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Table 1. 82730 Pin i)eacrtptfon(Contlnued) 

TYpe Name and ,Function 
' , b 

' ,; ,.,j ( 
HOLD; indicates that the 82730 'wants bus access. 
HOLD stays a:ctlve HIGH during the entire period 

, , when 82730 is driving the bus. 

I Hold, Acknowledge; Indicates to 82730 that it is 
granted the bus access as requested. HLDA may be 
asyn«::hronous to 82730 clock. If HLDA goes inac.uve 
(LOW) in the middle of an 82730 bus cycle, the �8�~�7�3�0� 

will cOmplete the current bus cycle first, then it will 
drop HOLD and float address and bus control 
outputs. 

I Channel Attention; used to notify 82730 that a com· 

" 
mand in the command block is waiting to be proc-, 

,essed. CA is latched on Its falling edge. 

0 Status Interrupt; used to inform the processor that an 
unmasked interrupt has been generated in the 82730 
status register. 

, 

I Interrupt Reset; SINT is cleared by activating the 
IRST pin. 

I Reset; causes 82730 to immediately t'ermlnate its 
present activity and enter a dormant state. The signal 
must be active HIGH for at least 4 BCLK cycles and is 
internally synchronized to the bus clock. 

I Character dlock; input used to clock row buffer data, 
attribute, cursor and line count out of 82730. When 
more than one 82730 is connected in cluster mode, 
CCLK is, used to synchronize ,output from both 
master and slave chips. A character data word will be 

" output at every rising edge of CCLK. 

I Reference clock; input used to generate timings for 
the screen layout and to define screen columns for 
data formatting. All raster output signals are 
�s�p�e�c�i�f�i�~�d� relative to the rising edge of RCLK. 

0 Video data bus output; the least significant 15 bits of 
,the character data words are passed through the 
827:30 row buffer and made available on the pins 

, OATO-DAT14. The user has the flexibility to partition 
the data word into character and attribute bits per his 
requirements. 1'he bits that are assigned for inter-
nally generated attributes may also be available at 
pin �D�A�T�O�-�D�~�T�1�4�.� New character data will be shifted 
to·these output pins at every rising edge of the CCLK. 
Together with LCO-LC4, they may be used to add,ress 
the character generator or as attribute controls. 
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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 0 Line count outputs; used ,to address the character 
g~nerator 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 0 CCLK synchronization output; used to synchronize 
external character clock generator to reference clock 
timing. This output is active (high) outside the display 
field. 

CHOLD 32 0 CCLKlnhibit output; used by external logic to inhibit 
CCLK generation. This output is active (low) during 
the tab and end-of-row fl,lnction. 

SYNCIN 24 I , Synchronization input; used to synchronize the ver-
tical timing counters to an externally generated 

I 
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 li('le frequency. 

HSYNC 23 o (MASTER) Horizontal Sync; in master mode, it is used to gener-
I (SLAVE) 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 SYNCINto indicate the start of the even 
field for timing counter reset. At RESET, ~in is set as 
an output in the LOW state . 

. VSYNC 29 0 Vertical Sync; active HIGH during the programmed 
vertical sync interval[and used to generate the CRT 
monitor's vertical sync Signal. 

BLANK 33 0 Blanking output; used to suppress the video signal to 
the CRT. BLANK is clocked by CCLK. 

CRVV 34 0 Character Reverse Video (CCLK output); used to ex-
ternally invert video data output. CRVV is clocked by 
CCLK. 

RRVV 30 0 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. 
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Table 1. 82730 Pin Description (Continued) 

Symbol Pin Number . Type Name and Function 

LPEN 31 I Light Pen Input; used to latch the position of a light 
pen. At the rising edge of this inpu~, the column posi-
tion and the row position of the 82730 will be loaded 
into the LPENROW and LPENCOL locations in the 
Command block. 

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

Vss 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 Unit and 
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 Unit and presents iHo the Video Interface 
logic which in turn drives the CRT monitor. 

MemorY 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.lt 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 Microcontrolier Unit. 

Display Generator 

The Display Generator takes the data fetched 
from memory plus the modes programmed into it 
at initialization and produces alk 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 

operation to the one in the 8275 CRT controller). 
The row buff~rs allow the userto use cheaper and 
slower main memory for display needs, provide 
on-chip attribute ana 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 tile pro­
ce,ssor 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 - AD15 

A complete set of local bus control.§l.gnals 
comp~le with 8086 min mode:RD, WR, 
ALE, DEN and READY 
Two stat!Js signals SO and S1. compatibl.e 
with 8086 max mode so that a bus c,on­
troller (8288) can be shared for Multibus® 
access. 
Local bus arbitration through HOLD! HLDA 
Two .Ylmer Address Latch controls: UALE 
and AEN 
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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
forms a bus cycle only on demand (e.g., to fetch a 
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 opeJation 
are described. Those details not mentioned can 
be assu med 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 in~erted 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: . 

i) 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 after losing it to a higher 
priority master. 

Timing of UALE is identical tothatof ALE. AENis 
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 addre~lculation. 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 the first cycle, the 82730 will 
not respond until the second cycle is completed. 
An 8 bit data mode can be selected in an 8 bit bus 
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 (AO=O). 

ClK CE 

UAlE 

AEN 

. Figure 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 52 status signal is 
omitted from the Max. mode controls. S2 could be 
setto "1" during any 82730 Bus cyCle. AEN can 
be used to produce S2 since·it stays active 
whenever 82730 is driving the bus. The status 
signals become valid at the middle of the cycle 
before Tl 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 isalways high. A PUIIAE~sistor 
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 efficie,nt bus 
utilization: 

LOCAL BUS ARBITRATION 

The 82,730 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 sQare 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 until2 clock 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 whiqh 
is the current bus master. The 82730 will complete 
its current bus cycle, then fl9at its output drivers 
and drop the HOLD request. However, the 82730 
may raise the HOLD request again 2 clock cycles 
later if it still needs the bus to complete the 
interrupted burst DMA activities. 

DMA BURST AND SPACE 

Some system configurations 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, burst lengths 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: 

8-166 

15 14 8 7 6 0 
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 an infinite 
burst length. 

