


















































































































Reset: An active high on this input allows an external source to clear the content .. 
of the-Program Cciunter register to zero and set the Instruction registel' content to 
zero. Also cleared to zero (reset) are the Interrupt Enable (tNTE) and Hold Acknowl
edge (HLDA)fl �i�p�~�f�l�o�p�s�w�h�i�c�h� issue-I NTE andHLDAisignals. 

Hold: An active high on this input requests �t�~�e�m�i�c�r�o�p�r�o�'�¢�e�s�s�o�r�t�o� enter Hold state. 

Hold Acknowledge: An active high Hold Acknowledge output occurs in response to 
the Hold input and indicates that the Data and Address I/O lines are in the floating 
condition (these lines are three-state: high, low, or floating). 

Interrupt: An active high Interrupt input {I NT) requests the microprocessor to 
interrupt normal instruction sequence execution (after completing the current 
instruction) and take an alternate special path due to conditions specified by the 
un ique interrupt. . 

Interrupt Enable (Not Used): An active high Interrupt Enable output (I NTE) indicates 
that the microprocessor will recognize and process interrupts. An EI instruction 

• enables interrupts by setting the I nterrupt Enable fl ip-flop. A DI instruction resets 
the fl ip-flop and disables interrupt processing (in this case, I NTE output is inactive 
low). 

Sync: The microprocessor issues this pulse to indicate the beginning of each machine 
cycle. Status information is issued on the Data I ine outputs at this time. External 
circuits may use the Sync signal to coordinate their operation with the microprocessor. 

Data Bus Flow: The microprocessor issues a high Data Bus Flow (DBFL) signal (other
wise termed D BIN, Data Bus Input) to indicate.it is in the input mode. Low level 
indi cates output mode. 

Write (Not Used): A low level Write output indicates that' either a Write-to-Memory 
or Write-To-Output-Channel operation is in process. A high level indicates either 
a Read-From-Memory or a Reod-From-Input-Channel operation. Data on DrDo must 
not change while Write is active low. 

Ready: This input bein·g active high indicates thtlt requested memory or I/O channel 
input is available and valid. If Ready does not become active by �~�2� of State Time 2, 
the microprocessor enters Wait state. 
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Wait (Not Used): The microprocessor issues an active high Wait signal to indicate 
that it is waiting for a Ready signal from an external area from which it requested 
information. 

Input Function Multiplexer 

The multiplexer selects information for the Data bus as requested by one of four 
possible input functions being active. The four types of input data chosen from 
are: 1) communication line receive data, 2) communication line/printer/keyboard 
status information, 3) keyboard data, and 4) communication line control status. 
See Programming in Section 2 for input function definitions. 

Input Function Data Bus Drivers 

These circuits consists of three-state buffer/drivers which place input function data 
(selected by the Input Function Multiplexer) on the shared Data bus lines. The 
three states possible are high, low, or floating. 

Keyboard Data Control 

This circuit recognizes when a keyboard-generated, input data character is ready. 

Printer/Cassette Control Signal Receivers 

These circuits receive status signals from either the optional printer interface or 
the optional cassette interface. Signals received are R5-232-C compatible (see 
the EIA RS-232-C standard). These status signals become inputs to the Input . 
Function Multiplexer. 

RS-232-C Modem Receivers 
t. . 4 t A "-. 

These RS232- to - TTl type line receivers accept standard RS-232-C or CCiTT V.24 
type communication signals (see the EIA RS-232-C standard). Such signals received 
become: 1) received serial data input to the Asynchronous Serial/Parallel I/O 
circuit, 2) status input to the Input Function Multiplexer, and 3) control input to 
the FIFO Buffer. 
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Asynchronous Serial/Parallel I/O 

This circuit deserializes data from the RS-232-C Modem Receivers and converts it 
into 7-bit data (character) codes which become input to the FIFO Buffer. The 
circuit also serializes Data bus, 7-bit codes and issues them as a serial data stream 
c'ompatible with RS-232-C (or CCITT V.24) type communication interface. This 
asynchronous receiver/transmitter circuit also monitors the received data for character 
parity errors and framing errors (Stop bit not a marking logical 1). 

