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1.0 INTRODUCTION.

The Display Memory/Direct Memory Access (DMA)
Mmodule is one printed circuit assembly (PCA)

of a two PCA set. The second PCA is the

Display Timing/Control module (02640-60267) .

This board set interfaces into the 264X terminal
environment by performing the functions of display
memory management, CRT drive signal generation, and
video generation.

The Display Memory/DMA subsystem replaces

three separate boards in the first generation

264X hardware (DMA, enhancements, and memory).

Resident in this module is the 21 .34 MHz. video dot
clock, 16K bytes of dynamic RAM, processor/backplane
interface, a PROM controlled DMA state machine, and
timing circuitry and registers to prepare and store the
proper character cell information needed by the

Display Control/Timing module.

The Display Memory/DMA module takes care of all tasks
associated with display memory management and display
direct memory access (DMA). Included among these tasks
are display memory timing, processor and DMA

MeMory access timing resolution, ASCIT and

enhancement data rouvting, bus interfacing, and timing
generation. Each line of characters and associated
enhancements and control codes is fetched from display
memory by following a linked list which begins at the
top address of logical memory. The DMA state machine
within this module follows this list and controls the
routing of data according to the information fetched
from the list.

A private interface to the Display Timing/Control module
is provided over a topplane through which the two boards
communicate timing information and memory data.
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NOTICE

The information contained in this document is subject to change
without notice.
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ay Memory/DMA Module

INTRODUCTION.

The Display Memory/Direct Memory Access (DMA)
module is one printed circuit assembly (PCA)

of a two PCA set. The second PCA is the

Display Timing/Control module (02640-60267) .

This board set interfaces into the 264X terminal
environment by performing the functions of display
meMory management, CRT drive signal generation, and
video generation.

The Display Memory/DMA subsystem replaces

three separate boards in the firgt generation

264X hardware (DMA, enhancements, and memory).

Resident in this module is the 21 .34 MHz. wvideo dot
clock, 16K bytes of dynamic RAM, processor/backplane
interface, a PROM controlled DMA state machine, and
timing circuitry and registers to prepare and store the
proper character cell information needed by the

Display Control/Timing module.

The Display Memory/DMA module takes care of all tasks
associated with display memory management and display
direct memory access (DMA). Included among these tasks
are display memory timing, processor and DMA

memory access timing resolution, ASBCII and

enhancement data routing, bus interfacing, and timing
generation. Each line of characters and associated
enhancements and control codes is fetched from display
memory by following a linked list which begins at the
top address of logical memory. The DMA state machine
within this module follows this list and controls the

routing of data according to the information fetched
from the list.

A private interface to the Display Timing/Control module
1% provided over a topplane through which the two boards
communicate timing information and memory data.
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2.0 OPERATING PARAMETERS

A summary of operating parameters for the Display Timing/
Control module is contained in tables 1.0 through 6.1.

Table 1.0 Physical Parameters

mamonamIumisNIIasmIan NN NI an I o R I I I Im oI aomonmmOmommSoomolsmmoommem e

1 PART | ] Size (L x W x D) I Weight |

1 NUMEBER NOMENCLATURE +/-0.100 Inches (Pounds)
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Table 2.0 Reliability and Environmental Information

3
i
it

ii

Environmental: ¢ X ) HP Class B ¢ } Other:

Restrictions: Type tested at product level

— = — — o — —— — o ——— i}

Failure Rate: 2.972 (percent per 100 hours)

Table 3.0 Power Supply and Clock Requirements ~ Measured
(At +/-%% Unless Otherwise Specified)

i
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i
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i
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i
i
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i

+12 Volt Supply ~12 Volt Supply ~-42 Yolt Supply

® 1.5 A @ 40. mA @ 50. mA

o— = - — |

i
i
i
H
i
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i
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N/A N/A

Clock Frequency: 24 .34 MHz
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|

|

|

220 volts ac |
|

1
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|

]

|

4.915 MHz ]
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|
\
|
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|
|
|
!
| 14% volts ac
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1
{
|
|
]
|
|
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Table 4.0 Switch Definitions
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Display
Memory/
DMA
Module

1,2,3,4 2647F compatible mode Standard 264X mode

i

1

| 1
i |
| |
| 1
1 |
1 |
| 1
1 |
1 1
| |
1 Closing switches i1-4 causes this moedule to operate !
| under 2647F backplane mode. Opening these switches |
i allows this module to be installed into a standard |
| 264X series terminal. l
1 |
| |
1 |
I |
1 |
1 |
| 1
1 1
1 i
| !
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Dicplay Memory/DMA Module

Table $.0

Connector
and Pin No.

Pi, Pin 4

13255-94250/06
Rev FEB~01-82

Signal
Name

Hi
I
i
i

(Power and Signal)

Ground Common Return

5YS CLK 4.94% MHz System Clock

~12V ~-12 Volt Power Supply

ADDRO

Negative True, Address Bit 0

Negative True, Address Bit 1

Negative True, Address Bit 2

Negative True, Address Bit 3
4

Negative True, Address Bit

Negative

o e e e e e e e e e e e e -
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Table $.4 Connector Infermation (Display Memory/DMA PCA Cont’d)
I and Pin No. | Name | Description 1
1xu=azzm==mwm=ml::m::xijjjjfmmum‘:::::=w=m=u:mz:m:xmxmm===w&x:mnz=:z:zz=:::::::
! Pi, PIN 12 | ADDR7 I Negative True, Address Bit 7 |
|l ~13 |' ADDRS : Negative True, Address Bit 8 I‘
: ~14 : ADDRY : Negative True, Address Bit 9 :
: -15 : ADDRLO : Negative True, Address Bit 10 ||
: -16 : ADDRE4 : Negative True, Address Rit 11 :
: -17 : ADDR12 : Negative True, Address Bit 12 :
: ~18 : ADDR13 : Negative True, Address BRit 13 :
: -19 : ADDR14 : Negative True, Address Bit 14 :
: -20 : ADDR1S : Negative True, Address Bit 15 :
: -21 : 170 : Negative True, Input Output/Memory :
: -2 : GND : Ground Common Return (Power and Signal :
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Table S ConnecTor Infornation (DL splay Memor y/DMﬁ PLA Lont d)
(onnector I blgnal olgnal
and Pln No Name Description

Pi, Pln ﬁ Groun d Common Return (Power a1d Sigral

-

~R Negative True, Polled Interrupt

Ildentification Reguest
-0 +42 Volt Power Supply

System Power On

Negative True, Data Bus Rit &

Negative True, Data Rus Bit 2

Negative True, Data Bus Rit 3
Negative True, Data Bus Bit 4

l
|
I =
]
[
!
}
[
|
!
!
|
| ~E
|
|
|
!
1
1
|
1
|
1 Negative True, Data Bus Bit S
|

|

{
|
!
!
!
!
1
!
[
[
1
|
Negative True, Data Bus Bit 0 !
. |
!
1
!
1
|
|
1
|
1
|
1
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Table 5.3 Connector Informat
| Connector | Signal
I and Pin No. | Name
‘ SIS ENSNMIIRININ SN | IS mmnmm i i
t l
| Pi, PIN N | BUS7
1 |
| -p | WRITE
| 1 ~
| -R | ATN2
| 1
! | —
l -5 1 WAIT
| 1
| -T 1 PRIOR IN
| i
i | PRIOR QUT
I |
1 -V | ADDRi6
| i
l 1
I -W | ADDRL7
l l
| |
l -X 1 ADDRAiS8
1 | e
| -Y 1 RER
| |
i !
| -Z 1 ATN

“—-_—-.————————-.—————-—-.——.—_—.——.——_———-“ e

13255-912%0/09
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on (Display Memory/DMA PCA Cont’d)

rEmmsmmmmmas

#

Signal |
Description |

mmmEmEmImmmmmImIm I I I Em NI o o IR I R e I m Nn s

Negative True, Data Bus Bit 7
Negative True, Read/Write Type Cycle

Negative True, CTU and Polled Interrupt
Request

Negative True, Wait Control Line

Bus Controller Priority In

Positive true, Address Rit 16
Positive Truve, Address Bit 17
Positive True, Address Bit 18

Negative True, Request (Rus Data

1
1
1
|
1
1
|
|
1
{
!
|
Bus Controller Priority Out [
|
|
|
i
1
|
1
1
1
1
Currently Valid) |
1

|

2o78 gmwe sume smon sese 1ome Suew save teme soes Save Seey Suse 2o eve ises Sove Svam 24t TN b sesq awes Sass eSu S0 Yewe Sx6e sems gebe seve svsw fms 20mS 207 Seme syue s srve Soum ams wewe saes baws Some sewm Sem
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Table 9. 4 Lonnprtor In+ormat¢on (Dl%pld? Mpnory/DMA PLA (ont

*itl

Lounvctor 1 igr glgnal |
and Pin No. Name Description |
nLanam mamnmmnnimnnan i Sefe et SR R Rl e g e LrIsmImIImttmmnmmmmmE s s s nnm s s nnim s ’.“.2:32"...'2::.‘.:-’:&'

Ground
Cursor Control Strobe from Display Mem/DMA
Graphics 8Sync. signal-—-Character 103

Positive True form of 21.34 Mhz Dot clock

1/0 SELECT Negative True-—Cursor control select line

[

|

1

|

|

|

|

!

