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1.0 INTRODUCTION. 

1.1 GENERAL DESCkIPTIO~. 

The Display Controller ~odule is a high speed, special purpose 110 
device. Its function is to provide drive signals to the CRT monitor, 
initiate data transfers from the terminal memorY, and convert ASCII 
characters into a video signal. 

The full screen capaoility Of the display is 24 rows of 80 characters 
each. The minimum system can display 64 characters with one display 
feature--inverse video fields. An additional 64-cha~acter ROM may be 
added to the baSic system for 128-character operation. 

The Display Memory Access PCA (OMA) is that portion of the Display 
Controller Module which reads characters from the memory, buffers them 
in BO-character shift registers, and sends them to the Display Timing 
and Display Control PCA's. The operation of the DMA is controlled by 
the Display Timing and Display Control PCA's which initiate the trans
fer of ~ows of characters. It should be noted that there are two 
possible Display Control PCAs. Unless otherwise noted, reference to 
the Display Control PCA will apply to both assemblies. 

1.2 PACKAGING. 

The Display Controller Module consists Of three PCA's, the Display 
Control, Display Timing, and tne Display Memory Access PCA's. The DMA 
is adjacent to the Display Timing and Display Control PCA's and all 
three boards are connected together with tne Top Plane Connector Assem
bly. The connection to the CRT monitor is made with the Sweep Cable 
Assembly from the CRT monitor to the Display Timing peA. 

1.3 CHARACTER FONT. 

The basic character cell is a 9-dot by 1S-scan line rectangle. ~ithin 
this cell is the 7 x 9 Character surrounded by one dot on either side 
for horizontal spacing, four scan lines below for lower case cnaracter 
descenaers, and one scan line above and oelow tor row-to-row spacinq. 
The appearance ot the characters is ennanced by means of a half-shift 
capability which generates smoother angles and curves by utilizing 
extra bits in the character ROMS. Eacn character scan line segment is 
stored in ROM as an 8-bit word. Seven of the bits (bITI-BIT7) corres
pond to the aot positions Dl-07 within the cnaracter cell. The eighth 
bit (BITO) controls whether the dots will occur durinq the normal 10t 
times or will be delayed by one-half dot time, corresponding to a shift 
to the right by nalf a dot position on the screen. This increases the 
effective character resolution to 13 x 9; seven u~shifted dot positions 
and six interstitial positions. 
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1.0 INTRODUCTION. 

1.1 GENERAL DESCkIPTIO~. 

The Display Controller ~odule is a high speed, special purpose 110 
device. Its function is to provide drive signals to the CRT monitor, 
initiate data transfers from the terminal memorY, and convert ASCII 
characters into a video signal. 

The full screen capaoility of the display is 24 rows of 80 characters 
each. The minimum system can display 64 characters with one display 
feature--inverse video fields. An additional 64-cha~acter ROM may be 
added to the basic sys~eru for 128-character operation. 

The Display Memory Access PCA (OMA) is that portion of the Display 
Controller Module which reads characters from the memory, buffers tnem 
in 80-character shift registers, and sends them to the Display Timing 
and Display Control PCA's. The operation of the DMA is controlled by 
the Display Timing and Display Control PCA's which initiate the trans
fer of rows of characters. It should be noted that there are two 
possible Display Control PCAs. Unless otherwise noted, reference to 
the Display Control PCA will apply to both assemblies. 

1.2 PACKAGING. 

The Display Controller Module consists Of three peA's, tne Display 
Control, Display Timing, and tne Display Memory Access PCA's. The DMA 
is adjacent to the Display Timing and Display Control PCA's and all 
three boards are connected together with tne Top Plane Connector Assem
bly. The connection to the CRT monitor is made with the sweep Cable 
Assembly from the CRT monitor to the Display Timing PCA. 

1.3 CHARACTER FONT. 

The basic character cell is a 9-dot by IS-scan line rectangle. ~ithin 

this cell is the 7 x 9 Character surrounded by one dot on either side 
for horizontal spacing, tour scan lines below for lower case cnaracter 
descenaers, and one scan line above and oelow tor row-to-row spacinq. 
The appearance ot the characters is ennanced by means of a half-shift 
capability wnich generates smootner angles and curves by utilizing 
extra bits in the character ROMS. Edcn character scan line segment is 
stored in ROM as an ij-bit word. Seven of the bits (~ITl-8IT7) corres
pond to the aot positions D1-07 within the cnaracter cell. The eighth 
bit (BITO) controls whether the dots will occur durinq the normal 10t 
times or will be delayed by one-half dot time, corresponainq to a shift 
to the right by naIf a dot position on the screen. This increases the 
effective character resolutlon to 13 x 9; seven u~shifted dot positions 
and six interstitial positions. 
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1.4 DISPLA~ TIMING AND CONTROL-DMA INTERFACE. 

The two communication paths between the DMA and the Display Timinq and 
Control PCA's consist of the control siqnals between tne PCA's and the 
returned data to be displayed. 

In practice, a pair of odd/even character shift registers store one row 
each of chdracters and their enhancement fields. While a row is being 
scanned and aisplayed from one odd/even character shift register, the 
next row is being loaded into the other odd/even character shift reqis
ter by the DMA. The oad/even character shift registers are togqled at 
the end of each row of characters. 

1.5 DISPLAY CONTROLLEP-PROCESSOR INTERFACE. 

The Display Controller Module is the recipient of the cursor X and Y 
position on the screen. When the cursor is to be positioned to a new 
location, the processor outputs either a new cursor X or Y position. 
These positions are strooed into registers and are used to generate 
the visible cursor. No data or control paths exist from the display 
b~ck to the processor. 

In addition, the Display Controller MOdule receives two commands, one 
which turns the DMA on or oft, and the other wnich turns the display 
on and off. ' 

2.0 OPERATING PARAMETEHS. 

A summary of operatinq parameters for the DisPlay Controller Module 
is contained in tables 1.0 through 6.2. 

Table 1.0 Pnysical Parameters 
============:==================================================================== 

Part Size (L x W x D) I Weight 
Number I Nomenclature I +/-0.100 Inches I (Pounds) 

=============1==============================1=======================1========= 
02640-60112 1 Display Control peA I 12.9 x 4.0 x 0.5 0.44 
02640-60152 I Display Control peA I 12.9 x 4.0 x 0.5 0.44 
02640-60009 I Display Memory Access peA 12.5 x 4.0 x 0.5 0.38 

I 
02640-60088 I Display Timing PCA 12.5 x 4.0 x 0.6 0.31 

I 
02640-60012 I Top Plane Connector Assembly N/A N/A 

===========:=================================================================== 

Number of Backplane Slots Required: 3 

================================================================================ 
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Table 2.0 Reliability ana Enviromental Information 

----------~------~------~---~-~---~-~-----~--~------~-----~----------------------------~~--------------~---~---~---~--~~----~----------------------~------------

t;nvironmental: ( X ) HP Class li ( ) Other: 

Restrictions: Type tested at product level 

============================================================================== 

Failure Rate: 2.527 (percent per 1000 hours) 

----------------------~-~-------~-----------------------~-~-------------------------------~------------------------------~---------~----------------------------

Table 3.0 Power Supply and Clock Requirements - Measured 
(At +1-5% Unless Otherwise Spec1fied) 

--------~---------------------~~-~--~-~~~----~----~-------~--------------~---------------~--~--------~----~----~-~-~~---~~----------~--------------------~------

+5 Volt Supply 

fa 1600 mA 

(MODULE TOTAL) 

+12 Volt Supply 

~ 68 rnA 
(02640-60152 only) 

NOT APPLICABLE 

-12 Volt Supply 

@ 27 rnA 

CDMA peA ONLY) 

-42 Volt Supply 

@ rnA 

NOT APPLICABLE 
====================================== ======================================= 

115 volts ac 220 volts ac 

A A 

NOT APPLICABLE NOT APPLICAHLE 
---------------------------------------~----~------------------~-~--------~-------~----~----------~----~~---~~------------~----~----------------------------

ClOCK frequency: 21.060 MHz (DISPLAY TIMING AND CONTROL PCA'S) 
4.915 MHZ CDMA peA) 

================================================================================ 
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Taole 4.0 Jumper Definitions 

-----.------~----~-------~--------~---~-~~-~~----~--~--~-~-~-----------------------~-- .. -~---~---------~-----------~----~----~---~~-~---------------~-~-----------
Function 

peA I---------------·---·-------------------~-------------~-------Designation I In Out 
====:============1============================== ============================== 

Display Control 
PCA 

WI 

I 

128-character base set: 

Assumes the I28-character 
option is installed. All 
128 cnaracters of the base 
set are displayed. 

64-character base set: 

Upper case characters 
(ASCII 40-1378) are 
displayed. Control 
characters are displayed 
as blanks and ASCII 
140-177B are upshifted 
to 100-137B. 

---------------------------------------~----------~----------------------------------,----------------~---------------------------------~------------------------
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Table 5.0 Connector Information - Dlsplay Control PCA 
------------~------~----~---~-----------~~~--~----------------------------~-------------------------~-~~~--------~-~----~------~---~---~~----------~------------connector Signal 

ana Pin No. I Name 
==============1================ 

P1, Pin 1 1 +5V 
I 

-2 I GND 
I 

-3 I 

-4 

-5 

-6 

-7 

-8 

-9 ADDR4 

-10 ADDR5 

-11 

-12 

-13 

-14 A0DR9 

-15 AnDR10 

-16 ADDR11 

-17 

-18 

-19 

-20 

-21 110 

-22 GND 

Signal 
Description 

-------------~--~~---------------------------~ ~---------~-~---------------------------------
+5 Volt Power supply 

Ground Common Return (Power and Signal) 

} , 
} 

} 

} 
} Not Used 
} 
} 
} 

} 

) 

i~egati ve True, Address Bit 4 

Negative True, Address Bit 5 

} 
} 

} Not Used 
} 
} 

Negative True, Adciress Ait 9 

Negative True, Address Bit 10 

Negative True, Address Eit 11 

} 

} 
} 
} Not used 
} 

} 
} 

Negative True, Input OutputlMemory 

Ground Common peturn (Power and Signal) 
--------------------------------------~-----------~--------------------------------------------------------------~----------------------~-----------------------
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Table 5.0 Connector Information - Display Control PCA (Cont-d.) 
~----.----~--------~-----~---~-----------~---~----~~-------------------~------------- .• -----------------~-----~-------------------------~------------------------Connector Signal 

anej Pin NO. I Name 
==============1================ 

P1, Pin A I GND 
I 

-B I 

-e 

-[) PWR ON 

-E HUSO 

-F BUSl 

-H BUS2 

BUS3 

-K BUS4 

-M 

-N BUS7 

-P WRITt:.: 

-R 

-s 

-T PRIOR IN 

-I) PRIOR OUT 

-v 

-w 

-x 
-y REQ 

-z 

Signal 
D~sC'ription 

~----~-------.-----------------------------------~-----------------------------------------Ground Common Return (Power and Siqnal) 

} 
} Not used 
} 

System Power On 

Negative True, Data Bus Bit 0 

Negative True, Data Bus Bit t 

Negative True, Data Bus Bit 2 

Negative True, Data Bus Bit 3 

Negative True, Data Bus Bit 4 

} 

} Not Used 
} 

Negative True, Data Bus Bit 7 

Negative True, write/Read Type Cycle 

, } 
} Not used 
} 

Bus Controller priority In 

Bus Controller Priority Out 

} 
} 
} Not used 
} 
} 

Negative True, Request (Bus Data 
Currently Valid) 

