Abacus Software Atari ST Internals

1.2 The Custom Chips

The Atari ST has four specially developed ICs. These chips (GLUE,
MMU, DMA and SHIFTER) play a major role in the low price of the ST,
since each chip performs several hundred overlapping functions. The first
prototype of the ST was 5 X 50 X 30 cm. in size, mostly to handle all those
TTL ICs. Once multiple functions could be crammed into four ICs, the ST
became a saleable item. Then again, the present ST hasn't quite reached the
ultimate goal -- it still has eight TTLs.

Naturally, since these chips were specifically designed by Atari for the ST,
~ they haven't been publishing any spec sheets. Even without any data specs,
‘we can give you quite a bit of information on the workings of the ICs.

An interesting fact about these ICs is that they're designed to work in
concert with one another. For example, the DMA chip can't operate alone.
It hasn't an address counter, and is incapable of addressing memory on its
own (functions which are taken care of by the MMU). It's the same with
SHIFTER -- it controls video screen and color, but it can't address video
RAM. Again, MMU handles the addressing.

The system programmer can easily figure out which IC has which register.
It is only essential to be able to recognize the address of the register, and

how to control it. We're going to spend some time in this chapter exploring
the pins of the individual ICs.

The most important IC of the "foursome" is GLUE. Its title speaks for the
function -- a glue or paste. This IC, with its 68 pins, literally holds the

entire system together, including decoding the address range and working
the peripheral ICs.

Furthermore, the DMA handshake signals BR, BG and BGACK are
produced/output by GLUE. The time point for DMA request is dictated by
GLUE by the signal from the DMA controller. GLUE also has a BG (Bus
Grant) input, as well as a BGO (Bus Grant Out).

The interrupt signal is produced by GLUE; in the ST, only IPL1 and IPL2

are used for this. Without other hardware, you can't use NMI (interrupt
level 7). The pins MFPINT and IACK are used for interrupt control.
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Figure 1.2-1 GLUE
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The function code pins are guided by GLUE, where memory access tasks
are performed (range testing and access authorization). Needless to say, the
BERR signal is also handled by this chip. VPA is particularly important to
the peripheral ICs and the appropriate select signals.

GLUE generates a timing frequency of 8 mHz. Frequencies between 2
mHz (sound chip's operating frequency) and 500 kHz (timing for keyboard
and MIDI interface) can be produced.

HSYNC, VSYNC, BLANK and DE (Display Enable) are generated by
GLUE for monitor operation. The synchronous timing can be switched on
and off, and external sync-signals sent to the monitor. This will allow you
to synchronize the ST's screen with a video camera.

The MMU also has a total of 68 pins. This IC performs three vital tasks.
The most important task is coupling the multiplexed address bus of dynamic
RAM with the processor's bus (handled by address lines Al to A21). This
gives us an address range totaling 4 megabytes. Dynamic RAM is
controlled by RASO, RAS1, CASOL, CASOH, CASIL and CAS1H, as
well as the multiplexed address bus on the MMU. DTACK, R/W, AS, LDS
and UDS are also controlled by MMU.

We've already mentioned another important function of the MMU: it works
with the SHIFTER to produce the video signal (the screen information is
addressed in RAM, and SHIFTER conveys the information). Counters are
incorporated in the MMU for this; a starting value is loaded, and within 500
nanoseconds, a word is addressed in memory and the information is sent
over DCYC. The starting value of the video counter (and the screen
memory position) can be shifted in 256-byte increments.

Another integrated counter in MMU, as mentioned earlier, is for addressing
memory using the DMA. This counter begins with every DMA access (disk
or hard disk), loading the address of the data being transferred. Every
transfer automatically increments the counter.

The SHIFTER converts the information in video RAM into impulses

readable on a monitor. Whether the ST is in 640 X 200 or 320 X 200
resolution, SHIFTER is involved.
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Figure 1.2-2 MMU
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Figure 1.2-3 SHIFTER
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The information from RAM is transferred to SHIFTER on the signal
LOAD. A resolution of 640 X 400 points sends the video signal over the
MONO connector. Since color is impossible in that mode, the RGB
connection is rendered inactive. The other two resolutions set MONO
output to inactive, since all screen information is being sent out the RGB
connection in those cases.

The third color connection works together with external equipment as a
digital/analog converter. Individual colors are sent out over different pins,
to give us color on our monitor. Pins R1- R5 on the address bus make up
the "palette registers”. These registers contain the color values, which are
placed in individual bit patterns. The 16 palette registers hold a total of 16
colors for 320 X 200 mode. Note, however, that since these are based on
the "primary" colors red, green and blue, these colors can be adjusted in 8
steps of brightness, bringing the color total to 512.

The DMA controller is like SHIFTER, only in a 40-pin housing; it is used
to oversee the floppy disk controller, the hard disk, and any other
peripherals that are likely to appear.

The speed of data transfer using the floppy disk drive offers no problems to
the processor. It's different with hard disks; data moves at such high speed
that the 68000 has to send a "pause" over the § mHz frequency. This pace
is made possible by the DMA.

The DMA is joined to the processor's data bus to help transfer data. Two
registers within the machine act as a bi-directional buffer for data through
the DMA port; we'll discuss these registers later. One interesting point:
The processor's 16-bit data bus is reduced to 8 bits for floppy/hard disk
work. Data transfer automatically transfers two bytes per word.

The signals CA1, CA2, CR/W, FDCS and FDRQ manage the floppy disk
controller. CA1 and CA2 are signals which the floppy disk controller
(FDC) uses to select registers. CR/W determine the direction of data
transfer from/to the FDC, and other peripherals connected to the DMA port.

The RDY signal communicated with GLUE (DMA-request) and MMU
(address counter). This signal tells the DMA to transfer a word.

As you can see, these ICs work in close harmony with one another, and
each would be almost useless on its own.
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Figure 1.2-4 DMA
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