

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































82730

Table 1. 82730 Pin Description (Continued)

Symbol

Pin Number

Type

Name and Function

WDEF

35

0]

Width Defeat; is used to indicate when the character
is allowed to be a variable width or must be of fixed
width. WDEF is LOW if the character being output is
normal, but is HIGH if it is a superscript/subscript
character or visible attribute (TAB or GPA). Option-
ally, WDEF can be held high by user command.

LCO-LC4

18-22

Line count outputs; used to address the character
generator for the line positions in a row. The line
number output is a function of the display mode and
character attributes programmed by the user.

CSYNC

28

CCLK synchronization output; used to synchronize
external character clock generator to reference clock
timing. This output is active (high) outside the display
field.

32

CCLK Inhibit output; used by external logic to inhibit
CCLK generation. This output is active (low) during
the tab and end-of-row function.

24

Synchronization input; used to synchronize the ver-
tical timing counters to an externally generated
VSYNC signal. Used by slave mode 82730 to syn-
chronize to a master mode 82730 and by the master
82730 to lock the frame to an external source such as
the power line frequency.

HSYNC

23

O (MASTER)
I (SLAVE)

Horizontal Sync; in master mode, it is used to gener-
ate the CRT monitor’s horizontal sync signal. It is
active HIGH during the programmed horizontal sync
interval. In interlace slave mode it is used in conjunc-
tion with SYNCIN ‘to indicate the start of the even
field for timing counter reset. At RESET, pin is set as
an output in the LOW state. '

. VSYNC

29

Vertical Sync; active HIGH during the programmed
vertical sync interval;and used to generate the CRT
monitor’s vertical sync signal.

BLANK

33

Blanking output; used to suppress the video signal to
the CRT. BLANK is clocked by CCLK.

CRVV

34

Character Reverse Video (CCLK output); used to ex-
ternally invert video data output. CRVV is clocked by
CCLK.

RRVV

‘30

Reference Reverse Video (RCLK output); to exter-
nally invert video in the field and border area if so pro-
grammed by user. It is LOW outside the border area,

RRVV is clocked by RCLK.

8-163
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PRELIMINARY

Table 1. 82730 Pin Description (Continued)

Symbol Pin Number Type Name and Function
LPEN 31 | Light Pen Input; used to latch the position of a light
: pen. At the rising edge of this input, the column posi-

tion and the row position of the 82730 will be loaded
into the LPENROW and LPENCOL locations in the
Command block.

Vee 9,43 Power; + 5 volts nominal potential.

Vgs 26, 60 Power; ground potential.

FUNCTIONAL DESCRIPTION

Figure' 1 shows a basic block diagram of the
82730 Text Coprocessor. The chip is divided into
two main sections, the Memory Interface Unitand
the Display Generator. The Memory Interface
Unit controls fetching of the data and commands
and handles interrupts and status. The Display
Generator takes the data fetched by the Memory
Interface Unitand presents it to the Video Interface
logic which in turn drives the CRT monitor.

Memor9 Interface Unit

The Memory Interface Unit is divided into two
sections: the Bus Interface Unit and the Micro-
controller Unit. The Bus Interface Unit does the
actual interfacing to the memorybus. it fetches or
writes data under the control of the Microcon-
troller Unit. The Microcontroller Unit is a micro-
programmed controller which is designed to effi-
ciently fetch data from memory (up to 4
Mbytes/sec), and decode and execute various
control and data handling commands. The Bus
Interface Unit may be configured for 8 or 16 bit
bus operation. With 8 bit bus selection, the user
may specify either 8 or 16 bit character data. It
also handles address manipulation automatically
after being loaded from the Microcontroller Unit.

Display Generator /

The Display Generator takes the data fetched
from memory plus the modes programmed into it
at initialization and produces all the video timing
and the data transfers to support the CRT monitor
at the character level. The 82730 works with an
external character generator and the 82731 Video
Interface Controller. The data is passed to the
Display Generator from the Memory Interface
Unit through the dual row buffers (similar in
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operation to the one in the 8275 CRT controller).
The row buffers allow the user to use cheaperand
slower main memory for display needs, provide
on-chip attribute and display function gener-
ation, and avoid the conflict of access to the dis-
play memory (that would otherwise take place)
by using an ordinary DMA access mechanism.

SYSTEM BUS INTERFACE

The Memory Interface Unit provides communi-
cation with system processor as well as memory
interactions. Communication between the pro-
cessor and the 82730 is performed via messages
placed in communication blocks in shared
memory. The processor can issue commands by
preparing message blocks and directing the
82730's attention to them by asserting a hardware
channel attention. The 82730 can cause inter-
rupts on certain conditions, if enabled by the pro-
cessor by activating its System Interrupt output,
with status and error reporting taking place
through the communication block in memory.

BUS INTERFACE UNIT:

The 82730 Bus Interface Unit provides an 8086

compatible bus interface which consists of:

—  a 16/32 bit multiplexed Address/Data Bus:
ADo - ADss ,

— A complete sét of local bus control signals
compatible with 8086 min mode: RD, WR,
ALE, DEN.and READY

—  Two status signals SO and S1, compatible

with 8086 max mode so that a bus con-
troller (8288) can be shared for Multibus®
access.
— Local bus arbitration through HOLD/ HLDA
—  Two upper Address Latch controls: UALE
and AEN

+ 210921-002
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The BUS INTERFACE UNIT (BIU) utilizes the same
Bus structure as the 80186 or basically the same
bus structure as the 8086 in both Min. and Max.
mode, (with the exception of RQ/GT) and it per-
formsabuscycle onlyondemand (e.g., to fetcha
command from the command block, or fetch a
character from display data memory). The same
set of T- states (T1, T2, T3, T4and TW) of 8086 are
- used to handle the time multiplexed address/data
bus. However, adaptations are made to handle 32
bit addresses as explained in the following sec-
tions where specific details of the BIU operation
are described. Those details not mentioned can
be assumed to be the same as those of the 80186.

ADDRESS BUS

The 82730 can be programmed during initial-
ization to operate on either 16 bit or 32 bit (includ-
ing any length between 17 and 32) physical
addresses. Note that the 82730 does not use
memory segmentation. The programmer must
calculate physical addresses from segment and
offset values to manipulate data structures.

To support 32 bit physical addresses with a 16 bit
physical bus, multiplexing is again used. An
upper address output cycle, TU, is inserted bet-
ween T4 and T1 to output the upper 16 bits of
address. The upper address latch enable, UALE,
is used to latch the upper addresses during TU.
Figure 3 shows the configuration of a 32 bit
address bus.

TU occurs only when the 32 bit mode is specified
and the upper address register of BIU is reloaded
by MCU. This may result from:

) Initialization
ii) Manipulation of display data or command
pointers, for example, when a new string

pointer is loaded during the execution of
the END OF STRING command.

iii) DMA address incrementing across a 64K
byte segment boundary.

iv)  Regaining the bus afterlosing ittoa higher
priority master. :

Timing of UALE is identical to that of ALE. AEN is
equivalent to the active period of 82730 driving
the bus.

If 16 bit address mode is programmed, TU will
never occur in any bus cycle since the MIU treats
all display pointers as 16 bit quantities and load-
ing of internal upper address register is bypassed

during address calculation. UALE always stays
inactive, but AEN still goes active to indicate the
82730 has control of the bus.

DATA BUS

The 82730 is capable of operating on either an 8
bit or a 16 bit Data bus, as programmed during
initialization on the SYSBUS byte,

When an 8 bit data bus is specified, the address
present on AD15 to AD8 Address/Data lines is
maintained for the complete bus cycle. There-
fore, compatibility with 80188, 8088, 8089 and
8085 multiplexed address peripherals is main-
tained. Since the internal processing of the 82730
generally operates on 16 bit data quantities, two
Bus fetch cycles are performed for each 16 bit
data item. The first cycle fetches the low order
byte, the second cycle the high order byte. These
2 fetch cycles are always executed back to back.
If HLDA drops-during thefirstcycle, the 82730 will
not respond until the second cycle is completed.
An 8 bit data mode can be selected in an 8 bitbus
system that requires only 8 bit character data be
fetched.

In 16 bit bus system, the 82730 requires all 16 bit
quantities to start on even address boundary.
Word transfer to or from odd boundary is not
allowed since this type of transfer not only dou-
bles the use of bus bandwidth but also can be
easily avoided in application software. All that is
required is to make sure all address pointers be
an even number (A0=0).

& ™ AD0-15
v

82730
LATCH :>“5'3‘

CLK ' CE
I UALE I

-
AEN

' Figine 3. Address Extension up to 32 Bits

\
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BUS CONTROLS

The 82730 BIU provides both the 8086 MIN. Mode
(Local Bus Control) and MAX. mode bus control
signals simultaneously in any bus cycle. By
providing a complete set of Local Bus control

signals, the component count of the Local pro- |

cessing module is minimized.

Because only two types of Bus operations,
Memory Read and Memory Write, are executed in
the 82730 BIU, the 8086's S2 status signal is
omitted from the Max. mode controls. S2 could be
set to “1” during any 82730 Bus cycle.: AEN can
be used to produce 32 since it stays active
whenever 82730 is driving the bus. The status
signals become valid at the middle of the cycle
before T1 which could be either T4 or TU.

BHE is not provided on the 82730 because, the
" 82730 only writes words to even address boun-
daries and bytes to the upper byte position. For
these writes BHE is always high. A pullup resistor
or a three-state buffer controlled by . can
provide this signal.

DT/R is also not provided on the 82730 because
its function can be replaced with ST, latched by
ALE.

After RESET is applied, READY is set to be an
asynchronous input. An on-board synchronization
circuit provides reliable operation for any type of
system. During initialization, READY may be
programmed to be bus synchronous. For those
systems that can meet the set-up time specifi-
cations, this mode provides more efficient bus
utilization.:

LOCAL BUS ARBITRATION

The 82730 BIU is designed to function as a bus
master in a multimaster Local bus environment
using the HOLD/HLDA protocol for Bus arbi-
tration.

In the Self Contained Arbitration scheme, one
processor and one 82730 share access to the
local bus. The 82730 raises its HOLD request
whenever it needs bus access. After HLDA is
granted from the processor, the 82730 will not
start driving the bus until 2clock cycles later. This
latency allows sufficient time for the 8086 or
80186 processor to get off the bus. When 82730
completes its bus accesses, it will first float its
output drivers before dropping the hold request.

In a Local bus configuration with three or more
bus masters, a higher priority DMA Peripheral

device can preempt the HLDA from a 82730 which
is the currentbus master. The 82730 will complete
its current bus cycle, then float its output drivers
and drop the HOLD request. However, the 82730
may raise the HOLD requestagain 2 clock cycles
later if it still needs the bus to complete the
interrupted burst DMA activities. ‘

DMA BURST AND SPACE
Some system conffgurations using the 82730

“would be adversely affected by the long burst

data transfers which the Memory Interface Unit
(MIU) may occasionally desire. Since the 82730
will normally be configured as one of the higher
priority bus masters, burstlengths must be limited
for these systems. For this reason, the length of a
burst transfer and the number of memory cycles
between burst transfers are both programmable
via the mode registers:

15 14 8 7 6
MPTR — BRSTLEN — BRSTSPAC

BRSTLEN- Burst Length.Determines the num-
ber of contiguous word-fetch cycles which may
be requested. Programmable from 1 to 127.
Note that in an 8 bit bus, 16 bit data system, the
burst counter only increments once for the 2 bus
cycles required to complete a word fetch. (Note:
burst length = 0 is not defined and should'not be
programmed with a non-zero burst space)

BRSTSPAC - Burst Space. Determines a mini-
mum number of bus clocks to occur between
burst accesses. Programmable from 0-511 in
increments of four. Zero space selects aninfinite
burst length.

A DMA burst could be terminafed before the
programmed burst length is reached in the

0

_ following circumstances:

8-166-

The MIU does not need any more bus
accesses, for example, when the row
buffer is filled.

A datastream command is encountered
and the MIU must execute the command
first before it resumes data accessing.

i)
ii)

iii) Thebusistakenaway by a higher priority

device in multi-master bus configuration.

In these cases, the burstcounteriscleared. The
BIU must complete a full burst before it waits
through the SPACE cycles. DMA Burst/Space
will be set to zero space until the completion of
the first MODESET command.

210921-002



intel

82730

INITIALIZATION OF BIU

Upon activation of the RESET input, the 82730
BIU will stop all operations in progress and
deactivate all outputs. It will stay in this quiescent
state until memory access is requested by the
MCU after MCU receives its first channel attention
after RESET. The following table shows the state
of all MIU. outputs during and after reset.

Table 2. 82730 Bus During and After Reset

Signals Condition
AD15-0 Three-state
RD, WR, DEN Driven to ‘1’ then three-state|
S0, 51 Driven to ‘1’ then three-state)
ALE, UALE Low
AEN High
HOLD Low
SINT Low

82730 COMPATIBILITY ISSUES
82730 Bus Clock Compatibility

The 82730 uses the 50% duty cycle output of the
iAPX-186 at 8 MHz or that generated by a clock
generator such as the 82285. A different duty
cycle clock may be used at lower frequencies, so
the 82730 is also useable with the iAPX-86, 88
family.

82730 Bus Interface Compatibility

The bus interface compatibility between the 82730
and another bus master has four main issues:
data bus width, addressability, control bus struc-
ture and local bus mastership arbitration.

" Data Bus

Data Bus width compatibility with all 85/86 family
processors (8085, 8086, 8088, 80188, 80186, and
80286) is being supported by the 8/16 data bit
programmability already discussed. This allows
interfacing to the above processors either directly
or through a Muitibus-like interface.

Address Bus

The 82730 uses real 32-bit addresses. The user’s
software must calculate real addresses; this gen-
eral addressing scheme allows the 82730 to be
used with any microprocessor.

Control Bus

The 82730 implements both 8086 minimum and
maximum mode bus control structures. This was

. done to maximize compatibility with the 80186
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which has the same structure. This allows the
82730 to be run locally (minimum mode) with a
8085, 8086, 8088, 80188, or 80186. The 80186/188
and 82730 can run together at BMHz because of
clock duty cycle considerations. The 82730 can
only communicate to.an 80286 via a system bus
(such as MULTIBUS), bus interface, or dual-port
RAM.

INITIALIZATION SEQUENCE

The first CA (Channel Attention) after Reset
causes an Initialization Sequence to be executed.
The system processor must set up the appro-
priate initialization information in memory and set
the BUSY flag in the Intermediate Block to a non-
zero value prior to issuing this CA.

Initially, 32:bit addressing and 8-bit data bus
width are assumed until the corresponding in-
formation is fetched during the initialization. First
the SYSBUS byte is fetched from memory location
FFFF FFF6. (When the address bus is less than 32
bits wide, the higher order bits are unused.) The
format for SYSBUS byte is shown in Figure 4 and
is the same as that used for 8089. The data bus
width is specified by the least significant bit w,
with w=0 indicating an 8-bit bus and w=1
signifying a 16-bit bus.

A 32-bit real address pointer is then fetched from
memory locations FFFF FFFC through FFFF FFFF,
with lower bytes of the pointer residing in lower
addresses. This pointer is used as an Interme-
diate Block Pointer (IBP).