i

|

1

! e
-6 ARG Negative True-—-ASCII Rit 6

1

1 Negative True-—-ASCII Rit S

|

|

|

|

|

!

|

1

>

Negative True--ASCII Rit

{ o o e e e o= e e e e = o o —— — — — — —— —
i o o o o o o o o - - —— e - —— e - o —— — s

-9 AEZ Negative True--ASCII Bit 3
~10 ARZ Negative True-—ASCII Bit 2
-14 ARL Negative True-—-ASCIT Rit {4
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P3, PIN 12
~-43

-14

-16
-17

~18

-419

1325%-912%0/11
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Connector Information (Display Memory/DMA PCA Cont’d)
i Signal | Signal |
| Name 1 Description |

m | o stz sz e | o o oo o e 2o e e et i e et 2 2 220 I ST S0 0 S 250 20 N LI O D S SR O MBS TR B8 %% )
| e | !
| ARO I Negative True-—-ASCII Bit O i
| ! ]
1 GND I Signal Ground [
1 — | |
| MEMCYC 1 Clock with “840 nsec. perioed defining !
| I display memory cycles 1
| | ]
| EDROW ! End of Data Row Pulse |
1 | [
I SHFTCLK 1 Line Buffer Load Clock |
| | 1
i Qa I Enhancement Alignment Clock |
! . | |
i SLOAD I Negative True, (Low) Indicates that |
| l CRT Controller self-load is in progress |
| | |
1 VSCLK I Video Shift Clock--Line Buffer Display |
i | Clock |
| o 1 1
l XBRITS2 | External Video Bit Stream (Graphics) |
! | |
| GND | Signal Ground |
1 1 i
| XBITS1 I External Video Bit Stream (Unused) I
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Table 5 h Lonnpcror Information (Display Memo y/DHh PCA Cont’ d)

{ Lonnecror I axgnal | Signal |
I and PLn No. | Nane | Description |
| mamimemem moniman e | E s o e R e e e e e P
[ [ 1 1
| 1 | 1
i [ R [ 1
1 P33, Pin A | DSPCLK I Negative True form of 21.34 Mhz dot clock

1 | - 1
1 -B | GND I Signal Ground |
\ | . | ]
1 -C | D2 I Graphics Sync. signal--Dot 2 |
| 1 | [
| ) GND I Signal Ground |
| | ! |
i o | ZERO 1 Start Top-of-Frame Pulse |
! [ ] |
| -F CHARCLK I Character Rate Clock !
| 1 e 1 |
| -H CHARCLK | Character Rate Clock (negative true) |
l | 1 1
| -3 1 VERLANK I Vertical Blanking--Graphics Sync. Signal |
i [ 1 i
I -K | ERS 1 Positive True-—-Enhancement Bit S I
! | | |
1 -L ER4 I Positive True——Enhancement Bit 4 l
1 1 | 1
| -M | ER3 I Positive Truve--Enhancement Rit 3 I
1 [ ! ]
| -N | ER2 I Positive True--Enhancement Bit 2 |
| 1 i 1
| -P ER1 I Positive True-—Enhancement Rit 1§ !
! | |

| 1 | |
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Table %.7 Caonnector Infor
I Connector | Signal
| and Pin No. | Name
‘ mnnnnmmimamiman oo ‘ momnmst ST i
| |
| |
| |
| P3, PINR | ERO
| ]
| -8 | HEYNC
| |
| e | GND
i I
| -U | 170 BIT S
1 |
| -V | I/0 RBIT 6
1 |
| =W 1 DMAROW=CURRQOW
| 1
| |
] -X | SHFTEN
| |
\ -Y 1 GND
| | .
1 ~-Z | RFSHEN
1 i
] |
| |

dule

§§3

ii

S1gnal
Description

13255-942%0/43
Rev FER-01-82

Positive Truve-—-Enhancement Rit 0
Horizontal Sync from CRT Controller
Signal Ground

Status Rit from Display Memory/DMA module

Status Bit from Display Memory/DMA module
(high) indicates that the cursor is on the

same character row as the DMA module
Enable signal for Line Buffer Loading
Signal Ground

(low) indicates that Display Memory
refrecsh is enabled

Hoom oo e e e o e e e e e = —

H
Hi
i
#
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Module Rus Pin Assi

Function
Pertformed: Set Cursor Y Position

Turn Display On/0f¢¢

Turn DMA On/0FF

Invoke Skipeol and Mayeop Modes

Poll Rit: Not

Module Address:

Function Specifier:

Applicable
(ADDR 141,410,9,4) = (0ii1)

ADDRYS = §

Data Bus Rit Interpretation:

B7 (high) Indicates Display Off
(high) Indicates DMA Off

BS (high) Indicates Skipeol or Mayeop mode
may be invoked

B4 Cursor Y Position BIT4

B3 Cursor
B2 Cursor
Bi Cursor

|

|

|

|

|

i

|

|

|

]

|

|

|

|

|

|

|

|

|

|

|

I B6
|

|

|

|

]

i

|

[

1

|

|

!

I RO Cursor
|
|
|
|
|
|

Y Position BIT3
Y Position BIT2
Y Position BITI

Y Position RITO

13255-912%0/14
Rev FER-041-82

somm 80t suse suss sets saso sess | acse s tons sute sove secn s0ss sute Same sasn ssne seme
mamanananmin | Snmimmmnanimimin mmin

1 ADDR 415
! ADDR 14
l ADDR 413
1 ADDR 12
! ADDR 44
| ADDR 10
! ADDR
| ADDR
| ADDR
| ADDR
| ADDR
| ADDR
l ADDR
| ADDR
i ADDR
1
1
|
1
1
|
|
1
|
|

S LdUIONT L

=]
ol

l1i=Logical i=Rus Low |
10=Logical 0=Bus Highl
IX=Don’t Care |

mmEDoSmTosoommmmmmmis
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Table 6.1 Module Bus Pin Assignments-Display Memory/DMA PCA
[ Function ! | Bus |
| Performed: Set Cursor X Position 1 Valve | Signal |
| Turn Display Memory Refresh On/0ffFf | mmmmmms | ssssssnsssss |
| ! X 1 ADDR 1% |
1 | X | ADDR 14 |
| | X | ADDR 13 |
I Poll Bit: Not Applicable ! X i ADDR 412 |
! 1 0 ! ADDR 141 I
I Module Address: (ADDR 411,10,9,4) = (04ii1) i i | ADDR 10 1
| | i | ADDR 9 |
I Function Specifier: ADDRS = 0 i X | ADDR 8 |
1 l X | ADDR 7 |
| [ X | ADDR 6 |
| | 0 1 ADDR S |
! | i ! ADDR 4 |
| | X ! ADDR 3 |
| | X i ADDR 2 |
I Data Bus Bit Interpretation: | X | ADDR 4 |
| | X I ADDR 0 |
I R7 (high) Indicates Display Memory Refresh Off | ===mmnms | sxsmnassmsns |
| ) I B7 | BUS 7 |
1 Ré&6 Cursor X Position RITé [ R 27 | BUS 6 !
[ I BS | RUS S |
1 BS Cursor X Position RITSHS i R4 | BUS 4 |
i I B3 | RUS 3 !
! —— I B2 1 BUS 2 i
I R4 Cursor X Position RITA I R4 | BUS 1§ |
] I I RO | RBRUS 0 |
I BR3 Cursor X Position RIT3 2 T I O SR R R S R e e
| — li=l.ogical {=Rus Low |
[ -] Cursor X Position RIT2 l0=Logical O0=Bus Highl
| N iX=Don’t Care !
I i Cursor X Position RBITHY SEsszmEsmmREssmEEmses |
| |
I RO Cursor X Position RITO |
] |
l |
[ |
| |
| |
| |
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3.4

3.4.1

FUNCTIONAL DESCRIPTION.

Reter to the block diagram (Figure 1), schematic
diagram (Figures 2,3), timing diagram (Figures 3,4),
component location diagram (Figure S), and parts list
located in the appendix.

DMA FUNCTIONS

The DMA state machine interprets each byte read from
display memory according to the following chart:

LOGICAL DATA INTERPRETATION
Oxxxxxxx ASCII character
L0xxxxxx Enhancement
Liixxxxx MSE byte of link

or address
1104ixxxx
1400xxxx Software flag

or
11004 xxx
11004100 End of line marker
110041110 End of page marker

Each byte from display memory is latched into

an eight bit register (U4%). The contents of the
register are interpretted by a 2%6 X 4 PROM (US%) and
five DMA control signals are generated (CHAR,

ENH, LINK, EOL, and EOP). If a byte is deemed

to be a character, it is latched into U2% and
presented over the topplane to the Display
Control/Timing module. For every character latched
into U2%, two events occur. U4A?-4 is strobed by
U2ii-8 and precharges the "shift-in" clock (SHFTCLK)
vsed by the line buffer shift registers on the

13255-9242%0/16
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Display Contrel/Timing board. The next rising edge

of U24-12 cavses SHFTCLK to go low, thereby shifting

the next character/enhancement pair into the line
buffers. U244-8 also strobes a modulus 80 counter

(U414 and USL4) through U34-9,8. This counter keeps
track of how many characters have been loaded into

the line buffers. The eightieth character causes

U3ii-6 to go high, thereby signalling the DMA machine to
stop operation until the beginning of the next character
row.