Not used 
-----.-~---~--------------~----~-~-.~~~~-~-~~~~~~--~-----~~---~---~--~~-----------~---.--~-------~----~------~---~---~--~------~----------------------------------
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Table ~.1 Connector Information - Display Timing PCA 
---------------------------------------------------------------------------------------------~-----------~----------------------~-------------------------------Connector ~ignal 

and Pin No. , Name 
==============1================ 

PI, Pin 1 I +5V 
I 

-2 I GND 
I 

PI, ~in 3 I 
through I 

Pin 21 

-22 GND 

Signal 
Description 

--------------------------------------------------------------------------------------------
+5 Volt Power Supply 

Ground Common Return (Power and Signal) 

} 

} Not Used 
} 

Ground Common Return (Power and Signal) 

--------------~---~--------~--- -----------------~---~-~--~---~--~--------~---P1, Pin A GND Ground Common Return (Power and Supply) 

-8 } 

} 

-c } Not Used 
} 

-D } 

-E SUSO Negative True, Data Bus Bit 0 

-F RUS1 Neqative True, Data Bus Bit 1 

-H BUS2 Negative True, Data Bus Bit 2 

-J 8US3 Negative True, Data Pus Bit 3 

-K BUS4 Negative True, Data Bus Bit 4 

-L BUSS Negative True, Data Rus Bit 5 

-M BUS6 Negative True, Uata Bus Bit 6 

-N } 

-P } Not 
-R } Usea 
-s } 

-T PRIOR IN Bus Controller Priority In 

-u PRIUR OUT Bus Controller Priority Out 

-v } 

-w } 

-X } Not Used 
-y } 

-z } 

----------------~-~-----~-~--~--~~~--------~-~----~---------~-----------~---------~---~----------~--------------~~~~---~--~------~--~~--~-------~------~-~-~----
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---------~~--~--~---~-~~--~-~-----~-~~-~--~---~----~----~----~---------------------------~---~--~----~---------~---~-------~-~~---~--------~~-~--~--------------Connector 
and Pin No. 

------- ... -------------.. --------
PI, Pin 1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

-16 

-17 

-18 

-19 

-?O 

-21 

-22 

Signal 
Name 

---~ ..... --- ... ---------------------.. 
+5V 

GND 

SYS CLK 

-12V 

ADDRO 

ADORI 

ADDR2 

ADDR3 

ADDR4 

ADDR5 

ADDR6 

AODR7 

ADOR8 

ADDR9 

ADDRI0 

ADDRll 

ADOR12 

ADDR13 

GND 

Signal 
Description 

~----~--~~--~~--~--~------~-~-~---------------~-------------------~----~-------------------

} 

} 

+5 Volt Power supply 

Ground Common Return (Power and Signal) 

4.915 MHz System Clock 

-12 Volt Power Supply 

Negative True, Address Bit 0 

Negative True, Address Bit 1 

Negative True, Address Bit 2 

Negative True, Address Bit 3 

Negative True, Address Bit 4 

Negative True, Address Bit 5 

Negative True, Address Bit 6 

Negative True, Address Bit 7 

Negative True, Address Bit 8 

Negative True, Address Bit 9 

~egative True, Address Bit 10 

Negative True, Address Bit 11 

~egative True, Address Bit 12 

Negative True, Address Bit 13 

} l"ot Used 
i ) 
I ) 
I 
I Ground Common Return (Power and Signal) 

-----.------------~~---------------------~-~-----------~------------------------~---- .. ---~-------~~---------------------~-----~--------~----~----~--------------
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Table 5.2 Connector Intormation - OMA PCA (Cont-d.) 
---------------~-~--------~-----~~---~--~~--~~--~---~-~---------------------------------------~----------------------~-----------------~------------------------Connector I Signal Signal 

and Pin No. I Name Description 
---------- ... _-- --------~-~----- ------------------------------------------------------------ ---------------~ -----~----------~--~--------------------------P1, Pin A GND Ground Common Return (Power and Signal) 

-B 
} Not used 

-c } 

-0 PWR ON System Power un 

-E BuSO Negative True, Data Bus 81 t. 0 

-F 8USI Negative True, Data Bus Bit 1 

-H BUS2 Negative True, Data Bus Bit 2 

-J BUS3 Negative True, Data Bus Bit 3 

-K BUS4 Negative True, lJata Bus Bit 4 

-L BUSS Negative True, Data Bus Bit 5 

-M BilS6 Negative True, Data Bus Bit 6 

-N BUS7 Negative True, Oata Bus Bit 7 

-P } 

} Not Used 
-R } 

-S WAIT Negative True, wait Control IJine 

-T PRIOR IN Bus Controller Priority In 

"U PRIOR OUT Bus Controller priority Out 

-v Not Used 

-w BUSY Neqative frue, Bus Currently HUSY 
(Not Available) 

-x Not Used 

-y REO Negative True, Request (Bus Data 
Currently Valid) 

-z Not used 
------------------------------------------------~-~----------------------------~--------------------------------------------~-------- --------------------------
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Table 5.3 Connector Information - Display Control PCA 
=================;============================================================== 

CI:)nnector 
and Pin No. 

--- .... _-------- .. ----.----------

P2, Pin :1 

-2 

-3 

-4 

-5 

-6 

-'7 

-9 

-9 

-10 

-:11 

-'12 

-:13 

-14 

-15 

Signal 
Name 

---------------~ --- .... ---- .... ---~--
GND 

LCO 

LC2 

BITO 

BIT2 

RIT4 

8IT6 

SSS1 

LCSEL 

UCSEIJ 

DBITI 

--
DBIT3 

ObITS 

--
OBI'!'7 

GND 

Signal 
Description 

--~--~---~-------------------------------------------------~--~-----------~-----------------

Ground 

Scan Line Counter Bit 0 

Scan Line Counter Bit 2 

ASCII Bit 0 

ASCII Bit 2 

ASCII Bit 4 

ASCII Bit 6 

Negative True, Buffered Set Select Bit 1 

Lower Case Character ROM Select 

Upper Case Character ROM Select 

Negative True, Dot 1 Output 

Negative True, Dot 3 Output 

Negative True, Dot 5 Output 

Negative True, Dot 7 Output 

Ground 

================================================================================ 
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Table 5.3 Connector Information - Display Control peA (Cont'd.) 
--------~---------------~-----------------------~-----~-----~--------------------------------------------------- ~--~--------------------------------------------

Connector 
and Pin NO. 

-----------------------------
P2, Pin A 

-R 

-C 

-0 

-E 

-F 

-H 

-J 

-K 

-L 

-M 

-N 

-p 

-R 

-S 

Signal 
Name 

--------------------------------
GND 

LCl 

LC3 

BIT1 

BIT3 

BIT5 

BSSO 

SETO 

El 

D8ITO 

OBIT2 

OBIT4 

D81T6 

GNO 

Signal 
Description 

---~---~-------~------~----------------------------------------~---------------~------------

Ground 

Scan Line counter Bit 1 

Scan Line Counter Bit 3 

ASCII Bit 1 

ASCII Bit 3 

ASCII Bit 5 

Neaative True, Buttered Set Select dit 0 

Negative True, Base Set Select 

Negative True, Base Set Enable 

Negative True, uot 0 Output 

Negative True, Dot 2 output 

Negative True, Dot 4 Output 

Negative True, Dot b Output 

Not Used 

Ground 

------------------------~-----------~-~---~---------~---~-~-----~------------~--------------------~---~--~----------------------~------~------------------------
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Table 5.4 Connector Information - Display Control PCA ~ ____ a ___ ~ _______ ~ ___ ~ _______ ~ __ ~_~~ ___ ~~ __ ~_~_~_~ __ ~~ __ ~_~ ________ ~_~_~ __ ~_~~ __ _ 

-----.~---~-~-----------~~---~--~-~-~----~~---~--~------~~--~-------------~--~--~ 
Connector 

and Pin NO. 
----.----------... -_._ ... ---------

P ~I, Pin 1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

-16 

-17 

-18 

·,19 

-20 

-21 

-22 

Signal 
Name 

------------~--~ -~-----~--------

DO 

06 

103 

01 

CLEH 

VDR 

EVEN 

Signal 
Description 

-~---~---------~------~------------------------------~-----~------~-------------~----------~ 

Negative True, Character Dot Position 0 

~egative True, Character Dot Position 6 

Negative True, Column Count 103 

Not Used 

Negative True, Character Dot Position 1 

Cursor Line Enable 

Vertical Drive 

Even Row 

Not Used 

GVS Vertical Sync 

CYEN Cursor Y Position True 

BSSO 

BSS1 

BLNt< 

} , 
} 

} Not Used 
} 

} 

) 

Negative True, Buffered Set Select Bit 0 

I Negative True, Buffered set Select Bit 1 
I 
I Not Used 
I 
I Negative True, Blanking 
I 
I } 
I } 
I} Not Used 
I ) 
I } 

=~===:=========================================================================== 
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Table 5.4 Connector Information - Display Control (Cont·d.) 
================================================================================ 

Connector Signal Signal 
and Pin No. I Name I Description 

==============1================ -~-~-~---~---~--------~-~------~-----~---~-----~-----~-~~-~~~-~--------~--------------------
I 

P3, Pin A I DSPY CLK 21.060 MHz Display ClOCK 

-R GND Ground 

-C D2 Negative True, Character Dot Position 2 

-0 08 Negative True, Character Dot Position 8 

-E 14 Negative True, Scan Line Counter Reset 

-f L11 Scan Line Count 11 

-H YR'fCLK Scan Line Counter ClOCK 

-J VBLNK Vertical Blanking 

-I<' } 
} Not Used 

-L } 

-M IN'fSET Display Controller Interrupt 

-N CXS Negative True, Cursor X Position strobe 

-p BITO Negative True, ASCII dit 0 

-R RITl Negative True, ASCI I Bit 1 

-S BIT2 Negative True, ASCII Bit '}. 

-T BIT3 Negative True, ASCII Bit 3 

-u BIT4 Negative True, ~SCII bit 4 

-Y BIT!> Neqative True, ASCII 8it 5 

-w BIT6 Negative True, ASCII Bit 6 

-x CYS Negative True, Cursor y Position Strooe 

-y GND Ground 

-z BITS Negative True, Serial Bit Stream 
================================================================================ 
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Table 5.5 Connector Information Display Timing peA 
----------~---------~-~-~-~--~-~~---~-~--~------------~------~--~-----~---------------------,---------------~~------------------------~--------------------------Connector I 

and Pin NO. t 
----------------------------

P3, Pin 1 

- 2 

- 3 

4 

- 5 

- 6 

- 7 

- 8 

- '9 

Signal 
Name 

---------------------------~----

DO 

D6 

103 

hUFCLK 

01 

CLEN 

vrH~ 

-10 GVS 

-11 CYEN 

-12 BBL 

-13 IV 

-14 SUL 

-15 tiUF HLf SRT 

-16 

-17 

-lR 81 

-19 BL.NK 

-20 XBITS2 

-21 

-22 XBITst 

Signal 
Description I 

==============================================1 
I 

Neqative True, Character Dot Position 0 I 
I 

Negative True, Character Dot Position 6 I 
I 

Negative True, Column Count 103 I 
I 

Enhancement Bufter Clock. 