A DMA burst could be terminated before the 
programmed burst length is reached in the 
following circumstances: 

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

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

iii) The bus is taken away by a higher priority 
device in multi-master bus configuration, 

In these cases, the burst counter iscleared.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_ 
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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 ih this quiescent 
state until memory acceSs is requested by the 
MCU after MCU receives its fl rst channel attention 
after RESET. The following table shows the state 
of all MIU. outputs during and after reset. 

'DIble 2. 82730 Bus During and After R~t 

Signals Condition 
AD15-0 Three-state 

IRD, tvA, DEN Driven to '1' then three-state 
So,51 Driven to '1' then three-state 

ALE,UALE Low 
AEN High 

HOLD Low 
SINT 'Low 

82730 COMPATIBILITY IS~UES , 
82730 Bus Clock Compatibility 

The 82730 uses the 50% duty cycle outpuf 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, add ressabi lity, 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 Multibus-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 
which has the same structure. This a!lows the 
82730 to be run locally (minimum mod$) with a 
8085,8086,8088,80188, or 80186. The 80186/188 
and 82730, can run together at 8MHz because of 
clock duty cycle considerations. The 82730 can 
only communicate to.an 80286 via a system bus 
(such as MULTI BUS), bus interface, or dual-port 
RAM. 
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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 I ntermediate 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 add ress 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=Q 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 Interms­
diat~ 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=O indi­
cating 16 bit addressing 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 
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of this particular 82730 within the cluster. CL NO = 
O,1,20r3indicatesaclustercontaining 1,2,30r4 
82730's respectively. Similarly, CL POS= 0, 1, 20r 
3 indicate~ 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 

7 
0 0 0 0 o 

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 Virtual Disr;>lay mode to work properly. 

o 
o o W 

~--------------------------------------------------~ 
SYSBUS Byte 

W 

0 
1 

7 6 5 
SRDY DTW16 MIS 

Data Bus Width 

8-Bit 
16-Bit 

4 3 2 
CL POS CL NO 

o 
U SCB Byte 

~ ______ L-______ ~ ______ ~ __ ~~ ____ ~ __________ ~ __ ~ 

SRDY READY MODE DTW16 Display Data Mode 

o Asynch ronovs 0 8-bit data 
1 Synchronous 1 16-bit data 

" 
Position in 

MIS Mode CLPOS Cluster 

o Slave 00 1st 
1 Master 01 2nd 

10 3rd 
11 4th 

No. of 82730's 
CL NO. In Cluster U AD DR 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 MIS bit '!hich specifies 
a master or slave mode. The MIS bit is stored 
int!rnally for use by the Display Generator .LPG). 
MIS = 1 indicates a master mode and MIS = 0 
specifies a slave mode. The format for the 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 Attention sequence 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=O) 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=O) or external 
(SRDY=1). 

The Initialization Control Blocks in memory are 
illustrated in Fig. Sa. How these fit into the control 
structure of the 82730 is sho"'Yn in Figure 5b. 

INTERMEDIATE 

BLOCK POINTER 

15 

Channel AUenllon 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
cessing,the command block by fetching a channel 
command. 
If a display 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. 

I 8 7 

IBP UPPER 

IBPLOWER 

o 
FFFF FFFE 

FFFF FFFC . 

,(RESERVED) SYSBUS FFFF FFF6 

INTERMEDIATE 

BLOCK 

COMMAND 
BLOCK 

(RESERVED) SCB 

CBP UPPER 

CBP LOWER 

(RESERVED) BUSY 

COMMAND BUSY 

LOW SYSTEM MEMORY 

Figure 5a. Initialization Control Blocks 
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INITIALIZATION BLOCK 

ADDRESs I 
FFFF6: 

1-----
I SYSTEM BUS WIDTH 

. 

. 
ILOCK POINTER LOW INTERMEDIATE B 

INTERMEDIATE B LOCK POINTER HIGH 

rt 
INTERMEorATE BLOCK 

CONFIGU IRATION BYTE 

OCK POINTER LOW 

OCK POINTER HIGH 

COMMAND BLOCI 

COMMAND BLOC 

(1 

,----'\ ..... VMMANU DL\AOI\ 

r •• . . . . 8 7 6 5 • . • 0 

COMMAND BUSY 

LIST SWITCH AUTO LINE FEED 

MAX DMA COUNT 

LIST BASE 0 LOWER 

LIST BASE 0 UPPER ~ 
LIST BASE. LOWER 

LIST BASE' UPPER 

COMMAND BLOCK POINTER'LOWER 

COMMAND BLOCK POINTER HIGHER 

STATUS 

INTERRUPT GENERATION CODE 

INTERRUPT MASK 

LIGHT PEN ROW LIGHT PEN COLUMN 

CURSOR' ROW CURSOR 1 COLUMN 

CURSOR 2 ROW CURSOR 2 COLUMN 

MODE POINTER LOWER 

MODE POINTER UPPER 

STATUS ROW POINTER LOWER 

STATUS ROW POINTER UPPER 

TO MODE BLOCK 

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

~ble 3. Channel Commands 

COMMAND OPCODE 

1 START DISPLAY 0000 0001 01 H 

2 START VIRTUAL DISPLAY 0000 0010 02 H 

3 STOP DISPLAY' 

4 MODE SET 

5 LOAD CBP 

6 LOADINTMASK 

7 LPEN ENABLE 

8 READ STATUS 

9 LD CUR POS 

0 SELF TEST 

1 TEST ROW BUFFER 

2 NOP 

3 (RESERVED) 

The system processor issues chaMel 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 a command. When the BUSY flag is 
cleared, the processor places a commanq 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 

LlSTSWITCH, Auto Linefeed, Max DMA CQunt 
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-

0000 0011 03 H 

0000 0100 04H 

0000 0101 05 H 

0000 0110 06H 

0000 0111 07 H 

0000 1000 08 H 

'0000 1001 09H 

0000 1010 OA H 

,0000 1011 OB H 

0000 0000 OOH 

From: 0000 1100 OC H 
To: 1111 1111 FF H 

stream commands or character dafa 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 Beset. 