The Intermediate Block Pointer (IBP) is incre-
mented by two and is used to locate the Command
Block Pointer (CBP). Four bytes are fetched
irrespective of whether a 16-bit or 32-bit address-
ing option is used. The System Configuration
byte (SCB) is then fetched from location (IBP + 6).

The least significant bit, (U of the SCB) specifies
16 or 32-bit addressing option, with U=0 indi-
cating 16 bitaddressing and U=1 specifying 32-bit
addressing. The SCB also contains information
about cluster operation. Since up to four 82730’s
can be connected in a cluster with their respective
data interleaved in memory, cluster information is
needed for the data access task. The SCB speci-
fies Cluster Number (CL NO), which is the
number of 82730’s connected in a cluster and
Cluster Position (CL POS) which is the position

210921-002
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of this particular 82730 within the cluster. CLNO =
0, 1,2 or3indicates a cluster containing 1,2,3 or 4
82730's respectively. Similarly, CLPOS=0,1,20r
3 indicates 1st, 2nd, 3rd or 4th position respect-
ively. Each 82730 adds an offset equal to 2 *
CLPOS to the SPTR fetched from memory and
increments the pointer by 2 * (CL NO + 1). The

’

programming of CL NO and CL POS is indepen-
dent. No checking is done for CL POS greater
than CL NO on the 82730. Note that at least one
82730, in a cluster (even if it is a cluster of one),
must be assigned’ as cluster position, zero (CL
POS=0)for Virtua\l Display mode to work properly.

7 0
0 0 0 0 0 0 0 W | SYSBUS Byte
w Data Bus Width
0 8-Bit
1 16-Bit
7 6 5 4 3 2 1 0
| sRoy | ptwie | ws | cL | pos CL NO | u | scBByte
SRDY  READY MODE DTW16 Display Data Mode
0 Asynchronous 0 8-bit data
1 Synchronous 1 16-bit data
. $
Position in
M/S . Mode CL POS Cluster
0 ' Slave 00 1st
1 Master 01 2nd
10 3rd
: 11 4th
No. of 82730’s '
CL NO. In Cluster u ADDR BUS WIDTH
00 ‘ 1 0 16-bit .
01 2 1 32-bit
10 3
11 4

. Figure 4. SYSBUS and SCB Encoding
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The SCB also contains an M/S bit which specifies
a master or slave mode. The M/S bit is stored
internally for use by the Display Generator (DG).
M/S = 1 indicates a master mode and M/S = 0
specifies a slave mode. The format forthe System
Configuration Byte (SCB) is shown in Figure 4.
Following these actions, the BUSY flag in the
Intermediate Block at address IBP is cleared
and a normal Channel Attentionsequence is
then) executed.

The last two bits in the SCB are DTW16 and
SRDY. DTW16 specifies whether the display data
in 8 bit bus mode (W=0) is 8 or 16 bit. If a 16 bit
system is specified (W=1) then DTW16 is ignored
and forced internally to a “one”. SRDY specifies
whether the clock synchronization circuit for the
READY pin is internal (SRDY=0) or external
(SRDY=1).

The Initialization Control Blocks in memory are
illustrated in Fig. 5a. How these fit into the control
structure of the 82730 is shown in Figure 5b.

Channel Attention Sequence

When the processor activates CA, an internal
latch in 82730 is set on the falling edge of CA
input and this latch is sampled by the MCU. The
first CA activation after reset causes the 82730 to
execute an initialization sequence. Any subse-
quent activation will cause the MCU to start pro-
cessingthe command block by fetching a channel
command.

If adisplay is in progress, the MCU will sample CA .
at each end of frame, otherwise it will sample CA
every cycle until it is found active. When CA is
found active, the MCU will fetch the command
byte from “COMMAND?" location in the command
block, execute the command and clear the BUSY
flag upon completion. The internal CA latch is
also cleared by the MCU. An invalid command
code has the effect of NOP and the BUSY flag is
cleared. It will also cause the Reserved Channel
Command (RCC) status bit to be set.

15 ‘87 0

INTERMEDIATE IBP UPPER FFFF FFFE
BLOCK POINTER IBP LOWER FFFF FFFC .

(RESERVED) SYSBUS FFFF FFF6

(RESERVED) SCB 1BP +6
INTERMEDIATE CBP UPPER 1BP +4
BLOCK CBP LOWER 1BP +2

: (RESERVED) BUSY 1BP
COMMAND
BLOCK
COMMAND BUSY ‘CBP
LOW SYSTEM MEMORY .

Figure 5a. Initialization Control Blocks
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200-12601e

INITIALIZATION BLOCK

FFFF6:

: COMMAND BLOCK

15 ¢« o o« o 8 765 ¢ o o0

I SYSTEM BUS WIDTH

COMMAND BUSY

LIST SWITCH AUTO LINE FEED

MAX DMA COUNT

INTERMEDIATE BLOCK POINTER LOW

LIST BASE 0 LOWER

INTERMEDIATE BLOCK POINTER HIGH

LIST BASE 0 UPPER

INTERMEDIATE BLOCK

LIST BASE 1 LOWER

LIST BASE 1 UPPER

COMMAND BLOCK POINTER'LOWER

COMMAND BLOCK POINTER HIGHER

STATUS

CONFIGURATION BYTE

INTERRUPT GENERATION CODE

COMMAND BLOCK POINTER LOW

INTERRUPT MASK

COMMAND BLOCK POINTER HIGH

LIGHT PEN ROW LIGHT PEN COLUMN

L

CURSOR 1 ROW ‘CURSOR 1 COLUMN

CURSOR 2 ROW CURSOR 2 COLUMN

MODE POINTER LOWER

MODE POINTER UPPER

STATUS ROW POINTER LOWER

STATUS ROW POINTER UPPER

STRING POINTER DISPLAY
ust __ DATA STRINGS
T - - .
STRING POINTER 1 DATA
STRING POINTER 2 .
STRING POINTER 3 END OF ROW
STRING POINTER 4 M
. END OF STRING|
.
DATA
N
H
H
.
.
| END OF STRING
4 E L
DATA
N
H
END OF ROW
END OF STRING
-
DATA
L

TO MODE BLOCK

Figure 5b. Control Structure of the 82730
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82730 CHANNEL COMMANDS

Table 3. Channel Commands

" COMMAND OP CODE

1 START DISPLAY 0000 | 0001 01 H

2 START VIRTUAL DISPLAY 0000 | 0010 02 H

3 STOP DISPLAY ° 0000 | 0011 03 H

4 MODE SET 0000 | 0100 | 04 H

5 LOAD CBP 0000 | o101 05 H

6 LOAD INTMASK 0000 | 0110 06 H

7  LPEN ENABLE 0000 | O111 07 H

8 READ STATUS 0000 | 1000 08 H

9 LDCURPOS 0000 | 1001 09 H

i0  SELF TEST 0000 | 1010 0A H
11 TEST ROW BUFFER . 0000 | 1011 0B H
12 NOP 0000 | 0000 00 H
13 (RESERVED) From: 0000 | 1100 0C H
To: 111 1111 FF H

The system processor issues channel commands
to 82730 via the Command Block. The processor
first checks if the BUSY flag in the command
block has been cleared. It should wait for the
BUSY flag to be cleared before proceeding with
the issuing of acommand. When the BUSY flag is
cleared, the processor places a command byte in
the “COMMAND"” location in command block,
sets the BUSY flag to a non-zero value and asserts
Channel Attention (CA), by activating the CA
input to 82730. A Channel Attention should not be
issued, if the BUSY flag has not been cleared.

START DISPLAY

0000 0001 CMD Byte

LISTSWITCH, Auto Linefeed, Max DMA Count
and Cursor Position values are fetched from the
Command Block and stored internally after this

command is received. The BUSY flag is cleared
and the normal display process is activated.

The MCU fetches strings of data from the memory,
using the parameters LISTSWITCH, LBASEO and
LBASE1. The data fetched is interpreted as data-

8-171

stream commands or character data to be dis-
played by the Display Generator. The MCU loads
the data into one of the two Row Buffers in the
CRT controller, while the Display Generator
displays the data from the other buffer, the buffers
being swapped at the end oftherow. Any data-
stream commands encountered during data fetch
are immediately executed.

The display process is continued until it is deacti-
vated by a STOP DISPLAY command or a Reset.
Other channel commands can be issued while a
display is in progress and they will be executed
when CA is found active at one of the periodic
samplings at each end of frame.

The DIP (Display in Progress) status bit is set and:
the VDIP (Virtual Display in Progress) is cleared
upon receiving a START DISPLAY command.
Both bits are reset upon receiving a STOP DIS-
PLAY command or a Reset.

Itis necessary to load in proper mode information
through a MODESET command before activating
the display. Following Reset, START DISPLAY
command will not be executed, i.e., will resultina
NOP until a MODESET command has been
issued. ‘

210921-002
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START VIRTUAL DISPLAY

»

0000 0010 CMD Byte
LISTSWITCH, Auto Linefeed, Max DMA Count
and Cursor Positions are fetched from the
Command Block and stored internally upon re-
ceiving this command. The BUSY flag is cleared
and the Virtual Screen display process is activated.

The operation of Virtual Screen display process is
similar to that of a regular display process, except
for following a different data access mechanism.
The parameters LISTSWITCH, LBASEO and
LBASE1 in the command block represent AC-
CESS SWITCH, ACCESS BASEO and ACCESS
BASET1 respectively, in-virtual screen display.

The VDIP (Virtual Display in Progress) status_bit
is set and the DIP status bit is cleared upon
receiving a START VIRTUAL DISP command:
Both DIP and VDIP are reset upon receiving a
STOP DISPLAY command or a Reset.

START VIRTUAL DISPLAY command will not
activate a display and results in a NOP until a
MODESET command is issued after a Reset.

STOP DISPLAY

0000 Qo011 CMD Byte
The display process is deactivated upon receiving
this command. The DIP and VDIP .status bit are
reset and the BUSY flag is cleared.

Thié command blanks the display. HSYNC and
VSYNC are not affected.

MODESET

0000 0100 CMD Byte

The Mode Pointer contained in command block
location (CBP + 30) is used to access the Mode
Block and the modes are fetched sequentially
and loaded into the corresponding internal regis-
ters in 82730. LISTSWITCH, Auto Linefeed, Max
DMA Count and Cursor Positions are fetched
from the Command Block and stored internally
upon completion and the BUSY flag is cleared.

The organization of mode words in the mode
block and the parameters supplied by them are
shown below (See Figure 10). Some of these
parameters which are critical to the operation ofa
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text coprocessor are required to remain un-
changed over most of normal operation. No
provision is made to prevent MODESET from
changing these parameters and it is left to the
designer to insure that they are not changed.

The modes provide horizontal and vertical mode
display parameters, interlace information, DMA
burst and spacing specifications, cursor charact-
eristics as well as attribute enables and bit-
selects. Typically, this would be the first command
issued after initialization. The Mode Block pro-
vides all the parameters needed for a complete
initialization of the 82730 for display. Thus a
single Modeset command can fully initialize the
chip. Note that until the first Modeset command is
sent, certain functions such as VSYNC and
HSYNC are not enabled.

Itis necessary to set up proper mode information,
before activating a display. Therefore, a display
activating commands should notbe issued unless
proper mode information has been loaded through
a MODESET command. START DISPLAY and
START VIRTUAL DISPLAY commands will result
ina NOP if a MODESET command has not been
issued since the most recent Reset.

LOAD CBP !

0000 0101 CMD Byte

The address pointer “NEW CBP” contained in the
command block is fetched and stored in the CBP
register in the text coprocessor, replacirig the old
CBP. This effectively moves the command block
in the memory. The Command byte from the new
Command Block is fetched and. the specified
channel command is executed. The BUSY flag in
the new Command Block is cleared upon com-
pletion.

LOAD INTMASK

0000 0110 CMD Byte

The interrupt mask contained in location “INT
MASK” in the command block is fetched and
stored internally in the CRT controlier. When a
particular mask bit is set, the interrupt is disabled
for a status bit in the corresponding bit position.
Aninterruptis generated by the text coprocessor
by activating the SINT pin, if a status bitis 1 and
the corresponding bit in the interrupt mask is 0.
The BUSY flag is cleared upon completion.
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. Interrupts can be enabled for the following status bits.

7 6 5 4 3 2 1 0_|BIT
— RDC RCC FDE EOF DBOR LPU DUR | STATUS WORD
RDC: Reserved Datastream Command Encountered
RCC: Reserved Channel Command Executed
FDE: Frame Data Error (Fetching characters past physical End of Frame)
EOF: End of “n” frames (Logical end of nth frame)
DBOR: Data Buffer Overrun (Row Buffer filled completely w1thout
. encountering END OF ROW command)
LPU: Light Pen Update
DUR: Data Underrun (Buffer swap initiated before finishing Row Buf
loading)
READ STATUS LD CUR POS
0000 1000 CMD Byte 0000 1001 CMD Byte

The internal status register is written to“STATUS”
location in the command block. The status
register is then cleared, however DIP and VDIP
status bits are not cleared. LISTSWITCH, Auto
Linefeed, Max DMA Count and Cursor Posi-
tions are fetched from the Command Block and
stored internally. The BUSY flagisthen cleared.

STATUS WORD
15-9 8 7 6 5

The display row and column positions of cursors
1 & 2 as set in locations “CUR1 ROW,” CUR1
COL,” “CUR2 ROW” and “CUR2 COL” in the
command block are loaded into internal regis-
ters in the CRT controlier. Also LISTSWITCH
Auto Linefeed and Max DMA Count are loaded
from the Command Block and the BUSY flag is

4 3 2 1 0

FDE EOF DBOR LPU DUR |

[ — vpIP DIP RDC RCC

LPEN ENABLE ‘ :

0000 0111 CMD Byte
The Light Pen detection process is enabled to
search for a rising edge on the LPEN pin. The

BUSY flag is then cleared.

If the display process is active and arising edge
is detected on the LPEN input, the corre-
sponding row and column position on the
screen is stored internally. At the next end of
frame, the LPEN position is written to locations
“LPENROW?” and “LPENCOL” in the command
block and the LPU (Light Pen Update) status bit
is set.

If the display process is not active, this com-
mand has no immediate effect. However, the
LPEN detection process remains enabled and
will take effect if a display is activated subse-
quently.

8-173

cleared. This command is used to change the
cursors only. Note that the cursor positions are
also updated with the execution of other channel
commands.

The cursor characteristics for display are defined
by the mode. During the display process, a
cursor will be displayed accordingly at the
position specified above.

NOP

0000 0000 CMD'Byte
LISTSWITCH, Auto Linefeed, Max DMA Count,
and Cursor Positions are fetched from the com-
mand block and stored internally as in all other
channel commands. TheBusyflag is then cleared.
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82730 DATASTREAM COMMANDS

Datastream Commands

Datastream Commands are commands embed-
ded in the data fetched from memory by the
data access task. These commands are differ-
entiated from character data by the command
bit. The most significant bit (MSB) of each data
word is designated as the command bit. If the
command bitis “1”, the lower 15 bits of the data
word are interpreted as a datastream command,
while if the command bit is “0” the lower 15 bits
(or 7 bits if DTW16=0) are interpreted as char-
acter data.