Negative True, Character Dot Position 1 

Cursor Line Enable 

Vertical Drive 

} 

} Not Used 
} 

Vertical Sync 

Cursor Y Position True 

Negative True, Buffered Blinl< 

Negative True, Inverse Video 

Negative True, Buffered Underline 

Negative True, Buffered Half-Bright 

} 

} Not Used 
} 

Negative True, Column Count 81 

Negative True, Blanking 

Negative True, External Bit Stream 2 

Not Used 

Negative True, External Rit Stream 1 
================================================================================ 
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Table 5.5 Connector Information - Display Ti~ing PCA (Cont-d.) 
------------------~------------------~--~-----------~-------~---------------------------------- -~~-----~~~-----------------~------~------------------ ----------

connector 
and Pin No. 

------------------------------
P3, Pin A 

-B 

-C 

-0 

-E 

-F 

-H 

-J 

-K 

-L 

-M 

-N 

-P 

-R 

-s 

-T 

-u 

-v 

-w 

-x 
-y 

-z 

Signal Signal 
Name 1 Description 

================1============================================== 
DSPY eLK 1 21.060 MHz Display ClOCK 

I 
GND I Ground 

I 
D2 I Negative True, Character Oot Position 2 

D8 

L11 

VRTCLK 

VBLNK 

oelRC 

OCIRCEN 

cxs 

} 
} 
} 

) 

} 
} 

Negative True, Character Dot Position 8 

Not Used 

Scan Line Count 11 

Scan Line Counter ClOCK 

Vertical Blanking 

Line Butfer Circulation 

Line Buffer Circulation Enable 

Not Used 

Neqative True, Cursor x Position StrObe 

} Not Used 
} 
} 
} 
} 
} 
} 

CYS Negative True, Cursor Y Position strObe 

GNO Ground 

BITS Neqative True, serial Bit Stream 
================================================================================ 
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Table 5.6 Connector Information - DMA peA 
=====:=========================================================================== 

Connector 
arld Pin NO. 

----.-~------------_._---------
P31, Pin 1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 

-16 

-17 

-1.8 

-19 

-20 

-21 

-22 

Signal 
Name 

~---~---------~~ ~---------------

Signal 
Description 

-~-~------~----~~---~--~---~-~-------------------------~--~--------------------------------~ } 

} 
} 

} Not Used 
} 
} 
} 

01 Negative True, Character Dot Position 1 

} 

} Not Usea 
} 

EVEN Even Row 

LBLOAD Bus Buffer Load 

GVS Vertical Sync 

} 

} Not Used 
} 

IV Negative True, Inverse Video 

LOAD 

} 

} 

} 

} 

} 

} 

} Not Used 
} 

} 
} 
} 

} 

} 

Line Buffer Load 

Not Usea 
--~-.----------------------------------~-----------.-~-~---~--------------------~-~-.------------------------~-~--~-~----~~~--~---~--~-~--~----------------------
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Table 5.6 Connector Informat1on - OMA PCA (Cont-d.) 
====================.============================================================ 

Connector 
and Pin No. -_ .... -- .. ---------.... ---~-------
P3, Pin A 

-B 

-C 

-D 

-E 

-F 

-H 

-J 

-K 

-L 

-M 

-N 

-p 

-R 

-s 

-T 

-u 

-v 

-w 

-x 
-y 

-z 

Signal 
Name 

~------~-----------------~-----

GND 

OCIRC 

OCIRCEN 

INTSE;T 

BI'tO 

BITI 

8112 

BIT3 

BIT4 

BITS 

81T6 

CYS 

GND 

Signal 
Description I 

==============================================1 
Not Used I 

} 
} 

} 
} 
} 

Ground 

} Not Used 
} 

} 

} 
} 

} 

Line butter 

Line Buffer 

Circulation 

Circulation Enable 

Display Controller Interrupt 

~Jot Used 

Negative True, ASCII Bit 0 

Negative True, ASCII Bit 1 

Negative True, ASCII Bit 2 

Neqative True, ASCII Bit 3 

Negative True, ASCII Bit 4 

Negative True, ASCII ~it 5 

Negative True, ASCII Bit 6 

Neqative True, Cursor y Position 

Ground 

Not Used 

i 

strObe 

----------------------------------------~~----------------------------~-------------~---------------------------------~~-----~---------------------~--~---------
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Table 5.7 Connector Information - Display Timinq peA 

-~--------------~------------------------------------------------------------------------~-------------~----------------------------~- -------------------------

Connector 
and Pin No. 

----.--------------.----------

P4, Pin 1 

-2 

-3 

-4 

.. 5 

-6 

Signal 
Name 

--------------------~-----------

VIDEO 

----...-
BUF HLF" HRT 

GND 

VDR 

HDR 

GND 

Signal 
Description 

---~----------------------------------------------~-~---------------------------------------

Video 

Neqative True, huffered Half-Brlqr.t 

Ground 

Vertical Drive 

Horizontal Drive 

Ground 

-----.-------------------~--~~---------~----------~--~-----~--------------------------.---~------~~-----~--~---------~-~~---~~-----------~--------------------~---
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Table b.O Module Bus Pin Assignment - Display Control peA 

---~--------------------~-~-----~---~------------------~------------------~-------------------------------------------------------------------------------------Function 
Performed: output Cursor Y Position and 

Set Display On/Uft 

Poll Bit: Not Applicable 

Module Address: (ADDR 11,10,9,4) = (0111) 

Function Specifier: ADDR5 = 1 

Data Bus Bit Interpretation: 

87 Display Oft 

Bb Not Used 

85 Not Used 

B4 Cursor Y Position dIT4 

B3 Cursor Y Position BIT3 

B2 Cursor Y Position 61T2 

81 Cursor Y Position BITl 

80 Cursor Y Position BITO 

Bus 
Value Signal 

------- ------------~------ -------- ... ---
X A0I)R 15 
X AUDR 14 
X ADDK 13 
X AuDt:( 12 
0 ADDR 11 
1 ADOt< 10 
1 ADDR 9 
X ADJ)R 8 
X ADDR 7 
X ADDR 6 
1 ADDH. 5 
1 ALJDf, 4 
X AODR 3 
X AuDK 2 
X ADDR 1 
X AUDH 0 

... ------ ------------------- ----- ... _-----
Jj7 BUS 7 
86 BlJS 6 
85 BUS 5 
f:s4 BUS 4 
b3 BUS 3 
R2 BUS 2 
B1 BuS 1 
80 BUS 0 

------------~---------------~-----------l=Logical 1=Bus Low 
O=Logical O=Bus High 
X=Don't Care 
------------~--~--~--------~--------------

------------~--~------~-~---~-----~----~---~--------------~-~-~-~-------~--------------~----~-------~---~-----~----------~--~-------------~-~-----~---~---------
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Table 6.1 Module Bus Pin Assignments - Display Timing PCA 
------~~--~-----~----~--~--~----~~--~~~--~-~-~-~~--~~--~-~--~---~-~---------------------------------------~~----------~-~-~.-----~~---------~-------------------FunctIon 

Performed: Output Cursor X Position 

Poll 81t: Not Applicable 

Module Address: (AODR 11,10,9,4) = (0111) 

Function Specifier: ADDR5 = 0 

Data Bus Bit Interpretation: 

B7 Not Used 

B6 Cursor X Position BIT6 

B5 Cursor X Position BIT5 

84 Cursor X Position blT4 

H3 Cursor X Position BIT3 

B2 Cursor X Position BIT2 

81 Cursor X Position BITl 

BO Cursor x Position BITO 

Bus 
Value Signal 

------- ---_ ... _------------- ------------
X ADDR 15 
X ADDR 14 
X ADDR 13 
X ADDR 12 
0 AODR 11 
1 ADDR 10 
1 ADDR 9 
X ADDR 8 
X ADDR 7 
X ADD .. 6 
0 ADDR 5 
1 ADDR 4 
X ADDR 3 
X ADDR 2 
X ADDR 1 
X ADDR 0 

------- ------ .. -------- .... -~- ------------
87 BUS 7 
86 BuS 6 
85 BUS 5 
B4 BUS 4 
B3 BUS 3 
62 BUS 2 
B1 BUS 1 
80 BUS 0 

---------------------------------~------1=Logical l=Bus LOw 
O=Logical O=Bus Hight 
X=Oon't Care I 

=====================1 
I 
I , 

-----.-----------------~----~---------------~-----~--------------------------------------------------------------------------------------------------------------
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Table 6.2 Module Bus Pin Assignments - DMA peA 
================================================================================ 

Function 
Performed: DMA PCA On/Off 

Poll Bit: Not Applicable 

Module Address: (ADDR 11,10,9,4) = (0111) 

Function Specifier: When asserted via CYS 
through the P3 connector, 
86 turns off the DMA PCA 

Data Sus Bit Interpretation: 

87 Not Used 

86 DMA Off 

85 Not Used 

B4 Not Used 

83 Not Used 

82 t-,ot Used 

B1 Not Used 

BO ~ot Used 

Bus 
Value Siqnal 

------- ~-- .. ---------------- ..... _---------
X ADOR 15 
X ADDf<. 14 
X AODR 13 
X ADOF< 12 
0 ADOR 11 
1 ADOR 10 
1 ADDR 9 
X ADDk 8 
X ADDR 7 
X AODR 6 
1 ADDR 5 
1 ADDR 4 
X ADDR 3 
X AUDR 2 
X AOOR 1 
X ADOR 0 

------- -------------~-- .. -- ------------
87 80S 7 
B6 BUS 6 
85 BUS 5 
84 aus 4 
83 BUS 3 
B2 BUS 2 
81 BUS 1 
00 BUS 0 

------------~---------~-----~---~----~--
1=Logical l=Bus LOw 
O=Log1cal O=Bus High 
X=Don't Care 

--------------------------~---~-----------

--------------------------~-------------~-~------~-------------------------------------~------------------------------------------------------------------------
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3.0 FUNCTIONAL O~SCRIPTION - Display Timing and Display Control PCAs. 
Refer to the Display Timing and Display Control peAs block diagram 
(figure 1), scnematic diagrams (figures 2 and 17), timing diagrams 
(figures 4 tnrough 7), component location diagrams (figures Band 18), 
and parts lists (02640-60012, 02640-60098, 02640-60112, and 02640-
60152) located in the appendix. 

The tunction of the uisplay Tlmina and Display Control PCAs is to gen
erate the drive signals for the CRT monitor, to initiate data transfers 
from the display memory via the Display Memory Access PCA (OMA PCA), 
and to convert the ASC!I characters into a serial video dot stream. 
The Display Timing and Display Control PCAs constitute the display 
controller and will be referred to as such in the functional descrip
tion. The DMA PCA functional description is detailed in section 4.0. 

3.1 DISPLAY CONTROLL~R CLOCK - Display Timing PCA. The aisplay controller 
clocK is a 21.060 MHz crystal oscillator Which Pfoviaes a source of all 
display related timing. The display controller clocK is a TTL square 
wave which results in a 60 Hz frame rate. In export systems, for use 
in 50 Hz power l1ne environ~ents, the crystal is cnanged to 17.550 MHz. 
When grounded, the TEST pin disables the oscillator for test purposes. 

3.2 DOT GENEHATOR - Display Control PCAs. The dot generator is a module 9 
ring counter. ,Each output ot the dot generator is a negative true sig
nal of 47 nanoseconds duration. Each state of the ring counter corre
sponds to a dot position within each row Of the chdract@r cell. The 
ring counter is clocked at tne display ClOCK rate ana runs whenever 
power is apPlied to the Display Controller Module. 