Parity Mode Switches 

These switches enable even or odd parity checking on the received data stream by 
the Asynchronous Serial/Parallel I/O circuit. 

First In First Out (FIFO) Buffer 

During receive data communications, this buffer allows storing 64 8-bit words of 
data (7 data plus one parity) which have been deserial ized by the Asynchronous 
Serial/Parallel I/O circuit. The FI FO stores 8-bit words in a word-serial, flow
through fashion. Each time a new data word (character) is assembled, it loads into 
the FIFO and pushes all 64 words currently in the FIFO ahead one word location. 
The word in the end location is supplanted by the one preceding it, etc. The 
Communcation line Data input function (see description in Programming, Section 2) 
clocks the 8-bit words out of the FI FO, one word at a time, serially, with the first 
word that was stored being the first word clocked out etc., making the last word stored 
being the last clocked out. FIFO 8-bit words are used as parallel input to the Input 
Functions Multiplexer. 

I/O Control Interface 

These circuits constantly monitor microprocessor address, data, and control outputs 
to determine when an input or output function is active. When an I/O function is 
recognized, the I/O Control Interface circuits issue enables which allow executing the 
the function. These circuits include control flip-flops which issue Input Strobe and 
Output Strobe signals. They also include an I/O function demultiple~er which 
recognizes the following functions: 1) Keyboard Data inpu~, 2) Communication Line 
Data input, 3) Printer Data output, 4) Communi cation Line Control output, and 
5) Data output. 
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Memo'Y Control Interface 

By constantly monitoring microprocessor data and control outputs, these circuits 
determine whether a CPU Memory Read or CPU Memory Write function is active. 
If either one is active, these circuits indicate so to the shared bus to enable the 
function in the appropriate circuit cards on the bus. 

Data Bus Receivers and Data Bus Drivers 

The three-state Data bus receivers place a-bit input Data words, from the shared, 
I/O, Data bus lines, on the microprocessor Data lines when the microprocessor 
requests instruction data. The three-state Data bus drivers place a-bit, output, 
Data words, from the microprocessor, on the shared, I/O, Data bus lines when the 
microprocessor wishes to issue data resulting from its calculations/executions. The 
three states possible from either the receivers or the drivers are high, low, and floating. 

Address Bus Drivers 

These circuits consist of three-state buffer/drivers which transmit Address signals, 
from the microprocessor, to the shared, I/O, Address bus lines when the micro
processor wishes to address information to/from some circuit card on the shared bus. 
The three states possible on the output lines are high, low, or floating. 

Communication Line Control Register 

For an active Communication Line CQ1trol output function (see Programming in 
Section 2), this register loads with the contents of the shared, I/O, Data bus lines. 
At this time, each Data bus line has a specific communication line control signifi
cance and will initiate signals/actions accordingly. 

LED Drivers 

These circuits issue power to light operator panel indicators when Request To Send 
and/or Data Terminal Ready communication line control conditions are active and 
loaded in the Com~unication Control register. 

RS-232-C Drivers 

These TTL-to-RS-232-C type line drivers transmit serial data and control signals to the 
RS-232-C (or CCITT V.24) communication interface. 
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Communication Indicator Drivers 

These circuits issue power to light operator panel indicato~ showing the constant 
condition of the following communication line signals: 1) transmit data line, 2 
2) receive data line, 3) carrier on line, and 4) clear to send line. 

Reset Control 

These circuits issue reset (clear) signals for either Master Reset switch activation 
(on the operator panel) or during power application to the processor circuits. 
Active reset condition clears various processor circuits to the initial (or starting) 
condition. Reset also passes to the shared bus so other card circuits may be initialized 
by it. 

- 5v Regulator 

An integrated circuit voltage regulator chip located on the processor card uses -9v, 
bulk, extemal power to supply regulated - 5v to the shared bus for use by whichever 
cards on the bus may requi re it. 

