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supplied by a pullup resistor on the row and column of the
key. This LOW is passed on to U-6, and the micrprocessor
will read a HIGH at the inverting output pin assigned to
that key. Since the microprocessor knows which row was
enabled, and it also knows which column the HIGH was
detected, it can look up the proper ASCII key code.

When no key is pressed in the matrix, U-6's input will be
presented with all HIGHs. 1Its output to the microprocessor
will always be LOWs. In this state, the scan process by U-5
(on the rows) will NOT be visible to a 'scope probe. Since
the outputs of U-5 are open collector, there are no voltages
at these pins to allow the activity to be seen. You will
only see activity at these outputs if a key is pressed on
the row that is being monitored.

Four of the 74 keys on the keyboard are not in the
row/column matrix. Both shift keys, the control and caps
lock keys are seperated from the matrix and applied to
another tri-state. U-23 receives the states from these
keys, which are read by the microprocessor to determine the
actual key code.

CRT Controller

The CRT controller supplies the display with character and
sync information in a timed sequence that will present to
the user 24 lines of 8§ characters each. The process is
just about as automatic as possible, and the microprocessor
is not burdened with the task of generating the complex
signals required.

A 12.48 MHZ crystal is used for timing reference. Part of
U-4 is used as the active element for the crystal
oscillator. The high frequency is buffered by U-4 pins 9
and 8, and the output is applied to the character counter
U-15, to the dot shift register U-14, and to the video dot
processing gates.

The character counter divides the DOT clock by eight,
generating the character clock for the CRTC, U-7 and the
load pulse to the shift resister. The CRTC, in turn,
applies character code information to a 2 K byte ROM
character generator, which supplies dot information to the
shift register.

The CRTC contains internal RAM that will hold two lines of

character data. The microprocessor must load character
information into this buffer. It does so by writing a
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second line of characters to the CRTC while the CRTC is
processing the first line. The CRTC signals the
microprocessor that it is processing a line of data, and it
is ready to receive another line of characters by toggling
the BRDY pin (pin 5). This pin interrupts the
microprocessor and starts a DMA of sorts.

In its basic form, this "false" DMA is generated by the
interrupt routine stored in firmware. The microprocessor is
fooled into believing that there is external firmware, and
it will try to execute this firmware at a machine cycle
rate. The address line will start counting as if the
microprocessor were reading external ROM. But this read
action is turned around by U-17, U-22, and U-9, and forces a
CRTC write sequence by toggling U-7 pin 14.

The microprocessor is fooled into believing it is executing
some minor two byte instruction, over and over again. But
actually, display RAM data is being addressed by the
microprocessor and this data is being written into the CRTC
buffer. The microprocessor does not touch the CRTC's data
at all! (The pull up package on port # of the
microprocessor and the two gates (U-11 and U-3) on this same
port are generating the "fake instruction".)

Video Processing

As mentioned before, the CRTC is supplying the character
generator ROM with display line and character addressing.
The character generator will provide the dot shift register
with the proper line of dots that is to be scanned by the
CRT's electron beam. The dot shift register takes the
parallel dots from the character generator and serially
clocks it as video dot information.

Dot video from the dot shift register is then applied to
attribute gate U-9, pin 9. The output of this gate is
applied to blanking/blinking attribute gate U-1f4, pin 5.
The output at U-1f pin 6 is sent to the underline/cursor
gate at U-1f pin 1 for processing. After receiving the
underline and cursor information, the signal is routed to
the video dot chopper U-18, at pin 9 and then on to the
video buffer U-3 pin 12. The video dot chopper directs the
electron beam to create equally sized dots on the phospher.
Hence, the video will be of an consistant brightness, even
though some dots are side by side.

Radio fhaek

- 38 -



DT-1 TRS-80 ® Service Manual

Half intensity video is generated by loading down the video
at the buffer output. A resistor, R-4, is switched to load
pin 11 of U-3 during half intensity video time. During this
time, the video level (the white level) is decreased in
voltage and gray dots are formed.

U-9, pins 12 and 13 provide raster blanking when using full
screen black on white (BOW). BOW is forced by U-1f pin 13,
which ultimately causes U-3 to invert the logic of the video
dots and the blanking information.