Datastream Command Operation

During the data access task, the Micro Controller
Unit (MCU) examines the command bit of each
data word fetched. If the. command bit is 1, it
executes the datastream command specified in
the data word. Otherwise, it stores the lower 15

Datastream Command List

bits of the data word in the Row Buffer as
character data. This process is repeated for
each data word fetched.

Datastream commands can be used for changing
Row Characteristics on a row by row basis, for
carrying out editing functions and for format-
ting data into fows and frames. These com-
mands are executed by the MCU immediately
after they are encountered. As a convenience
for the user, the set of all possible command
codes starting with “11” in the two most signif-
icant bits has been designated as NOP com-
mands. The user can use these command codes
for any desired purpose. All other command
codes which are not presently defined, are
reserved for future expansion and should not be
used by the user. The currently undefined
codes cause the RDC (Reserved Datastream
Command) status bit to be set and also generate
an interrupt, if enabled. Reserved command
codes should not be used.

Table 4. 82730 Datastream Commands

COMMAND CODE
COMMAND OP CODE
‘ OP CODE PARAMETERS

1 ENDROW 1000 0000 | XXXX. XXXX - 80

2 EOF 1000 0001 | XXXX XXXX 81

3 END OF STRING & END OF ROW 1000 0010 | XXXX XXXX - 82

4 FULROWDESCRPT 1000 0011 ““n” 83

5 SL SCROLL STRT 1000 0100 | XXX SCR LINE 84

6 SL SCROLL END’ 1000 0101 XXX END LINE 85

7 TABTOn 1000 0110 “n” 86

8 LD MAX DMA COUNT 1000 0111 COUNT 87

9 ENDSTRG 1000 © 1000 | XXXX XXXX 88
10 SKIPn 1000 1001 “n” 89"
1 REPEAT n 1000 1010 “n” 8A
12 SUBSUPn 1000 1011° “n"as 8B
13 RPT SUB SUP n 1000 1100 “n” 8C .
14 SET GEN PUR ATTRIB 1000 1101 . GPA OP 8D
15 SET FIELD ATTRIB 1000 1110 | XXXX XXXX 8E
16 INIT NEXT PROCESS . 1000 1111 | XXXX XXXX | 8F

(Command process command) h

17 (RESERVED) 10XX  XXXX | XXXX XXXX 90-BF

18  NOP 11IXX  XXXX | - XXXX XXXX CO-FF

8-174
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‘The preceding commands are ‘recognized as
valid datastream commands. The corresponding
command codes are also indicated. It should be
noted that the most significant bit of the command
bit is always 1, in order for the word to be
interpreted as command.

The “Init Next Process” command can be issued
only through a command ‘process in Virtual
Screen Display. It is included in this list because
its operation is analogous to a datastream com-
mand in a virtual screen access environment.
Also, in virtual screen display certain datastream
commands are interpreted differently, depending
upon whether they are encountered in a process
datastream or as command process commands.
When a command.isignored (becomes a NO-OP)
in a virtual display, any parameters that are asso-
ciated with it are also ignored. The command
process command operation is discussed separ-
ately. The operation of all other datastream com-
mands is described below. ]

ENDROW ,
15 14 8 7 0
1 000 0000 XXXX XXXX

This command signifies that no more charac-
ters will be loaded in the Row Buffer for this row
and an End of Row indicator is stored according-
ly. When the row currently being loaded is
displayed, the Display Generator (DG) will blank
the screen from the end of row character position
until the physical end of row.

The Micro Controller Unit (MCU) stops fetching

data and waits for DG to swap the Row Buffers. -

The data access task is resumed following the
buffer swap. If a physical end of frame is reached
while the MCU is waiting for a buffer swap the
MCU ceases to wait and executes an EOF (End of
Frame) command.

In virtual display, thiscommand is interbreted asa
VEOR (Virtual End of Row) if encountered in a
virtual process datastream.

VEOR

ENDROW command in a virtual process data-
stream is interpreted as VEOR (Virtual End of
Row) and it terminates a virtual row. The current
LPTR is stored in the process header addressed
by the “Process Addr” register. The Max Count

register is also stored in the Max DMA Count .

location in the process header. Similarly, the Field
Attribute Mask is also stored in the-header. In

addition, in auto linefeed mode (ALF = 1) other
parameters characterizing the process state are
also saved in the header. The “Process Addr”
register is loaded with the address of the header
of the'next process fetched from the Access table.
The “Access Tab Addr” register is post-incremented
by two if a 16-bit addressing option is used and by
four if 32-bit addressing is used. The data access °
task is then resumed for the next process.

EOF ,
15 14 8 7 0
1 000 - 0001 XXXX XXXX

This command (End of Frame) signifies that no
more characters will be loaded in the Row Buffers
for this frame. The Micro Controller Unit (MCU)
stops fetching data words and waits for the
physical end of frame. If a virtual display is in
progress, this command is interpreted as VEOS
(Virtual End of Frame), if encountered in a virtual
process datastream.

The Display Generator (DG) swaps the row
buffers at the end of the current display row and
starts displaying the row containing the EOF
command. When the character preceding the
EOF command is displayed, the DG blanks the
screen until the physical end of frame. The MCU
fetches the Status Row data then waits until its
display is completed. It then performs the actions
described below. ‘ ‘

If LPEN has been enabled and a rising edge on
the LPEN input has been detected, the LPENROW
and LPENCOL positions in the command block
are updated and the LPU status bit is set. If a
Channel Attention has occurred, i.e., if CA has
been activated, the command byte is fetched
from command block and the specified channel
command is executed. If the commandissued isa
“Stop Display” command, the MCU will terminate
the display. process and wait for the next channel
attention. Otherwise, the MCU resumes the data
access task by reinitializing pointers for the new
frame and continues to fill the Row Buffers.

VEOF ‘

EOF command in a virtual process datastream is
interpreted as VEOF (Virtual End of Frame). It
provides for reinitialization of LPTR using LIST-

SWITCH, LBASEO and LBASE1 for each process,
analogous to the automatic reinitialization of

“LPTR at each end of frame in a Normal Display.
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LPTRforthe cbrrent process is reinitialized using FULROWDESCRPT ‘
LISTSWITCH, LBASEO and LBASE1 contained 15 14 8 7 - ) . 0

in the process header. The End of Display (EOD)
bitin the header is set to 1. The current process is 1 000 oon n
terminated as in a VEOR and the next process in e :
Access Table is accessed. The next “n” words fetched from memory are
loaded into the Row Characteristics holding
‘ registers. “n” is specified by the lower order byte
EOL ‘ ) of the command word and should be between 0
and 7.
15 14 8 7 0 The parameters loaded by this command will be
1 000 0010 XXXX XXXX used to define the row characteristics at the time
the row currently being loaded is displayed. The
The EOL (End of Line) command has a combined data words defining these characteristcs which
effect of NXTROW and NXTSTRG commands. All follow the FULROWDESCRPT command must
the actions performed in a END OF ROW com- be ordered and organized in memory in a specific
mand are carried out. In addition a END OF format. The format for FULROWDESCRPT para-
STRING command is executed before resuming meters is shown below in Figure 6 starting with
the data’access task. Thus, following the end of . “Lines Per Row” as the first parameter loaded.
row, the data access is continued with the next This command will be ignored if encountered in a
data string. In virtual process datastream, this virtual process datastream. The MSB of all the
command has the combined effect of VEOR and® . parameters must be zero for proper operation in
END OF STRING. virtual display.
Upper Byte Lower Byte

15 14 13 12 1 10 9 8 7.6 5 43 2 1 0
RVV BLK DBL W

Lines per row — — — — ROW ROW HGT DEF — — — LPR

Normal Start/Stop — - = NRMSTRT | —_ - — NRMSTOP
Superscript Start/Stop - - — SUPSTRT - - - SUPSTOP
Subscript Start/Stop —_—— - SUBSTRT _- - — SUBSTOP
Cursor 1 Start/Stop _ - - CUR1 STRT - - - CUR1 STOP
Cursor 2 Start/Stop L —— - CUR2 STRT _—— - CUR2 STOP

Underline Line Selects _ - - UL2 LINE SEL — — — UL1LINE SEL

RVV ROW, when this bit is set the CRVV pin will be inverted for the next full row. .

BLK ROW, when this bit is set the row will be blanked (BLANK high).

DBLHGT, when the double height bit is set, all character are displayed with twice the scan lines per row.
WDEF, ‘when the width defeat bit is set, the WDEF pin is activated for the entire row.

The followi'ng can be programmed from 0 to 31 yielding a range of 1 to 32 lines.

LPR specifies number of lines per row.

NRMSTRT, SUPSTRT, SUBSTRT specify line numbers in a display row which mark the start of
normal, superscript and subscript characters respectively.

NRMSTOP, SUPSTOP, SUBSTOP specify line numbers in a row where normal super script and
subscript'characters end respectively.

CUR1 STRT, CUR2 'STRT specify the starting llne numbers in a row for cursor 1 and cursor 2
respectively.

ULINE1 SEL, ULINE2 SEL specify the line numbers in a row where underline 2 will appear
respectively.

All FULROWDESCRPT parameters affect the row in which they are programmed and stay in effect
until changed by another FULROWDESCRPT command.

Figure 6. Format for FULROWDESCRPT
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SL SCROLL STRT
1514 8 7 5 40
1000 0100 XXX SCRLINE -

The Slow Scan register in 82C3 is loaded with the
scroll line specified by the five least significant
bits of the command word. When the row cur-
rently being loaded is displayed, the line count for
that row will start with the value specified by the
Slow Scan register. A “Margin” (MGN) parameter,
loaded by MODESET, specifies the number of
biank lines plus one to be added at the top of the
slow scroll field on the screen. This ensures the
availability of sufficient DMA time for fetching the
next row, when only a small number of scan lines
are displayed in the top row of slow scroll window.
This command is used for starting a slow scroll.
(Note: MGN = 0 results in no margin buffer lines)

This command will be ignored if encountered ina
virtual process datastream or if a SL SCROLL
END command is encountered later on the same
row.

SL SCROLL END
15 14 8 7 5 4 0
1 000 0101 - XXX END LINE

The scroll location in row characteristics holding
registers is loaded with the number of lines
specified by the five least significant bits of the
command word. This number specifies the num-
ber of lines to be displayed when the row currently
being loaded is displayed. This is used instead of
the regular LPR (Lines Per Row) characteristics,
for this particular row. This command is used in
the last row of a slow scroll for terminating a slow
scroll. The Margin (MGN) parameter, loaded by
MODESET, is used in the same way as in slow
scroll start except that the specified number of
blank lines are inserted at the bottom of the slow
scrall in this case. This command will be ignored
if encountered in a virtual process datastream or
if followed by a SL SCROLL STRT on the same
row.

>

displayed, the screen is blanked until the RCLK
count specified by the command (“n”) is reached.
After reaching the specified count, display is
resumed by displaying the character following
the TAB command.

If the RCLK count specified by the Tab command
has already occurred before beginning the
blanking for Tab, the display will be blanked until
the end of the row.

This command is ignored, if encountered in a
virtual display process datastream.

LD MAX DMA COUNT :
15 14 8 7 0
1 000 Ot MAX COUNT

The Max Count register in 82730 is loaded with
the Max DMA Count specified by the lower byte
of the command word. The DMA Counter is also
reinitialized with the Max Count value in the
Command Block after all channel.commands.

MAX DMA Count is programmable in the range of

1to 256 (MAX COUNT value 0 equals 256). How-

ever, counts greater than the row buffer capacity

will cause row buffer overruns if the data strings

depend on MAX DMA to terminate the fetching.
L)

The DMA counter is decremented for each data
word as the Row Buffer is being loaded. Data-
stream commands and words supplying para-
meters for datastream commands as in FULROW-
DESCRPT, are not counted. Superscript/Subscript
characters are counted in pairs, i.e., a pair of
characters causes only one count.

In virtual screen display, every time a new process
is accessed, the DMA counter is initialized with
the Max DMA Count contained in the process
header. This value is also stored in a Max Counter
register.

At virtual end of row (VEOR) the Max Count
register is written to the process header. The “LD
Max DMA Count” command is ignored if encoun-
tered in a virtual process datastream.

TABTOn , ENDSTRG
15 14 8 7 0 15 14° 8 7 ' 0
1 000 0110 “nn 1. 000 1000 XXXX XXXX

The lower byte of the command word specifies
the- column (RCLK count) after SYNCSTRT at
which a Tab should occur. At display time, after
the character preceding the Tab command is

8177

The SPTR register in the 82730 is loaded with a
new String Pointer (SPTR) value fetched from the
memory location indexed by the List Pointer
(LPTR), which is stored in the LPTR register. The
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LPTR register is incremented by two if a 16-bit
addressing option is used and by four if 32-bit
addressing is used. Whén more than one 82730 is
connected in a cluster, each of them adds an
offset, determined by its position in the cluster, to
the pointer fetched from memory, before storing
itin its SPTR register.

This command directs the data access to the next
data string in the list of strings indexed by LPTR.
The operation of this command is identical for a
Virtual or Normal Display. In virtual display, the
next data string within the current display pro-
cess is accessed.

SKIP n
15 14 8 7 0
1" 000 1001 n

The next “n” data words fetched from memory are
ignored. “n” is specified by the lower byte of the
command word and is programmable from 0 to
255. If n equal to O is specified, no words are
skipped. Any datastream commands encounter-
ed in the data fetch are not counted towards these
n words. Also parameters following the data-
stream command as in FULROWDESCRPT are
not counted. All embedded datastream com-
mands are executed. If the data words skipped
include any superscript-subscript characters,
they are skipped in pairs and a pair of characters
iscounted as only one countin “n”. If another skip
command is encountered its value of “n” is added
to the present skip count and skipping continues.

Ifan EOF (End of Frame) datastream command is
encountered, SKIP n is terminated. A ENDROW
command causes termination of a SKIP n com -

mand in non-auto linefeed mode (ALF=0) in-

either normal or virtual dispaly mode. If ALF=1
the ENDROW is ignored, and not counted.

REPEAT n
15 14 8 7 0.

1 000 1010° n

The next data word (byte, if DTW16=0) fetched
from memory is stored in the Row Buffer “n”
times, where “n” is specnfied by the lower byte of
the command word “n” is programmable from 0
to 255. If n equal to 0 is specified no repetitions
will occur, and the word following the Repeat n
command will be ignored. This character will
eventually be displayed n times. The DMA counter
is also made to count n times. In non-auto
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linefeed mode (ALF = 0), reaching Max DMA
Count before the n repetitions are completed will
result in a termination of the Repeat n command.
This command will also be terminated if the Row

_Buffer gets filled completely before the n repe-

titions are completed.

It should be noted that the data word immediately
following the Repeat n command is treated as
character data, arrespectnve of the value of its
command bit. .

SUP/SUB n
15 14 8 7 0
1 000 1011 n

The next “n” pairs of data words (bytes, if DTW16
= 0) fetched from memory are treated as super-
scripts or subscript characters. “n” is specified by
the lower byte of the command word. These n
pairs are assumed to be ordered with the super-
script preceding the subscript.