It is necessary to load in proper mode information 
through a MODESET command before activating 
the display. Following Reset, START DISPLAY 
command will not b~ executed, i.e., will result in a 
NqP until' a MODESET command has been 
issued. 
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START VIRTUAL DISPLAY 

0000 0010 CMD Byte 

LlST,SWITCH, 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. 

Th~ 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 LlSTSWITCH, LBASEO and 
LBASE1 in the colmmand block repres.ent AC­
CESS SWITCH, ACCESS BASEO and ACCESS 
BASE1 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 0011 CMDByte 

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

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

MODE,SET 

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. LlSTSWlTCH, 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 of a 

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 spacin'g specifications, cursor charact­
eristics as well as attribute enables and bit­
selects. Typically, this would be the fi rst com mand 
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. 
It is necessary to set up proper mode information, 
before activating a display, Therefore, a display 
activating commands should not be issued unless. 
proper mode information has been loaded through 
a MODESET command. START DISPLAY and 
START VIRTUAL DISPLAY commands will result 
in a NOP if a MODESET command has not been 
issued sinc~ 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, replacing 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 confained in location "I NT 
MASK" in the command block is fetched and 
stored internally in the CRT controller. When a 
particular mask bit is set, the interrupt is disabled 
for a status bit in the corresponding bit position. 
An interrupt is generated by the text coprocessor 
by activating the SINT pin, if a status bit is 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 a BIT 
ROC RCC FOE EOF DBOR LPU OUR STATUS WORD 

ROC: Reserved Datastream Command Encountered 
RCC: Reserved Channel Command Executed 
FOE: Frame Data Error (Fetching characters past physical End of Frame) 
EOF: End of "ri" frames (Logical end of nth frame) 

DBOR: Data Buffer Overrun (Row Buffer filled completely without 
encountering END OF ROW command) 

LPU: Light Pen Update 
OUR: Data Underrun (Buffer swa:p initiated before finishing Row Buf 

loading) 

READ STATUS LD CUR POS 

0000 1000 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. LlSTSWITCH, Auto 
Linefeed, Max DMA Count and Cursor Posi­
tions are fetched from the Command Block and 
stored in~ernally. The BUSY flag is then cleared. 

STATUS WORD 

0000 1001 CMD Byte 

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 controller. Also LlSTSWITCH 
Auto Linefeed and Max DMA Count are loaded 
from the Command Block and the BUSY flag is 

15-9 8 7 6 5 432 1 0 
I - VDIP DIP ROC RCC FOE EOF DBOR LPU OUR 

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 a rising 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. 

It 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. 

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 defi ned 
by the mode. During the display process, a 
cursor will be displayed accordingly at the 
position specified above. 
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NOP 

0000 0000 CMD'Byte 

LlSTSWITCH, Auto Linefeed, Max DMA Count, 
and Cursor Positions are fetched from the com­
mand block and stored internally as in all other 
channel commands. The Busy flag is then cleared .. 

210921-002 



827~0 

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 bit is "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 rows 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 bitto be set and also generate 
an interrupt, if enabled. Reserved command 
codes should not.be used. 

Table 4. 82730 Datastream Commands 

COMMAND CODE 
COMMAND QP CODE 

OP CODE PARAMETERS 

1 ENDROW 1000 0000 XXXX XXXX 80 
2 EOF 1000 0001 XXXX XXX X 81 
3 END OF STRING & END OF ROW 1000 0010 XXXX XXX X 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 TAB TO n 1000 0110 "n" 86 
8 LD MAX DMA COUNT 1000 0111 COUNT 87 
9 ENDSTRG 1000 1000 XXX X XXX X 88 

10 SKIP n 1000 1001 "h" 89' 
11 REPEAT n 1000 1010 un" 8A 
12 SUB SUP n 1000 1011· "n",j 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) 
17 (R.ESERVED) 10XX XXXX XXXX XXXX 9O-BF 
18 NOP llXX XXXX XXXX XXXX CO-FF 
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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 "Inlt 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 commandis ignored (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 o 
1 000 0000 xxxx xxxx 

This command signifies that no more charac­
ters will be lo,aded 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, this command is interpreted as a 
VEOR (Virtual End of Row) if encountered in a 
virtual process datastream. 

VEOR 

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-blt 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 o 

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 commandis'lnterpreted 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 command issued is a 
"Stop Display" command, the MCU will terminate 
the display. process and wait for the next channel 
attention. Otherwise, the MCUresumes 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 ~ 
SWI1CH, LBASEO and LBASE1 for each process, 
analogous to the automatic reinitlalization of 

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 : LPTR at each end of frame in a Normal Display. 
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LPTR for the current process is reinitialized using 
LlSTSWITCH, LBASEO and lBASE1 contained 
in the process header. The End of Display (EOD) 
bit in the header is set to 1. The current process is 
terminated as in a VEOR and the next process in 
Access Table is accessed. 

EOl 

15 14 8 7 o 
000 0010 XXXX XXXX 

The EOl (End of Line) command has a combined 
effect of NXTROWand NXTSTRG commands. All 
the actions performed in a END OF ROW com­
mand are carried out. In addition a END OF 
STRING command is executed before resuming 
the data' access task. Thus, following the end of 
row, the data access is continued with the next 
data string. In virtual process datastream, this 
command has the combined effect of VEOR and 
END OF STRING. 

$2730 

FUlROWDESCRPT 

15 14 8 7 o 
000 0011 n 

The next un" words fetched from memory are 
loaded into the Row Characteristics holding 
registers. un" is specified by the lower order byte 
of the command word and should be between 0 
and 7. 
The patameters loaded by this command will be 
used to define the tow characteristics at the time 
the row currently being loaded is displayed. The 
data words defining these characteristcs which 
follow the FUlROWDESCRPT command must 
be ordered and organized in memory in a specific 
format. The format for FUlROWDESCRPT para­
meters is shown below in Figure 6 starting with 
"Lines Per Row" as the first parameter loaded. 
This command will be ignored if encountered in a 
virtual process datastream. The MSB of all the 
parameters must be zero for proper operation in 
virtual display. 