3.3 MODULO 104 COLUMN COUNTER - Display Timing peA. The column counter is 

clocked by the positive edge ot DO. It is a binary counter which re-

sets When it reaches count 103. The reset signal, 103, is used bY 
other circuits. Counts 1 throuQh 80 of the counter correspond to the 
80 visible columns on the screen and count 0 and counts &1 through 103 
correspond to the horizontal retrace time. 
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3.4 SCAN LINE COUNTE~ - Display Control PCAs. The scan line counter (U27) 
is a ~odulo 15 binary counter which counts tne 15 scan lines (from 0 to 
14) required for each row of characters. It is clocked by VRTCL~ wnicn 
is generated by the horizontal logic block on the Display Timinq PCA. 

The Scan Line Counter Reset signal (14) is used oy other clrcuits with
in the display controller. 

3.5 MODULO 25 ROw COUNTER - Display Control peAs. The row counter is a 

3.6 

3.6.1 

3.6.2 

cinary counter clocked by 14. It counts from 0 to 23 ~hicn correspond 
to visible rows 0 throUqrl 23 respectively. Count 24 constitutes tne 
vertical retrace time. On Display Control PCA 02640-60112, u42 
counts the 4 least significant bits and U24, Pln 10 Is the MSB ot the 
counter. 0uring the 24th row, the counter reset signal at U23, Pin 
b is inverted by U22, Pin 10 and is used as VBLNK to blank tne dis
play during vertical retrace. 

On Display Control peA 02640-60152, U42 counts toe 4 least siqniti
cant oits and U33, Pin 10 is the ~SB of tne counter. Durino the 24th 
row, the counter reset signal at U31, Pin 6 is inverted by U21, Pin 4 
and is used as V8L~K to blank the display during vertical retrace. 

HORIZONTAL LOGIC - Display Timing PCA. 

The horizontal l~gic along witn the video logic on the Display Control 
PCA, generates tnose signals Which are needed to control both the DMA 
PCA and the CRT monitor. 

The Horizontal Drive signal (HDR) is a square wave which drives the 

horizontal deflection circuitry of the sweep. It is set high by 24 
(the twenty-fourth column count) acting on U44, Pin 13. HDR goes low 

when 81 (toe eighty-first column count) sets U44 at Pin 10. The high
to-low transition initiates horizontal retrace. 

3.6.2.1 Negative Horizontal Blanking (HBLNK) at U44, Pin 6 occurs at tne end of 

the visible portion of scan line. HBLNK goes low as a resultot D1 
at U29, Pin 8 and flip-flOp U44 is set on the taIling edge of 

01 during column 81. The HBLNK signal goes nigh at the startof a 
scan line, thus unblanKing the screen by means of th~ trailing edge 

of 08 during column O. 
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3.6.2.2 The Line Bufter Circulation siQnal (OCIRC) occurs once per visible 
column. It clOCKS the data in tne odd/even character shift register, 
circulating its character sychronously with the column counts on the 
raster. OClRC is generated by a simple R-S flip-flop comprised of U37, 
Pin 6 and U37, Pin 8. OClRC runs continuously and is gated bY OClRCEN 
on the DMA peA. OClRCEN gates exactly 80 OCIRC pulses to the odd/even 
character shift register currently available to the display controller. 
Each OCIRC pulse rotates the ASCII character codes in the odd/even 

character shift register one position. Signal 02, during column 103 

toggles OCIRCEN at U45, Pin 7 causing it to go low. OCIRCEN goes low 
at the end of the visible portion of the scan line by the action of 
U47, Pin 8 via the trailing edge of OCIRe dUring column 78. Consider
ing that one character time is required to access the ASCII from the 
odd/even cnaracter shift register, OClRC at columns 103 and 78 results 
in characters in columns 0 and 79 respectively. 

3.6.2.3 Display enhancements must be buffered for one character column while 
the character's dots are accessed from the character ROMs. This buff
ering is clocked by BUFCLK, a strobe signal which occurs at dot posi
tion 8 time during the visible portion Of the horizontal sweep. 

3.6.2.,4 The scan line counter is clocKed by the leading edge of VRTCLK, a sig-

3.7 

3.7.1 

3.7.2 

nal which is set by 81 and reset by the leading edge Of 01 during 
column 103. Since tne leadinq edge of VRTCLK occurs during horizontal 
blanking, the display is not disturbed by the changing statesof the 
scan line counter, and Subsequently, the modulo 25 row counter. 

VIDEO LOGIC - Display Control PCA (02640-60112) 
Refer to Section 3.23 for functional description ot 
02640-60152 PCA. 

The video logic, along with the horizontal logic on the 
Display Timing PCA generates tnose signals which are needed 
to control both the DMA and the CRT monitor. 

The Vertical Drive signal (VDR) is generated by 033, Pin 7. V0P is 
normally hiqh, qOinq low tor 14 scan lines within which time the CRT 
monitor must accomplish vertical retrace. VDR goes low at tne end ot 
row 23 (the last visible row on the screen) by the action ot U43, Pin 6 
on the clock (Pin 13) of U33. U43, Pin 0 is hign during rows 22 and 23 
only. U23, Pin 11 goes low and resets VDR hign at the start of the 
15th scan line of row 24. This insures that the inteqrator in the 
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vertical section of the CRT monitor nas one scan line's time to begin 
it's ramp Defore unblankinq the screen at the end of row 24. Vertical 
blanking occurs during the horizontal blanKing interval. It occurs at 
the bottom of the screen after the last scan line of row 23 and resets 
aft~r the 15th scan line of row 24. VBL~K is the inverse of the row 
counter reset signal at U22, Pin 10. 

3.7.2.1 Two odd/even character shift registers are used; one accumulates a line 
of ASCII and tne other displays the previously accumulated line. Line 
toggling occurs on the DMA PCA under control Of EVEN, a signal which is 
true when the line being displayed is even in row count. U23, Pin 8 
inverts the LS8 of the row count to generate EVE~. Thus, when row 8 is 
being displayed, the DMA PCA is loading row 9 and EVEN Is true. 

3.7.2.2 After EVEN toggles the odd/even character shift registers, INTSET ini
tiates the next burst of data transfers on tne D~A PCA. INTSET is a 
short pulse occurring shortly after EVEN ChangeS states. It occurs 
during scan line 0, column 103 of all rows, 0 through 23. 

3.7.2.3 Once per frame, a Vertical Sync pulse (GVS) is sent to tne DMA PCA to 
insure synchronization between the display top Of screen and the DMA's 
memory pOinter. GVS is generated at U43, Pin 8 oy gating one INTSET 
pul~e during row 23. 

3.8 CHARACTER SELECT LUGIC - Display Control peA (02640-60112) 
Reter to Section 3.24 for functional description of 0204v-00152 PCA. 

3.8.1 The character select logic maps tne lower case ASCII codes onto the 
upper case ASCII codes wnen only the base 64-character PO~ is in
stalled. when the 128-character option is added, lt allows all 128 
characters to be mapped into tne two ROMs. 

3.8.2 When ~1 is not installed, the upper case Character ROM (U310) is en
abled for ASCII codes 40B to 137e. When lower case codes (140-177H) 
are received they are m~pped to ASCII 1008-1378. ~hen control codes 
(00-378) are received, tney are routed to the nonexistent lower case 
ROM and appear as blanKS. when the 128-character option is installed, 
~1 is also inserted allowing ASCII codes 00-37R ~nd 140-177R to be 
routed to the lower case ROM, and thus displaying all 128 characters. 

The ChIp fnable Signal El is assertea whenever tne base character set 
is selected by U23, Pin 3. whenever an alternate character set is 

selected, El is false and the nase set is not selected. 
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3.9 CHARACTER ROMS - Display Control PCA (02640-60112). Refer to Section 
3.25 for functional description of 02640-60152 PCA. Bipolar ROMs are 
used for tne storage of the dot images Of the character s~t. Each ROM 
is lK words in length by 8-bits wide. The minimum system has only tne 
upper case ROM (U310) installed. when tne t28-character option is 
added, the lower case ROM (U28) must also be installed. 

3.10 VOT SHIFT GENERATOR - DisPlay Control PCA (02640-60112). Refer to 
--i.e., 081TO is false, then seven clocK pulses are sent. When OBI TO is 

true, six clock pulses are transmitted after an initial delay of one
half clocK period, tnus resulting in a shift to the right of one-half 
dot. The clock pulse occurring during dot position 8 time is always 
inserted in the SHFT line by 1137, ~in 6. Its tunction is to parallel 
load the data from toe character ROMs into tne parallel-to-serial con-

verter when the "load line at U510, Pin 15 is held low by 08. 

3.11 PARALL~L-TO-SERIAL CONVERTER - Display Control peA (02040-60112). 

3.12 

3.13 

3.13.1L 

Refer to Section 3.27 tor functional description ot 02640-60152 PCA. 
During dot position 8 time, the parallel-to-serial converter is par
allel loaded with the dot intormation tor the next Character by one 
clock pulse on the SHFT signal. 

Depending on the state of OBITO, either 7 ClOCK pulses 
occurring during dot time 1 through 7, Or b ClOCK pulses occurring dur
ing dot times 1 1/2 tnrough 6 1/2 will be sent to U510 to serially 

shift the information out at Pin 13 as BITS. 

INVERSE VIDEO FLIP-FLOP - Display Timing peA. The Inverse Video flip
flop bufters the inverse video enhancement for one character time while 
the character to Which it *i11 be applied has its dots fetched from the 
character ROMS. It 1s clocked at dot position 0 time by BUFCLK from 
U28, Pin 8. 

VIDEO GENERATOR LOGIC - Display Tim1nq PCA. 

The video generator logic combines the internal and external serial o1t 
streams, blinking signals, cursor information, and display enhancement 
information to generate video and half-bright signals. 
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3.13.2 

3.14 

3.15 

3.15.1 

3.15.2 

Three serial bit streams, BITS, XBITS1, and XBITS2 are merged at U18, 
Pin 6 to torm a composlte serial stream. This is merqed with the cur
sor at U19, Pin 5 and ollnKing ~t U29, Pin 4. Finally, it is stretcned 
oy video stretcher 02 and inverted if necessary at U310, Pin 6. Tne 
bit stream is blanKed at U28, Pin 6 ana oecomes the vIDEO signal. 
Half-bright tields are stretched by 04 and are applied to the CRt 
monitor bY U38, Pin o. 

MODULO 12 COUNTER - Oisplay l'iminq PCA. Tne modulo 12 counter divides 
the fra~e rate by 12, beginning the BLINK signal generation. The coun
ter is n synchronous, 12-state counter clocked by the GVS signal. Its 
output is at 4 times the blink rate of 1.25 Hz for the 60 HZ frame 
rate. 

BLINK GENERATOR - Display Timing PCA. 

The blink generator produces the necessary siqnals for the blink func
tion, cursor blink rate, and cursor olink inhibit. 

The basic blink rate is achieved by dividing the output of tne modulo 
12 counter by 4. U43, Pin q outputs the BLINK signal to the video qen
erator logic. The basic cursor blink rate is s~t at twice tne blink 
enhancement rate or at half the output rate of the modulo 12 counter. 
U43, Pin 5 drives U29 along ~ith the blink inhibit one-snot (U42) to 
produce the final Cursor Blink signal at U29, Pin 3. whenever the cur
sor is updated, the one-shot fires, thus inhibiting blinking until it 
times out. This results 1n cessation of cursor blinKing wnile it is 
movinq and prevents "cursor galloppinq". ~henever one-shot U42 tir~s, 
flip-flop U36 is enabled and divides the VDR signal by 2 and tnus chops 

the CURSOR R~FRESH line at U36, Pin 6. ThiS prevents the perception of 
overlapping cursors when It is moved on the screen. 

3.16 bUS DECODER NETWORK - Display Control PCA. The bus decoder network 

decodes the module address and prOduces CXS and eyS In order to strobe 

the cursor X and Y positions respectively into latches when MEQ is 
pUlsed. 