No datastream commands are permitted in the 2n
words following this command. All ofthese words
are interpreted as superscript-subscript pairs.
The DMA counter is made to count only once for
each pair of characters. In non-auto linefeed
mode (ALF=0), reaching the Max DMA Count will
resultin a termination of this command. If n equal
to zero is specified, no action will result.

RPT SUB/SUP n
15 14 8 7 0
1 000 1100 n

The operation of this command is similar to that
of the “Repeat n” command except that the pair of
characters following the “RPT SUB/SUP n” com-
mand is repeated n times. “n” is specified by the
lower byte of the command word and is pro-
grammable from 0 to 255. If n equal to zero is
specified, no repetitions will occur, and the two
data words following the “RPT Sub/Sup n” com-
mand will be ignored. The two data words (bytes,
if DTW16=0) immediately following the command
word are interpreted as a superscript-subscript
pair and are repeated. The DMA counter is made
to count only once for each repetition of the pair.
In non-auto linefeed mode (ALF=0), reaching
Max DMA Count prjor to completion of n repeti-
tions will cause a termination of this command.

\
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SET GEN PUR ATTRIB
15 14 8 7 0

1 000 1101 GPA OPERAND

. This command provides control over the output
pins assigned to General Purpose Attributes,
GPA1 through GPA4.

Datastream Command Conventions

The reaching of Max DMA Count, encountering
of terminating commands such as ENDROW,
EOF, etc. and occurrences of these while exe- -
cuting a “skip n” command give rise to various
possible combinations of events. The behaviour
of 82730 underthese circumstances is described
below:

7 6 5 4 3 2 1 0
GPA GPA4 « GPA4 GPA3 GPA3 GPA2 GPA2 GPA1 GPA1
OPERAND DATA EN DATA EN DATA EN DATA EN
ENCODING GPAx GPAx
DATA EN FUNCTION
0 0 ROW BUFFER DATA
1 0 ROW BUFFER DATA
0 1 GPA DATA = 0
1 1 GPA DATA = 1

In Virtual Display, everytime a display process is
accessed, the state of the General Purpose Attr-
ibutes is loaded from the header. The GPA in the
Process Header is also updated each time a SET
GPA command is executed. Thus the GPA state in
the header is updated to reflect any changes
caused by the “Set Gen Pur Attrib” command.

The encoding of the operand, specifying GPA
operation, is shown below.

SET FIELD ATTRIB

15 14 8 7 0
1 000 1110 XXXX XXXX
0 FIELD ATTRIBUTE MASK

The word following this command is fetched.
This word is used as a Field Attribute Mask in
storing all subsequent display data words in
row buffer. The bits in the data words fetched
from memory corresponding to the bit positions
containing a “1” in Field Attribute Mask are all
set to 1 before storing the data word in row
buffer. The Field Attribute Mask is used on all
display data words fetched from memory. The
mask register will contain all 0's upon reset and
is cleared at the beginning of each frame.

NOP “ ‘
15 14 8 7 0
1 1XX  XXXX XXXX XXXX

No action is taken. The data access task is
resumed by fetching the next data word.
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i) When Max DMA Count is reached, it has
the effect of a VEOR command if a Virtual
Displayisin progress ora ENDROW com-
mand if a Normal Display isin progress. It
also causes an automatic end of string
i.e., the effect of aNXTSTRG command in
non-auto linefeed mode (ALF = 0).

i) In non-auto linefeed mode, “Repeat n”,

“Sub/Sup n” and Rpt Sub/Sup n” com-

mands are terminated upon reaching a

max DMA count, evenif “n” is not reached.

iiiy “Skip n” command is terminated if EOF
command is encountered. It is also ter-
minated upon encountering a ENDROW
command in non-auto linefeed mode

(ALF = 0). :

iv)  “Repeat n” “Sub/Sup n” and “RPT Sub/

Sup n” commands can be nested withina

“Skip n”command. If superscript-subscript

characters are skipped, each pairof char-

acters counts as one skipped character. If
the above commands are encountered
during a “skip n” and if the specified
count (n) in these commands is not
reached by the end of execution of the

“skip n” command, the execution of the

nested command is continued beyond

the termination of “skip n” command until
the remaining portion of the count speci-
fied in the nested command is completed.
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VIRTUAL SCREEN MODE
Command Process Commands

In Virtual Screen Display, 82730 accesses dis-
play processes and command processes through
the Access table.. The command processes
enable the 1/0 Driver process todirect 82730 to
execute certain data stream commands by in-
serting an appropriate command process
address in the Access table. This capablfiity en-
ables the preservation of uniformity and con-
sistency of operation between normal and virtual
environments, by assigning different inter-
pretations to the command according to the
access environment. It is especially useful for
termination and initialization commands. The
operation of command process commands is
analogous to that of data stream commands
except for a different access environment.

Command Process Command List

The commands allowed in command processes
can be divided into two subsets. The first subset

consists of commands that can be issued only’

through a command process, while the second

one consists of normal datastream commands
that can also be issued through a command
process. The command code for a datastream
command issued through a command process
is the same as that for the normal datastream
command embedded in the data. However,
certain datastream commands are interpreted
differently when they dre issued through acom-
mand process as opposed to embedding in the
datastream of a virtual display process. The
most significant bit (MSB) of the command
word must be a “1”. In the datastream, this bit
distinguishes a command word from character
data. In the process environment, this bit distin-
guishes a command process from a display
process. The commands permitted in command
processes are listed below. No other commands
will be recognized if encountered ina command
process and will result in a NOP. All undefined
command codes apart from those designated
‘as NOP are reserved and should not be used.
Encountering an illegal command code causes
the RDC (Reserved Datastream Command)
status bitto be set and will generate an interrupt,
if enabled.

Table 5. Command Process Command List

INTERPRETATION COMMAND CODE ) )
COMMAND IN VIRTUAL OP CODE |
PROCESS OP CODE PARAMETERS
DATASTREAM
Command Process Only Command:
1 INIT NEXT PROCESS " NOP 1000 1111 XXXX XXXX 8F
Command Process or Datastream Commands:
2 ENDROW ~ VEOR 1000 1000 | XXXX XXXX 80
3 EOF VEOR 1000 0001 XXXX XXXX 81
4 EOL VEOR + NXTSTRG | 1000 0010 XXXX XXXX 82
§ FULROWDESCRPT NOP 1000 0011 - “n” 83
6 SL SCROLL STRT NOP 1000 0100 XXX “SCR LINE” 84
7 SL SCROLL END NOP 1000 0101 XXX “END LINE” 85
8 TABTOn NOP 1000 0110 “n” 86
9 LD MAX DMA COUNT NOP’ 1000 O1f11 “"COUNT” © 87
10 (RESERVED) RESERVED 10XX XXXX | XXXX XXXX 90-BF
11 NOP NOP TIXX XXXX | XXXX XXXX CO-FF
*8-180 . 210921002
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{NIT NEXT PROCESS

15 14 8
1 000 1M1

7
TOXXXX

0
XXXX

This command can be used only in a command
process to initiate a virtual display “window”.

Upon receiving this command, the command
process is terminated and the next process in
Access Table is accessed by fetching the new
process address. However, the LPTR register is

not directly loaded from the LPTR location in the
process header. Instead, LISTSWITCH in the
process header is examined and LPTR is initial-
ized with the value LBASE 0 or LBASE 1 depend-
ing upon whether LISTSWITCH is 0 or 1 respec-
tively. Both LBASEO and LBASE1 are contained
in the header.

The process header format is shown in Figure 7.
Also the End of Display Bit (EOD) in the header is
reset.

The data access task for a virtual display is then
resumed, with this value of LPTR.

15 14 13 8 7 6 0 LOCATION
0 - EOD — PROCESS ADDR
LS: LISTSWITCH —- LS ALF PROC ADDR + 2
ALF: AUTO LINE - MAX DMA COUNT PROC ADDR + 4
FEED LBASEO LOWER PROC ADDR + 6
LBASEO UPPER PROC ADDR + 8
LBASE1LOWER PROC ADDR + 10
LBASE1 UPPER PROC ADDR + 12
1 —- GPA PROC ADDR + 14
1 FIELD ATTRIBUTE MASK PROC/ADDR + 16
LPTR LOWER PROC ADDR + 18
LPTR  UPPER PROC ADDR + 20
SPTR LOWER PROC ADDR + 22
SPTR  UPPER . PROC ADDR + 24

SAVE RPT
AREA S8/S S/S RPT — — REPT COUNT PROC ADDR + 26
1 REPT CHAR PROC ADDR + 28
1 REPT CHAR 2 PROC ADDR + 30
‘ 15 14 8 7 0
PROCESS ADDR 1 COMMAND
c/D

Figure 7. Process Header for Display and Command Process
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ENDROW TAB TO h
15 14 8 7 0 15 14 8 7 0
1 000 0000 XXXX XXXX 1 000 0110 “n”

. The actions performed by a ENDROW data-
stream command in a Normal Display are
-carried out. The next process in Access Tableis
accessed and the data access task is resumed,
after the next Row Buffer swap

EOF
15 14 8 7 0
1 000 0001 XXXX XXXX

The actions performed by an EOF (End of
Frame) data stream command in a Normal
Display are carried out.

EOL
15 14 8 7 0
1 000 0010 XXXX XXXX

This command is identical to ENDROW com-
mand in Virtual Display in Command Process
environment. ENDSTRG, whichis strictly adata
operation within a display process is meaning-
less in the command process environment.

FULROWDESCRPT
15 14 8 7 0

1 000 0011 “n”

The actions performed by the FULROWDES-
CRPT datastream command are carried out.
The data access task is resumed by accessing
the next process in the Access Table.

SL SCROLL STRT

15 14 8 7 5 4 .0
1 000 0100 XXX “SCR LINE”

The same actions as the SL SCROLL 'STHT
datastream command. The data access is
resumed with the next process in Access Table.

SL SCROLL END
15 14 8 7 5 4 0

1 000 0101 XXX “END LINE”

The actions performed by a SL SCROLL END
datastream command, in a Normal display, are
carried out. The data access task is resumed
with the next process in Access Table.
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The effect of this command process command
is identical to that of the TAB TO n datastream
command. The TAB can be used to establish the
left edge of a virtual display “window”.

LD MAX DMA COUNT

15 14 8 7 0
1 000 O111 MAX COUNT

The Max Count register on 82730 is loaded with
the value specified by the lower byte of the
command word. The DMA counteris also initial-
ized with this Max Count Value.

The next process in the Access Table is accessed.
However, the Max DMA Count value in the
process header is not used for initializing the
DMA counter. Instead, the DMA counter as
initialized by the LD Max DMA Countcommand
is used for this process. The virtual display data
access taskisthen resumed normally. When the
process is terminated, the new Max Count value
is written to the process header. Thus the Max
Countvaluein the headeris updated as a result
of this command.

NOP
15 14 8 7 0.
1 1IXX  XXXX XXXX XXXX

No action istaken. Data access task is resumed
by fetching the next process address from
Access Table.

ERROR AND STATUS HANDLING
Error Conditions

Since the MCU and DG function asynchronous-
ly with respect to each other, different relative
timingsin MCU and DG operation are possible,
some of which result in error conditions. The
lack of appropriate termination commands for
‘row or frame data in the datastream also gives
rise to certain error conditions. These types of
situations occurring in display process oper-
ation are described below.

In normal operation, DG initiates a buffer swap
at the physical end of a display row. If the MCU
has not finished loading its row buffer by that
time, a “Data Underrun” occurs. This results in
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blanking of the screen until physical end of frame
by DG and execution of an EOF (End of Frame)
command by MCU. Data underrun also occurs
when the first row of the frame has not finished
loading by the start of the character field. The
entire frame will be blanked in this case.

If a physical end of frame is reached prior to
encountering an EOF datastream command, a
“Frame Data Error” occurs, which resuits in the
execution of an EOF command by MCU. (Note
that this does not disrupt the visible display
action, and may not constitute an error for certain
data structures. The error indication is included
as a flag where knowledge of this condition is
desired.) Similarly, when the MCU fills up a row
buffer completely, without encountering a END-
ROW command, the “Data Buffer Overrun” flag is
set.

All of the above conditions result in the setting of
an appropriate status bit and generation of an
interrupt if the corresponding mterrupt has been
enabled.

15 ’ 9 8 7 6

VDIP: Virtual Display In Progress

DIP: Display. In Progress

RCC: Reserved Channel Command
RDC: Reserved Datastream Command

FDE: . Frame Data Error

DUR: Data Under Run

This status bit is set by Display Generator if the
Microcontroller Unit (MCU) has not finished

- loading its Row Buffer when the DG initiates a

buffer swap at the physical end of a display row.
This condition is defined as data underrunand
causes the MCU to execute an EOF command
and the DG to blank the screen until the
physical end of frame.

LPU: Light Pen Update

This status bit is set by the MCU after updating
the LPENROW and LPENCOL locationsincom-
mand block. The detection of LPEN input is
enabled by the LPEN ENABLE channel com-

4 3 . 2 1 0

(RESERVED) VDIP ° DIP L RDC RCC FDE EOF DBOR LPU DUR
Status and Interrupt Handling .
A status word is maintained in an internal register :
by 82730 and it is written to the “STATUS” ~ EOF: ~ End of Frame
location in command block when the “Read DBOR:  Endof Row
Status” channel command is executed. The pro- LPU: Light Pen Update

cessor can thus read status information by issuing
this command. the processor can also enable
interrupts for certain status bits by specifying an
interrupt mask which' is loaded in 82730 as a
result of a “Load Int Mask” channel command.
This establishes a communication mechanism
between. 82730 and the processor for error and
status reporting.

Status Word

The format for the status word is shown below.
The function of each of the status bits is described
below.

The status bits get set under the conditions
described above. Interrupts can be enabled for all
status bits except DIP and VDIP bits. The interrupt
status bits are cleared at the beginning of each
new display field. DIP and VDIP bits are cleared
only after receivinga “STOP DISPLAY” command
or a Reset.

. All status bits are cleared by a Reset.

DUR: Data Under Run

mand. The detection of a rising edge on the
LPEN input causesthe currentrow and column
position to be stored internally. The MCU
updates the LPEN ROW-and LPEN COL loca-
tionsin command block at the next end of frame
and sets the LPU status bit. Further updates of
these command block locations are inhibited
untilanother LPEN ENABLE command isissued.

DBOR: Data Buffer Over Run

This status bitis set when the MCU tries tofilla
row buffer beyond its capacity. The MCU will
stop fetching characters after this point and the
display is blanked following the completion of

the row currently being displayed.
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EOF: End of Frame

This bit is set by the DG at the physical end- of
the nth frame, where ‘n’ is specified by the
MODESET parameter FRAME INTERRUPT
_COUNT. This provides the means for timing
frame related events such as slow scrolls.

FDE: Frame Data Error
This status bit is set by the DG at the physical

end of frame if no EOS datastream command -

has been encountered until -then. This also
results in the execution of the EOS command
by the MCU.

RCC: Reserved Channel Command

This bit is set by the MCU upon encountering
anillegal datastream or command process com-
‘mand. This can be used to trap software errors
during program development

RDC: Reserved Datastream Command

This bit is set by the MCU upon encountering
anillegal datastream or command process com-
mand. This can be used to trap software errors
during program development.