Upper Byte lower Byte 
765 4' 3 2 1 0 

Li nas per row 
Normal Start/Stop 
Superscript Start/Stop 
Subscrip~ Start/Stop 
Cursor 1 Start/Stop 
Cursor 2 Start/Stop 
Underli.ne Line Selects 

15 14 13 1211 10 9 8 
RVV BlK DBl W 
ROW ROW HGT DEF 

NRMSTRT 
SUPSTRT 
SUBSTRT 

CUR1 STRT 
CUR2STRT 

Ul2 LINE 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). 

lPR 
NRMSTOP 
SUPSTOP 
SUBSTOP 

CUR1STOP 
CUR2STOP 

Ul1 LINE SEl 

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 WOEF pin is activated for the entire row. 

The followi"ng can be programl)1ed 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 stp.rt of 

normal, superscript and subscript characters respectively. 
NRMSTOp, SUPSTOp, SUBSTOP specify line numbers in a row where normal, super script and 

subscripCchatac'ters end respectively. 
CUR1 STRT, CUR2 'STRT specify the starting line numbers in a row for cursor 1 and cursor 2 

respectively. 
ULlNE1 SEl, ULlNE2 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 FUlROWD~SCRPT command. 

Flgu~e 6. Formal for FULROWDESCRPT 
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SL SCROLL STRT 

15 14 8 7 5 4 0 

000 0100 xxx SCR LINE 

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 
blank 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 in a 
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 
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 e~cept that the specified number of 
blank lines are inserted at the bottom of the slow 
scroll 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. 

TASTOn 

15 14 8 7 o 
000 0110 

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 

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 o 
000 0111 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 ~Iock after all channel commands. 

MAX DMA Count is programmable in the range of 
1 to 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. 

\ 
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. SuperscripVSubscript 
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. 

ENDSTRG 

15 14' 8 7 o 
000 1000 XXXX XXX~ , 

The 'gpTR 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. When more than one 82730 is 
connected in a cluster, .each of them adds an 
offset, deten'nined by its position in the cluster, to 
the pointer fetched from memory, before storing 
it in 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, tlie 
next data string within the current display pro­
cess is accessed. 

SKIPn 

15 14 8 7 o 
1 000 1001 n 

The next "n" data words fetched from memory are 
ignored. "n" is s'pecified by the lower byte of the 
command word and is programmable from 0 to 
255. If n equal to 0 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 FUL~OWDESCRPT 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 
is counted as only one count in "n". If another skip 
command is encountered its value of "n" is added 
to the pr~sent skip count and skipping continues. 

If an 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=O) in' 
either normal or virtual dispaly mode. If ALF=1 
the ENDROW is ignored, and not counted. 

REPEAT n 

15 14 8 7 o 
000 1010' n 

The next data word (byte, if DTW16=0) fetched 
,from memory is stored in the Row Buffer "n" 
times, where un" is specified by the lower byte of 
the command word. Un" 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 Qe ignored. This character will 
eventually be displayed n times. The DMA counter 
is also made to count n times. In non-auto 

linefeed mode (ALF = 0), reacl'ling 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, irrespective of the value of its 
command bit. 

SUP/SUB n 

15 14 8 7 o 
000 1011 n 

The next un" pairs of data words (bytes, if DTW16 
= 0) fetched from memory are treated as super­
scripts or subscript characters. un" is specified by 
the lower byte 9f 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=O), reaching the Max DMA Count will 
result in a termination of this command. If n equal 
to zero is specified, no action will result. 

RPT SUB/SUP n 
15 14 8 7 o 

000 1100 ·n 

The operation of this command is similar to that 
of the "Repeat n" command except that the pair of 
characters follpwing 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=p>, reaching 
Max DMA Count prjor to completion of n repeti­
tions wil.1 cause a termination of this,command. 
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SET GEN PUR ATTRIB 

15 14 8 7 o 
000 1101 GPAOPERAND 

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

7 6 5 
GPA GPA4 GPA4 GPA3 
OPERAND DATA EN DATA 

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: 

4 321 0 
GPA3 GPA2 GPA2 GPA1 GPA1 

EN DATA EN DATA EN 

ENCODING GPAx GPAtt 
DATA 

0 
1 
0 
1 

In Virtual Display, every time 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 o 
1 000 1110 XXXX XXXX 

o FIELD ATTRIBUTE MASK 

The word following this command is fetched. 
This word is used as a Field Attribute Mask in 
storing all subsequ~nt 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 O's upon reset and 
is cleared at the beginning of each frame. 

NOP 

15 14 8 7 o 
1XX XXXX XXXX XXXX 

No action is taken. The data access task is 
resumed by fetching the next data word. 

EN 
0 
0 
1 
1 

FUNCTION 
ROW BUFFER DATA 
ROW BUFFER DATA 
GPA DATA = 0 
GPA DATA = 1 

i) When Max DMA Count is reached, it has 
·the effect of a VEOR command if a Virtual 
Display is in progress or a ENDROW com­
mand if a Normal Display is in progress. It 
also causes an automatic end of string 
Le., the effect of a NXTSTRG command in 
non-auto linefeed mode (ALF = 0). 

ii) 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, even if "n" is not reached. 

iii) "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" ahd "RPT Sub/ 
Sup n" commands can be nested wfthin a 
"Skip n" command. If superscript-subscript 
characters are skipped, each pair'of 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 Com.mands 
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 to'direct 82730 to 
execute certain data stream commands by in­
serting an appropriate \command process 
address in the Access table. This capabnity en­
ables the preservation of uniformity and con­
sistency of operation between normal and virtual 
environments, by assigning different inter­
pretations to the command accordi'ng 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 in.to 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 interp~eted 
dlffere!1tly when they are issued through a com­
mand process as oppolled 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 othercommands 
will be'recognized if encountered in a 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 ROC (Reserved Datastream Command) 
status bit to be set and will generate an interrupt, 
if enabled. 