Enhancement bytes result in the six least significant
bits of that byte being latched into U26. U26 is
strobed for each enhancement encountered in the linked
list and is cleared at the beginning of each character
row and when blank fill is initiated.

An end-of-line marker sets up a mode in which the DMA
machine is idle, U26 is cleared, and each machine
cycle causes an ASCII 20H to be latched into U2%

and loaded into the line buffers. This blank fill
action continves until eighty characters have been
loaded into the line buffers. The end-of-line mode
is is turned off by U744 at the beginning of the next
data row. :

An end-of-page marker sets up a blank fill mode
identical to that described above except that the
end-of-page mode is not turned off by U711 until the
end of the current display frame.

A link byte causes the DMA machine to latch the link
byte itself (MSB), and the next sequential byte (LSR)
inte the four counter/sequencer IC’s (U2, U222, U23,
and U33). A jump is then performed and the DMA machine
resumes operation at the "linked" address.

If a software flag is read by the DMA machine a NOP
is executed and no action taken by the machine until
the next byte is read.

13255-9242%0/47
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[

3.

3.2

58]

re

2

PROCESSOR ACCESS CONTENTION

The Display Memory/DMA module operates within 840 ns
cycles. At the end of the current board cycle, the
outputs of the DMA control PROM’s (ULi9 and U29) are
latched into ULii0 and U210 and configures the DMA
machine for the following board cycle. If a processor
display memory read or weite is initiated, U688

cavses the WAIT line to go low through U%10-40,8 and
U740-9,8, and U79-6 goes high to indicate a processor
operation is pending. Halfway through each board
cycle, the DMA machine strobes U69-3 and samples the

processor status. If a processor operation is pending,

a display memory read or write is recognized, the DMA
Machine enables bus buffers US2, US3, U%4, and U44
(U44--reads only), tri-states U32, ULi2, U22, U23, and
U333, and generates a RAS/CAS cycle. Towards the end
of the board cycle, when the data transfer has been

accomplished, U39-11 sets Ub1i-6 intoe the WAIT "off"
state, and the next falling edge of the system clock

restores the WAIT signal to the "go" condition.
During a processor read, U44 drives the bus during the

entire duration of EEa.

The DMA machine grants the first available cycle to

to the processor operation. There are two conditions
which cause the processor to be denied the next
sequential board cycle; display memory refresh, and
the execution of a link sequence. Four or five cycle
burst refresh is performed every scan line and a
processor operation during this time will be delayed
until the end of the refresh burst. If the first byte
of a link has been read by the DMA machine, a processor
operation (and for that matter, refresh) is held off
until the gecond byte of the link is read and latched
inte the counter/sequencers.

13255-912%0/418

Rev
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3.2.3 During a processor I/0 operation the WAIT line is
pulled low by Ué6~-6 through US10-9,8 and U710--9,8.
During the next board cycle, U79-8 generates a strobe
(1/0 STROBE) that is used by the Display Control/Timing
module to latch cursor data and mode information.
The DMA machine is not affected by a processor 1/0

operation. The WAIT "off" condition is set at the end
of the strobe through U39-10,8 and UL44-41,143. The next

falling edge of the system clock clears the WAIT line
through U611.

3.3 REFRESH TIMING

3.3.1 Refresh is accomplished in burst mode, four or five
refresh cycles occuring every scan line. Five cycles
normally occur, four cycles occur only when the
DMA machine cycle immediately before refresh is begun
is the first half of a link. When this occurs, refresh
is held off for one cycle while the second half of the
Link address is latched into the counter/sequencers.

4.0 HARDWARE DESCRIPTION
4.1 ADDRESS/DATA BUS BUFFERS/DRIVERS
4.4.14 The address and data bus buffers and drivers (U44, US2,

Us3, U%4) are enabled only during processor display
memory accesses. At this time all other "local" bus
drivers are tri-stated. The local address bus

(LA0-CAL3) and display RAM data—-out bus (LAG-LA7) are
pulled high, the local display RAM data-in bus

(DO--D7) is not.
4.4.2 During a procesor display memory READ, U44 is driving

the backplane for the entire duration of REQ. The
data out of display RAM is passed transparently onto
the backplane and latched at the end of the current
board cycle.
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4.2 RAM ADDRESS MULTIPLEXERS
4.2 1 The fourteen local address lines are split into two

groups of seven and each group is selected by UA8-9.
The row address is composed of LAO-LA7 and is changed
to the column address (LAB~LAL3) approximately 100 ns.
after §Z§'9095 low. The row address is again restored
at the ouytputs of U42 and U43 at the end of RAS .

4.3 REFRESH COUNTER

4.3.1 The refresh address counter (U3%) is configured as an
eight bit counter, of which only the least seven
significant bits are used. The counter is strobed by
the rising edge of U38-6 through UL7-2,12 during
valid refresh RAS’'s. U668 determines valid refresh
cycles and accounts for DMA link fetches during the
first cycle of the refresh period.

4.3.2 U32 is enabled only during valid refresh cycles, and
drives the row addresses only.

4.4 DISPIL.AY MEMORY

4.4 % Display memory consists of eight 16K x 1 RAM’s. INTEL
2117-4 or equivalent RAM’s are necessary to meet the

access time requirement of no greater than 2%0 ns.

4.4.2 The data-in bus (66—5;) comes directly from the
backplane , buffered through U54. The data-out bus

(LDO-LD7) is distinct from the data-in bus, and has
several destinations: through U44 and onto the
backplane, to the DMA machine address sequencers

(Ui, u22, U223, and U33), to the storage latch for the
byte decoder (U4%), to the ABCIT character latch (U2%),
and to the enhancement latch (U26) through a bank of
inverters (U46).
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4. .43 The hardware is configurable for both three supply and
single supply RAM‘s.  For three supply operation, load
Jumpers Wi and W2, and for single supply operation, load
Jumpers intoe the adjacent, unmarked jumper positions.
This replacement of the jumpers routes +5 to all supply
pins except yground.

4.9 DISPLAY CLOCK (VIDEGQ DOT CLOCK)

4.%5.14 The display clock (21.34 MHz) is generated by a packaged
oscillator (U47). This clock rate differs from the
first generation 264X hardware (21.06 MHz) by 4.3% and
is derived from the following formula:

DOT RATE = (DOTS PER CHARACTER) X (CHARACTERS PER
SCAN LINE)Y % (SCAN LINES PER FRAME) X
(FRAMES PER SECOND)
= 9 X 104 % 380 %X 60 = 21.34 MHz
4.5.2 Note that the increase in frequency from the first

generation 264X hardware stems from increasing the
number of scan lines per frame from 375 to 380. This
increase facillitates the use of the CRT controller on
the Display Timing/Control module.

4.5.3 Note also that in %0 Hz mode, the number of scan lines
per frame increases to 4%6 in order to use the same
video dot frequency.

>
i)
-3

The display clock is buffered by U37-5,6 and U36~3,6.
These two gates allow an external cloeck to be impressed
upon the system. Grounding U37-4 (or test point "INH")
inhibits the resident video clock and allows a clock of
another frequency to be connected to U36-4,5 (or test
point "EXT"). This port is the primary clock input

for DTE-70 testing.
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4. 6.

i

7.1

MOD ¢ CHARACTER COUNTER

The display clock is divided by nine with a high speed
counter (U24). The most significant digit (U24-11)

is the character clock and pulses high once per
character. Thie pulse train is sent over the topplane
and fed directly to the CRT controller, among other
places.

One half of U227 divides the character clock by two and
defines the length of the board cycles (i e. MEMCYC and
MEMCYC) . Each board cycle is 840 ne. long. At the

beginning of each board cycle, MEMCYC goes low and U27-9

is clocked low. The next rising edge of U24-14 cauvses
this zero to be shifted into the serial-in/parallel-out
shifi register (U38). The appearance of a low valve

at U38-3 (the first shift poesition) presets U27-9 back
to the high state, where it remains until the beginning
of the next board cycle. The next seven rising edges of
U24-i4 cavse this low state to progress from U38-3 to
U38--13 and effectively create eight clock phases in each
board cycle. These eight phases are used to create all
memory timing and controel the operation of the DMA state
machine.

RAS/CAS GENERATION

Memory timing in this module is relatively conservative,
Most events occuring on even 85 ns. intervals.

I+ a memory cycle is pending, UL410-2 (MCYC) goes low
just prior to the first character clock in a board

cycle. This allows U3B-3 to strobe RAS (U48-4) low
through U28-12,11. Approximately 8% ns. later, U38-4
goes low and the row address is changed to the column
address through U48-10,9. 85 ns. after the address

swap, CAS is brought low by U38-5 through U28-10,8 and
ua8-5,7.

When a low level is shifted into U38B-10, RAS is

brouvght high, and the row address is restored to the
outputs of the address multiplexers. This timing allows

13255-942%0/22
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for a very long Eagiprecharge time, and is arbitrary as
tar as the RAM address goes.

CAS returns to a high state as a result of the first
character clock (U24-11) of the next board cycle through
U4410-1,3 and UAB8-6,7.

MISCELLANEQUS BOARD CYCLE TIMIMG

Gd, the signal at U38-6, occurs in the middle of a board
cycle. It is veed for general timing at US10-43 and
U&s&2-3 and to mask the second character clock in a board
cycle at U440-2.

The sample clock (U38-40) will pulse low 200 ns. after

CAS goes low. The data at the output of the RAM array
it latched into U4% and U2% with the sample clock.