DIP: Display In Progress

This bit is set by the MCU immediately after
receiving a “Start Display” channel command.
It remains set as long as the display process is
active and is reset upon receiving a “Start
Virtual Display” or “Stop Display” command or
a Reset. Interrupts cannot be enabled for this
status bit.

VDIP: Virtual Diéplay In Progress

This bit is set by the MCU immediately after
receiving a “Start Virtual Display” channel com-
mand and is reset upon receiving a “Start
Display” or “Stop Display” command or a Reset.
This bit remains active as long as the virtual
display process is active. Interrupts cannot be
enabled for this status bit.
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Interrupt Processing

The system processor can enable interrupts on
any of the status bits, with the exception of DIP
and VDIP bits, by specifying an interrupt mask.
A “1” in a bit position in the interrupt mask
disables (masks out) interrupts on the status bit
located in the corresponding bit position in the
status word. The format for Interrupt Mask is
shown below. The Int Mask can be loaded into
82730 from the INTMASK locationin command
block by a “Load Int'Mask” channel command.

If the interrupt is enabled for a particular status
bit by programming a “0” in the corresponding
bit position in INTMASK and if the status bit
gets set during the course of the display, an
interrupt will be generated by 82730 at the next
end of frame. At the end of frame, the 82730 will
first perform the tasks of updating LPEN posi-
tion (if required) and servicing the Channel
Attention (if CA was activated). Then the status
word in the internal register will be written to
the INT GENERATION CODE location in the
Command Block and the SINT output will be
activated. The SINT pin is not deactivated until
an interrupt reset signal is received at the IRST
pin.

82730 continues to perform its normal display
task after activating the SINT pin. If nainterrupt
resetis received until the next end of frame then
any new interrupts that might have been gen-
erated at that end of frame will be lost. There-
fore, it is essential for the system processor to
issue aninterrupt réset within a frame time after
an interrupt is generated.

When the display is not activated, the only
interrupt that can occuris the Reserved Channel
Command interrupt. Upon receiving an invalid
channel command, 82730 will write the status
word to INT Generation Code location in the
Command Block and activate SINT output, if
that interrupt is enabled.

The processor can use the mterrupt capability
to get status information from 82730. A possible
interrupt service routine for the system pro-
cessor is shown in flow chart form in Figure 9.
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15 7 6 5 4 3 2 1 0

RDC RCC FDE EOF DBOR LPU DUR
(RESERVED) INT INT INT " INT INT INT INT
MASK MASK MASK MASK MASK MASK MASK

INT MASK = 0 Enables the corresponding interrupt.
INT MASK = 1 Masks or disables the corresponding interrupt.

Figure 8. Interrupt Mask

INTERRUPT

/

READ STATUS FROM
“INT GENERATION CODE”
LOCATION IN CMD BLOCK

PERFORM APPROPRIATE
SERVICE TASKS

/

ISSUE INT RESET (IRST) SIGNAL
TO 82730

END

Figure 9. Interrupt Service Routine For System Processor
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82730 VIDEO INTERFACE

The Mode Pointer in the Command Block points to a parameter block containing the Mode information
required for the display. The organization of the mode words in the Mode Block is shown below.

FROM MODE POINTER IN COMMAND BLOCK

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 |LOCATION
DMA - BURST LENGTH : - [ . BURST SPACE MPTR
LINE LENGTH HSYNCSTP MPTR =2
HORIZONTAL ; B
MODES HFLDSTRT HFLDSTP MPTR=4
HBRDSTRT HBRDSTP MPTR=6
T SCROLL MARGIN MPTR=8
- - - - |Rvy|BLk|DBL| W ]| - - - LPR
CHAR ROW ROW|ROW| HGT | DEF MPTR = 10
CHARACTERISTICS
- - - NRMSTRT - - - NRMSTP MPTR = 12
\ - - - SUPSTRT - - - SUPSTP MPTR = 14
(FULROWDESCRPT) | - - - SUBSTRT ‘ - - - SUBSTP MPTR = 16
- - - CUR1STRT - - - CUR1STP MPTR = 18
- - - CUR2STRT . | - - - CUR2STP MPTR = 20
- - - U2 LINE SEL - - - U1 LINE SEL MPTR = 22
- "*  FIELD ATTRIBUTE MASK MPTR = 24
- - - - - FRAME LENGTH MPTR = 26
VERTICAL - - - I VSYNCSTP MPTR = 28
MODES - - - - - VFLDSTRT MPTR = 30
- - - -l VFLDSTP MPTR = 32
(RESERVED) MPTR =34
(RESERVED) MPTR = 36
BLINK
CONTROL - DUTY CYC CURSOR BLINK - - - . - | FRAMEINTCOUNT |MPTR=38
) - DUTY CYC CHAR BLINK ILE |RFE|. B |BUE|CR2| CR1| CR2| CR1 |MPTR =40
, POL co | cp| BE | BE
REVERSE VIDEO BLINKING CHAR - - - -'/CcR2|CR1|CR2|CR1|MPTR=42
ATTRIBUTE BIT RW|RvV| OE | OE
SELECTS
ABS LINE COUNT INVISIBLE CHAR UNDERLINE 2 UNDERLINE 1 MPTR = 44
Figure 10. Mode Block Organization
8-186 210921-002
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CAM ARRAYS

Three Content Addressable Memory arrays are
used for generating timing parameters to control
the video display: the HORIZ MODE CAM, the
VERT MODE CAM andthe CHAR ROW CAM.
The user has the flexibility to define his own
timing parameters by loading them into the CAM
arrays via the MIU. All of these parameters can be
modified at the end of every frame. All the
parameters in the CHAR ROW CAM, except
MARGIN, are changeable on a row by row basis.
Each of the three CAM arrays is described
separately below:

Timing Sources

RCLK and CCLK inputs are provided by the
external video logic to the 82730. The RCLK is
used to increment the HORIZ COL CNTR and
hence generates all horizontal timing parameters.
CCLK s used to clock the character and attribute
data output from the 82730 to the external display
dot logic. Data changes on the positive going
edge of RCLK or CCLK.

Initialization

Upon activation of the RESET input, the 82730
display generator will stop all operations in pro-
gress and deactivate all outputs. It will stay in this
quiscent state until the MIU executes the MODE-
SET command. The following table shows the
states of all the Display Generator outputs during
and after RESET.

Pin Name Condition
DATO0-14 Low
WDEF Low
LCO-4 High
BLANK , Low
CSYNC High
CHOLD High
HSYNC Low
VSYNC Low
CRVV Low
RRVV Low

8-187

After reset of the 82730, the CAM arrays are in
undetermined states. The CAM arrays are set
upon the execution by the MIU of the MODESET
command. The HORIZ and VERT MODE CAM
contents are especially critical since they are
used to generate timing control signals to the
external video logic. Without the generation of
the timing signals, no display process can take
place. Hence, START DISPLAY command cannot
be executed before the first MODESET command
after the device reset. The START DISPLAY
command will be ignored if it precedes the
MODESET command.

The row buffers also contain unknown infor-
mation after power up and reset. In executing the
START DISPLAY command, the MIU would first
load the two row buffers with the first two rows of
character data to be displayed. Upon completion
of loading of botH buffers, it will signal the DG to
begin the display process. In this way, only valid
character data will be output to the external video
logic. .

Timing Parameters

The timing parameters read from the MODESET
Block and stored in the VERT MODE CAM and
HORIZ MODE CAM are used to control the video
display and they can be best illustrated in the
Map of Timing Parameters shown below. All of
these timings have to be defined after power up
and reset and can be changed on a frame by
frame basis during display.
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Figure 11. Timing Parameters

Row Timing Parameters

The row timing parameters are stored in HORIZ
MODE CAM and are programmable from 0 to 255
RCLK times. These parameters are: ‘

(@)

(b)

(c)

(d

HSYNCSTRT - Horizontal Sync Start. The

RCLK count on each scan line where
HSYNC pin is activated. This parameter is
not programmable. The RCLK period that
follows the rising HSYNC edge is defined
as column zero. It is used as the reference
for all other horizontal timing parameters.

HSYNCSTP - Horizontal Sync Stop. The
RCLK count on each scan line where the
HSYNC pin is deactivated. The falling edge
of HSYNC occurs at the leading edge of the
programmed RCLK period.

LINELEN - Line Length. This parameter
defines the total number of RCLK's ineach
scan line including display time, border
and horizontal retrace time. There are
LINELEN + 1 RCLK periods per horizontal
line scan.

HBDRSTRT - Horizontal border start. The
RCLK count on a scan line where the
border begins. The border begins at the
leading edge of the programmed RCLK
period.

(e)

®

(@

HBDRSTP - Horizontal Border Stop. The

RCLK count on a scan line where the
border ends. The border terminates at the
leading edge of the programmed RCLK
period. ' ‘

HFLDSTRT - Horizontal Field Start. The
RCLK count on a scan line where the
character display field begins. If the row
buffer is ready to be displayed, the CSYN
pin will be deactivated at this point. This
field begins at the leading edge of the
programmed RCLK period.

HFLDSTP - Horizontal Field Stop. The
RCLK count on aline where the character
display field stops. When this timing
pointis reached, CSYN will be activated.
This field ends at the leading edge of the
programmed RCLK period.

Thereis also one pseudo parameter, SYNCDLY.
It is fixed at one half LINELEN and is used as
the start and end timing for VSYNC in odd
frames iri interlaced displays. VSYNC starts at
HSYNCSTRT in even frames for interlaced
displays and all frames for non-interlaced
displays.

8-188
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There are certain restrictions in the programming
of HFLDSTRT and HFLDSTP and those restric-
tions are best illustrated below. There has to be at
least 4 RCLKS in between HFLDSTRT and
HFLDSTP of the same scan line and 15 RCLKS in
between HFLDSTP of one lineand HFLDSTRT of

the next. The minimum delay of 15 RCLKS is for
the charging of the pipeline from the row bufferto
the character data output DAT0-DAT 14 as well as
the setting of the correct value for the scan line
output LCO0-LC4. '

a E
z RCLKS z RCLKS P 2
I MIN I I I
LINE 1 " LINE 2

Figure 12. Horizontal Timing Restrictions

Frame Timing Parameters

Frame timing parameters are stored in the VERT
MODE CAM and are programmable from 0-2047
scan lines. These parameters are:

(a) VSYNCSTRT - Vertical Sync Start. The line
count where the VSYNC is activated. This
occurs at the end of a field automatically.
This parameter is not programmable. The
rising edge of VSYNC occurs with the
rising edge of HSYNC for all non-interlace
fields and for odd fields in the mterlace
mode.

(b) VSYNCSTP - Vertical Sync Stop The line
count at which the VSYNC pin is normally
deactivated. VSYNC changes at the rising
edge of HSYNC normally. However it occurs
at SYNCDLY at the beginning of odd fields
of an interlaced display.

(c) FRAMELEN - Frame Length. This para-
" meter defines the total number of scan
lines per frame. It is used to reset the

+ FRAME LINE CNTR. In an interlaced dis-
play, FRAMELEN must be an even number.

it an odd number is programmed, one
additional line will occur automatically.

8-189

There will be FRAMELEN + 1 scan lines per
frame. (Note that interlace mode contains
two fields per frame). .

(d) VFLDSTRT - Vertical Field Start. Programs
the scan line count where the character
display field begins.

(e) VFLDSTP - Vertical Field Stop. Programs
the scan line count where the regular
character display field ends. VFLDSTP
times the beginning of the Status Row. The
channel attention sequences, interrupt
handling, row 'buffer swap and intial-

" ization for the next frame are started after
the display of the Status Row is completed.
See * below.

* (Character Field Boundry definition: The starting
or ending event is defined to occur at HFLDSTP
on the scan line following the programmed value.
Thus the visible character field effectlvely begins
two scan lines below the programmed start value
and ends one scan line below the programmed
stop value.) :
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Status Row

The Vertical Frame Timing Parameters have no
border controls, unlike the Harizontal Row Timing
Parameters. The top and bottom borders can be
replaced with regular display rows that are video-
reversed and contain no data. The top border is
easily timed from VFLDSTRT. The bottom border
is more difficult without help from the Vertical
Timing generators. If there were no help, the user
would have to keep track of the number of scan
lines used in each row to know when to stop
regular display and create the bottom border.
This would also preclude his ending his regular
display with an EOF command before the border.

The 82730 provides this help with the Status Row
feature. The display of the Status row is timed
from VFLDSTP and allows the user to display a
row in a fixed position at the bottom of the screen
that is independent of the regular data and any
display errors (display ended by an EOF com-
mand or the DURN, DBOR, or FDE errors).
(There is one dependency on the regular display
data: the row format. The last FULROWDESCRPT
(FRD) set in the regular data will be used on the
Status Row unless a new command is issued for
the row. It is recommended that the user include
a new FRD command in the Status Row data to
eliminate this dependency). -

Status Row display starts SCROLL MARGIN plus
one scan line after VFLDSTP. This margin is
provided to insure enough DMA time if the
regulardisplay runs up to VFLDSTP. The user can
create a bottom border or any end-of-display row
" that he chooses. A display status or system status
line, or special programmabie key function de-
finition line can be implemented with this feature.

CHARACTER ATTRIBUTES

The. 15 bits of the character word can be parti-
tioned into character address and attribute bits.

Some common attributes may be individually
defined and enabled or disabled by fields in the
attribute parameter registers. Each attribute has
two means of being enabled. The enable bits
defined below are set during the MODESET
channel command and are used as a global
enable. The user does not have to enable the
provided attributes. He may free more data bits
for his own use this way. The second enable bit is

contained in each character loaded to. the row |

buffer to enable the attribute on a character by
character basis. They are individually descnbed
in detail in the following sections.
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Reverse Video

When a character with the reverse video attribute
isdisplayed, the CRVV pm will be inverted during
the time the character is belng displayed. The
reverse video affects the entire height of the row-
forthat character space. For superscript/subscript
pairs, the reverse video effect is controlled by
superscript until SUBSTRT when the subscript
attribute bit takes control. The parameter for this
attribute is:

RVBS - Reverse Video Bit Select. This
parameter selects one of the 15 bits of a
character data word. Values 0 through 14
select the corresponding bit. Value 15
disables the Reverse Video attribute.

Blinking Character

"When a character with the blinking character

attribute is displayed, the BLANK pin will be
activated and deactivated during the character
display time according to programmable rate and
duty cycle. The parameters for this attribute are:

(@) BCBS-Blinking Character Bit Select. Selects
one of the 15 bits of a character data word
as the blinking character attribute control.
As with Reverse Video-above, the value of
the select determines the controlllng bit or
disables the attribute.

(b) CHARBLNK FREQ - Selects one of the 32

blinking frequencies available for the

blinking character and blinking underline.

The character blink rate. is calculated as
below:

Frame Refresh Rate
Blink Rate = 4 x CHAR BLNK FREQ

(c) CHAR DUTY CYCLE - A 2-bit register to
select 4 duty cycles available for blinking
character .and blinking underline. The
selection logic is defined to be as follows:

00=100% always on
11= 75% on
10= 50% on
01=25% on

Underline #1

When a character with underline is displayed, the
BLANK Pin will be activated and the CRVV pin will
be inverted during the time the scan line specified
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by the underline select register is displayed. The
parameters used to define underline #1 are:

(a) ULS1 - Underline Line Select 1. It deter-
mines which scan line of a character row
will be used for the underline #1. This
parameter is modifiable on a row by row
basis by the FULROWDESCRPT command.