REFRESH CARD FUNCTIONS 

The refresh card provides circuits which drive the video, horizontal sync, and vertical 
sync of a crt video monitor. The circuits generate and issue drive signals which 
allow displaying either 12 lines or 24 lines (optional) of 80 characters per line on a 
12-inch diagonal crt. The refresh circuits rely on the processor within the basic 
logic module for operation/sequence control/directions. The refresh circuits receive 
displayable data (character) codes and video control character codes from a refresh 
RAM in the logic module. Circuit design allows receiving display codes for the 
basic 12-line crt display from the basic memory circuit card and receiving the codes 
for an additional 12 lines from the extended memory refresh RAM option card which 
may reside in the logic module. Circuit design also includes capability to interface 
and operate with an edit option card in the module. The highlight option allows and 
controls displaying reduced intensity or blinking fields of characters on the crt. 
All control and data signal flow between the refresh card circuits and other circuit 
cards (processor, memory, extended memory refresh RAM, and highlight) is via the 
shared bus provided by- the logic module chassis which houses the cards. 

Figure 4-11 is a functional diagram of the refresh card circuits. The following 
paragraphs briefly describe: 1) video display refresh characteristics and 2) the 
functions shown in figure 4-11. For circuit details, see the referenced logic diagrams 
(and their backup page descriptions) in Section 5. For further reference, timing 
details (waveforms) appear on timing diagrams at the back of Section 5. 
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Required Video Display (CRT) Refresh Characteristics 

To aid understanding refresh circuits operation, the following paragraphs define the 
display characteristics of the crt hardware which depends on the refresh circuits for 
video, harizontal sync, and vertical sync. 

Display line 

The refresh circuits drive the crt to display 12 lines (24 lines optional with extended 
memory) of characters. Each line has 80 character positions. All lines and char
acter positions may be used in a message to make a full-screen display (page) with 
a maximum of 960 characters (or 1920 characters with extended memory). Figure 4-12 
shows the pattem of display lines as they appear on the crt. All 24 line positions 
are present on both the 12-line and 24-line versions. However, the 12-line version 
blanks (displays no characters) in the 12 extra line positions during refresQ scanning 
(see Scan line). 

12 
DISPLAY 

LINES 

4-24 gg 

EXTENDED 
MEMORY 

ADDS 12 MORE 
DISPLAY LINES 

~O CHARACTERS PER LINE~ 

~60 CHARACTERS PER PAGE~ 

I I 

80 CHARACTERS PER LINE 

I 960 ADDITIONAL CHARACTERS PER PAGE I 
Figure 4-12. Display Lines 
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Scan line 

Each display line of characters requires 10 horizontal scan lines. Figure 4-13 shows 
the relationship between characters and the scan lines which produce them. As the 
electron beam of the crt makes one scan of the display screen, the refresh circuit 
video output unblanks the beam to illuminate dots in only one row of each character 
matrix for each of the 80 character positions. As seen in figure 4-13, it requires 
up to nine scans to produce the dot patterns for the characters shawn. All character 
dot patterns appear within a 7-dot wide by 9-dot high matrix. There is 2-dot 
spacing between adjacent 7-dot wide character boundaries. Most characters have 
their matrix within the top seven scan lines. Characters which have descending 
elements (lowercase g, p, etc.) and displayable control functions (HT, CR, etc.) 
use the eighth and ninth scan lines. The last scan line (tenth) is for line spacing 
and cursor display. 

SCAN LINE 

COUNTER' 0--~i~ .. ~.~i!.~.~.~iiii~.~.~.~ .. ~:.~~~.I-!.~~J.~~~j~--1-- • • •• •• • • •• ..----
2-- • • •• • •• .-.-.-. • •• ,---- ... . . ....... . . . .. 
4-- • • • • • • • •• • 
s-- • • • • ••••• • •• 
6-- ••• ••• •••••••• •••• 
7-- • 
8-- ••••• ,-- •• J •••• ~ -. 01926 

CURSOR . ~L':'" Vc'2i..l't • 

Figure 4-13. Character line Formation by Scan lines 

Cursor 

The refresh circuits generate the video to display the data entry point marker termed 
the cursor. The cursor underlines the character position on the screen where the 
next input or output action occurs. The cursor is a horizontal line approximately 
nine dots wide. The cursor displays in the bottom (tenth) scan line in a character 
line (see figure 4-13). 
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Character 