3.17 CURSOR X HOLDING REGISTEF - Display Timing PCA. The cursor X holding 
register is a 7-bit latch whiCh holds the cursor X position. The cur
sor X register is divided into two portions. The four LSB are held in 

U59 while the three MSB are in U510. The CXS signal strobes the new 
cursor X position into the latches. 
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3.18 CURSOR Y HOLDING REGISTER - Display Control PCA. The cursor Y holding 
register is a 6-bit latch which holds the cursor Y position and the 
display on/Off control line. The 5 LSB of the holding register hold 
the 5-bit cursor Y Dosltion while the MSB holds the display on/off con-

3.19 

3.20 

3.21 

3.22 

3.22.1 

3.22.2 

trol line, BLNK. The CYS signal strobes the new cursor Y position into 
the latCh. 

CURSOR X COMPARATOR - Display Timing PCA. The cursor X comparator is 
divided into two parts and compares the cursor X position against the 
column being scanned. The six LSB of the cursor position are compared 
against the six LSB of the column counter by U410. The MSB of both the 
cursor X position and the column counter are compared by U310, Pin 11. 

CURSOR Y COMPARATOR - DisPlay Control peA. The cursor Y comparator 
compares the cursor Y position against the row being scanned. It 1S a 
5-blt comparator whose output is true when the instantaneous row count 
is equal to the cursor Y position held in the latch (U51). 

CURSOR LINE ENABLE LOGIC - Display Control PCA. The cursor line enable 
logic generates the Cursor Line ~nable signal (CLE~) wnich is true 
whenever the scan line counter is at either scan lines 11 or 12. This 
signal is used to gate the cursor so that it appears only during tnose 
scan lines. 

CURSOR GENERATOR - Display Timing PCA. 

The cursor generator combines CLEN with the outputs of both the cursor 
X and cursor Y comparators. When all three are true, it outputs a 
cursor siqnal during the next column count. 

The outputs of the cursor X and Y comparators are merged at USB, P10 H. 
When all three signals are true, flip-flop U45 is allowed to output a 
signal during the next column appearing on the screen. This signal is 

in turn gated by CLEN and CURSQR REFRESH to form the final cursor sig
nal at Ule, Pin 8. 
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3.23 Video Logic - Display Control PCA (02640-60152) 

3.23.1 The video logic, along with the horizontal logic on the Display Timing 
PCA generates those signals whicn are needed to control both the DMA 
and the CRT monitor. 

3.23.2 The Vertical Drive signal (VDR) is generated by U21, Pin 6. VUR is 
normally high, going low for 14 scan lines within which time the CRT 
monitor must accompliSh vertical retrace. VDR goes low at the end of 
row 23 (the last visible row on the screen) by the action of U46, Pin 6 
which is clocked into U23, Pin 3, dt the end of scan line 14. U47, Pin 
6 is high during rows 22 and 23 only. U31, Pin 8 goe~ low and resets 
VDR high at the start of the 15th scan line of row 24. This insures 
that th~ integrator in the vertical section of the CRT monitor nas one 
scan line·s time to begin it·s ramp before unblanking the screen at the 
end of row 24. Vertical blanklng occurs dur1ng the horizontal blanKing 
interval. It occurs at the bottom ot the screen after tne last scan 
line of row 24. VBLNK is the inverse of the row counter reset signal 
at U21, Pin 4. 

3.23.2.1 Two odd/even character shift registers are used: one acCumuldtes a line 
of ASCII and the other displays the previously accumulated line. Line 
toggling occurs on the DMA PCA under control Of EV~N, a signal wnich is 
true when the line being displayed is even in row count. U31, Pin 3 
inverts the LSB of the row count to generate EVEN. Thus, when row 8 is 
being displayed, the DMA PCA is loading row 9 and ~VEN is true. 

3.23.2.2 After EVEN toggles the odd/even character shift registers, J~TS~T ini
tiates the next ourst of data transfers on the D~A PCA. INTSET is a 
short pulse occurring shortly after EVEN changes states. It occurs 
during scan line 0, column 103 of all tows, 0 through 23. 

3.23.2.3 Once per frame, a Vertical Sync pUlse (GVS) is sent to tne DMA peA to 
insure synchronization between tne display top of screen and the D~A·s 
memory pointer. GVS Is generated at U47, Pin 12 by gating one INTSET 
pulse during row 23. 

3.24 

3.24.1 

ChAPACTER SELECT LOGIC - Display Control peA (02640-00152) 

Tne character select logic maps the lower case ASCII codes onto the 
upper case ASCII codes wnen only the base b4-character ROM Is in
stalled. when the 128-Character option 1s added, it allows 011 12d 
characters to b~ mapped into the two RO~s. 



3.24.2 When W1 is not installed, the upper case character ROM (U59) is en
abled for ASCII codes 408 to 1378. When lower case codes (140-1776) 
are received tney are mapped to ASCII 100R-137B. when control codes 
(00-378) are received, they are routed to the nonexistent lower case 
ROM and appear as blanks. When the 128-character option Is installed, 
WI is also inserted allowing ASCII codes 00-37~ and 140-1778 to be 
routed to the lower case ROM, and thus displaYing all 128 characters. 

The Chip Enable signal El is asserted whenever the base character set 
is selected by U46, Pin 3, and the ASCII Character to the ROM 15 valid. 
While the next character 1s being shifted from the line butfer during 

DO-04, E1 is held false by the wired AND at U31, Pin 12. Disabling the 
ROMs avoids tri-state conflict of the character ROM outputs as LCSEL 

and UCSEL change. whenever an alternate character set Is selected, Fl 
is false and the base set is not selected. 

3.25 CHARACTER ROMS - Display Control PCA (02640-b0152). SOS/MOS POMs are 
used for the storage of the dot images of the character set. Each ROM 
is lK words in length by 8-bits wide. The minimum system has only 
the uper case ROM (U59) installed. When the 128-character option is 
added, the lower case ROM (U5B) must also oe installed. 

3.20 DOT SHIFT GENERATOR - Display Control PCA (02640-60152). The dot 
shift generator gates either 6 or 7 ClOCK pulses to the ClOCK input 
line (Pin 7) of the parallel-to-serial converter (US7) in the form 
of the SHFT signal. When the scan line segment of a character is 
not to be half-shifted, i.e., DBITO is false, then seven ClOCK pulses 
are sent. When D81TO is true six clock pulses are transmitted after 
an initial delay Of one-half clock period, thus resulting in a shift 
to the right of one-half dot. The clock pulse occurring durinq dot 
position 8 time is always inserted in the SHFT line by U27, pin 3. 
Its function is to parallel load the data from the character ROMS 
into the parallel-to-serial converter when the load line at U57, Pin 
15 is held low by 08. 

3.27 PARALLEL-TO-SEPIAL CONVERTER- Display Control PCA (02640-00152). 
During dot pOSition 8 time, the parallel-to-serial converter is par
allel loaded with the dot information for the next Character by one 

ClOCK pulse on the SHFT signal. Depending on the state of DBITO, 
either 7 clOCK pulses occurrinq during dot time 1 through 7, or 6 
clock pulses occurring during dot times t 1/2 through 6 1/2 will be 

sent to US7 to serially shift the information out at Pin 13 as BITS. 

4.0 FUNCTIONAL DESCRIPTION - DMA PCA. Refer to the DMA PCA blOCK dlaqram 
(figure 10),scnematic diagram (fiqure 11),timing diagrams (figures 12 
through 14), DMA data enCOding (figure 15), component location diagram 
(figure 16), and parts list (02640-60009) located in the appendix. 

The function of the Display Memory Access peA (OMA) is to read charac-



4.1 

4.1.1 

ters from the display memory and to load them into odd/even character 
shift registers. Two shift registers are used concurrently; wnile one 
Is being loaded bY the DMA the other is circ~lated 15 times by tne dis
play controller. At the end of a row, shift registers are tooglerl and 
the start of data transfer is again initiated bY the display control
ler. 

In the process of obtaining characters from the memory, the DMA edits 
the characters it receives and performs the following tunctions: 

Link 

End Of Line 

End Of Page 

Flags 

Display Enhancements 

Character 

An additional byte is fetched 
from memory and becomes the 
next locatlon address trom 
which data is to be read. 

The remainder ot tne line is 
written with blanks. 

The remainder of the page is 
written with blanks. 

No operation. 

The D~A uses BUSl as the 
inverse video bit and passes 
it to the display controller. 

The 7-bit code represents 1 of 
128 chara~ters in the character 
generator. 

Figure 15 tabulates the COding of the control, link, and flag informa
tion in the data bytes. 

80-CHARACTER COUNTER - DMA peA. 

The counter (019 and UI10) is used to keep track ot the number of ois
playable cnaracters fetched from memory. When 80 characters have been 
loaded into the odd/even Character shift register, it turns off the bus 
control logic. 
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4.1.2 The modulo 80 counter is reset to "0" by the INTSET signal at the start 
of a new row by the display controller. This causes U38, Pin 11 to go 
high~ thereby allowing the bus control logic to begin sequencing. As 
displayable characters are loaded into toe appropriate shift registers 
(determined by EVEN) the counter is incremented by the LOAD signal. 
When ttle terminal count of 80 is reached U38, Pin 11 goes low and shuts 
off the bus control logic. 

4.2 UPPER AND LOWER BYTE ADDFESS COUNr~F - DMA PCA. 

4.2.1 The upper and lower byte address counter is a 14-bit down counter. Its 
output appears On the terminal address bus and it points to the current 
byte of memory being accessed. The counter counts down under control 
of the bus control logic. When a link byte is fetched, it is loaded 
into the up~er byte counter (U36 and U37) while the next byte in memory 
is loaded into the lower byte counter (U34 and U35). These, together, 
constitute the 14-bit address of the first character of the next bloCK 
of memory. 

4.2.1.1 The receipt of a GVS pulse from the display controller clears out the 
counter, wnich due to the negative true address bUS, forces the next 
fetch from address 377778, Which Is the pointer to the first display
able character on the screen. 

4.2.1.2 Receipt of an end of line (EDL) or end ot page (EOP) byte inhibits 
further counting until a new row or page is initiated respectively. 
The counter output is 3-state under command of the bus control loqic. 

4.3 HOLDING REGISTER - DMA peA. 

4.3.1 The holding register is an R-bit latch Which stores the most recently 
read byte from memory. 

4.3.2 The holding register receives its input from the terminal data bus 
under command of tne data control logic (U48, Pin 8). When an EUL or 
EOP is detected, a pseudo read operation is performed. The data bus 
is then read as "0" and, with the output of U26, Pin 11 being lOW, an 
ASCII "blank" character is loaded 1nto the holdinq register. 

4.3.2'.1 The output of the holding register 1s decod@d into eitner control or 
displayaole characters. If the outputs are control signals then the 
selected flip-flops are set in tne data control logic. Otnp.rwise, the 
character is loaded from tne holding register into the appropriate 
shift register. 
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4.3.2.2 when a link is detected in the holding, register another fetch is ini
tiated. Tne contents of th@ holding register ana the oata bus outputs 
are then simultaneously loaded into the upper and lower byte registers 
respectively. The holding register is cleared at power on (PWR ON). 

4.4 DISPLAY fUNCTION ENCODER AND DECODER - DMA peA. 

4.4.1 Encoded ASCI!, control, link, EOP, EDL, and flag data in the holding 
register are decoded by the display function encoder and decoder logic. 