ULBS1 - Underline Bit Select 1. This para-
meter can only be changed by MODESET.
It selects one of the 15 bits of a character
data word as the underline #1 attribute
control. Again, a value of 15 in the select
field disables this attribute. -

(b)

Underline #2 (Blinking)

Underline #2 can be made to blink. When its
blinking feature is deactivated, its visual effect is
exactly the same as underline #1. When it is
enabled to blink, its blink rate and blinking duty
cycle are the same as those defined for blinking
character. The parameters used to define this
attribute are:

(@) UL2SEL - Underline Line Select 2. This
parameter determines which scan line of a
character will be the 2nd underline. It is
changeable on a row by row basis by the
FULROWDESCRPT command.

The next two parameters can only be modlfled by
the MODESET Command.

(b) ULBS2-Underline Bit Select 2. Selects one
of the 15 bits of a character data word or
GPA1 as the second underline attribute
control. A bit select value of 15 disables the
second underline.

BUE - Blinking Underline Enable. Activation
of this bit will cause the second underline
attribute to start blinking.

(©)

Invisible

A character with this attribute will occupy its
character position on the screen but will not be
displayed (i.e. BLANK will be active). This attribute
does not affect the Reverse Video attribute if they
are programmed together. The parameter that is
used to |mplement this attnbutes

IBS - Inwsuble Bit Select. Selects one of the
15 bits of a character data word as the
invisible attribute control. Value 15 disables
the invisible attribute.

. (b)

@)
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Absolute Line Cntr Attribute

This character attribute allows the display of
special graphic characters, or may be used to
upshift normal characters to implement displays
with overlapping superscriptand subscript fields.
When a character with this character attribute
enabled is being displayed, its LC0-LC4 pins will .
reflect the output from the CHAR ROW LNE
CNTR which counts the absolute line count of a
row. The activation of this attribute overrides the
line count mode of both normal and subscript/ -
superscript characters. The parameter used to
select the attribute is:

ABS LINE BIT'SEL. This four bit register selects
one of the 15 bits of a character data word as the
absolute line counter output attribute control.
Select value 15 disables the ABS Line attribute.

Cursor Generation

The cursor characteristic parameters are change-
able on a frame by frame basis by MODESET.

(a) CURFREQ- Cursorfrequency. Selects the
blinking frequency for both cursors. The
selection logic is similar to CHAR BLNK
FREQ

CUR DUTY CYCLE - Cursor duty cycle.
Selects the blinking duty cycle for both
cursors. .Its selection logic is similar to
CHAR DUTY CYCLE.

CR1RVV - Cursor 1 Reverse Video Enable
selects a reverse video type cursor as
opposed to a solid (blanking) cursor.

CR1BE - Cursor 1 Blink Enable changes
the cursor 1 block orunderline to a blinking
block or underline. Enabling this bit also
causes DAT 14 pin to “bllnk" as weII if the
CR10E bit is set.

CR10E - Cursor 1 Output Enable recon-
flgures the DAT 14 pin to indicate when
' cursor 1 is active. CR20E enabled directs
the cursor 2 signal to DAT 13 pin in a similar
fashion. o

CR1CD - Cursor 1 Light Pen Cursor Detect
directs the CCLK cursor #1 position to be
translated to its nearest equivalent RCLK
position through the LPEN facility.

An identical set of parameters (c) through (f) is
available for the generation of CURSOR 2. The
two cursors share the same FREQ and DUTY
CYCLE parameters

()

(d

®
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PRELIMINARY

ABSOLUTE MAXIMUM RATINGS®* ; '

Ambient Temperature underBias . ... 0°Cto 70°C

. Storage Temperature . . . ..... —65°Cto +150°C
Voltage on Any Pin with

RespecttoGround ........... -1.0Vto +7V

Power Dissipation ................... 3Watts

~

*NOTICE: Stresses above those listed under
“Absolute Maximum Ratings’ may cause perma-
nent damage to the device. This is a stress rating
only and functional operation of the device at
these or any other conditions above those indi-
cated in the operational sections of this specifica-
tion is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may

. affect device reliability. -

D.C. CHARACTERISTICS T, = 0°C to 70°C, Vg =5V £ 10%

Symbol - Parameter Min. Max. Units | Test Conditions

Vi Input Low Voitage -05 +0.8 Volts:

Vih | Input High Voltage "20 | Voc+05 |voits.

VoL | Output Low Voltage 045 |voits| loe=2mA[1]

Vox | Output High Voltage 24 .| Volts | loy = —400 kA

lcc | Power Supply Current: ' 400 mA | @Ta=0°C

I | Input Leakage Current 10 pA | Viy=0-Vce

o Output Leakage Current 10 A Vour =0.45 - Ve

Ve | Bus Clock Input Low Voltage -05 08 |Volts

Ve | Bus Clock Input High Voltage 2.0 Vec +1.0 | Volts

Vou | Character Clock Input Low Voltage | —0.5 08 |Volts

Veni Character Clock Input High Voltage 2.0 Vcc +0.5 | Volts

Veu Reference Clock Input Low Voltage -0:5 08 . Volts

VRHI Reference Clock Input High Voltage 2.0 Vec +0.5 | Volts

NOTE: o
1. loL=2.6 mA on the $1 and SO0 pins.
A.C. CHARACTERISTICS
82730 Bus Interface Input Timing Reqdirements
) Ta=0°C to 70°C, Vg =5V + 10%. All timings in nanoseconds.

Symbol ‘ ' Parameter Min. Max. | Units | Test Conditions
TCLCL BCLK Cycle Period 125 | 2000 | ns ’ '
TCLCH | BCLK Low Time 52 | 1 ns
TCHCL .BCLK High Time 52 : . ns
TCH1CH2. | BCLK Rise Time 30 ns 0.45V 2.4V
TCL1CL2 BCLK Fall Time 30° ns © 2.4V-0.45V
TDVCL Data in Set-Up Time 20 ns
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A.C. CHARACTERISTICS (Continued)
82730 Bus Interface Input Timing Requirements (Continued)
. TA=0°C to 70°C, Voo =5V = 10%. All timings in nanoseconds.

Sympbol Parameter Min. Max. Units | Test Conditions
TCLDX. Data on Hold Time 10 ns
TARYHCH | Async. READY Active Set-Up Time 35 ns
TSRYHCL Sync. READY Active Set-Up Time +20 ns
TRYLCL READY Inactive Set-Up Time 10 ns
TCLRYX READY Hold Time 20 ns
TCTVCL HLDA, RESET Set-Up Time 35 ns
TCLCTX HLDA, RESET Hold Time 10 ns
TCAVCAX CA Pulse Width TCLCL ns

82730 Bus Interface Output Timing Response ’
Ta=0°Cto70°C,Vcc =5V £ 10%.All timings in nanoseconds. C = 200 pF except on ALE where C_ =100 pF

Symbol Parameter Min. Max. | Units | Test Conditions
TCLAV Address Valid Delay 0 70 ns
TCLAX Address Hold Time 0 ns
TAVAL Address Valid to ALE/UALE Inactive | TCLCH - 30 . ns
TLLAX Address Hold to ALE Inactive TCHCL-10 ns
TCLAZ Address. Float Delay TCLAX 45 | ns
TAZRL Address Float to RD Active 0 ns
TLHLL ALE/UALE Width TCLCH-10 ns
TCLLH ALE/UALE Active Delay 0 45 ns
TCHLL ALE/UALE Inaetive Delay 0 45 ns
TCVCTV | Control Active Delay (DEN,WR,AEN) 0 70 | ns
TCVCTX | Control Inactive Delay (DEN,WR,AEN) 0 80 | ns
TCLDOV Data Out Valid Delay 0 55, ns
TCLDOX Data Out Hold Time 0 ns
TDWHDOX | Data Out Hold Time After WR TCLCL -60 ns
TCLHV Hold Output Delay 0 85 ns
TRLRH RD Width , 2TCLCL - 50 ns
TCLRL RD Active Delay ] 95 | ns
TCLRH RD Inactive Delay 0 70 | ns
TRHAV RD Inactive to Next Address Active TCLCL-40 ns
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A.C. CHARACTERISTICS (Continued)'

82730 Bus Interface Output Timing Response (Continued) R \
=0°Ct070°C,Vec =5V £ 10%. All timings in nanoseconds. C._’= 200 pF except on ALE where C_ =100 pF

Symbol . Parameter Min. Max. | Units | Test Conditions
TCLSIN SINT Valid Delay ) 0 70 ns
TRIHSIL | RINT Active to SINT Inactive ‘ 250 | ns
TCHSV Status Active Delay 0 75 | ns
TCLSH Status Inactive Delay - 0 70 ns
TWLWH | WRWidth 2TCLCL -40 |. ns
TFLHL Bus Float to HOLD Inactive ‘ 0 - ns

82730 Display Generator Input Timing Requirements
=0°C to 70°C, Vgc =5V + 10%.'All timings in nanoseconds. C| = 100 pF except where noted

Symbol . Parameter 1 Min. | Max. | Units | Test Conditions

TRCHRCH | RCLK Cycle Period . 100 | 2500 | ns '

TRCHRCL | RCLK High Time 40 ns

TRCLRCH: | RCLK Low Time 40 ns

TRRCK RCLK Rise Time . ' 30 ns 0.45V-2.4V
TFRCK RCLK Fall Time 30 ns 2.4V-0.45V
TCCHCCH | CCLK Cycle Period “ 100 |None | ns

TCCHCCL | CCLK High Time 30 ns

TCCLCCH | CCLK Low Time N 40 ns

TRCCK CCLK Rise Time . 30 ns 0.45V—-2.4V
TFCCK | CCLK Fall Time. 30 | ns | 24v-045V
TSYVCR SYNCIN Set-Up Time to RCLK in Slave Mode 30 ns

82730 Display Generator Output Timing Response
Ta=0°C to 70°C, Vo =5V = 10%. All timings in nanoseconds.

Symbol ‘ Parameter ' Min. | Max. | Units | Test Conditions

TCCHDV |Data, Line Count and Attribute and butput Valid ) 70 | ns C_ =100 pF
Delay from the Delay from the Rising Edge of CCLK

TRCHCYV |Delay of Outputs CSYNC, VSYNC, HSYNC or RRVV 70 | ns C_ =100 pF
from the Rising Edge of RCLK

TCCHCL |CCLK Rising to CHOLD Low ' 75 | ns CL=50pF

TRCLCH |RCLK Falling to CHOLD High ' 60 | ns CL =50 pF
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WAVEFORMS
BUS TIMING T4 TU ™ T2 I T4 ™
DIAGRAM  gcLk 2k aE 2k I Ik VAR IR 3 AR
TCHCTV 4
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oS X b *
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; TCLAV — I-— TAZRL| e~ TOVCL |  |«— TRHAV—|
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i - 3 f
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-L DR ToLRL— |t N ]
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w
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4 = a f
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)

RCLK
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RRVV

HSYNC
(VSYNC)

CCLK

DATO0-DAT14
LCO-LC4
BLANK
CRVV
WDEF

CHOLD

DISPLAY GENERATOR INTERFACE TIMING

TRCLRCH —|———

TRCHCV

g T

\

L

/S /\

TCCHCCH
TCCHDV {

A X

TCCHCL —>

TRCLCH

P

0eLz8



82730

WAVEFORMS (Continued)
SYNCIN TIMING

RCLK

SYNCIN

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

INPUT OUTPUT

24

20 20 DEVICE
; > TEST POINTS < UNDER
08 08 :
04s

TEST ———_LCL
1

AC TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC 1 ANDO0 45V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND 08V FOR A LOGIC 0

C, INCLUDES JIG CAPACITANCE
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82731
VIDEO INTERFACE CONTROLLER

B Parallel to Serial Data Conversion B On-Chip Character Attribute Processing
8 On-Chip Clock Generator 8 Control Functions to Provide Screen
®  High Video Dot Rates - Reverse Video, Video Clock,
80 MHz—82731-2 Syrichronization and Tab Function
50 MHz—82731 B Single 5V Power Supply
B Character up to 16 Dots Wide ® 40 Pin DIP
B Proportional Character Spacing B All Inputs and Outputs TTL Compatible

Except Video Output which is ECL

The 82731 is a general purpose video interface which generates a serial video signal output from parallel
character and attribute information coming from the character generator and the 82730 Text Coprocessor.
With a character generator and minimal hardware, the 82731 will comprise a complete video interface
system for the 82730 Text Coprocessor and the CRT monitor.

< V¢
CBLANK————>] <—— GND
CRVV ————»]
ATTRIBUTE ——
ow —1 'ReGISTER ,
o7 1 40 [ Vee
HDOT ————]
‘ D6 []2 39[]ps
RRVY \ ' ::} ps[]3 38[Joe
pa[]4 a7[]o10
ATTRIBUTE | o vioeo p3[]s 36 []o11
PROCESSING o2 P12
‘ pi[]7 34[]p13
- po[]s 33[] D14
16-8IT proc[]s %% a2[]p1s
Do-D15 SHIFT
REGISTER viDeo [] 10 a1f]T2
RCLk [ 11 o[0T
ccLk [ 12 29[ vt
HDOT [] 13 28] x2
CBLANK [] 14 27 x
WDEF [] 15 26 ] DCLK
D0-D7 o — RCLK  caw/[]16 25[TRRVV
. COLK ow[]+7 24[]csYN
: wo[]1s 23[]cHoLD
WO0-w3 /
g%"..l'((l , [ X1 w119 22[Jws
PROG—————>1 REGISTER & l«—— x2 GND[] 20 2n[]wz
GENERATOR <«—| osciLLaToR
CSYN ~——————»
' Dot PLL — VT
WDEF ————— cLocK l«—— T1 Figure 2. 82731 Pin
- 4 Configuration
CHOLD ————> ‘ T2 g

Figure 1. 82731 Block Diagram .

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embc_odied in an Intel Product. No Other Circuit
Patent Licenses are Implied. NOVEMBER 1983 -
©INTEL CORPORATION, 1983. Order Number: 210925-003
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Table 1. 82731 Pin Description

Symbol

Pin Number

Type

Name and Function

DO0-D15

8-1, 39-32

Character data parallel inputs.

PROG

9

Program ¢control input; used to program default width
values of CCLK and RCLK; these are latched into the
82731 via D0-D7 at the rising edge of CCLK (PROG is
active high). , .

VIDEO

10 .

Video output; provides the dot information clocked by
the internal dot clock

RCLK

Reference clock output; used to generate timings for

the screen columns for data formatting and video sig-
nals. The period of RCLK is programmable from 6 to
21 times the period of the internal dot clock.

CCLK

12

Character clock output; used to clock character and
attribute information out of the CRT controller. The
period of CCLK is programmable from 3 to 18 times
the period of the internal dot clock.

HDOT

13

Half dot shift input; the video signai at the‘\w‘d‘eo out-
put will be delayed by half dot clock for character
rounding (active high).

CBLANK

14

Character blank attribute input; the video output is
blanked (active high).