Table 5. Command Process Command list 

INTERPRETATION COMMAND CODE 
COMMAND IN VIRTUAL OPCODE 

PROCESS OPCODE PARAMETERS 
DATASTREAM 

Command Proceas 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 0061 'xxxx XXXX 81 

'4 EOl VEOR + NXTSTRG 1000 0010 XXXX ,XXXX 82 
5 FUlROWDESCRPT NOP 1000 6011 Un" . 83 
6 SL SCROLL STRT NOP 1000 0100 XXX' "SCR LINE" 84 
7 SL SCROLL EN 0 NOP 1000 0101 XXX "END LINE" 85 
8 TAB TO n f'toIOP 1000 0110 un" 86 
9 LD MAX DMA COUNT NOP' 1000 0111 "COUNT" 87 

, 10 (RESERVEP) RESERVED 10XX XXXX XXXX XXXX 90-SF 
11 NOP NOP 11XX XXXX XXXX XXXX CO-FF 

./ 
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.INIT NEXT PROCESS 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 orLBASE 1 depend­
ing upon wheth~r LISTSWITCH is 0 or 1 respec­
tively. Both LBASEO and LBASE1 are contained 
in the header. 

15 14 8 7 o 
000 1111 XXXX XXXX 

This command can be used onlY,in a command 
process to initiate a virtual display "'Io!indow", 

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 

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

15 14 13 

0 ----
LS: LlSTSWITCH ----
ALF: AUTO LINE ----

FEED 

,-

1 ----
1 

SAVE RPT 
AREA SIS SIS RPT 

1 
1 

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

8 7 6 0 LOCATION 
EOD ---- PROCESS ADDR 

LS ALF PROCADDR +2 

MAX DMA COUNT PROC ADDR +4 
LBASEO LOWER PROCADDR +6 

LBASEO UPPER PROCADDR + 8 

LBASE 1 LOWER PROC AD DR + 10 

LBASE1 UPPER PROC ADDR + 12 
GPA PROC ADDR + 14 

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 

-- REPT COUNT PROC AD DR + 26 
REPT CHAR PROC ADDR + 28 

REPT CHAR 2 PROC ADDR + 30 

15 14 8 7 o 
PROCESS ADDR COMMAND 

C/O 

Figure 7. Process Header for Display and Command Process 
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ENDROW 

15 14 8 7 o 
000 0000 XXXX XXXX 

The actions performed by a, ENDROW data­
stream command in a Normal Display are 
·carri~d out. The next process in Access Table is 
accessed and the data access 'task is 'resumed, 
after the next Row Buffer swap 

EOF 

15 14 8 7 o 
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 o· 
1 000 0010 XXXX XXXX 

This command is identical to ENDROW com­
mand in Virtual Display in Command Process 
environment. ENDSTRG, which is strictly a data 
operation within a display process is meaning­
less in the comma~d process environment. . 

FULROWDESCRPT 

1514 8 7 o 
000 0011 "n" 

The actions performed by the FULROWDES­
CRPT datastrea'm 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 ~ame actions as the SL SCROLL'STRT 
datastream command. ,The data access is 
resumed with the next process in Access Table. 

SL SCROLL END 

15 14 8 7 5 4 0 
000 0101 xxx "END LINE" 

The actions performed by a sL SCROLL END 
datastream command, in a ""ormal display, are 
carried out. The data access task is resumed 
with the next process in Access Table. 

TAB TO It 

15 14 8 7 o 
000 0110. "n" 

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 o 
1 000 0111 MAX COUNT 

The Max Count register on 82730 is loaded with 
the value specified by the lower byte of the 
command word. The DMA counter is 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 Count command 
is used for this process. The virtual display data 
access task is then resumed normally. When the 
process is terminated, the new Max Count valulil 
is written to the process header. Thus the Max 
Count value in the header is updated as a result 
of this command. 

NOP 

15 14 8 7 o. 
1XX XXXX XXXX XXXX 

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

ERROR AND STAT,US HANDLING 

Error Conditions 

Since the MCU and DG function asynchronou's­
Iy with respect to each other, different relative 
timings in MCU and DG operatioFl are possible, 
some of which result in error conditions. The 
lack of appropriate termination commands for 
'tow 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 endofframe 
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 wilJ 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 results in the 
execution of an EOF command by MCU. (Note 
that this does not disrupt the visible display 
action, and may not constitute an errorforcertain 
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, wit.hout 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 ,f the corresponding interrupt has been 
enabled. 

15 9 8 7 6 5 
(RESERVED) VDIP DIP ROC RCC 

Status and Interrupt Handling 
A status word is maintained in an internal register 
by 82730 and it is written to the "STATUS" 
location in command block when the "Read 
Status" channel command is executed. The pro­
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 
Tile format for the status word is shown below. 
The function of each ofthe status bits is described 
below. 

The status bits get set under the conditions 
described above. I nterrupts can be enabled for all 
status bits except 01 P and VOl P bits. The interrupt 
status bits are cleared at the beginning of each 
new display field. DIP and VDIP bits are cleared 
only after receiving a "STOP DISPLAY" command 
or a Reset. 

All status bits are cleared by.a Reset. 

VDIP: 
DIP: 
RCC: 
ROC: 
FOE: 

Virtual Display In Progress 
Display In Progress 
Reserved Channel Command 
Reserved Datastream Command 
Frame Data Error 

OUR: Data Under Run 

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

, loading its Row Buffer when the DG initiates a 
buffer swap at the physical end of.a display row. 
This conditi.on is defined as data underrun and 
causes the MCU to execute an EOF command 
and the DG to blank the screen until the 
phy~ical end of frame. 

LPU: Light Pen Update 

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

4 
FOE 

EOF: 
DBOR: 
LPU: 
OUR: 

321 
EOF DBOR LPU 

End of Frame 
End 'of Row 
Light Pen Update 
Data Under Run 

o 
OUR 

mand. The detection of a rising edge on the 
LPEN input causes the current row and column 
position to be stored internally. The MCU 
updates the LPEN ROWand ,LPEN CQL loca­
tions in command block at the next end of frame 
and sets the LPU status bit. Further updates of 
these command block locations are inhibited 
until another LPEN ENABLE command is issued. 

DBDR: Data Buffer Over Run 

This status bit is set when the MCU tries to fill a 
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 DGat the physical end:bf 
the nth frame, where 'n' is specified by the 
MODESET parameter FRAME INTERAt'JPT 

,COUNT. This provides the means for timing 
frame related events such as'slow scrolls. 