4.4.2 The data in the holding register represents ASCII characters, display 
control information, links, ~OP, EDL, or flags as shown in figure 15. 
The output of the display function encoder (U33) is a binary encoder 
of the highest order input. This is subsequently decoded by U28 (a 

J-to-8 line decoder) into five signals: CONTROL (U28,-Pin 15), 

CHARACTER (U28, Pin 7), EOP (U28, Pin 9), EOL (U28, Pin 10), and LINKI 
(U38, Pin 3). For any byte in the holding register, one of the five 
outputs ~ill be true depending on the type of information 1n the 
register. 

4.5 DATA CONTROL LOGIC - DMA peA. 

4.5.1 

4.5.2 

The data control logic receives bus timinq related signals trom the bUS 
control logic, and, as a function of the display function decoder, it 
controls the upper and lower byte address counters, the hOlding regis
ter, the Inverse Video flip-flop, and the odd/even character shift 
register. 

The Byte Reqister ClocK signal (U48, Pin 8) enters the data bus con
tents into the holding register at tne leading edge of tn~ Wait state 
(011). If tne byte is an ASCII character (U2A, Pin 7 low) then U29, 
Pin 6 is enabled. At the Release state (001) of the bus control loqic 
U29, Pin 4 goes high and on its trailing edge load~ toe character into 
the odd/even character sOift reqister enabled by EVEN. LOAD also in
crements the SO-character counter provided it has not yet reacnea 80. 
If it does reach 80, tnen U3b, Pin 11 inhibits the bus control logic at 
its Idle state (000). 
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4.5.2.1 Any display ennancements (inverse video half-bright, underline, and 
blinKina) stored 1n the ennancement flip-flOps are loaded in parallel 
with the ASCII Characters into the shift registers. Only the Inverse 
Video flip-flop is resident on the DMA (U27, Pin 5). The other three 
are on the Display Enhancement PCA (see Display Expansion MOdule, sec
tion 13255-91024 of this manual). 

4.5.2.2 If the byte in the holdinq register is a display control byte, then 
~26, Pin 1 is low, thus forcing U2b, Pin 3 low and LBLOAD at U29, Pin 
10 ClOCKS the data into the display enhancement flip-flops. Tne DMA's 

Inverse Video flip-flop is set by LHLOAD if BUS1 is true. LBLOAD does 
not increment the 80-character counter and another byte is fetched from 
memory. 

4.5.2.3 If the byte in the holding register is an EOL, EUP, or LinK, tnen at 
the end of the Release state (001) eLK LOGIC sets respective flip-flops 
U210, Pin b: U210, Pin 8; and U310, Pin 5. The setting of U210, Pin 6 
(FoUL) or U210, Pin R (EOP) forces U29, Pin 13, and thus disables tne 
upper and lower byte address counter. U29, Pin 13 simulates a control 

command at U26, Pin 2 and prevents REQ from being asserted at U47, Pin 
11. This in turn causes the bus data to always oe hioh for all sllbse
quent reads. By virtue of H26, Pin 11, the null is converted to an 
ASCII blank (0408) Which is loaded into the odd/even character shift 
register. This is continued until eitner the end of the line or page 
is reached. The simulated control command at U26, Pin 2 also loads "0" 
into the display enhancement flip-flops, thUS clearing them. The EOL 

flip-flop (11210, Pin 6) is cleared at the end of tne line by 80, the 
terminal count signal. The EOP flip-flop (U210, Pin 8) 1s cleared by 
GVS. 

4.5.2.4 If a link is received, then U310, Pin 5 goes low and inhibits the 
clocking of the holding register by disabling BYTE REG eLK at U48, Pin 
8. This prevents the loss of the most Significant byte of the link 

address from the holding register. LINK at U310, Pin 5 also enables 
the parallel loading of the address counters (U34 through U37) at Pin 
9. The leading edge of the BUS INPUT CLK (U410, Pin 5) signal at the 
start of the bus Release state (001) loadS the most significant byte 
of the link from the holding register and the least significant byte 
from the data bus after the next read from 'memory. 

4.6 BUS CONT~OL LOGIC - DMA PCA. 
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4.6.1 

4.6.2 

The bUS control logic is a 6-state sequential machine WhICh periodi
cally grabs control of the terminal bUS ana transfers 80 displayable 
characters into the odd/even character shift registers. (Refer to the 
Backplane MOdule, section 13255-~1001, for detailed discussion Of ous 
protocol.) 

The six states of the bus control logic are held by 0410, Pin d, U410 
Pin 6: and IJ310, Pin 8, ~hich form a Johnson counter. In the Idle 
state (000) all three flip-flop outputs are low. Upon receipt Of an 
INTSET signal from the display controller, the terminal count signal 

(80) goes high at U38, Pin 11 enabling U39, Pin 12 If the OMA PCA is 
also on (U27, Pin 9 high). This clocks the bUS control logic to the 
Bus Bid state, (100). Terminal bUS signal PRIOR OUT is pulled low hy 
U48, Pin 11 and if PHIOR IN is high, then u39, Pin 8 qoes high and the 

bus is Obtained (state 110). bUSY is pulled low by U47, Pin 8 and th~ 
upper and lower byte address counter is put out onto the ad~ress bus by 
U38, Pin 8 enabling the 3-state address drivers. 

4.b.2.1 The Request state (111) is the same as (110) with the addition Of REQ 
g01ng low by means of U47, Pin 11, qiven that neither EOL or EUP is 

set. The bUS control logic then waits until WAIl goes hIgh. when tnis 
occurs U49, Pin ~ rpsets \J410, Pin R on the next clock pulse, and the 
bus control loqic goes to the official Wait state (011) where PRIOR OUT 
is released. 

4.6.2.2 The DUS control logic finally goes to the Release state (001) whiCh 

4.7 

4.7.1 

releases 80SY and the address bus. Then it returns to the Idle state 
(000). If the Character counter has not reached the terminal count and 
the DMA Is still on (U29, Pin 9 is still set), then the DMA grabs the 
bus aqain. 

OOD/EVE~ CHARACTER SHIfT REGISTERS - OMA PCA. 

The odd/even Character Shift register Is comprised of a pair of ping
ponged shift reqisters, each 80 characters in length by 8 bits in 
width. Each shift register stores a row of ASCII characters and the 
inverse video enhancement for each character. 
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4.7.2 The selection of the shift register to be loaded by the OMA peA is con
trolled by the EVEN signal. The other shift register (the one not be
ing loaded, but rather being rotated) is controlled by the display 
controller. 

4.7.2.1 U32 and U52 comprise tne most and least significant four bits of the 
even shift register. Similarly, U21 and U41 form the odd shift regis
ter. The EVEN signal and its complement, when true, control wnich 
shift register is to he recirculated by the display controller. Con
versely, the other shift register is loaded by the DMA. 

4.7.2.2 Circulation is accomplished by OCIRe and OClkCEN which rotate the con
tents of the displayed shift register throuqh all 80 Characters, 15 
times, once per scan line ot a row. The loaded shift register has data 
clocked in via the DMA·s LOAD signal. Tne output of the displayed 
shift register goes to the selector latcn. 

4.8 SHIFT REGISTER CONTRUL - DMA PCA. The Shift register control blOCK is 
a combinatorial logic circuit which routes the circulation signals and 
LOAD to the appropriate shift register under control of EVEN. OClkCEN 
gates 80 OCIHC pulses at U26, Pin 6. These are applied to data selec
tor (U22) and appear at U12, Pin 10 or U12, Pin 12 it EVEN is low or 
high, respectively. Conversely, the LOAD signal appears at the other 
output. 

4.9 SELECTOR LATCH - DMA PCA. The selector Is a latching data selector 
controlled by the EVEN siqnal, which outputs eltner the even or the oda 
row shift register to the display bus. The output of the displayed 
shift register is selected by U31 and US1 and is latched by clock pulse 

Dl (U12, Pin 2). The stable output of tne latch 1s then applied to the 
display bus top plane connector, P3. 
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figure 5 
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Figure 6 
Scan Line Timing Diagram 
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Figure 7 
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SEP-10-71 13255-91112 



IT~i.TI 02640-60IlZ DSPLY CNTL 
E-1645-42 

Ull ~ I ~ 
C4 

C1 U12 

+ 

~ ~ ~ 
C5 

R5 

~ ~ (Q 
c.J < U33 

C7 C18 

U41 ~ I U42 < ~ 0) 
c.J 

C17 R4 

U51 ~ ~ 
C8 C2 + 

< 
.-

U24 C R1 1) .-
u 

~ Jl 3"2 

~ 0128CH 0 
Wl 

0 

U 

~ 

+ C3 

U27 < 
N 

U 

C13 C16 

~ ~ ~ 
C 1 R2 ) .. 

U R3 

~ ~ ~I U5l0 ~ 

Figure 9 
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figure 12 
Charact@r-To-Character OMA Transfer Timing Diagram 
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Figure 13 
Link-Byte fetch Timing Diagram 
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figure 14 
EOL or FOP Data Transfer Timing Diaqram 
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Figure 15 
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Reference 
Designation 

l.b 
1..7 
1...8 
(;9 
I..lv 

(.11 
1...1l 
l.13 
1...14 
l.15 

E:l 
t:2 
t:.3 

fl4 

ll10 
1..119 
U.U 
lIlj 
lI2a 

ll44 
lI45 
lI~b 

1I~1 
lJ~d 

lJ4'~ 
\ISo 
lJj9 
lI2lU 
ll.:HO 

HP Part 
Number 

O~ t40-bOOd 8 

Olt0-2199 
OHO-20SS 
OUo-lOS5 
OHO-O:;,]J 
OLEo-1746 

OHo-Ol9J 
0160-2055 
OltO-2055 
0160-2055 
01(:0-L055 

01(;o-l055 
OH0-20S5 
0160-2055 
01(;0-2055 
OU0-2055 

UU0-2055 
01~0-0198 
OH0-2208 
01Eo-2208 

03tO-Oli4 
03to-0124 
OHD-0124 

12 ~1-1l2J 

l.i:!1-376b 

1B!3-0015 
UI!4-0019 
18 !4-0019 
18 !Lt-0019 

06t3-4705 
(l6B-IOl5 
06tl-U15 
06B-2215 
06t3-2235 

06U-472.5 
ObB-4715 
1810-0125 
06t3-4725 
2lC0-335l 

06f3-4705 
ObE3-1015 
06 B-3315 
06U-I015 
06B-3315 

06U-lU15 

18~0-0088 
18;:0-0681 
18':0-0578 
18~0-06'JJ 

18410-0686 

lb~0-120d 
18~0-01lJ 

18~0-1.206 
18~0-1l99 

18~0-1H2 

1B~0-1l91 
18~0-0b83 
1<1",0-0113 
18~o-:.U201 
1820-1212 

l<1~0-1.2l2 

la~0-1212 

la~0-1l12 
18~o-1201 
18~o-l.201 

18",0-0113 
18 ~0-1,02 
18~o-1l95 
18~0-1056 
1.8",0-1211 

Qty 

1 
12 

2 
1 

1 
2 

1 
3 

2 
1 
2 

3 
2 

1 
1 
1 
I 
1 

1 
3 
1 
1 
2 

1 
1 

1 
3 

1 
2 
1 
1 

Replaceable Parts 

Description 

DISPLAY TIMI~G ASSEM8lY 
DATE COOE: A-1651-R 
REVISICN DATE: 07-15-77 

CAPACITOR-FXO 30PF +-5~ 300WVUC MICA 
CAPACIIOR-FXD .01Uf +80-20' 100WVOC CER 
CAPACITOR-fXO .01Uf ~80-20: lOO_VDC CER 
CAPACITOR-fXD 39Uf+-10~ 10VDC TA 
CAPACITOR-flD 15Uf+-10~ 20VDC TA 