The display uses a series of closely spaced dots to portray a character. The refresh 
circuits supply video signals such that the scanning crt electron beam unblanks 
(tums on suffi ciently to illuminate the phosphor coating on the face of the crt) withi.n 
a 7-dot wide by 9-dot high matrix as required to produce the dots to portray a 
character. On either side of each character's 7-dot wide matrix is one blank column 
of9 dots to provide 2,;.dot spacing between adjacent characters. Figure 4-13 shows 
the dot pattems for several characters and figure 4-14 shows the entire dat matrix 
cell within which any character displays. The basic characters displayed are the 
95 alphanumeric symbols (0408 - 1768) per ANSI ASCII Standard X3.4 1968. In 
addition, the 32 control codes (0008 - 0378) plus the DEL code (1778) are displayable. 
This gives a total of 128 displayable characters. See Section 7 for the dot pattems 
of all displayable characters. .t< 

7: 
CHARACTER

DISPLAY 
CHARACTER- COLUMNS CHARACTER-

SPACING, / I , I SPACING 
COLUMN , • COLUMN 

000000000 
000000000 
000000000 

10 ROWS 

000000000 
000000000 
000000000 
000000000 
000000000 
000000000 
OOOOOOOOO~ 

9 CHARACTER
DISPLAY 

ROWS 

LINE-SPACING OR~ 
CURSOR-DISPLAY ROW 
(CURSOR APPEARS AS 
A SOLID LINE ACROSS 
ALL 9 DOTS IN THIS ROW). 

Figure 4-14. The Character Cell Dot Matrix 

Video Display Refresh Timing 

01892 

Figure 4-15 illustrates screen refresh timing. Table 4-1 defines timing character
istics of the screen refresh operation for both 6O-Hz and SO-Hz refresh. 
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62.9..,sec 
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Fi gure 4-15. Screen Refresh Timing 

TABLE 4-1. REFRESH TIMING 

50-HZ 
REFRESH COMPONENT REFRESH 

68.51 nsec 1 dot scan time. 

616.59 nsec 1 character scan time (1 space dot, plus 7 display dots, plus 1 space dot 
for a total of 9 dots). 

62.9 foISec 1 scan line time (80 display characters, plus 3 front porch characters, 
plus 2 sync characters, plus 17 back porch characters for a total of 
102 total character times). 

49.3..,sec SO-character displaying time (one line of characters). 

13.6 !Jsec Horizontal retrace time (22 character times composed of front porch, 
sync, and back porch). 

20.00 msec Vertical, full-screen refresh time {for 60 Hz = 240 character-displaying 
sean line times, plus 2 front porch scan line times, plus 6 srnc scan line 
times, plus 17 back porch scan line times for a total of 265 scan line times; 
for 50 Hz = 240 character-displaying sean line times, plus 28 front porch 
sean line times, plus 6 sync scan lines times, plus 44 back porch scan 
line times for a total of 318 scan line times. 

4.91 msec Vertical retrace time (for 60 Hz = 25 scon line times including front 
porch, sync, and back porch; For 50 Hz = 78 scan line times including 
extended front porch, sync, and extended back porch). 
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line lock Circuit 

This circuit monitors the frequency of the input power supplied to the refresh circuit 
cord. It then issues an oscillator output which matches the rate of crt full-screen 
refresh cycles to the frequency of the input power. Thus, if input power has a 6O-Hz 
frequency, 60 fuH-screen refresh operations occur each second.. Such synchronization 
prevents jitter and distortion in the visual displcyon the crt. Line Lock circuit 
output govems the speed of the Dot Counter, Horizontal Counter, and Video Generator. 

Start Address Register 

ASC II codes representing displayable characters are stored in the RAM portion of the 
memory card circuits (address range 200016 through 23FF16 for basic, 12-line 
display or 200016 through 277F16 with extended memory option for 24-line display). 
Firmware executed in the processor card circuits selects the starting address of the 
first character <leftmost) of the first (top) line of 80 characters for display on the crt. 
Such firmware causes the processor to place this starting address on the shared Data 
bus lines for loading into the Stort Address register for the stort of each full-screen 
refresh operation. This start address is always that of the leftmost of 80 consecutive 
displayable characters which may form a line of characters on the crt. A start 
address cannot be that of a character located elsewhere along a character line. 
This scheme allows the firmware to implement scrolling (shifting up or down) all 
lines of characters displayed on the crt. Start Address register contents load in the 
Memory Address register (Counter) at the beginn ing of the screen refresh operation. 