FOE: Frarpe Data Error 

This status bit is set by the DG at the physical 
·end ·of frame jf no EOS datastream command . 
has been encountered until· then .. T.his 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 
an illegal datastream or command process com­
mand. This can be used to trap software errors 
during program development. ' 

ROC, Reserved Datastream Cdmmand 

Tilis bit is set by the MCU upon encountering 
an illegal 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 Display 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 Displa·y" 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. . 

Interruj)t. Processing. 
The system processor can enable interrupts on 
any of the st8:tus bits, with the exception of 01 P 
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 
showl1 below. The Int Mask can be loaded into 
82730 from the INTMASK location in command 
block by a "Load Inf'Mask" channel command. 
If the Interrupt is enal;lled for it 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 nel<t 
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 iri'the internal register will be written to 
the rNT 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 SI NT pin. If noointerrupt 
reset is rec'eived until the next end .offrame 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 an interrupt reset within a frame time after 
an interrupt is generated. 
When the display is not activated,. the only 
interrupt that c~n occlJr is the Reserved Channel 
Command interrupt. Upon receiving an invalid 
chann.el 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 interrupt 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 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 Pointerin the Command Block points to a par!!meter block containing the Mode information 
required for the dh?play. The'Qrganization of the mode words in the Mode BI,Q(;k is shown below. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 LOCATION 

DMA - BURST LENGTH -I BURST SPACE MPTR 

LIN!; LENGTH HSYNCSTP MPTR=2 

HORIZONTAL HFLDSTRT HFLDSTP MPTR =4 
MODES 

HBRI5STRT HBRDSTP MPTR =6 

- - - - - - - - - - - SCROLL MARGIN MPTR =B 

- - - - RW BLK,I DB~ I w - - - LPR 
CHAR ROW ROW ROW HGT DEF MPTR = 10 

CHARACTERISTICS 
- - - NRMSTRT - - - NRMSTP MPTR = 12 

, - - - SUPSTRT - - - SUPSTP MPTR = 14 
" 

(FULROWDESCRPT) - - - SU~STRT - - - SIJBSTP 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 - - - - - VSYNCSTP MPTR = 26 

MODES - - - - - VFLDSTRT MPTR =30 

- - - - - VFLDSTP MPTR= 32 

(RESERVED) MPTR= 34 

(RESERVED) MPTR=36 
BLINK 
CONTROL - DUTYCYC CURSOR BLINK - - - - FRAME INT COUNT MPTR=36 

• - DUTYCYC CHAR BLINK ILE 1 RFE 1- B BUE CR2 CR1 CR2 CR1 MPTR =40 
, POL CD CD BE BE 

REVERSE VIDEO BLINKING CHAR - - - - CR2 CR1 CR2 CR1 MPTR=42 
ATTRIBUTE BIT RVV RVV OE OE 
SELECTS 

ABS LINE COUNT, INVISIBLE CHAR UNDERLINE 2 UNDERLINE 1 MPTR=44 

Figure 10. Mode Block Organization 
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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 is 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 
DATO-14 Low 
WDEF Low 
LC0-4 High 

BLANK Low 
CSYNC High 
CHOLD High 
HSYNC Low 
VSYNC Low 
CRVV Low 
RRW Low 

After reset of the 82730, 'the CAM arrays are in 
undetermined states. The CAM arrays are set 
upon the execution by the MI U 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. 

. 8-187 21092HlO2 



82.730 

I 
(HSVNCSTRT) 

BORDER 
HBRDSTRf 
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~ 

HFlI;)STP 

IORDER 
HBADSTP 

L-.....;..._---'" _______________ ....LLINELEN 

Figure 11. Timing Parameters 

Row Timing Parameters 

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

(a) 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. 

(b) 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. 

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

(d) HBDRSTRT - Horizontal border start. The 
RCLK count on a scan line where the 
border begins. Th.e 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 thEi 
leading edge of the. programmed RCLK 
period.' . 

(f) 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. 

(g) HFLDSTP - Horizontal Field Stop. The 
RCLK count on a line where the character 
display field stops. When this timing 
poi ntis reached, CSYN will be activated. 
This field ends at the leading edge of the 
programmed RCLK period. 

There is also one pseudo parameter, SYNCDL Y. 
It is fixed at one half LlNELEN and is used as , 
the start and end timing for V$YNC in od'd 
frames in interlaced displays. VSYNC starts at 
HSYNCSTRT in even frames for interlaced 
displays and all frames for non-interlaced 
displays. 
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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 HFLDSTPof one line and HFLDSiRT of 

m 4 ~ 15 

the next. The minimum delay of 15 RCLKS is for, 
the charging ofthe pipeline from the row buffer to 
the character data output DATO-DAT14 as we" as 
the setting of the correct'value for the scan line 
output LCo-LC4. ' 

~ 
~ Iii 

9 a 
~ ~ RCLKS ... RCLKS 

IL IL 
:J: MIN :J: MIN :J: :J: 

--
I-

rl -I-
-I~ 

-I 1 

.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 a" non-interlace 
fields and for odd fields in the interlace 
mode. 

(b) 

(c) 

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. 

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

(d) 

(e) 

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

VFLDSTRT - Vertical Field Start. Programs 
the scan line cO'rlnt where th'e charaCte,r 
display field begins. 

VFLDSTP - Vertical Field Stop. Programs 
the scan line count where the, regular 
character display field ends. VFLDSTP 
times the beginning ofthe Status Raw. 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 Boundrydefinition:Thestarting 
or ending event is defined to occur at HFLDSTP 
on the soan line following the programmed value. 
Th'us the visible character field effectively begins 
two scan lines below the programmed start value 
and ends 6ne scan line below the programmed 
stop value.) 
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Status Row 
The Vertical FrameTiming Parameters h~ve no 
border controls, unli~e the Horizontal 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 reg ular 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 
reg l,J lar display runs up to VFLDSTP, TM user can 
create a bottom border or any end-of-display row 
that he chooses. A display status or system status 
line, or special programmable key function de­
finition line can be implemented with this feature. 

CHARAC:rER 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 characteJ by 
character basis. They are individually described 
in detail in the following sections. 