WDEF

15

Width defeat attribute input; the CCLK period is set to
a preprogrammed default value (active high).

. CRVV

16

Character reverse video attribute input; inverts the
character data from D0-D15 (active high).

Dw

17

Double width attribute input; the internal dot clock
frequency and the CCLK frequency are divided by
two (active high). The RCLK frequency remains
unchanged. ' ’

WO0-w3

18, 19, 21, 22

Clock width inputs; they are used for programming
the CCLK clock width on a:character by character
basis.

CHOLD

23

CCLK inhibit input; this signal inhibits CCLK'
generation and is used for TAB function (active low).

CSYN

C 24

CCLK synchronization input; CCLK will be
synchronized to RCLK and the video output signal is
defined by RRVV (active high).

RRVV

25

"Field reverse video input; the video signal at the video

output will be inverted (active high).

DCLK

26

Dot clock output; ECL-level signal; must be con-
nected to a 3.3k resistor to ground if used.

X1-X2

27,28

Inputs for fundamental mode crystal; its frequency
must be 1/8 of the required dot clock frequency.

vT

29

Tuning voltage for PLL-VCO; this output is used to
tune the LC-circuit and thus control the oscillator fre-
quency of the internal dot clock.

T1-T2

30, 31

LC-circuit inputs for PLL-VCO. T1 can be used to
provide the 82731 with an external TTL-level clock at

" twice the dot clock frequency.

VCC

40

- +5V power supply

6ND

20

Ground (OV) ..

8-200
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FUNCTIONAL DESCRIPTION

The Video Interface Controller, 82731, in a typical

CRT system shown in Figure 3, interfaces the Text
Coprocessor to the CRT video terminal. It receives
the parallel data along with the attribute and con-
trol information from the Text Coprocessor, proc-
esses it into a serial video signal which can be fed
to avideo CRT terminal. It also generates the basic
dot clock (DCLK), character clock (CCLK) and the
reference clock (RCLK) signals required by the
Text Coprocessor.

CRT terminals requiring very high resolution, ex-
tremely stable and absolutely flicker-free picture
place special demands on the dot rate generator. In
such applications dot rates up to 80 MHz are neces-
sary. This allows 12.5 ns per dot (pixel) for con-
verting data, attribute and control information into
serial form for the video terminal.

The functionality of the 82731 is largely deter-
mined by the complexity and the demands of the
CRT controller it supports. Figure 1 shows the
block diagram of the Video Interface Controller.
The dot clock is generated by voltage controlled
LC circuit connected at T1and T2. Another clock
is generated which is crystal controlled and has
frequency 1/8 of the dot clock. This is used to
stabilize the dot clock using an on-chip phase
locked loop (PLL). This two-oscillator concept
enables the use of low cost, fundamental mode
crystals even for generating frequencies up to 80
MHz.

The 16 bit shift register receives parallel inputs
from pins D0-D15. This allows a maximum char-
acter width of 16 dots. The minimum width is 3
dots. The character width is programmable
through pins W0-W3 for proportional character
spacing. This also determines the character clock
(CCLK) frequency. Programming of the default
character width and the reference clock (RCLK)
is done through inputs DO-D7 and PROG. Signal
WDEF can be used to switch between the default
character width and the one specified dynamic-

. ally through the lines WO-W3. When using variable

character width, for example, in generating tables
on the screen, it is essential that every entry in a
column starts at the same dot distance (and not
the character distance) from the start of line. The
82731 supports this requirement by providing a
tab function using CSYN and CHGLB signals to
synchronize with the reference clock (RCLK).

It is possible to shift any scan line of any character
by half a dot using the HDOT signal. This feature,
known as character rounding, further enhances
the quality of high resolution character displays.
Other features, like character blinking, reverse
video etc., which improve the readability of text on
screen are directly supported by the 82731 using
signals CRVV and RRVV from the Text Coproc-
essor, processing them and affecting the final
video signal to show the characters with the de-
sired attributes.

82730
TEXT
COPROCESSOR

HSYNC
VSYNC
l .
82731 b v
PIPELINE —\Jow L
REGISTER > prog  VIDEO
DATA
L > HDOT .
1
CHARACTER 4 ]
CODE CHARACTER WO-W3 —
GENERATOR $ T

SCAN LINE >
P

X2|
DO-D15

1

u RRVV ' I_—

SYSTEM- CSYN —N .
BUS > CHOLD m™ —I i l
ATTRIBUTE AND il | —— |
CONTROL SIGNALS WDEF T2 |

- ceLK | o
- RCLK i __l |_— :

—AMW—
———d
Figure 3. CRT System Block Diagram
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Clock Generation

The most fundamental clock required to run the
CRT display is the dot clock which provides the
reference for the dot data to be shifted serially to the
CRT. In addition, it is the basis for the character
clock (CCLK):and the reference clock (RCLK)
required by the 82730. .

Dot Clock

The dot clock is derived from'an on-chip oscillator
which runs at twice the normal dot clock (DCLK)
frequency. A voltage-controlled LC circuit is con-
nected to the T1, T2 pins, to create a voltage-
controlled oscillator (VCO). The 82731 compares

the phase of this oscillator with another on-chip

oscillator controlled by a crystal attached to the X1,
X2 pins. This osciilator runs at 1/8 the normal DCLK
frequency to allow using inexpensive low-frequency
crystals. The on-chip PLL circuit produces an error
voltage via the VT pin which locks the VCO to the
16th harmonic of the crystal frequency (see Figure
4a). .

:

Alternatively the 82731 can be supplied with an
external TTL-level clock at twice the normal DCLK
frequency via the T1 pin, as shown in Flgure 4b.

When the Double Width (DW) input is active, the
DCLK frequency is divided to 1/2 its normal value.’
This affects the DCLK, CCLK and VIDEO outputs,
but not RCLK.

Deslgnlng the Oscillator Circuit

The whole external oscillator circuit consists of
three parts:

- —the crystal circuit,

—the voltage controlied LC-circuit, and
—the loop filter for the PLL. -

Figure 5a shows the general crystal circuit. The
crystal must be a fundamental mode series resonant
type with a resonant frequency of 1/8 of the desired
dot clock frequency. The capacitor Cy is necessary
if a fine adjustment of the dot clock rate must be

X1
CRYSTAL
X2 CIRCUIT
T VOLTAGE
82731 CONTROLLED

T2 LC-CIRCUIT

vr > FILTER
DCLK

x1
}-—» vee

x2 |-

T2 b———=2NC.

"ECLK CLOCK

n GENERATOR

VT ————ne

DCLK |—————>

: N.C = No Connect
82731 o

T

a) Internal Clock Generation

b) Exfemal Clock Generation

.- Figure-4. Clock Generation
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c1
x| ] f——
Cx (pF) FODCLK (MHz2)
22 64.053
-
= XTAL 68 64.016
15 * eage7
c c2 33 63.966
X
e[ —F————
a) Crystai Circult (nominal crystal frequency 8 MHz)

b) Example of the influence of Cx
on the dot clock frequency

vT
c
B
T2 D‘—" R=12kQ
C=33nF ) R c1
Cs == C1=100 pF I
l - :
- =
¢) VCO circuit d) PLL - loop filter
o
o
o 3000
o }
o 2000 %
o
8 1000
o = )
- E
S " 500 7 oD rzpp o
S 400 - VT 25V
S 300
S 200
S
o 100
o =
TURNS ﬁ -
] Cp=5pF
+5V 30 Cp - 10 pF
20 . Cp=15pF
IO Ay — " T \J IBLLERALLLE
TRACK WIDTH = 20 mils 20 40 60100 200 —>=fR - MHz
TRACE SPACING = 20 mils 10 20 30'50 100 —fDCLK  MHz

e) Example layout for printed circuit f) L/f-diagram

Figure 5. Designing the Oscillator Circuit
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made. Figure 5b shows an example how the dot
clock frequency can vary with different values of Cx.
The capacitors C1 and C2 may be necessary to
suppress overtone oscillations if the crystal fre-
.quency is below 6 MHz. The exact values depend on
the crystal used and must be determined empiri-
cally. The recommended ranges are 0to 10 pF for C1
and 0 to 100 pF for C2.

The voltage controlled LC-circuitis shown in Figure
Sc. The effective resonant circuit consists of the
inductance L, the capacitance Cd of the varactor
diode and the parasitic capacitance Cp. Its resonant
frequency is

1

2/~ (Cd * Cp)

fR=

where fR must be 2 x fDCLK. The value of Cp
depends on many factors (e.g. layout, single/multi-
layer board . . . ), thus it changes from application
toapplication. However a value of 5to 15 pF seems
to be a good approximation.

The value of DC (varactor diode) shouid be deter-
mined at a control voltage of 2.5 V to get the lock-
in-range as wide as possible. The variation of VT
ranges from 1V to VCC-1 which results in a min-
imum frequency shift of about 6-8% in relation to
the center frequency at25V.

The value of the inductance L must be determined
in such a way that the resulting center frequency
lies as near as possible to the needed frequency
fR=2 x fDCLK to guarantee a stable dot clock
under all operation conditions. Figure 5f shows a
diagram that will help to find the needed induc-
tance L. It is based on the use of a varactor diode
(Siemens BB 505G) that has a capacitance of 12 pF
atacontrol voitage of 2.5 V. The use of other diodes
will of course lead to other diagrams.

At dot clock frequencies higher than 50 MHz the
needed inductance becomes lower than 100 uH. In
these cases it is better to integrate the inductance
into the board layout. Figure 5e shows a possible
layout for the external oscillator circuitand approx-
imate (measured) values of the inductance of the
printed coil (trace width and trace spacmg 20
mils).

The loop filter converts the current pulsesatthe VT
pin into the control voltage VT for the VCO. it is an

essential part of the PLL and affects the lock-in-,

8-204

range and stability of the PLL. A secondorder filter
that was found to work well under all operatlon
conditions and over the full frequency range is
shown in Figure 5d.

Reference Clock (RCLK)

RCLK is the reference clock output used to gener-
ate video timing and to define screen columns for
data formatting and tabulor locations. In addition, it-
is used to clock the field attribute signals into the
82731. The period of RCLK is programmable from 6
to 21 times the period of the dot clock, i.e. the RCLK
hightime is 3 dot clock periods and the RCLK low-
time is programmable from 3 to 18 dot clock peri-
ods. Itis programmed via D4-D7 at the rising edge of
CCLK, when PROG is active (see Table 1and Figure
6).

The RCLK clbck width should be programmed only
once after a system reset.

Table 1. Programming RCLK
RCLK Period
D7 | D6 | DS | D4 | PROG | (dot clocks)
0 0 0 0 1 16
0 0 0 1 1 17
0 0 1 0 -1 18
0 0 1 1 1 19
0 1 0 0 1 20
0 1 0 1 1 21
0 1 1 0 1 6
0.] 1 1 1 1 7
1 o]0 0 1 8
1 0 0 1 1 9
1 0 1 0 1 10
110 1 1 1 M
1] 1 0|0 1 12
1] 1 0 1 1 13
1 1 -1 0 1 14
1 1 1 1 1 15
Character Clock (CCLK)

CCLK is the fundamental character clock output
used to clock character and attribute: information
from the 87730.

It is a rising edge triggered clock and inside, the:
active character field its period is programmable
from 3to 18 times the period of the dot clock, i.e. the

210925-003
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CCLK hightime is 2 dot clock periods and the CCLK
low time is programmable from 1 to 16 dot clock
periods.

When CSYN is active (normally outside the active
character field) CCLK is forced to match RCLK. In
this case the CCLK high time is 3 dot clock periods
instead of 2.

In order to support proportional spacing, the period
of CCLK can be reprogrammed at the beginning of
each CCLK cycle (i.e. at the beginning of each
character) if PROG is inactive.

Programming the character width is done via the
clock width inputs WO-W3 according to Table 2. The
WO-W3 input data is clocked into the 82731 at the
rising edge of CCLK and defines the width of the
currently displayed character (see Figure 7).

If the width defeat attribute (WDEF) is active, the
period of CCLK will be set to the programmed
default value ignoring the clock width inputs WO-
W3. This value is programmable from 3 to 18 times
the period of the dot clock via the D0-D3 inputs,
when the PROG input is active (see Figure 6).

The default CCLK width should be programmed
only once after a system reset.

. The CCLK clock period will be doubled if the double
width attribute (DW) is asserted at the rising edge of
CCLK.

NOTE ’
If width of CCLK is programmed to 17 or 18,
zeros are shifted out from the internal shift
register after the 16 data bits and displayed
according to the attribute signals.

Clock Initialization Sequence (PROG)

After power on the width of RCLK isa ra{ndom value
between 6 and 21 and the width of CCLK is a ran-
dom value between 3 and 18.
)
The 82731 should be initialized in the following way:
® ' Activate the CSYN signal. CCLK is forced to
match RCLK, which has a minimum clock width
of 6 dot clock periods.
e Apply the clock width informations to D0-D3
and D4-D7 according to tables.
~® Activate the PROG signal. The default width of
CCLK and the width of RCLK are programmed
at the next rising edge of CCLK (see Figure 6).

* Remove the PROG signal.

'CSYN can be removed at the beginning of the next
active data field.

8-205

Table 2. Programming CCLK

PROG=1| D3 | D2 | D1 | DO COLK Period

PROG =0 | W3 | W2 [ w1 [ wo | (dot clocks)
olo|lo]o 16
o|lolo]n 17
olo|1]o0 18
olo |11 3
o|l1]o]o 4
ol 1]o]1 5
ol1]l1]o0 6
ol 1|11 7
1]1olofo 8
11o0]oln 9
1{o]l1]o 10
1 1o 1|1 11
111 ]olo 12
11101 13
111110 14
EEEERE 15

Note:

PROG = 1: Programming the CCLK default clock width
during the initialization phase via DO-D3 at the
rising edge of CCLK. )

PROG = 0: Programming the clock width of the current
CCLK cycle via W0-W3 at the rising edge of
CCLK.

Character Data Signals

The character data signals are riormally provided by
the character ROM and clocked into the 82731 at the
rising edge of CCLK.

The character data signals consist of:

e the character data lines (D0-D15),
e the character width information (W0-W3), and
e the half dot shift signal (HDOT).

Dot Data (D0-D15)

The dot data signals will be clocked into the 82731
via the D0-D15 inputs at the rising edge of CCLK.
The actual character width is defined by the W0-W3
inputs or the default width information previously
programmed. The dot data will be displayed depen-
dent on the contrdl signals and on the correspond-
ing attribute information. The data bits are serially
shifted out at the video output starting with DO.

210925-003
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Figure 6. Clock Initialization
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‘Figure 7. Action of Clock Width Inputs W0-W3 on CCLK
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If CCLK width is greater than 16, zeros are shifted
out for the rest of the dot clocks and displayed
according to the attribute signals.

Character Width (W0-W3)

The WO0-W3 inputs are clocked into the 82731 at the
rising edge of CCLK and determine the width of the
currently displayed character.

Half Dot Shift (HDOT)

The half dot shift signal is clocked into the 82731 at
the rising edge of CCLK. When the half dot shift
signal is active (high), the output of the video data
will be delayed by half adot time. The first dot of the
character dot line is transmitted for one and a half
dot clock period while the last dot of this character
dot line is displayed for half a dot clock period. The
remaining character dots are transmitted for one
dot clock period and thus are shifted by half a dot.