The horizontal and vertical sync signals are generated by
the CRTC, and are sourced by U-1.

RS-232 Serial I/0 and the Serial Printer Interface

The DT-1 does not use a UART to generate or receive RS-232
data. Instead, special hardware within the microprocessor
creates serial data from keyboard inputs, or reassembles
serial input into parallel words.

Gate U-2d translates TTL level serial information from the
microprocessor into RS-232 levels. The input from the
microprocessor is at pin 5 while its output is at pin 6.

The output of this gate feeds another gate, and is routed to
the RS-232 connector (P4) at pin 2.

Input RS-232 from P4, pin 3, is routed to another type of
translator, U-21, pin 1@, which converts the RS-232 levels
to TTL levels at pin 8. The rest of the gating between
output and input translators support RS-232 handshaking and
the serial printer port.

The serial printer port is supported by level shifter U-13,
pins 4, 6, 1 and 3. The buffered signal is applied to half
duplex gate U-22 at pin 1. Pin 2 of this gate allows the
microprocessor to send transmitted data to the serial
printer port. The half duplex printer data is then passed
to receive data mixer gate U-22 pin 4, and mixed with the
received data present at pin 5.

The mixed data is then sent to the serial enable gate U-22
pin 9. Pin 14 of this gate is controlled by the
microprocessor which controls the sending of data to the
serial printer port. The printer data is then level
translated back to RS-232 levels by U-2¢, pins 11, 12 and
13.
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Notice that the serial printer is not truly supported by the
microprocessor. That is, the microprocessor does not
process serial printer data, but the microprocessor only
"steers" or gates the data path for printer information.

There are three input handshaking gates which are used by
the RS-232 port. DSR,(Data Set Ready) DCD, (Data Carrier
Detect) and CTS (Clear to Send) are supplied to the terminal
from a Host system. The pull up resistors on these gates
default them to the asserted, or true, states if they are
not used in the connection between the Host and the
terminal.

There is only one output handshaking signal the terminal
generates for the Host to use. This one, called DTR (Data
Terminal Ready) is available to the Host system at pin 4 of
P4, and is supplied by U-24 pin 3.

The serial printer port also has a handshaking signal
assocated with it. Pin 2@ of P5 is the Printer Busy status
line for the printer. This pin is connected to translator
U-13, and to the microprocessor. A pull up resistor on this
gate's input will also default the printer to the asserted
state if the serial printer port is enabled by the
microprocessor, but a printer is not actually connected at
P5.

If a printer is connected the pin will go to -12 volts if
the printer is signaling the microprocessor that it is busy.
The microprocessor will then issue a XOFF (CONTROL S) code,
and the Host must stop data transmission, or printer data
will be lost.

Parallel Printer Interface

Unlike the serial printer port, the parallel printer port is
fed by the microprocessor. When the printer port is
enabled, the microprocessor supplies parallel data on the
data bus and strobes the clock pin of U-24, used as the
parallel printer latch.

Data is retained in this latch and held while the
microprocessor "strobes" the printer by toggling pin 1 of
J-6. After the strobe cycle is complete, the parallel
printer latch will retain the data of the last character
sent to the printer until the next print character is sent,
OR the next time a write occurs in system memory.
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Parallel printer status is obtained by the microprocessor
from pin 21 of J-6. When this pin is LOW, the printer is
NOT busy. But when it goes HIGH the printer is BUSY and
cannot accept further strobe cycles. A XOFF will be
generated by the terminal to stop the Host from sending
further characters. If the Host does not stop sending
charcters printer data WILL be lost.

If a parallel printer is not connected, and the printer
port(s) are enabled, pull down resistor R-27 will hold the
parallel printer port status line in a NOT BUSY state.

The firmware within the microprocessor will enable BOTH
serial and parallel printer ports, even though only one is
actually being used. Also, the printer busy status lines
are firmware processed as if they were tied in parallel.
That is if one printer port goes busy, the terminal assumes
both printers are busy.

The terminal will only control the actual sending of
characters to the parallel port since it has no real control
over the data going to the serial printer.
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