Reverse Video 

When a character with the reverse, video attribute 
is displayed, the CRVV pin will pe invtll,rted during 
the time the character is being displayed. The 
reverse video affects the entire height of the row 
for that character space. For superscript/subscript 
pairs, the reverse video effect is controlled by 
sl,Jperscript 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: 

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

(b) CHAR BLNK FREQ; Selects one of the 32 
blinking frequellcies available for the 
blinking character and blinking underline. 
The character blink rate is calculated as 
below: 

(c) 

Frame Refresh Rate 
Blink Rate = 4 x CHAR BLNK FREQ 

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

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

Underline #1 ' 
When a characteJ 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 sele~t 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. 

(b) 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. 

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: 

(a) 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 t.he 
FULROWDESCRPT command. 

The next two parameters can only be modified 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. ' 

(c) 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. Th,e parameter that is 
used to implement this ~ttributes:. 

I BS - Invisible Bit Select. Selects one oftha 
15 bits of a character data word as the 
invisible attribute control. Value 15 disables 
the invisible attribute. 

Absolute Un~ Cntr Attribute 
This character attribute allows the display of 
special graphic clJaracters, or may be used to 
upshift normal characters to impl,ement displays 
with overlapping superscript and subscript fields. 
When a character with this character attribute 
enabled is being displayed, its LCO-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 subscripV 
superscript characters. The parameter used to 
select the attribute is: 

ABS LINE BITSEL. 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 disaples the ABS Line attribute. 

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

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

(b) 

(c) 

(d) 

(e) 

(f) 

FRE9 
i 

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

CR1 RVV - Cursor 1 Reverse Video Enable 
selects a reverse video type cursor as 
opposed to a solid (blanking) cursor. 

CR1 BE ~ Cursor 1 Blink Enable changes 
the cursor 1 b,ock or underline to a blinking 
block or underline. Enabling this bit also 
causes DAT 14 pin to "blink" as well. if the 
CR10E bit is set. ' 

CR10E - Cursor 1 Output Enable recon­
figures 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. ' . . , 

CR1CD - Cursor 1 Light Pen Curso~ 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 (1) is· 
available for the generation Qf CURSOR 2.,The 
two cursors share the same FREQ and DUTY 
CYCLE parameters. 
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ABSOLUTE MAxiMUM RATINGS· ,f 
AmbientTemperature under-Bias .... O·C to 7O·C 

, StoragEiTelTlperature ........ -65°Cto + 150·C 

Voltage on Any Pin with 
RespecttoGrbund .' ..••.•.•.• -1.0Vto + 7V 

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

*NOTlCE: 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 indio 
cated in the operational sections of this speclflca­
tlqn 'is not implied. Exposure to absolute maxi­
mum rating conditions for extended periods may 
affect device reliability. , 

D.C. CHARACT.ERISTICS TA = O·C to 70·C, Vcc = 5V ± 10% 

Symbol ' Parameter Min. Max. Units Test Conditions 

Vil Input Low Voltage -0,5 +0.8 Volts' 

VIH Input High Voltage 2.0 Vee +0.5 Volts, 

VOL Output Low Voltage 0.45 Volts IOl=2 mA(1) 

VOH '. Output High Voltage 2.4 Volts IOH = - 400 p.A 

Icc PoWer Supply Current 400 mA @TA=O·C 

III Input L!!lakage CurrE;tnt 10 p.A VIN =O",Vec 

ILO Output Leakage Current 10 p.A VOUT =0.45 - Vee 

VBll Bus Clock Input Low Voltage -0.5 0.8 Volts 

VBHI Bus Clock Input High Voltage 2.0 Vcc+ 1.O Volts 

VCLl 
, 
Character Clock Input Low Voltage -0.5 0.8 Volts 

VCHI Character Clock Input High Voltage 2.0 Vee +0.5 Volts I 

VRll Reference Clock Input Low Voltage -0:5 0.8 ' Volts 

VRHf Reference Clock Input High Voltage 2.0 Vee +0.5 Volts 

NOTE: 
1. 10l = 2.6 ~A on the 51. and SO pins. 

A.C. CKARACTERISTICS 

82730 Bus Interface Input Timing Requirements 
TA = O'C to' 70·C, Vcc;'" 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 . 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) 

"2730 Bus Interface Input Timing Requirements (Continued) 
, TA = O·C to 70·C, Vcc = 5V ± 10%. All timings in nanoseconds. 

SYI1lboI 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 = O·C to 70·C, Vcc = 5V ± 10% . All timings in nanoseconds. CL = 200 pF except on ALE where CL = 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 RDWidth 2TClCl-50 ns 

TClRl FID Active Delay 0 95 ns 

TClRH RD Inactive Delay 0 70 ns 

TRHAV R15 Inactive to Next Address Active TCLCl-40 ns 
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A.C. CHARACTERISTICS (Continued) I 

82730. 

82730 Bus Interface Output Timing Response (Continued) 
TA = O·C to 70·'0, Vcc = 5V ± 10%. All timings in nanoseconds.'CL = 200 pF except on ALE where CL = 100 pF .. 

Sy,nbol . 'Para~eter 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 7d ns 

TWLWH WRWidth 2TCLCL-40 ns 

TFLHL Bus Float to HOLD Inactive 0 ns 

82730 Display Generator Input Timing Requirements 
TA = O·C to 70·C, Vee = 5V ± 10%.'AII timings in nanoseconds. CL = 100 pF except where noted. 