CAPACITOR-flO 39Uf+-10~ 10VDC TA 
CAPACITOR-FXO .01Uf +80-20: 1.00wVDC CER 
CAPACITOR-flO .01Uf +8C-20~ lOCWVDC CER 
CAPACITOR-FlD .01UF +S0-20' 100WVDC CER 
CAPACITOR-flC .01Uf +S0-20% 100wVDC CER 

CAPACITOR-FXD .01Uf +dO-20~ 100nVDC CER 
CAPACITOR-fXC .01Uf +80-20, 100WVDC CER 
CAPACITOR-fXO .01Uf +80-20~ lOO.VDC CER 
CAPACITOR-FXC .01Uf +80-20; 100RVOC CER 
CAPACITOR-FlD .0lUF *80-20' 100WVDC CER 

CAPACITOR-FXO .01Uf +80-20' 100wVDC CER 
CAPACITOR-FXO 200PF +-51 ~OOWVCC MICA 
CAPACITOR-FlO 330PF +-5~ 300WVCC HICA 
CAPACITOR-FXD 330PF +-5' 300wVCC HICA 

TtRMINAL-srUD SGl-PI~ PRESS-MTG 
TERMINAL-STUD SGl-PIN PRESS-MTG 
TERMINAL-STUD SGL-PIN PRESS-MTG 

CONNECTOR-SGl CONT SKT .OS-IN-8SC-Sl RND 

CUNNECTOR 6-PIN M POST TYPE 

TRANS I ST OR P.NP S I PD z 200MIo FJ= 500MI1l 
TRANSISTOR NfN SI TO-18 PD=360MW 
TRANSISTOR NPN SI To-18 P0=360MW 
TRANSIST~R hFN SI TO-1S PU=360MW 

RESISTOR 47 5~ .25W FC TC=-400/+500 
RESISTOR 1K S: .25W FC TC=-400/+600 
RtSISTOR 220 5: .25W fC TC=-400/+600 
RESISTOR 220 5~ .25W fC lC=-40C/+600 
RESISTOR 22K 5t .25W FC TC=-400/+800 

RESISTOR ~.7K 5~ .25W fe TC=-1t00/+700 
RESISTOR 1t.7l 5~ .25. FC TC=-400/+100 
NETWORK-RES 8-PIN-SIP .125-PIN-SPCG 
RESISTOR ~.1K 5: .25W FC TC=-400/+700 
RESISTOR-TRHR 500 10' C SlDE-ACJ I-TRN 

RESISIOR ~7 5~ .25W FC TC=-400/+500 
RESISTOR 100 51 .25W FC TC=-400/+500 
RESISTOR 330 5~ .25W FC TC=-400/+600 
RESISTOR 100 51 .25W FC TC=-400/+500 
RESISTOR 330 5' .25~ FC TC=-400/+600 

RESISTOR 100 51 .25w FC TC=-400/+500 

It-DIGITAL SN74S20N TTL S DUAL 4 NAND 
Ie-DIGITAL S~74S00N TTL S wUAD L NAND 
IC-DIGITAl MC10~4P ECL DUAL 2 CR-NOR 
Ie-DIGITAL S~74SItON TTL S DUAL 4 NAND 
Ie-DIGITAL SN14S11N ITL S TPL ~ AND 

IC-DIGITAL SN74LS32N TTL LS QUAD 2 OR 
Ie-DIGITAL SN74163N TTL 61~ SYNCHRD 
Ie-DIGITAL S~71tlS27N TTL LS TPL 3 NOR 
Ie-DIGITAL S~14lS01tN TTL LS HEX I 
IC-DIGITAL SN1ltLS74N TTL LS DUAL 

IC-DIGITAL SN7~LSOON TTL LS QUAD 2 NAND 
IC-DIGITAl Sh74S04N TTL S HEX 1 
IC-DIGITAL SU4163N TTL lilh SYNCHRO 
Ie-DIGITAL 9601PC TTL MONU~T8L 

Ie-DIGITAL S~11tLS112N TTL LS DUAL 

Ie-DIGITAL SN74lS112N TTL LS DUAL 
IC-DIGITAL Sh7ltLSll2N TTL LS QUAL 
Ie-DIGITAL S~74lS14N TTL LS DUAL 
IC-DIGITAl SN14lS30N TTL LS 8 NAND 
IC-DIGITAl S~14LS30N TTL LS B NAND 

IC-DIGITAl SN74163N TTL BIN SYNCHRO 
IC-OIGITAl SN74lS10N TTL LS TPl 3 NAND 
IC-DIGITAL SN74lS175N TTL LS QUAD 
IC-DIGITAl S~7~132N TTL QUAU 2 NAND 
IC-DIGITAl SN74lS86N TTL LS QUAD" 

Mfr 
Code 

28~80 

28ftSO 
281t80 
281t80 
56289 
5b289 

56289 
28~80 

28ltSO 
281t8D 
281t80 

28~80 
28~80 
281t80 
281t80 
281t80 

Z8ft80 
12136 
281t80 
28480 

28480 
28480 
28~80 

74910 

21261t 

28480 
281t80 
28~80 

28480 

01121 
01121 
01121 
01121 
01121 

01121 
01121 
11236 
01121 
13138 

01121 
01121 
01121 
01121 
01121 

01121 

01295 
01295 
04113 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
01263 
01295 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

Mfr Part Number 

0261t0-60088 

0160-2199 
016G-2055 
0160-2055 
150D396X901082 
15001 56X902082 

150D396X901082 
0160-2055 
0160-2055 
0160-2055 
0160-2055 

016G-2055 
0160-2055 
0160-2055 
0160-2055 
016G-2055 

0160-2055 
DH15f201J0300WVICR 
016G-220S 
0160-22 OS 

0360-0124 
0360-0124 
036.0-0124 

105-0152-001 

09-88-2061 

1853-0015 
185""-0019 
185Lt-0019· 
185Lt-0019 

C8~105 
C81025 
C82215 
C82215 
C82235 

C8~125 
C8~125 
150 
C8~125 
12-H2-0 

C8~105 
C81015 
C83315 
C81015 
C83315 

C81015 

SNHS20N 
SN1ltSOON 
HC102LtP 
SNHS40N 
SN1ltSllN 

SN1ItLS32N 
SN1U63N 
SNHlS21N 
SN7ItlSOitN 
SN7ItlS1~N 

SNHlSOON 
SNHS04N 
SNl1tl63N 
9601PC 
SNHl S112 N 

SN7ItlS112N 
SN1~lS1l2N 

SNlltlS7ltN 
SN11tlS30N 
SN7ItlS30N 

SN1U63N 
SN7ItlS10N 
SN1~LS175N 

SNH132N 
SN1ItlSS6N 



Table 6-3. Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

DISPLAY TIMING ASSEMBLY CONT"D. 
u4 .. J 18,;,o-1U1 1 1~-OIGITAL O'8160N TTL 210H DM8160N 
U~!O 10 .. 0-1195 Ie-DIGITAL SI'<7'tLS115N TTL LS QUAD 01295 SHl<W.SI15N 

AU 12 (0-0546 1 soeKET-XTAL 2-eONT HC-25/U DIP-SLDR 28~80 1200-05% 

MISCELLANEOUS 

81!1-0013 WIRE 22AWG LX22 28480 8151-0014 



Reference 
Designation 

I • .lo 
1.1I 

.: 1 
I:L 
1:3 
1:4 

U4L 
1J4.J 
.J'to 
1J41 
tJ'tti 

,Jl 
,)2 

HP Part 
Number 

OL t40-uOU,,-

U 1 to-O-,9-, 
ulW-O.>'H 
Illl;u-u;'d 
u 1 t:u-L(J~)~ 
U 1 £O-2u~)~ 

I) 1 to-lu~:;~ 
U lt0-2u~j:"; 
OJ. to-20~)5 
U 1 to-20~)5 
III t.0-2.;55 

JHQ-2u~)5 

UHO-2u!)5 
U 1 to-20':;5 
o 1 tlI-2J~)5 
u 1 t:J-2u~)5 

01 to-.2li!)5 
Ol:U-OUl 

U.:ltU-OU4 
OJt\l-OU4 
(.13 to-Oli4 
03 tU-UJ.i4 

l81Q-Oli5 
18 Jo-OJ.L5 
06f3-1u25 
000-4115 
Ut.t)-4n5 

18~u-11'H 
l<l~Q-11(H 

18~o-ll'~9 

IIl~O-o:;r5 
11l~o-Qt.,n 

18~O-1197 

1820-1282 
1820-0713 
lb~o-O(.93 

18.,Q-LW8 

1820-06:~9 
18~O-lLOo 
18~o-lL1)1 

11i4:o-001H 
18.,o-l.i..:>1 

1820-07'13 
1d~o-l'!1)3 

lo~O-1.:08 

1 ti.,o-Obd5 
11>400-1199 

1d~0-1..c()4 

18~0-11(~6 

11l~o-ll(~9 

18~O-ILOb 

18~o-l.:04 

18~Q-l107 

12Co-0541 
Ii CO-05<tJ 

1251-0697 
1251-0697 

1358-0124 

Qty 

.3 

13 

4 

2 

1 
1 
1 

2 

3 
1 
1 

1 
1 
l 
1 
l 

1 
2 
1 
1 
1 

2 
1 

2 

Replaceable Parts 

Description 

OISPLAY CONlRUL ASSEMtiLY 
DATE CODE: E-1645-42 
REVISION DATE: 07-15-77 

CAPACITUR-fXC 39Uf+-lO~ 10VDC TA 
CAPACITDR-FXD 39Uf+-lO' 10VDC lA 
CAPACITOR-FXC J9Uf+-101 10VDC lA 
CAPACITOR-fXC .OlUf +a0-20~ 100ftVDe CER 
CAPACIIOR-fXD .OlUF +80-2U~ lOCwVDC CER 

CAPACIIOR-FXD .01Uf +dQ-21l' lOOwVOC tER 
CAPACITOR-FXD .OlUF +80-20~ 100WVDC CER 
CAPACIIOR-fXC .01UF +80-20' 100wVOC CER 
CAPACITOR-FXQ .OlUF +80-20% lOOwVOt CER 
CAPACIIOR-FXD .01UF .80-2u~ 100WVOC CER 

CAPACITOR-FXO .OluF +80-21l~ 100wVOC CER 
CAPACIIOR-fXD .01UF +80-20~ 100wVDC CER 
tAPAClTOR-FXC .01UF +80-201: 100loVOC CER 
CAPACITOR-FXC .01uF +&0-20% 100loVDC CER 
CAPACITOR-FXC .OlUF +80-20~ 10CwVDC CtR 

CAPAeITOR-FXD .01UF +80-204 100aVOC CER 
tAPACITOR-FXD .1UF +80-20~ 50wvDC CER 

TeRMINAl-SluD SGl-PIN PRE~~-~TG 
leRMINAl-STUD SGl-PIN PReSS-MTG 
TeRMINAl-STLO SGl-PIN PRESS-MTG 
TERMINAL-STUD SGL-PIN PkES~-MTG 

NtTWORK-RES 8-PIN-SIP .125-PIN-SPtG 
NtTWORK-RES 8-PIN-SIP .125-PIN-SPCG 
ReSISTOR 1K 5~ .25W FC TC=-400/+600 
RESISTOR 410 5~ .25W FC TC=-400/+000 
RESISTOR 4.7K 5% .25W FC rC=-400/+700 