The increment clock (U38-1ii) strobes the MOD 80
character counter (U411/U%44) through U3410-3,1, U214,
and U34-92.8. This clock phase also releases the
"processor wait" mode through U78-1,2, U39-13,1i1,
Ui1i-12,13, and U641,

The video shift clock (P3-19 and U49-9) is basically a
train of eighty 200+ ns. pulses. This pulse train is

synchronized by P3-X and is used by the recirculating

line buffers in the Display Timing/Control module.

DOT 2 (P3-C and U28-6) is a synchronization signal

and aligns the graphics output within the character
cell. Care must be taken that a negative edge of P3-A

eccures during the active low portion of DOT 2 for proper
graphics module operation.

The next state clock (U310-10) is a positive pulse at
the end of each board cycle. This clock strobes the
registers of the DMA state machine (U110, U250, and
Us7-44) and configures those devices for the upcoming
board cycle.
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4.9.14

P
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™

4.40.4

DMA ADDRESS SEQUENCERS

Direct memory access address sequencing is performed
by four 2944A integrated circuits (U412, U222, u23, U33).
Thege are four bit-slice, bipolar, 60 ns. parts-—Good
Stuff! See some National or AMD spec sheets for
details.

The DMA address is forced to zero at the end of each
frame by the action of P3-J (vertical blanking) through

Us7-3 and pin #9 (ZERQ) of each 29iiA. This physical
0000 maps into a logical FFFF through the inverted bus
structure. In fact, The binary "up" counter internal
to the 2941A sequencer becomes a binary “"down" counter
with the inverted bus. It is with these counters that
the DMA address sequencing is performed.

During link operations, the bank of 291iA’s fetches
the two bytes of a sixteen bit link address through
the external data port (pins 4,%,6,7 of each 291i4).
Control signal JUMP (U%8-8) causes the latched

data to be impressed onto the local address bus
resulting in a sequencing "jump® to the link address.

ZERD ADDRESS GENERATOR

The start of vertical blanking forces US7-% low and
us7-6 (P3-E) high. These signals force the DMA address
to 0000, reset the DMA machine to top-of-frame, and
clear the DMA row counter in the Display Timing/Control
module.

The zero signal is returned to its inactive state
with the first 29444 clock of the frame through
U34-3,4. The rising edge of this clock latches the
0000 address inside the 29114 and then removes the
rero condition so that proper address sequencing
can be performed.

FEB-01-82



13255 13255-9212%0/2%
Display Memory/DMA Module Rev FER-01-82

4 .14 HEYNC SYNCRONIZATION

4.414.1 HSEYNC (P3-5) is a signal sent from the CRT controller
in the Display Timing/Control module. This signal
cccurs once per raster line within the horizontal
retrace interval, and is used to force the DMA
state machine into memory refresh mode.

D
-
-
e

The CRT controller does not allow for specific start-up
states (i.e. ther are no preset or clear capabilities).
At a consequence it is impossible to determine the
exact alignment of H3YNC (nine char. wide) within

the two character wide board cycle.

4.11.3 The circuit consisting of U697 (FF#2), U79-1,2,3
and U%Y-1,2,3 guarantees that the output signal,
U69~-9, is aligned properly within the board cycle.

When HSYNC is present, U69-9 is clocked high by

MEMCYC. When HSYNC returns to its inactive state,

the next low level of MEMCYC clears U69-9.
This alignment provides proper synchronization between
the DMA state machine and the hardware it controls.

4. 441 .4 A high state at US9-8 (HSYNC+SLOAD) indicates that
a burst refresh period is pending. If a link is not
being fetched by the DMA machine, the board is
configured into refresh mode. If a link is being
fetched, this configuration is held off for one
board cycle with Ub66-9? and the state machine logic.

4. 115 ffter burst refresh has been accomplished, HSYNC,
U59--8, U792, and Us6-8 become sequentially
inactive, and the board is configured for
DMA and processor operations.
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4 .42 ASCILT AND ENHAMCEMENT STORAGE LATCHES
4 .12 .4 These two devices (U2%S and U26) are used to store

character data from display memory and present

this data over the topplane to the Display
Timing/Control module. U255 is strobed by the

sample clock (U3B-10) every board cycle. The
enhancement latch, U26, is strobed by the increment
clock through U78-1,2 and U440-10,8 only when an
enhancement is fetched from memory ac determined

by U28-1,2,3 and U67-3,4,5,6. Characters are stored in
U2% in complemented form and enhancements are stored
in true form through the action of the inverter bank
of U446 .

4. 12.2 When a character is fetched from memory, U25 ig loaded
with that character, UZ26 already contains the proper
enhancement. A strobe is sent over the topplane
shifting this character cell data into one set of the
recirculating line buffers in the Display Timing/Control

module.
4.413 DISPLAY MEMORY RYTE DECODER
4. 4314 The display memory byte decoding circuitry determines

the type of data fetched during each DMA board cycle.
U4% is strobed by the sample clock, and its outputs
are impressed upon the address lines of USS, a 256X4
PROM. A character byte causes US6-10,8 to go high,
thereby digsabling the PROM outputs. All other types
of memory data are decoded by the PROM and the proper
output is brought low. These outputs configure the

board into the proper mode to respond correctly to the
byte that has been fetched.
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4.13.2

The contents of the display memory byte decoder PROM

are as follows:

HP PART NUMBER: 1816-1484

USED ON ASSEMBLY 0264060250 (DISPLAY MEMORY/DMA) USS
FUNCTION: DISPLAY MEMORY RBYTE DECODER

OUTPUT DEFINITION:
04 ~~ENHANCEMENT

02 L INK (
03--END OF LINE (
04-—END OF PAGE (
ROM GENERIC PART NUMEER: 76144 (256X4)
ROM CONTENTS
$A0000 .
»,b,b,b,H,0,0,0,b,0,D,0,D,D,D,D,
D D,D,D,D,D,D,D,7,8,F,F,F,F,F,F,
ELEEEE.E EEE.EEE.EEEE,
K EE,EE.EE,E,E,E,E,EE,E,E,
D.D.D.D,D.D,D,D,D,D,D,D,D,b,D,D,
DLO,D,O.D,D.D,D, 7 B F FF F.FF,
L, ELE L E,E,E,E,E,E,E,E,E,E,E,E,
,E,E,E,E,E,E,E,E,E,E,E,E,E,E,
$A0080 .
D,v,0,0,0,b,D0,D,0,D0,0,D,D,D,D,D,
0,0,0,0,0,0,D,0,7,8,F,F,F,F,F,F,
t EEEE JELELELELELE,EE,EELE,
JELELEELEELE,EELEE,ELEE,E,
D 0,0,0,0,,D,D,0,0,0,D,0,0,D,D,
D,0,b,b,0,0,0,D,7,8,F,F,F,F,F,F,
ELEEE EEE.E.E.EEEEEE.E,
E E.E.E.EE/EEEEE EEEEE,

HSUM=0D90

(NEGATIVE TRUE)

13255-912%50/27
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4. 14 DISPLAY MEMORY KUS DECODING
4.14 .1 In the 264X memory mapping scheme, display memory

resides in the top 16K bytes of a 64K address space.
(i.e. ADDR 14 and ADDR 4i% are physically 00).

In the first generation 264X hardware (i.e. 2642A

and earlier models), Pi-V,W, and X are bottomplane
contention and arbitration signals. The second
generation hardware removes this contention and uses
these three bottomplane lines as address lines,
essentially giving the terminal a total address space
of 8 times 64K bytes. Within this scheme, display
mamory resides in the top 16K bytes of the bank
accessed when Pi-V,W, and X become physically 11%.

When vsing this board set with the first generation
hardware, the switch bank at Ui8 should be set to all
"open" causing this module to ighore the bus contention
signals. In the 2647F, this switch bank should be set
to all "closed" in order to respond to the display/I0
bank only.

4.14.2 The pertinent signals generated by this block of

MEMSELECT indicates that the processor is accessing
it performing a display memory read. This latter signal

enables U44 1o drive the bottomplane data bus with the
memory data-out.

4. 4% CURSOR CONTROL BUS DECODING AND CRT CONTROLLER STROBE
GENERATION

4.1% .14 Cursor control is achieved through two I/0 ports, one
for cursor column and one for cursor row. A processor

170 write to either port cavses P39 (Ubb-6 or

1/0 SELECT) to go low. P3-5 sets up the proper

CRT controller address for cursor control and eventually
allows U24-12 to generate an 170 STROBE on P3-2 through
U79-9,8.
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4 .16 BUS INTERPRETATION AND WAIT GENERATION

4.16.1 This portion of circuitry essentially synchronizes
the processor (with its 4.91% MHz. clock) with the
digplay memory cycles defined previously. In order
to do this successfully, the WAIT line (PL-8) is
pulled low immediately upon the decoding of either
a display memory access or an 1/0 access. This causes
the processor 1o go into numerous "wait" states while
this module completes its present actions and prepares
for external interaction.

4 462 Upon the receipt of either MEMSELECT or I/0 SELECT,
U%40-8 goes high, Pi-8 goes low and U79-1i goes high.
Halfway through each board cycle, U69-3 is strobed and

the processor status is sampled. If a processor
operation is pending, W69-5%5 will go high and Ué9-6 will
go low.