The HDOT signal is not a character attribute signal,
because it can change from scan line to scan line of
acharacter. Thusiitis reasonable to generate it from
the character ROM, together with the dot data and
the width information.

Character Attribute Signals

These signals are clocked into the 82731 at the ris-
ing edge of CCLK. Thus they are valid for the next
character only. .

The character attribute signals consist of:

® character blanking CBLANK,
® character reverse video CRVY,
® double width DW, and

WDEF.

e width defeat

Outside the active character field (which is defined
by the CSYN signal) all character attribute signals
are ignored.

Character Blanking (CBLANK)

If CBLANK is active (high), the blank attribute will
produce the effect of blanking the display of the
character. When the CBLANK attribute is active, the
corresponding dot data information D0O-D15 will be
as if all zeros were forced at the inputs. The video
output can be inverted to all ones by simultaneously
activating the CRVV attribute. Independent of these
character oriented operations the video output sig-
nal is also affected by the RRVV field attribute signal.

wor ZA__| A

COLK et \

rzzzzd i

)

WIDTH OF CHARACTER IS § DCLK PERIODS
CHARACTER DATA D4-DO = 0DH

(1) +1/2DCLK

(2) V2DCLK

VbEO—— | - - o

@ ) 2

Figure 8. Function of HDOT on VIDEO |
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Character Reverse Video (CRVV)

CRVV is an active high signal. In the character field,
the CRVV attribute will produce the effect of revers-
ing the polarity of the display during the transmis-
sion of the current character. CRVV is also effective
together with the CBLANK attribute (see CBLANK
description) and the RRVV signal. Outside the char—
acter fleld the CRVV attribute is lgnored :

Although the CBLANK signal is normally a charac—
ter attribute, it may change from dot line to dot line
of a character. Thus one or more underlines or cur-
sors can be generated by the CRT controller activat-
ing CBLANK and CRVV.

Double Width (DW)

The dot clock frequency and the CCLK frequency
will be halved when the double width attribute is
active (high), producing characters that are twice as
wide. The period of RCLK is not changed (see Fig-
ure 9).

\

Width Defeat (WDEF).

The WDEF attribute signal is clocked into the-
SAB 82731 at the rising edge of CCLK. When the
width defeat attribute is active (high), the width of
CCLK will be set to a default width value pre-
viously programmed (see figure 10).

Field Attribute Signals

The field attribute signals are clocked into the 82731
with the rising edge of RCLK. Thus the attributes are
valid for a specific part of the screen independent of
how many characters are dlsplayed within this part.

The 82731 supports two field attributes:

o field reverse video.RRVV, and'
e clock synchronization CSYN.

Row Reverse Video (RRVV)

RRVV control signal is clocked into the 82731 at the
rising edge of RCLK. It immediately affects the dis-
play by the polarity of the video eoutput in both the
character field and the border of the display. It is an
active high signal.

Clock Synchronization (CSYN)

CSYN is a field attribu{e signal, because it defines
the active character field in addition to its function of
synchronizing CCLK and RCLK.

CSYN must be inactive (low) during the display of
characters. At the first rising edge of RCLK after
CSYNis deactlvated (low), character data is Iatched
into the 82731, beginning the display of the active
character field (see Figure 11). At the next rising
edge of RCLK after CSYN is activated (i.e. at the
end of the character field), the video output is
forced to zero or, if the RRVV control signal is
active, to a high level. The currently transmitted
character will be truncated at this location. At the’
same time, CCLK will be forced to match RCLK
starting with the next rising edge of RCLK (see
Figure 11). While CSYN is active all character
attribute and data signals are ignored and only
the field reverse video signal (RRVV) affects the
video output.

Before the deactivation of CSYN, the data and
attribute pipeline has to be filled by the CRT con-
troller with the information of the first character.

(1) (U]

=

bW

@ : : o

Ha

CCLK ..J_——\__—_

o) Charaeter is dlsplayod normal width
(2 is display width

Figure 9. Function of DW on DCLK and CCLK
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The default width of CCLK was previously defined as 5

w3
b 7777777777 77777 777777777 7 77777
wi—d W 272777 7777777700 72722
wo—d YW 77777
4\ A A A A
AT (CCLK!), WDEF - 0 AT (CCLK!), WDEF = 1 AT (CCLK)<W3:W0>
( AND <W3:W0> DEFINES CCLK WIDTH DEFINES WIDTH OF CCLK
DEFINES THE CCLK AS THE DEFAULT VALUE (5) when WDEF =0
WIDTHAS 3 IGNORING <W3:W0>

Figure 10. Function of WDEF

Tabulator Function

The 82731 supports tabulator functions by provid-
ing the CHOLD (character clock inhibit) input.

CCLK Inhibit (CHOLD)

When the CHOLD signal is activated (low) it inhibits
CCLK and thus freezes the information pipeline
between CRT-controller and 82731 until the next
tabulator location is reached. CHOLD Has to be
activated simultaneously with the display of the
TAB-character. If the TAB-character doesn’t consist
of all zeros, it must be blanked by activating
CBLANK.

The'width of the TAB-character can be determined
by W0-W3 or by activating WDEF.

The CHOLD signal is provided by the 82730 anditis
assumed to be triggered with the rising edge of
CCLK (Figure 12). With the same edge of CCLK, the
TAB-character will be latched into the 82731. Thus
the TAB-character will be displayed completely and
the CCLK will be inhibited until reaching the speci-
fied tabulator location, which is defined by CHOLD
inactive (high) at the rising edge of RCLK.

In the timing diagrams it is assumed that CHOLD is
' deactivated by the falling edge of RCLK. Figure 12

8-209

shows the normal case where the display of the
TAB-character is finished before deactivation of
CHOLD. The gap between the TAB- and the follow-
ing character is normally blanked. In this scheme
the TAB-character will be handled by the 82731 liké
each other character (attributes operate normalily).

In case of CHOLD active width less than the TAB-
character width the TAB-character will be also dis-
played completely. However, we have to distinguish
three different cases:

1) TAB-character i1s terminated before reaching
TAB-location. The next character will be dis-
played as described before. In the gap the video
output is normally blanked.

TAB-character is finished exactly at the TAB-
location. The next character will be displayed
immediately without delay.

TAB-character is not terminated when
reaching the TAB-location (see Figure 13). The
following character ‘will be displayed subse-
quently after the display of the TAB-character
(i.e. the start of the following character is not at
the TAB-location).

2

~

3

-~

If the CHOLD signal is not deactivated the video
output will be continuously blanked. In the gap
between the end of the TAB-character and the TAB-
location all character attribute signals will have no
effect on the video output signal. If the RRVV control
signal is active the video output signal is inverted.
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DeLK MM‘HN’\IU’\J’\IU'\I\IU’\N\.AWLFLIU’\

CHOLD

CCLK —\ ] r————\—-_—’—-

v
) (2) 3)

CBLANK —
(4)
woer — \

AL . A A
TAB REQUEST END OF TAB CHARACTER TAB LOCATION
START OF NEXT CHARACTER

(1) TAB character is displayed completely - video output is blanked
(2) Video output is blanked

(3) Next character

(4) Default width: 7, TAB character width defined by WDEF

Figure 12. Function of CHOLD (Normal Case)

CHOLD -
el

RCLK / ( \ ‘ /

CCLK
\ 1 \ / \
N\ i . N ~ — 7/ ’
(L) 2
CBLANK —! ‘
3)
WDEF —I \
. A START OF NEXT CHARACTER
TAB REQUEST A END OF TAB CHARACTER
TAB LOCATION

NOTE:

(1) TAB character is displayed completely - video output is blanked
(2) Next character is displayed (not on TAB location)
'(4) Default width = 11.

Figure 13. Function of CHOLD with CHOLD Width Less than Character Width (Case 3)
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Video Output

The video output provides an ECL-oriented signal attribute processing the external logic can be ECL-
(see Figure 14) and is matched to drive a 50 Ohm or STTL-compatible.
coax cable (see Figure 15). In case of external

vcc

3500 TYR .
1F—ﬂ VIDEO

1

" Figure 14. Video Output Stage

COAX CABLE vcc
500 COAX VIDEO AMPL.
VIDEO -
vce
VIDEO 500 COAX VIDEO AMPL.

Figure 15.A  Video Output Load
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ECL LOGIC vce vce
VIDEO
} oy OUTPUT
REFERENCE s 500 ogic [
VOLTAGE (3V) l
STTLLOGIC  VCC vce vce
VIDEO el [ STTL OUTPUT
o JoouverTen| LOGIC

=TT ]

Figure 15.B Proposed Converter for Video Output to TTL Level Output

vcec vCcc vcC
VIDEO 750
2x 1N4151 cB27
2x 2N2894A
TTL LEVEL
| OUTPUT
21K

Figure 16. TTL-Level-Output Test Load
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ABSOLUTE MAXIMUM RATINGS

TemperatureUnderBias ......... .. 0°Cto70°C
Storage Temperature . ....... -65°Cto +125°C
All Output and Supply

* Voltages .............ocu... -0.5Vto +6V
Allinput Voltages........... .. —0.6Vto +5.5V
Power Dissipation.................. ... 1.75 Watt

*NOTICE: Stresses above those listed under

“Absolute Maximum Ratings’” may cause perma-

nent damage to the device. This is a stress rating

only and functional operation of the device at these
or any other conditions above those indicated in’
the operational sections of this specification is

notimplied. Exposure to absolute maximum rating

conditions for extended periods may affect device

reliability. ' ‘

D.C. CHARACTERISTICS (Vcc =5V + 10%, Ta =0°C to 70°C)

Max. Units

Symbol Parameter . Min. Test Conditions

Ve Input Clamp Voltage | -1 v lc= —5mA

g Forward Input Current -0.7 mA VE=0.5V

g Reverse Input Current 50 A Vr=Vce

VoL Output Low Voltage |
CCLK . 05 \' lo,=8mA
RCLK 0.5 v lo,=4 mA
VIDEO Vgg—1.2V | Vge—-06V | — lo=0

Vou Output High Voltage ' '

“VIDEO Vec =02V Vee - lon=0

ViL Input Low Voltage 0.8 "

Viu Input High Voltage 2.0 \'

lcc Power Supply Current 300 mA

Zo Output Impedance VIDEO 40 70. Q

Cin Input Capacitance 15 pF fc=1MHz

210925-003
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A.C. CHARACTERISTICS
Ta =010 70°C; Vg = 5V + 10%. All timings measured at 1.5V unless otherwise noted.
Limit Values
82731 82731-2 ) Test
Symbol Parameter Min. Max. Min. Max. Unit | Conditions
Tonor | DCLK cycle period 20 125 125 125 ns -
Tchen | CCLK cycle period 3 18 3 18 ToHDH
TCLCH CCLK low time TDHDH 16 TDHDH TDHDH 16 TDHDH
-10 -10 ns
TCHCL CCLK high time 2 TDHDH - 2 TDHDH -
-5 -5 Fig. 17
Trurn | RCLK cycle period 6 21 6 21 ToHDH
TRLRH RCLK low time 3 TDHDH 18 TDHDH 3 TDHDH 18 TDHDH
-10 -10
TRHRL RCLK high time 3 TpHpH 3 TpoHoH
-5 -5
Torch | Data and attribute 25 20
input set up time
Tcupx | Data and attribute 0 0
input hold time
Tuite |- CHOLD active before - - ns
end of TAB-character
THLHH CHOLD pulse width 25 20 -
Thhre | CHOLD inactive set up
before rising edge of
RCLK
Thire | CHOLD inactive hold 0 0
time after rising edge of
RCLK
Tchvv | Video output valid after 6 Video output
rising edge of CCLK measured at
: - Vee - 0.4V
ToLon | TTL-output rise time , 10 10 Fig. 17
TonoL | TTL-output fall time - ‘ - ns
Twyvn | Video output rise time 5 3 Fig. 18
Tynve | Video output fall time
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1
™
C =15 pF CLTF 15pF
i i
=
¥

RCLK: Ry = 7000

CCLK: R_= 3500

Figure 17. TTL-Level-Output Test Load Figure 18. ECL-Level-Output Test
24 vce-0.2v

VGC-0.3V _ VCC-0,
X > P;IE:'ITS 2 **¥% VCC - 0.4V ———x E? TEST POINTS g x
0.5 VCC - 0.6V ‘ =05V 0.5V
Figure 19. TTL-Level-Output Load Circuit Figure 20. ECL-Level-Output Load Circuit
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CCLK
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Figure 21. Basic Timing
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S\
[ THLTE ——— - - >
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Figure 22. Timing on CHOLD
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Figure 23. Example Interface to 8275
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Lt 125 (3 175) b 060 TYP
' MIN 110(2794)__‘ (1524) ’IL— :f" igixi L 700 _—l
090 (2 286) 0d2TyP © MAX
. 0813) - (17 780) -
NOTE 4
CERAMIC DUAL IN-LINE PACKAGE TYPE C
2020 (51 308)
40-LEAD HERMETIC DUAL IN LINE 7980 (50 292) PN 1 MARK
PACKAGE TYPE C - —- PIN 1
. 605 (15.367) (15.748)
585 (14.859) -sgg -
N LB | v
\‘_-—J
210(5334) 15%%25; | J . 145 (2540
130 (3 302) ' T 080 (2.032)
T
SEATING -1 0s012286) [;T o
PLANE 060 (1.524) o zne -|<- . ¢
el L) ' REF
125 (3175) 040 (1016) !
MIN (1 270)/(1 OIG) | 02210550 i 685
{2 MAX
110(zr7;4) o1 {0 38T} (16 89)
NOTE 4

7090 (2 286)

94



lr‘td® PACKAGING INFORMATION Aaii dimensions in inches and (millimeters)

CERAMIC DUAL IN-LINE PACKAGE TYPE C

48-LEAD PLASTIC DUAL IN-LINE — 2w
PACKAGE TYPE C e

[ ] ]
_605 (15 367)
j (14 859)

2300 REF L o0 urre)
(58 420) 030 (0762)
. s 748)
150 (3810 o 820
225 Max 110 (2794)
s 13 240)
== 7o 14318
Searme ~ 120 (3048} [1
PLANE —[ o010 vvr—.‘ 00
J L 50 wzror 060 (1524) (0254) “io8
030 (1270) 1y 025 (0638) REF
& 040_roie) 020 (0308 et
Mo (2794) 016 (0406) MAX
0% (2286)
\
68-LEAD CERAMIC PIN GRID ARRAY
PACKAGE TYPE CG C o R e
i
|
TEOCTEY oo
a3 wasan
% Geamm
a2 owm
e 4091
980 03200 4ncone
e o4 0w
iy X -
T II'J ﬂ‘fﬂ T
J P
[omem R
o 1320
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Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

Intel International (U.K.) Ltd.
Piper's Way

Swindon, SN3 1R]

Wiltshire, England

Intel Japan K.K.

5-6 Tokodai Toyosato-machi
Tsukuba-gun, Ibaraki-ken 300-26
Japan

Printed in U.S.A./C-634/120K/RRD/CG-MK
Microprocessor/Peripheral




