board slot location, corresponding 
to an ID Space. ID space is used for non-compatible (with Sun's CG3) components. These 
include the I/O location register, the ID ROM, the cursor chips and the color map. 

9.7.1 Cursors 

A 64 X 64-bit user definable cursor is implemented in hardware on the CG 30 Board. The 
hardware cursor provides a mask that prevents the cursor from being obscured when over a 
background of the same color. 

The cursor chips communicate with the color map directly instead of with the frame buffer. 
This way, they act as an overlay to the pixel data, and provide a steadier, flicker-free cursor. 

The cursor may be moved off the top, bottom, left, or right of the screen without wraparound. 

9.7.2 CG 30110 Ports 

The following I/O ports are implemented on the CG 30 board. 

• Red video signal 

• Blue video signal 

• Green video signal (includes video sync signal output> 

• Keyboard 

1 Not supported. 
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The color signal ports connect to the red, green, and blue input connectors of the color monitor. 
There are sync connectors on both the monitor andocd the color board; neither sync connector 
is currently used as the sync output is combined with the green output. 
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