4.16.3 If it is a display memory access that has caused this,
U79-6 will go high, signalling to the DMA state machine
that the processor wants into display memory. This status
line is sampled several hundred nanoseconds later by
the DMA state machine to allow for possible "runt"
pulses at U69-% due to the lack of proper setup time
at Ue9-2. The same delay is true for the 1/0 STRORE. I1f
an 1/0 write is pending, the DMA state machine doesn’t care
and Uiid goes high, allowing an 170 STROBE to be
generated on P3-2.
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4.16 .4 The completion of a display memory access is signalled
by U39-44 going high. The completion of an I/0 write
is signalled by U39-8 going high. Either of these
events causes U6ii-1 to be strobed through Ui1i-11,42,413
and U611-5 will go low and Ubii-6 will go high. A low
state at Us11i-% clears Us9-1 and disables the processor
status line and the I/0 STROBE. The high state at Ubii-6
ie clocked into a low state at Ubii-9 by the next falling
edge of the system clock (PL-3)Y. U61L-9 going low

cavses the WAIT condition to be released, allowing the
processor to proceed on its merry way. When REQUEST

(Pi-Y) is brought high by the processor, this WAIT
generation machine is primed for another processor
ACCRBS .

4487 PROM DRIVEN DMA STATE MACHINE

4.47 .14 The DMA state machine consists of two 60 ns. 2%6X4 PROMs
and two schottky latches. The address lines of the
PROMs are the basic status lines of this module and
convey such information to the DMA state machine
as the present mode of operation, frame timing,
processor status, and refresh timing. U29 is the
cycle arbitrator and determines whether the pending
board cycle is a processor operation (uPOP), a normal
DMA cycle (DMACYC), or a DMA link operation (DMACYC and
RE4Y. UL9 controls the special DMA modes. Its
outputs are end-of-line (EOL), end-of-page (E0P),
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4.47.2 The contents of the two DMA state machine PROM‘s are

follows:

HPF PART NUMBER: i18i16-148%

USED ON ASSEMELY 0264060250 (DISPLAY MEMORY/DMA) U29

FUNCTION: DMA CYCLE ARBITRATOR
QUTPUT DEFINITLON:

0i--DMA CYCLE (POSITIVE TRUE)
02--MICROPROCESSOR CYCLE ( " ")
03-~-MEMORY CYCLE (NEGATIVE TRUE)
04--REGISTER ENARLE i (POSITIVE TRUE)

ROM GENERIC PART NUMRBER: 761146 (256X4)
ROM CONTENTS:

40000 .

¢,c,c,0,9,9,C,C,C,C,C,C,9,9,C,C,
4,2,4,2,4,2,4,2,4,4,4,4,4,4,4,4,
¢,c,c,c,9,9,c,c,0,c,c,c,9,9,C,C,
4)2)4)2)472)4)3)4)4)4)4)4}4)4)4)
1,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4,
1;2)4)3;1)2)4)2:4)4}4)4)4)4:4)4)
4)2)4;2)4)3)4)2;4)4)4)4)4)4:4)4)
4)3)4)3)4)3)4)2)4)4)4)4)4)474)4)
40080 .

4,4,4,4,1,1,4,4,4,4,4,4,4,4,4,4,
4,2,4,2,1,2,4,2,4,4,4,4,4,4,4,4,
4,4,4,4,1,1,4,4,4,4,4,4,4,4,4,4,
4)h)4)?a4)?)4)?)4)4)4)4;4)4)4)4)
1;h)4:§)1)9)4)314:4)4)4)4)4)4)4)
1)“} )d;i)314)2;4)4)4)4)4)4)4)4)
4:f)4;?)4)?)4)2)4}4;474)4)4)4>4)
4,2,4,2,4,2,4,2,4,4,4,4,4,4,4 .4,

SUM=Da%HE

13255-91250/34
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(POSITIVE TRUED
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76416 (256X4)

(

LINE

1816-1486
OrR EOQP

LINE
PAGE

END OF

EOL
PART NUMRER :

END OF MODES CONTROL

OQUTPUT DEFINITION:

~END OF
02-~END OF

0F-~GKIP
04~ ~END

PART NUMEER :

USED ON ASSEMELY 02640-60250 (DISPLAY MEMORY/DMA) U4L9
GENER I¢

FUNCTION:
ROM CONTENTS:

ROM

Display Memory/DMA Module
HP

AN A A A A A A

[SJURARSRARERANS]

oA A A A A A A

AN AN NSNS RSN S]
AN A A A A A A
oo TS T
AN A A A A A A
CLUVLVLLY
ACA A A A A A A
T T TS
-
AN ESRSEI RS
A A A A A A A
R RGN g 2
A A
AISRIESHARSFERS
AA A A A A A A
Qe LD Y
NA A A A A A A
MENENEN SRS RE RS
-~ A A A A A A A
TISTIE. -SSR LY. 5
ANA A A A A A A

(RSO RARAEEREESNS]

$40080 .

AN A A A A A A
|SESRARSEAESEARS]
A A A A A A A A

TToTTT T

AA A A A A A

TITSTTT TS

[ARSELEEEERSNERS]

AA A A A A AN

TTTTTT T

AA A A A A A a

T ITTITT

AA A A A A A A

TITTTITTTTS
aAAa A A A A A A
LLLLLLOLL
AA A A A A A A
AN A A A A A~

T TTTT TS

AR A A A A A
ninenes o
AA A A A A A A
[SRERSRARERENEENS]
AN A A A A A A
[~R=Rag~RERERARS]
AA A A AN A A A

TS T

AN A A A A A A

nntnine T <

08a8

SUM
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4.48 CHARACTER AND RLANK FILL SHIFT CLOCK GENERATOR
4. 48.4 The line buffers resident in the Display Timing/Control

module are loaded with a row of characters under the

control of the Display Memory/DMA module. When a

valid ASCII character is "DMA’ed" from display memory,
U244-8 will go low through the action of U244-4,141,12,43.
When blank fill mode is invoked (i.e. under end-of-line

or end-of-page conditions), Uifi-4 will go high, U2% will

be loaded with an ASCII 20H (blank) every DMA cycle,

and U211-8 will go low through the action of U2i1-4,5,6.
U214-8 goes low as & result of INCCLK (U38-11) through
U3i0-3,4. This clock comes late in a board cycle.

The low state at U21i1i-8 strobes the eighty character counter
(U444 and US11) through U34-9,8, and presets U49-% to

a high state. U49-% goes directly over the topplane to

the Display Timing/Control module and determines when a
valid character/enhancement pair is loaded into a line
buffer. The actual load eccurs early in the following board
cycle, when U49-% goes low through the action of Qo (U24-12) .
Note that U49-6 is fedback to this clock generator through
U37-43,414, U78-14,40, and U310-2,1. This circuitry prevents
errant clocking of the eighty counter as the decoeded outputs
of U4ii change states, particularily at character sixty-four.

4 .49 EIGHTY CHARACUTER COUNTER

4.19.1 The eight bit counter made from U414 and U%ii counts the
number of valid character/enhancement pairs that have been
loaded into the line buffers in the Display Timing/Control
module. The count is incremented by U211-8 as described
above. When a count of eighty has been reached, U311-6
goes high from U411i-14,12 and U314-4,5. U3Li-6 (80) is
a status line to the DMA state machine. When U3ii-6 goes
high, the DMA state machine discontinves direct memory access
becavse eighty characters have been loaded into the line
buffers. Direct memory access is restarted at the beginning
of the next data or character row as indicated by P3-4%,
EDROW (end of data row).
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4.26 JUMP TO LINK ADDRESS COORDINATION CIRCUILTRY

4.20.14 The circuit block made up from US8, 1/2 of U714, and
172 of US10 controls the sequence of events that are
necessary to fetch a link address from display memory and
perform a "jump" to the fetched address to begin direct
Memory access at the link address. The events are very
specific and exact and are defined as follows:

1) a link byte is read from display memory as
identified by its characteristic code,

2)  the DMA state machine goes into a mode by
which the link byte and the next sequential
byte of display memory are latched within
the DMA address sequencers (Ui2, U22, U23,
and U33),

3) upon latching the second byte of the link
address, the address sequencers are configured
to impress the internal latch contents onto
the digplay memory address bus (as opposed to
the internal incrementer contents as during
"normal", sequential DMA),

4) the first DMA cycle immediately following the
latching of the second address byte is performed
at the link address and a jump has been
completed.

4.20.2 When a link byte has been fetched from display memory,

and U210~-6 (REi--register enable #1) will be low.
REAL being low causes the display memory link byte
to be latched inte W23 and U33 on the rising edge
of the 2914 clock (U314-8), and presets U711-8,9

(LINK? and LINK’’) to states that indicate to the
DMA state machine that a link operation is being
performed. RE1 is delayed by one board cycle
(U240-7 to U210-4) and creates the signals RE2 and

2 (U2410--2,3) . The DMA state machine fetches the next
sequential byte from display memory and this byte
i latched into UL2 and U22.
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Link have been fetched and latched. U%8-41 is clocked
the beginning of every DMA cycle. The normal state of
UsB~-6 is high suvch that "normal" DMA cycles are
performed with US8-8 (JUMP) low. Once US8-6 is preset
low, a high state gets clocked into US8-8, and the
firset DMA& cycle following this event is performed

using the latched link bytes as the DMA address instead
of the "normal" incrementer address of the 29ii’s.