Memory Address Register (Counter) and Address Bus Drivers 

These circuits issue to the shared Address bus the address in refresh memory where a 
character for display is located. Such address may be to the basic 12-line refresh 
RAM provided by the memory card circuits or it may be to the optional extended 
memory refresh RAM which may be present on the shared bus. The Memory Address 
register loads from the Start Address register before the start of each new refresh 
operation. Once loaded, the Memory Address register begins incrementing by one 
for each consecutive character until all 80 characters for the top display line are 
loaded into either Line Buffer # 1 (for one of the 12 basic display lines of characters) 
or into Line Buffer #2 in the extended memory card circuits (for one of the 12 extended 
memory lines of characters). Line Buffer #1 always loads with odd number display 
lines (first, third, etc.) of characters while #2 always loads with even number lines 
(second, fourth, etc.). When the last (tenth) scan line of any line of characters is 
completed, the line buffer associated with that line is full. The following line of 
80 character positions will load into the other line buffer concurrently, while the 
first line buffer supplies 10 scan lines for displaying a row of 80 characters. This 
process continues until all display lines of cha.racters (12 or 24) are refreshed on 
the crt. 
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Dot Counter 

This circuit counts the number of dots used in one scan line component of one char
acter (see Character poragraph in preceding text). After counting the nine dots which 
comprise each such component, this counter issues a control signol which increments 
the character position Horizontal Counter and loads the video serializer portion of 
the Video Generator with a new set of dots for one scan across one characters. At 
60-Hz refresh rate (for 6O-Hz input power), this occurs once every 619.59 nanoseconds 
as a scan line progresses across a line of characters. 

Horizontal Counter 

This counter maintains horizontal character position count for each scan line. It 
maintains control for beam scan during each: 1) 80-character display line, 2) end 
of line (after 80th character), 3) retrace operation, and 4) start of line (preceding 
first character) •. It issues the Horizontal Sync pulse required by the crt. 

Vertical Counter 

This counter maintains vertical scan line count down the entire crt display. It main
tains control for beam scan during each: 1) 12/24 character lines, 2) end of lines 
(bottom of screen), 3) flyback to start of screen operation, and 4) start of display 
(preceding top character line). It issues the Vertical. Sync pulse required by the crt. 

Refresh Memory Control 

These circuits govem memory address loading, memory address increment, video 
blank/unblank for extended memory absence/presence, and issue memory status signals. 

Video Generator and Video Driver 

The Video Generator uses 7-dot ASCII displayable character codes (received from 
basic or extended refresh RAM via the Line Buffer Multip.lexer) to generate the blank/ 
unblank dot pattern for the seven dots of each scan line for each character. The 
Video Driver issues this serial, video stream to the crt. 
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line COll'lter 

This counter keepstrock of the current scan line within a character line. As such, 
it allows selecting the correct scan line coordinate of a character's dot components 
which are permanently stored in the symbol generator portion of the Video Generator. 
The 7-bit ASCII code from the Line Buffer Multiplexer is the other coordinate 
required to generate a particular 7-dot, blank/unblank, dot stream for refreshing 
one scan line of one character. . 

line Buffer # 1 

This recirculating buffer supplies the refresh ASCII codes for aJl 80 character positions 
in each/anyone of the basic, 12-line-display character rows. This buffer loads such 
ASCII codes during the refresh time for the extended display character row position 
immediately preceding a basic character row. This occurs whether the extended 
memory card is present or not. Line Buffer # 1 shifts these codes along in unison with 
the beam scan to provide the blank/unblank dot stream for each character along 
each scan line which is refreshing a basic character row. 

Line Buffer Control and Line Buffer Multiplexer 

These circuits load and select ASCII code components from the basic 12-line line 
Buffer #1 or the extended memory RAM Line Buffer #2. 

+5V REGULATOR CARD FUNCTIONS 

A separate hardware maintenance manual contains the theory of operation for the 
+ 5 regulator (see Foreword). 
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