






















































































































































































































1/0 INTERFACE 

Figure 5-8: Operational Flow Diagram for 82586 Interface 

82786 Graphics Coprocessor Example 

The 82786 is a high performance graphios processor that provides high quality text and ad­
vanced display control. It provides full liuPport for graphics primitives at up to 25 million 
pixels per second and �b�i�t�~�m�a�p�p�e�d� text up to 25 thousand characters per second. This graphics 
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processor supports advanced features such as hardware windows, zooming, panning, and 
scrolling. Intel Application Note AP-259 and Application Note AP-270 contain detailed infor­
mation on 82786. 

When using the 82786, it may be necessary for the 80960KB processor to write to graphics 
memory. The interface design example illustrates how the 80960KB processor can transfer a 
32-bit data word to the 16-bit data bus of the 82786. 

Interface 

There are several ways to design an interface between the 82786 and the 80960KB processor. 
In this example, the 80960KB processor reads or writes to graphics memory by accessing the 
82786 through the interface logic circuit. This example assumes that the 82786 operates in the 
slave mode, and that the 80960KB processor does not perform burst transfers. The 80960KB 
processor only performs burst transfers for instructions that specify accesses for more than one 
word or for instruction fetches. 

The interface circuit translates a 32-bit data bus to a 16-bit data bus by dividing the data lines 
into the upper and lower 16 bits and sequencing the data transmission. When the 80960KB 
processor writes to graphics memory, the bidirectional transceivers sequence the lower and the 
upper data bits of the L-bus to the 16-bit data bus of the 82786. 

The process is reversed when the 80960KB processor reads from graphics memory. The 
bidirectional transceivers form a 32-bit data word by latching the first 16-bit data word on the 
lower data lines, routing the next 16 bits to the upper data lines, and then passing the 32-bit 
data word on the L-bus. 

Figure 5-9 shows the details of the graphics controller interface circuit. This interface uses the 
general system interface circuit plus the following logic units: the bidirectional transceivers, 
the data buffer control, the data bus controller, and the address translator. These logic blocks 
are highlighted by the shaded boxes. 
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Figure 5-9: Block Diagram for 82786 Interface 

CRT 

The bidirectional transceivers pass data to (from) a 32-bit data bus from (to) a 16-bit data bus. 
Data is sequenced through the transceivers by the control signals generated by the data buffer 
control logic. 

The data buffer control logic generates the signals that operate and sequence the bidirectional 
transceivers. The direction signal for data flow through the transceivers is derived from the 
W IR signal of the 80960KBprocessor. The data buffer control logic generates four output 
enable signals: GABL enables the outputs on the B side for the lower 16 bits; GBAL enables 
the outputs on the A side for the lower 16 bits; GABH enables the outputs on the B side for the 
higher 16 bits; and GBAH enables the outputs on the A side for the higher 16 bits. These 
output enable signals are derived from the byte enable signals and are asserted when the slave 
enable signal (SEN) is activated by the 82786. 

The select lines for the bidirectional transceivers allow data to flow from either the latched data 
or the input pins. These lines, which are not shown, can be hardwired. 

The data bus controller provides the read and write commands, memory or I/O·signal (MIlO), 
and a READY 0 signal. This circuit generates two read or write commands for every 32-bit 
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data transfer to or from the 80960KB processor (one for each 16-bit data transfer). The data 
bus controller starts counting clock cycles when the 82786-CS and CYCLE-IN-PROGRESS 
signals are asserted. At the proper time (based upon clock counts), it asserts the read/write 
command. The data bus controller produces READYo after receiving the SEN signal from the 
82786. READY 0 resets the count, and another read/write command is generated. 

The address translator performs four functions: it converts the four byte enable signals to Ao' 
AI' and BHE; it increments Al after receiving READYo for the first 16-bit transfer; it 
generates the clock signal (CBAL) that latches the first 16-bit data word in the bidirectional 
transceivers when the 80960KB processor performs a read operation; and it generates the 
READY signal for the CPU. 

Not shown is the cycle detector circuit that generates the CYCLE-IN-PROGRESS signal. This 
signal can be generated by using the circuit similar to the one shown in Figure 5-2. The start of 
the cycle can be detected by gating the ADS and DEN signals. The end of the cycle can be 
indicated by READY. 

Operation 

The interaction between the 82786 and the 80960KB processor is summarized in Figure 5-10. 
The operation is divided into two 16-bit data movements for both a read and write operation. 
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The 80960KB processor generates a memory-mapped address and data for the desired graphics 
memory location. It accesses the 82786 by triggering the interface circuit to generate the chip 
select signal and several operational signals: the read (RD) or write (WR) command, BHE, and 
the memory or I/O (MilO) signal. The 82786 begins the memory operation after it completes 
the current graphics processing activity. The 82786 acknowledges that it is performing a 
memory operation by asserting SEN. 

After the 82786 asserts SEN, it begins a 16-bit memory read or write operation by translating 
the address inputs (A21 through Ao) to a multiplexed DRAM address, and generating the 
DRAM control signals. Note that AI and Ao are derived from the byte enable signals. 

For a read operation, the data bus controller uses SEN to generate the READYo signal. The 
assertion of READYo causes the address translator to increment AI and to generate CBAu 
which latches the lower 16 data bits on the B inputs of the bidirectional transceivers to the A 
side. 

Similarly, for a write operation, the data bus controller uses SEN to generate the READYo 
signal. The assertion of READY 0 causes the address translator to increment AI' The data 
buffer control uses SEN and the byte enable signals to produce GABL , which enable the 
outputs for the lower 16 data bits of the bidirectional transceivers. 

The 82786 automatically deasserts SEN and the transfer of the first 16 data bits is complete. 
To transfer the second 16 data bits, the interface circuit requests another memory operation by 
generating RD (or WR), BHE, and MilO (CS is already asserted). After it completes the 
current graphics processing activity, the 82786 begins the memory operation and asserts SEN. 

For a read operation, the data bus controller uses SEN to generate the READYo signal. The 
data buffer control uses SEN to assert GBAH and GBAL , which enable the outputs for the 
higher and lower 16 data bits. 

For a write operation, the data bus controller uses SEN to generate the READ Yo signal. The 
data buffer control uses SEN and the byte enable signals to produce GABH, which enable the 
outputs for the higher 16 data bits of the bidirectional transceivers. 

The address translator generates READY for the 80960KB processor from the second 
READYo to terminate the data transfer to the graphics memory. 

SUMMARY 

The 80960KB processor supports 8-bit, 16-bit, and 32-bit I/O interfaces. A general system 
interface circuit can be designed that connects to many slave-type peripherals. This interface 
can be expanded to accommodate a bus master peripheral or a 32-bit to 16-bit data bus 
translator. These interfaces were illustrated by four design examples. 
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