As this jump is performed, USE-9 clears UBB-6 back to
the non-jump state, and U714i-11 is clocked through the
two gates from USL0. This removes the LINK’’ signal
from the input of the DMA machine, and allows the
state machine to continue with "normal" DMA.

Note that events can occur between the latching of the
second link byte and the actval jump such as display
memory refresh and processor memory access. Also note
that U714-8 keeps the second byte of the link

from being interpretted as a character through U211-13.

SKIP END-OF-LINE CIRCUITRY

The skip end-of-line circuit prevents the DMA state machine
from misinterpreting the softuware data struvcture as

the processoeor 1% adding characters to the screen.

fwo status bits imbedded in the "cursor row" byte latched

in the Display Timing/Control module (I/0 BITS and I/0 RIT&)
indicate when a skip end-of-line operating mode is applicable.
When skip end-of-Lline mode is invoked, ULi9-40 and UL10-45
will go low and preset Us610. EDR (end data row) samples the
status of UsL0-9 through U410-43,42,11 and if EOQOL’s

are 1o be skipped, U610-%,6 will he preset. These outputs
prevent the DMA state machine from reacting toe EOL’s
(U%6-11,12,13), characters (U314-1,2,3), and

enhancements (U28-1,2,3) .

Skip end-ot-line moded is turned off when a link is

fetched that points to the beginning of the next row on the
screen.  This is indicated by the least significant

nibble of the link address being 1141. Under these
circumstances, Ub65-6 will go high, and U&6i0-%,6 will be
clocked to their "normal"” state when the second register
enable signal (RE2) goes high.

FER-04-82
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usi10-8
[}
2 ; io- 2
% oA
s UL LUUUULLL T
! HoYNC
! , 3-S5
r MPREQR
um-G
: 1
| PMACNC
L_.; | uzio-io
T r upoP
g uzto-ts
FIGURE 9

PROCESSOR DISPLAY MEMORY ACCESS (A)
FEB-01-82 13255-91250



PROCESSOR  PISPLAY MEMORY AccESS (B)

-

PROCESSOR  MACHINE CYCLE,
Jl. WAIT (LocAL) 1€ DERIVED FROM
ADURESS BITS 141516, AND 1B,

. DismAY MeMord Access (B)
OCCURS BETWEEN SUCCESSWE
DMA cxcLes (i.e. DMACYC HigH)

T . DISPLAY MeMORY AcCCE5S
0CCURS WHEN DMA 1S NoT
ACTIVE,

Y. MPRER®R SIGNALS THAT A

PROCESSOR  ACCESS 1S PENDING.

YI. NPOP DISPLAYS WHICH BoARD
CfCLE 15 GRANTED FoR
PROCESSH  ACLESS,

T EACH REQVEST CYCLE INDKCATES A

TIMING DIAGRAM TRACE-COMPLETE

TALK ONLY
EXPAND INDICATOR [ON 1] 50NS/CLK
GLITCH DISPLAY [ON ] 1US/DI1IV

MI}GNI'F'IC:'ATIC}N ['Xi 1 | : [IOOWONS]

e U ULe e

WALT (LOCAL)
1 usw- 8
— .
2 MCYC
wio-2

s [T 17 .
al || LT o

5 MPRER
Wa-6
B ‘ DMACYc
uo-~io
1
2 uPoP
; MAUO-15

FIGURE 10
PROCESSOR DISPLAY MEMORY ACCESS (R)
FEB-01-82 13255-912%0



TMP To LING ADDRESS TMING (A)

T, LINK INDICATES WHEN A LINK
BYE 1AS Beed PMA'ep FeoMl
DISPLAY MEMORY

T, JuMm  DisRAYS Tre PARTMICULAR
DMA CYCLE IN  WwWHCH THE
CLINE" ADDRESS & (MPRESSED
UPON THe DISPAY MEMORY
RDDRESS BUS,

. TomPs (B) avp Srou) AN

UN INTERRUETED 'DOUBLE LINK
OR " LINK T A LN SEQUENCE,

™, TP (O 1= WTERRUPTED
BY A BURST TReFRE<H FERIOD

AND THE JUMT (5 DELANED BY
SEVERAL  BOARY> CNCLES

TIMING DIAGRAM TRACE-COMPLETE

TALK ONLY

EXPAND INDICATOR [ON ] 100NS/CLK
GLITCH DISPLAY [ON ] 2US/D1V
MAiGNllFIC;%\TIOIN [lXi ]I | [!OO.lONS}
MPOP
0] uz2io-1%
-
o l DMACLYC
o uzio-10
NC
5 @ © "
]
(]
1 I l l l U u‘éf—ul
I
Rel
3 l I l l ﬂ uz10-7
T
Rez
4 l ! l | ﬂ uzio-2
| ,
JuM?P
S l l I l ﬂ usg-8
1
7 291A LK
uzil-8

FIGURE 414

JUMP TO LINK ADDRESS (A)

FER-01-82

13255-91250



JWMP 1O Line ADDRESS TIMING (B)

I. LINK INDICATES WHenl A Ling
BYE HAS BEEN TDHMAed FROM
DISPAY  MEMORY,

I, JUMP DPLAYS THE PARTICULAR
DMA CYCLe IN which THE

LINK Y ADIRESS (& IMPRESSED
OPON THE TDIPLAY MEMORY
ADDRESS BUS,

m. SMP (B) 15 A "NorMAL
UVNINTERRUTTED IJUMT SEQJENCE
¢, TUMP 5 INTERQUPTED BY

b PROCESSOR  AcLess AND
DELMED  OME  BOARD CNeLe

TIMING DIAGRAM
TALK ONLY

TRACE-COMPLETE

EXPAND INDICATOR [ON 1 100NS/CLK
GLITCH DISPLAY [ON ] 2US/D1V
| MAlGNI'FIC{xTIqN [}Xi% | [‘OO.IONS]
0 F M(i’glg—tﬁ
2_’ DMALVC
u uzlo-10
HSYNC
B P3-5
[ SR,
CINK
1 @ uss- 1l
REe|
3 ﬂ !— u10-7
| Rez
4 H _I U210-2
TUMP
5 I—I ﬂ uwsg -8
| ' 2411 A LK
7 u3i-9
FIGURE 42

JUMP TO LINK ADDRESS (B)
FEB-01-82 13255-9125%0



END OF E(GHTY CHARACTER l-rerEv

T. SHFTCLK 1S GENERATED WHENEVER
A CHARACTER & DMA e FrROM

DISPLAY  MeMORY.

T £6uTY (80) GDES HigH  WHEM
THE EVGHTIETH CHARACTER HAS
REEN FETCHED,

OL, EIGHTY (80) CAKES DMA To
CEASE  TiLL THE NEXT
CHARACTER Row REGHINS

TIMING DIAGRAM
TALK ONLY

|

TRACE-COMPLETE

EXPAND INDICATOR [ON ] 50NS/CLK
GLITCH DISPLAY [ON ] 1US/D1V
M/-}GNI‘FIC%TIC%N [1)(1 ]‘ | ['OO.|ONS}
o[TUUUL__]] o
JUTTT T J
| “ et -2
[ TTT 0000 s
4 | £1GHTY (90)
; usili-6
s TUUUUUU o
. “9 -4
o T
7 1 D&'Q?ﬁ‘o
FIGURE 13

END OF EIGHTY CHARACTER LINE
FEB-01-82 13255-91250



END-OF- LINE | £00L) AND FND-0OF- FAGE (£0P)

T,

THS TiMke TIAGTAIN 1 isFadt THE

TIMING DIAGRAM TRACE-COMPLETE

TALK ONLY

LAST  SEJER ROWS OF ONE FRIME EXPAND INDICATOR [ON ] 25US/CLK
AD THE  PRST Row 0F ANOTHER GLITCH DISPLAY ([ON ] 500US/DIV
MA"GNI,FIC/I\TIC}N ['Xi ]I | | [ lOO .’ONS}
VBLANK (5 REPRESEMTATIVE OF THE ;
VERTICAL RETRACE FERIOD 5 | VB(";QL\?
EDROW MARKS THE BE&LINNING OF 6 , ’ | § ’ l epFow
" [ Z |
THE ~NEXT DATA Row : ; -
' O 1 oL
. @ MARKS A ROW OF ([HARACTERS DMA'sd , : UsS- o
FROM TDiSPLAY MEMORY FoR DiePLAY oN 1““ | eo
ROW 18, L uWwo-io
ROWS 14 AND 20 ARE BLANK LINES 2 ] i“i:f){i;‘w“'
ON THE SCREEN (REATED BY EOL'S, 3——. — =
YL . Rows 21,22, Z3 ARE BLANK ON ] n uss-9
THE 4¢REEN AS A RESJILT OF AN £0OF. 4 iﬂ’f,o-.z
o
A LDW STATE ON <igNAL ElGHTY (80) 7—U u “ U U U _! U £ioHT Y L 2D)
INDICATES THRAT DBMA oR BLANK P e e o oo e H u3l-e
FILL 15 ACTWE . A HGH STATE DATA Row —» | e

INDICATES THAT THE DMA 15
"oFF" pR INACTIVE.

il MAKKG DMA FOR ROW 24  wihicH

DOESNT EXWMT AND 14 NEVER DiSFLAYED,

FIGURE 14
END OF LINE AND END OF PAGE
FEE-041-82 1325%5-924250



SKIP END-0O0F~LINE TIMING

THIS DIAGRAM DUYPLAYS A TYPICAL
TIMING SEQUENCE For A sKIP
END- OF« LINE PERATION,

POl (S GENERATED BY THE DMA
STATE MACKHINE , GIVEN THE FPROTER
TUENTS  OCCIR,

ULlo=9 15 SAMPLED BY EDR AND
LAVSES sKiIPEDL TO SWTEH STATES,

SKPeoL AND SKPfoL MASK f,ou's\
CHARACTERS | AND ENHANCEMENTS.