IC-DIGITAl SN74S175N TTL ~ ~UAC 
It-DIGITAL S~74S175N TTL S ~UA[ 
IC-DIGITAl S~74LS04N TTL LS HtX 1 
Ie-DIGITAL SN74H30N TTL H 8 NAND 
IC-DIGITAl SN74S04N TTL S HEX 1 

IC-DIGITAL S~74lS00N TTL lS ~UAD 2 NAND 
Ie-DIGITAL SN14LSlllN TTL lS DUAL 
IC-DIGITAl SN14163N TTL dIN SYNtHRO 
IC-DIGITAL S~14S74N TTL S DUAL 
IC-DIGITAl SN74lS32N TTL LS QUAD 2 OR 

IC-DIGITAl SN74S112N TTL ~ DUAL J-K 
IC-DIGITAL SN74lSl7N TTL l~ TPl J NOR 
IC-DIGITAL SN74LS08N TTL LS QUAD 2 AND 
IC-DIGITAl SN74S00N TTL SQUAD 2 NAND 
IC-OIGITAL DM8160N TTL 

IC-DIGITAL SN14163N TTL BIN SYNtHRO 
Ie-DIGITAL SN74LS11N TTL LS TPl J AND 
IC-DIGITAl SN74lS32N TTL LS ~UAD 2 OR 
Ie-DIGITAL SN74Sl0N TTL S TPL J NAND 
Ie-DIGITAL SN74lS04N TTL LS HEX 1 

IC-DIGITAl SN74lS20N TTL LS DUAL 4 NAND 
IC-DIGITAl SN74lS174N TTL LS HEX 
IC-DIGITAl SN74lS04N TTL lS HEX 1 
IC-DIGITAl SN74lS27N TTL LS TPl J NOR 
IC-DIGITAl SN74LS20N TTL LS DUAL 4 NAND 

IC-DIGITAl SN74166N TTL R-S PRl-IN 

SOCKET-It 24-CCNT DIP DIP-SlDR 
SOCKET-It 24-tONT DIP DIP-SlDR 

SOCKET -PC SINGLE 
SOCKET-PC SINGLE 

JMPR PLUG .3" c-c 

Mfr 
Code 

281t80 

56289 
56289 
56289 
281t80 
281t80 

281t80 
281t80 
28480 
281t80 
281t80 

21t1t80 
281t80 
281t80 
281t80 
281t80 

281t80 
281t80 

281t80 
28480 
281t80 
281t80 

11236 
11236 
01121 
01121 
01121 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
01295 
21014 

01295 
01295 
01295 
01295 
01295 

01295 
01295 
01295 
01295 
01295 

01295 

281t80 
281t80 

Mfr Part Number 

02640-60112 

1500396X901Q82 
1500396X9010Bl 
1500396X901082 
0160-2055 
0160-2055 

0160-2055 
0160-2055 
0160-2055 
0160-2055 
0160-2055 

01b0-2055 
01b0-2055 
0160-2055 
0160-2055 
01b0-2055 

0160-2055 
0150-0121 

0360-0121t 
0360-0121t 
0360-0124 
03bo-0121t 

150 
150 
CB1025 
t84115 
t84125 

SN14S115N 
SN14S175N 
SNHlSOItN 
SN14H30N 
SN14S04N 

SN14lS0ON 
SN53656 
SN24744 
SN74S14N 
SN14lS32N 

SN14SU2N 
SN14lS21N 
SNHlS08N 
SH74S00N 
DM8160N 

SN24744 
SN14lS11N 
SH14lS32N 
SH14S10H 
SN14lS0~ 

SH1.lS20N 
SNlItLSl14N 
SN14lS04N 
SH14lS21N 
SNlltlSlON 

SNl41bbH 

1200-0541 
1200-051t1 



Table 6-3. Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

02 (40-oUUO<,; 1 O.'1A ASSEMBLY 28't80 02640-60009 
OATE ceDE: A-1433-2l 
RtvlSION OATE: 07-15-77 

lo! o Ho-Oj93 1 CAPAC I TOR-fXe 39Uf+-lU% lOVDe. TA 56189 150D396X9010B2 

~" 01EU-174b 1 CAPA' I TUR-FXC 1;UF+-10% lOVUC rA 56289 1500156X9020B2 
lo.> OltU-2U~5 14 CAPAC I TOR-FXD .01UF +lJo-lU" lOowVDC CER 28't80 0160-2055 
L.1t o lto-ZU35 CAPACI TOR-HO .01UF +1J0-20:l; l\JC~VDC CER 28480 0160-2055 
loS OltO-1055 CAPACITOR-FXC .01Uf +80-2U", 100kliOC CER 28480 0160-2055 

~b OltO-L05S CAPAC 1 TOR-FXD .01UF +80-20% lOCkVDC CER 28480 0160-l055 
~7 OU0-2u55 CAPAC I TOR-FXIJ .OlUF +80-20"; lOCIIVOC CER 28480 0160-2055 
~IJ o ltO-2J55 CAPAC ITOR-FX C .01UF +80-2UI; 10CkVDC CER 28480 0160-205; 
(,9 Olto-LuS5 CAPAC ITOR-FXO .01UF +80-20~ lOCioVOC CER 28480 0160-2055 
eJ.O Olt0-20SS CAPACITOR-FXC .01UF +Bo-LO .. lOC.,VDC CER 28480 0160-l055 

~u 01t0-2055 CAPAC ITOR-F X C .01UF +80-2U", 10OIiVOe. CER 28480 0160-LO»5 
1012 OltU-lOS!> CAPAC ITOR-fXO .01UF +80-20': 100WVD(' CER 28480 0160-2055 
(,13 Olto-LuS!> CAPAC ITOR-FXO .01UF +80-lU.4 10CWVOC CER 28480 0160-2055 
(.!4 Oltll-lu5S CAPACITOR-FXO .01UF +8o-l0~ 100.,VOC CER 28480 0160-2055 
C15 Olto-,055 CAPAC ITOR-FXD .01UF +80-20~ 100W1/0(; CER 28480 0160-2055 

('lb Olto-2U55 CAPAC I TOR-FXC .01Uf +1J0-20' 10elll/OC CER 28480 0160-l055 

t:l OltO-01l4 2 TlKMINAl-STUD SGl-PIN PRESS-MTG 28480 0360-01l4 
t:l 03to-0124 HRMINAl-STUD SGl-PIN PRESS-MTG 28480 0360-0124 

R1 ObU-4725 3 RlSISTOR 4.7K 5& .25W Fe T'=-400/+700 01121 CB4725 
K2 06B-472S RtSISTOR 1t.71< 51 .25w F(' TC=-400/.+700 01121 CB4725 
K~ 06B-47l5 RESISTOR 4.71< 5& .25W Fe TC=-400/+700 01121 CM725 

UIL 1a~0-1l99 2 H.-DIGITAL SN74lS04N TTL lS Htx 1 01295 SN741S0ltN 
Ulti 18~o-1l99 IC-DIGITAl S~7ltlS04N TTL lS HEX 1 01295 SN741S04N 
U19 18;t0-1l93 2 1('-DIGITAl Sh7ltlS197N TTL lS 81N 01295 SN74lS197N 
UL! 18~o-U4b 4 Ie-DIGITAL 1~S3120NC PMOS QUAD 01295 TMS3120NC 
U2, 18~0-1.z10 1 IC-DIGlTAl SN74lS51N TTL LS DUAL .2 01295 SNHl S51N 

U2.:i 18~0-1l95 2 Ie-DIGITAL SN7ltlS175N TTL lS Q~AO 01295 SN74lS175N 
U26 1820-1£01 3 IC-OI GIT Al SN74lS08N TTL lS QUAD 2 AND 01295 SN74lS08N 
U~7 18~o-lll;:: 1 Ie-DIGITAL SN74lS14N TTL lS ~UAL 01295 SN74LSHN 
lilt! 18~o-lL16 1 1l.-DIGITAl Sh74lS138N TTL lS 3 01295 SN74LS138N 
U29 18~0-1144 1 IC-DIGITAl SN7ltlS02N TTL lS QUAD 2 NOR 01295 SN74lS02N 

U3.L 18~o-llOO 2 1('-DI(;ITAl S~74298N TTL QUAD l 01295 SN74298N 
UJi 18~o-U46 1~-DIGITAl TMS31l0NC PMOS QUAD 01295 TMS3120NC 
UH 18~0-108l 1 IC-DIGITAl SN74147N Tll 10 01295 SN74147N 
U34 18~O-017a 4 IC-DIGITAl 931160C TTL l IUN SYNCHRU 07263 93116DC 
U3'!) 18~0-0178 1l.-DIGITAl 931160C TTL l BIN SYNCHRO 07263 93l160C 

U3b 18~0-0776 IC-DIGITAl 93116DC TTL l BIN SYNCHRO 07263 93l16OC 
Ul1 18~0-017ti IC-DIGITAl 931160C TTL l BIN SYNCHRO 07263 93l16DC 
(;31) 18~0-1l97 1 1('-OIGITAl SI\74lS00N TTL lS QUAD 2 NAND 01295 SN74lS00N 
Ul'l 1820-1Z03 1 H.-DIGITAL SN74lS11N TTL lS TPl 3 AND 01295 SN74lS11N 
U41 18~o-U46 Ie-DIGITAL T"S3120NC PMOS QUAD 01295 TMS3120NC 

UIt.:i 18~0-1l9j Ie-OIGITAl SN74lS175~ TTL lS QuAD 01295 SN7ltlS175N 
lIlt4 18~0-01)4b 4 Ie-DIGITAL DM8094N TTL QUAD 1 NON-INV 27014 DM8094N 
U45 18~o-0846 IC-OIGITAl ~M8094N TTL QUAD 1 NON-INV 27014 DM809ltN 
Ultb 18~0-0846 I('-DIGITAl DM8094N TTL QUAD 1 NON-INV 27014 DM8094N 
U47 18~0-0846 IC-OI GIT Al DM8094N TTL QUAD 1 ~ON-INV 27014 DM8094N 

U46 18~o-l,Ol Ie-DIGIT Al SN74l S08N TTL lS QUAD 2 AND 01295 SN7ltlS08N 
(;49 1B~o-l.201 I('-DIGITAl SN7ltlS08N TTL lS QUAD 2 ANO 01295 SN74lS08N 
U51 18~o-llOO IC-DIGITAl SN74298N TTL QUAD 2 01295 SN74298N 
U5L 1840-U46 IC-DIGITAl TMS31l0hC PMOS QUAD 01295 TMS3120NC 
UIlO 18~0-1l93 Ie-Ol GIT Al SN74lS197N TTL lS BIN 01295 SN74lS197N 

U210 1820-1213 3 IC-OIGITAl SN74lSIl3N TTL lS DuAL 01295 SN74lS11JN 
U.HO 18:<0-1.213 H.-DIGITAL SN74lS113N TTl lS DUAL 01195 SN74lS113N 
U41D 18~o-ll13 IC-DIGIT Al SN74lS113N TTL lS DUAL 01295 SN74l SinN 



Replaceable Parts 

Beference HP Part 
Qty Description Mfr Mfr Part Number Designation Number Code 

02 (40-0001..:. 1 CLJNNELTllR ASSFMBLY (3) 28480 02640-60012 
REVISION DATE: 12-01-76 

04U-(J34j' 3 BUMPEH FeOT, 0.25 M " 13862 9668 
12 ~l-l"'H 3 CuNNECTOR-PC ~UGE 22-CONT/KO~ 2-ROWS 71785 252-22-30-340 