EACH LINK SERQUENCE STROBES W.ID

TO ATTEMPT TO END THE skipfol MODE,

IF NeXT LINE PONTER FLAGQ® rhé#H,

THE LINK PONTS To DATA ON THE
SAAE  CHARACTER. ROw AND SKIPeDL MODE
& NoT TERMINATED.(R)

IF NEXT LINE POINTBR FLAG (S LoW,
THE LINK PONTS To DATA ON TRE NEXT
LHARACTER. RowW AND 5KPEOL' MODE

16 TERMINATED

TIMING DIAGRAM
TALK ONLY

TRACE-COMPLETE

EXPAND INDICATOR [ON ] 500NS/CLK
GLITCH DISPLAY [OFF] 10US/D1V
MA}GNIFICI}TIC}N [?( 1 % [ ‘00 .'ONS} |
' — S\Pgol
0 uno-1%
1
1 | x ubio -9
DR
2 ustb -G
[
3 sKpeoL’
ublo=5
NEXT LINE FONTER FLAG
4 U656
€2
5 .! n quoo-z.
A ¢ol’
6 uilo-lo
L
7 J J oL
uss-i\
FIGURE 15

SKIP END OF LINE :
FEB-01-82 13255941250
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FIGURE 16

COMPONENT LOCATION DIAGRAM
FER-04-82 1325594250



Replaceable Parts

Reference HP Part |c Descripti Mfr
: A escription Mfr Part Number
Designation | Number (D Qty scriptio Code umb
02640-60250 | 2 1 DISPLAY MEMORY/DMA PCA 28480 02640-602%50
DATE CODE: A-2218-42
C1 0160-4554 7 11 CAPACTTOR-FXD . 01UF +-20% S0VDC CER 208480 0160-4%54
ca 0160-43554 7 CAPACITOR-FXD .01UF +-20%Z 50UDC CER 28480 0160-4554
C3 0160-4554 7 CAPACITOR-FXD ,01UF +-207% S0VUDC CER 26480 0160-4%54
Ca4 01604557 0 i2 CAPACITOR-FXD ,1UF +-20% S0VDC CER 16299 CAC04X7R104M0OS0A
CS 014604557 0 CAPACTTOR-FXD . 1UF +-20% S0UDC CER 16299 CACDAXT7R104M050A
Cé 0160-4%54 7 CAPACITOR-FXD ,01UF +-20% 50UDC CER 28480 0160-4554
c7 0160-4557 0 CAPACITOR-FXD .1UF +-20% S50VDC CER 16299 CAC04X7R104M0OS0A
c8 01 60-4%557 0 CAPACTTOR-FXD . 1UF +-20% S0VUDC CER 16299 CACO4X7R104M050A
ce 01604557 0 CAPACITOR-FXD L1UF +-20% S0UDC CER 16299 CACO04X7R104M0T0A
ci0 01604554 7 CAPACITOR-FXD ,01UF +-20% S0UDC CER 28480 0160-4554
c11 31604554 7 CAPACITOR~FXD L, 01UF +-20% S0VUDC CER 28480 0160-4554
cia 01 60-4557 0 CAPACTITOR-FXD ,1UF +-20% S0VDC CER 16299 CACOAX7R104M050A
c13 0160-4557 0 CAPACTITOR-FXD 1UF +~20% S0VUDC CER 16299 CACOAX7R104M050A
Cl14 01604554 7 CAPACITOR-FXD . 01UF +-20% S0VDC CER 28480 0160-4554
€15 01404557 0 CAPACTTNOR-FXD 1UF +-207% S0VDC CER 16299 CACD4AX7R104MD50A
Clé 01604557 0 CAPACITOR-FXD (1UF +-20%Z S0VUDC CER 16299 CACO4X7R104MO50A
c17 0160-4%554 7 CAPACTITOR-FXD L 01UF +-20% S0VDC CER 28480 01160-4554
c18 071 604554 7 CAPACITOR~FXD . 01UF +-20%Z S0UDC CER 28480 01604554
c19 2160-4557 0 CAPACITOR-FXD 1UF +-20% 30VDC CER 16299 CACOAX7R104M050A
G20 07 604557 0 CAPACTITOR-FXD .1UF +-20% 50VDC CER 16299 CACOAX7R104M050A
c21 1180-2879 7 4 CAPACITOR-FXD 22UF+50-10% 25VDC AL 28480 0180-2879
ca2 01802879 7 CAPACTITOR-FXD 22UF+50-10% 25VDC AL 28400 0180~-2879
ca3 0186-2879 7 CAPACTTINR-FXD 22UF+50-10%Z 25VDC AL 28480 0180-2879
(W2 01802879 7 CAPACTITOR-FXD 22UF+50~10% 25VDC Al 20480 0180-2879
C2s 014604554 7 CAPACTTOR-FXD . 01UF +-20%Z 50VDC CER 28480 0160-4%554
C26 01604557 0 CAPACTITOR-FXD ,1UF +-20% S0VUDC CER 16299 CAC0AX7R1D4MOS0A
caz 01604554 7 CAPACTTNOR-FXD . 01UF +-20% 50VUDC CER 28480 0160-4554
CR1 19010050 3 2 DIODE~SWITCHING 80V 200MA 2NS DO-35 28480 1901-0050
CR2 1201-0050 3 SWITCHING B0V 200MA 2NS DO-35 28480 1901-0050
CR3 1902-3092 1 1 DIODE~-ZNR 4,99V 2% DO-35 PD=,4UW 28480 1902-3092
R1 18100322 ? G NETWORK-~RES 8-51P20,0 OHM X 4 01121 408R200T
4 18100279 S 3 NETWORK-RES 10-8TP4.7K OMM X 9 01121 2104472
R3 01683-1035 1 4 SIGTOR 10K 5% .25W FC T -400/+700 81121 CR1035
R4 0683-1035 1 TOR 10K S% . 25W FC TC=-400/+4700 01121 CR1035
RS 01683-1035 1 10K 5% 280 FC TC=-400/+700 01121 CB1035
R& 06833-4729 2 8 4.7K S%4 .25W FC TCO=-400/+700 01121 CEB4725
R7 06834725 2 4.7K 5% .28W FC T 400/+700 o121 CR4a725
R 06834715 0 3 470 5% ,26W FC TUs 01121 CR4715
R9 0683-1025 9 1 1K 5% .2%W FC TC 01121 CR1025
R10 06834725 2 4.7 S% .25W FC TC=~400/+700 01121 CRra725
R11 18100322 9 NETWNRK~RES 8~GTP20.0 OHM X 4 01121 408B2007
R12 1810-0322 ? NETWORK~-RES 8-GIP20,0 OHM X 4 01121 408R2007
R13 1810-0279 S NETWORK~RES 10 -5TP4,.7K DHM X 9 01121 21 0A472
R14 06£83-4715 0 RESISTOR 470 SX% .25W FC TC=-400/+600 01121 CRA715
R15 1810-0322 ? NETWORK~RES 8-STIP20.0 OHM X 4 01121 408R200T
R16 1810-0279 S NETWORK-RES 10-STP4,7K OHM X 9 01121 210A472
R18 6834715 0 RESISTOR 470 5% .2%W FC TC=-400/+400 01121 (CB4A71S
R19 1810~0205 7 1 NETWORK-RES 8-GIP4.7K OHM X 7 01121 208A472
R20 N683-4725 2 RESTISTOR 4.7K %% 254 FC TC=-400/+700 01121 CB4725
R&1 06834725 2 RESISTOR 4.7K 5% ,2%4 FC TC=-400/+700 01121 CRa72%
R22 N683-103% 1 RESISTOR 10K %% .2%W FC TCs 01121 CE1035
R23 0683-4725 2 RESISTOR 4.7K S%Z .25W FC T 01121 Chra?72%
R24 N683-4725 2 RESTSTOR 4.7K S% .25W FC T 01121 CBa725
R 06834725 2 RESTSTOR 4.7K 5% .25%W FC TC= 01121 CRA725
R76 1810-0322 ? NETWORK~RES 8-8IP20,0 OHM X 4 61121 40BR200T
SW1 3101-2063 8 1 SWITCH-RKR DIP-RKR-ASSY 4-1a 0354 30VUDC 28480 3101-2063
ut1 1818-1397 6 8 IC-RAM 16K (PLAST) 50545 UP416C-3(SELECTED)
ma 1820~-2523 7 4 IC-29114 28480 1820--2523
u1e 1816-1486 [} 1 TC--ROM 256 X 4 HM7611 34371 HMZ--7611A-5 PROGRAMMED
U1 1818-1397 -3 IC-RAM 16K (PLAST) 8054% UPA16C-3(SELECTED)
uaz 1820-2523 7 IC-29114 28480 18202523
uaz 18202523 7 IC-29114A 28480 18202523
u24 1820-1453 0 1 IC CNTR TTL § RIN SYNCHRO POS-EDGE~-TRIG 01295 SN748163N
uRs 1820~-1730 [ 2 IC FF TTL LS D~-TYPE POS-EDGE-TRIG COM 01295 SN741.8273N
u26 18201196 2] 1 IC FF TTL LS D-TYPE POS-EDGE-TRIG ©OM 01295 SN74L8174N
uR27 1820-0629 0 1 IC FF TTL 8 J-K NEG-EDGE-TRIG 01295 SN745112N
uz2s 1820~1449 4 1 IC GATE TTL § OR QUAD 2-INP 01295 SN74532N
ua%e 1816-14895 9 1 IC-ROM 256 X 4 HM7611 34371 HM3-7611A~5 PROGRAMMED
u31 1818-1397 6 IC~-RAM 16K (PLAST) 50545 WP 416C~-3(SELECTED)
w32 1820-2024 3 4 IC DRVR TTL LS LINE DRUR OCTL 01295 SN741.8244N
u33 18202523 7 IC-2911A 28480 1820-2523




Table 6-3. Replaceable Parts

Reference HP Part |c I Mfr

; A ripti Mfr Part Number

Designation | Number |D Qty Description Code

u34 1820-0683 6 1 IC INV TTL S HEX 1-INP 01295 SN74504N

u3s 18201989 7 1 IC CNTR TTL LS BIN DUAL 4-BIT 07263 741L.S393PC

u3é 1820-0686 9 1 IC GATE TTL 8 AND TPL 3~INP 01295 SN7451 1N

u37 1820~-04681 4 1 IC GATE TTL. § NAND QUAD 2-INP 01295 GN74500N

u3s 18201433 ) 1 IC SHF-RGTR TTL LS R~-5 SERIAL-IN PRL.-OUT 01295 SN74L5164N

U39 1820-1201 b 3 10 GATE TTL LS AND QUAD 2-INP 01295 GN74L.S08N

ua1 1818-1397 6 IC-RAM 16K (PLAST) 50545 UPA16C-I(KELECTED)

uaz 1820~1438 1 2 10 MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01299 SN741.5257AN

1143 1820-1438 1 TIC MUXR/DATA-SEL TTL LS 2-TO-1-LINE QUAD 01295 BN741.5257AN

L44 1820-2102 8 1 IC LCH TTL LS D-TYPE OCTL 0129% GN741.837 3N

uas 1820~-1730 6 IC FF TTL LS D-TYPE POS-EDGE~TRIG (COM 01295 SN741.8273N

U4as 18201199 1 2 IC INV TTL LS HEX 1-INP 01295 SN741L.S0AN

U47 18130228 0 1 OSCILLATOR- 21, 34MHZ 283480 1813-0228

uag 1820~1440 ) 1 IC LCH TTL LS QuAaD 0129% GN74L.S279N

1149 1820-0693 8 1 IC FF TTL § D~TYPE POS-EDGE-~TRIG 01295 GN74574N

il 1818~1397 & IC-RAM 16K (PLAST) S054% UPAMLAHC-Z(SEL ECTED)

us2 1820-2024 3 TG DRVR TTL L8 LINE DRVR DCTL 0129% GN74).8244N

UH3 1820~-2024 3 IC DRVUR TTL LS LINE DRVUR DCTL 01295 BN741.5244N

LS54 1B20-2024 3 TC DRVUR TTL LS LINE DRVUR DCTL 01295 SN741.S244N

Uss 1816~1484 8 1 IC~ROM 256 X 4 HM7611 34371 HM3-7611A~5 PROGRAMMED

Uss 18201208 3 3 TC GATE TTL LS DR QUAD 2-TNP 01295 SN74ALS 32N

U7 18201112 8 5 1€ FF TTL LS D-TYPE POS-EDGE 01295 EN741.574AN

us8 1820-1112 8 IC FF TTL LS D-TYPE POS- 01295 SN741.874AN

us9 18201112 g IC FF TTL LS D-TYPE POS-EDGE~TRIG 01295 BN74L 574AN

use 18201208 3 TC GATE TTL LS OR SUAD 2-INP 01295 SN74LSI2N

U6t 168181397 b IC-RAM 16K (PLAST) 50545 UPALE-3(SFLECTED)

uss 18201905 7 1 IC GATE TTL LS NOR DUAL S5-TNP 07263 TALGDH0PT

Ué6s 18201202 7 1 IC GATE TTL LS NAND TPL 3~ INP 01295 GN74L.510N

ué7 18201206 1 1 IC GATE TTL LS NOR TPL 3-TINP 01295 GN74ALS27N

U68 1820-1201 6 IC GATE TTL LS AND QUAD 2-TINP 01295 SN741.508N

u71 1818-1397 b TC~RAM 16K (PLAST) 50545 P A1 6HC-3(HELECTFD)

u7zse 16820-1199 1 IC INV TTL LS HEX 1-INP 31299 SN741. 504N

w79 18201201 6 TC GATE TTL LS AND QUAD 2-INP 01295 HBN74LSOEN

us1 168181397 b IC-RAM 16K (PLAST) 50545 UPALALHTC-3(SELFCTED)

Ulilo 1820-1076 3 1 IC FF TTL 8 D-TYPE POS-EDGE~TRIG CLEAR 01295 BN745174N

Uit 1820-1144 & 1 IC GATE TTL LS NOR QUAD 2-TINP 01295 GN741.802N

U210 18201191 3 1 IC FF TTL S D-TYPE POS-EDGE-TRIG COM 0129% SN7451 75N

U211 1820-0691 b 1 IC GATE TTL S AND-DR-INV 81295 GN74564N

U310 18201322 2 1 TIC GATE TTL S NOR QUAD 2-INP 01299 GN74S02N

u3n 16820~1367 ] 1 IC GATE TTL S AND QUAD 2-~INP 01295 BN74508N

1410 1820~1197 9 1 TC GATE TTL LS NAND QRUAD 2-INP 01295 SN74LS00N

a1t 18201876 1 2 TG CNTR TTL 8 BIN SYNCHRO POS—-EDGE~-TRIG 34335 AM745161N

UsS10 18201208 3 IC GATE TTL LS OR QUAD 2~INP 01295 HN74ALS32N

uH11 18201876 1 IC CNTR TTL 8 BIN SYNCHR(Q POS~EDGE~TRIG 34335 AM74G161N

U610 1820-1112 8 TC FF TTL LS D-TYPE POS-EDGE-TRIG 01295 SN74L574AN

611 1826-1212 9 1 IC FF TTL LS J-K NEG-EDGE~TRIG 01295 GN741.5112AN

U710 1820-1209 4 1 TC BFR TTL LS NAND QUAD 2-~TNP 01295 SN74LS3IBN

U711 1820-1112 8 IC FF TTL LS D-TYPE POS-EDGE~TRIG 01295 GN741.574AN

W1 8159-0005 0 F4 RESISTOR-ZERD DHMS 22 AWG LEAD DIA 28480 8159-0005

W B81599-0005 0 RESISTOR-ZERO OHMS 22 AWG LEAD DIA 268480 81590005

XUt 1200-08%53 8 8 SOCKET-IC 16-CONT DIP DIP-SLDR 28480 1200-0853

Xu21 12000853 8 SOCKET~-IC 16~-CONT DIP DIP-GLDR 28480 12000853

XUu31 12000853 8 SOCKET-IC 16~CONT DIP DIP-SLDR 28480 1200-0853

XL)41 1200-0853 8 SOCKET-IC 16-CONT DIP DIP-SLLDR 20480 12000853

X431 1200-0853 8 SOCKET--IC 16~CONT DIP DIP-GLDR 28480 1200-08%3

XUi61 1200-08%3 8 SOCKET—-IC 16~CONT DIP DIP-SL.DR 20480 12000853

Xu71 1200-0853 8 SOCKET-IC 16-CONT DIP DIP-GLDR 213480 1200-0853

xXus1 1200--08%3 a8 SOCKET~IC 16~CONT DIP DIP-SLDR 28480 1200-0853
0360-1682 0 b TERMINAL-STUD SGL~TUR PRESS-MTG 28480 0360-14682
8150-2333 3 WIRE 3J0AWG W 42V TEFZEL 1X30 105C 26480 81502333




MFR
NO.

80543
00000
01121

01295
04713
07263
16299
28480
34335
34371
S0088

MANUFACTURERS CODE

MANUFACTURER NAME

NIPPON ELECTRIC CO

ANY SATISFACTORY SUPPLIER
ALLEN-BRADLEY CO

TEXAS INSTR INC SEMICOND CMPNT DIV
MOTOROL.A SEMICONDUCTOR PRODUCTS
FAIRCHILD SEMICONDUCTOR DIV
CORNING GL.ASS WKS COMPONENT DIV
HEWLETT-PACKARD CO CORPORATE HQ
ADVANCED MICRO DEVICES INC

HARRIS SEMICON DIV HARRIS-INTERTYPE
MOSTEK CORP

LIST

AS OF 06/21/82

ADDRESS
TOKYD

MILWAUKEE
DALLAS
PHOENIX
MOUNTAIN VIEW
RALEIGH

PALO ALTO
SUNNYVALE
MELBOURNE
CARROL.LTON

JP

PAGE

Z1p
CODE

53204
75222
85008
94042
27604
94304
24086
32901
75006
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