Symbol Parameter Min. MaJ. Units' Test Conditions 

TRCHRCH RCLK Cycle Period 100 2500 ns, 

TRCHRCL RCLK High Time 40 ns 

TRCLRCH- FlCLK 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 Cycl~ Period 100 None ns 

TCCHCCl CCLK High Time 30 liS 

TCCLCCH CCLK Low Time "- 40 ns 

TRCCK CCLK Rise Time 30 ns 0.45V-2.4V 

TFCCK CCLK Fall Time. 30 ns 2.4V-0.45V 

TSYVCR SYNCIN Set-Up Time to RCLK in Slave Mode 30 ns 

82730 Display Generator Output Timing Response 
TA = O·C to 70·C, Vcc = 5V ± 10%. All timings in nanoseconds. 

Symbol Parameter Min. Max. Units Test Conditions 

TCCHDV Data, Line Count and Attribute and Output Valid 70 ns CL=100pF , 
Delay from the Delay from the Rising Edge of CCLK 

TRCHCV Delay of Outputs CSYNC, VSYNC, HSYNC or RRVV 70 ns CL =100pF 
from the Rising Edge of RCLK 

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

TRClCH RCLK Falling to CHOLDHigh 60 ns CL=50 pF 
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WAVEFORMS 
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WAVEFORMS (Continued) 
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WAVEFORMS (Continued) 

DISPLAY GENERATOR INTERFACE TIMING ~ 
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WAVEFORMS (Continued) 

SYNCIN TIMING 

RCLK / \ ! 
fY>C' SYNCIN 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT OUTPUT 

::. :=x;:: > "" ~'"" < ::>e 
A C TESTING INPUTS ARE DRIVEN AT 2 4V FOA A lOGIC 1 AND 0 4'>V FOR 
A lOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FDA A LQGJC 1 
AND 0 8V FDA A lOGIC 0 

82730 
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A.C. TESTING LOAD CIRCUIT 

DEVICE 
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-=-

C l INCLUDES JIG CAPACITANCE 
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VIDEO INTERFACE CONTROLLER 
• Parallel to Serial Data Conversion • On· Chip Character Attribute Processing 

• On·Chlp Clock Generator • Control Functions to Provide Screen 

• High Video Dot Rates Reverse Video, Video Clock, 
SO MHz-S2731-2 Synchronization and Tab Function 
50 MHz--S 2,731 • Single 5V Power Supply 

• Character up to 16 Dots Wide • 40 Pin DIP 

• Proportional Character Spacing • 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. 

CBLANK---+-i 

CRVV---+! 

ow---+-i 

HOOT---+! 

RRVV---+I 

00-015 

00-07 

WG-W3 __ --,1/ 

PROG---+I 

CSYN---+i 

WOEF---"-+i 

CHOLO---'--+i 

ATTRIBUTE 
REGISTER 

16-BIT 
SHIFT 

REGISTER 

CCLKJ 
RCLK 

REGISTER & 
GENERATOR 

DOT 
CLOCK 

ATTRIBUTE 
PROCESSING 

OSCILLATOR 
PLL 

Figure 1. 82731 Block Diagram . 
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Figure 2. 82731 Pin 
Configuration 
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TIIble 1. 82731 Pin Description 

Symbol Pin Number "lYpe Name and Function 

00-015 8-1,39-32 '1 Character data parallel inputs. 

PROG 9 I Program contro; input; used to program default width 
values of CCLK and RCLK; these are latched into the 
82731 via 00-07 at the rising edge of CCLK (PROG is 
active high). 

VIDEO 10 0 Video output; provides the dot infor.mation olocked by 
the internal dot clock -

RCLK 11 0 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 8 to 
21 times the period of the internal dot clock. 

CCLK 12 .0 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. 

HOOT 13 I Half dot shift input; the video sigmil at the );~eo.out-
put will be delayed by half dot clock for character 
rounding (active high). 

CBLANK 14 I Character blank attribute Input; the video output is 
bl;anked (active high). 

WOEF 15 I Width defeat attribute input; the CCLK period is set to 
a preprogrammed default value (active high). 

. CRVV 16 I Character reverse video attribute input; inverts the 
character data from 00-015 (active high). 

OW 17 I Double width attribute input; the internal dot clock 
frequency and the CCLK frequency are divided by 
two (active high); The RCLK frequency rem~ins 
unchanged. 

WO-W3 18,19,21,22 I Clock width inputs; they are used for programming 
the CCLK clock width on a'character by character 
basis. 

CHO'LD 23 I CCLK Inhibit input; thiS signal inhibits CCLK 
generation and is used for TAB function (active low). 

CSYN 24 I CCLK synchronization Input; CCLK will be 
synchronized to RCLK and the video output sigl)al is 
defined by RRVV (active high). 

RRVV 25 I 'Field reverse video input; the video signal at the video 
output will be inverted (active high). . 

OCLK 26 0 Dot clock output; ECL-Ievel signal; must be can-
neoted to a 3.3k resistor to ground if used. 

Xl-X2 27. 28 I Inputs for fundamental mode crystal; its frequency 
must be 1/8 of the required dot clock frequency. 

VT 29 0 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. 

Tl-T2 30, Sl 
, 

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

" twice the dot clock frequency. 

VCC 40 - . +5V power supply 

6NO 20 - Ground (OV) . 
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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 a video CRT terminal. It also generates the basic 
dot clock (OCLK), 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, attripute 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 T1 and T2. Another clock 
is generated which is crystal controlled an61 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. 

82730 
TEXT . 

DATA 

PIPELINE 
REGISTER 

HSYNC 

VSYNC 

The 16 bit shift register receives parallel inputs 
from pins 00-015. This allows a maximum char­
acter width of 16 dots. The minimum width is 3 
dots. The character width is programmable 
through pins WO-W3 for proportional character 
spacing. This also determines the character clock 
(CCLK) frequency. Prc:>gramming of the default 
character width and the reference clock (RCLK) 
is done through inputs 00-07 and PROG. Signal 
WOEF can be used to switch between the default 
character width and the one specified dynamlc­
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 requirem~roviding a 
tab function using CSYN and CHUrn 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 HOOT 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. 
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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 forthe 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 citcuit is con­
nected to the T1, T~ 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 tothe X1, ' 
X2 pins. This oscillator runs at 1/8 the normal DCLK 
frequency to allow using inexpensive low-frequency 
crystals. Tne 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). 

Xl 
CRYSTAL 

X2 
CIRCUIT 

Tl VOLTAGE 
82731 CONTROLLED 

T2 LC-CIRCUIT 

t 
lIT FILTER 

DCLK 
..L . 

a) Internal Clock Generation. 

Alternatively the 82731 can be supplied with an 
external TTL-level clock at twice the normal DCLK 
frequenc;y via the T1 pin, as shown in Figure4b. 

When the Double Width (OW) 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. 

Designing the Oscillator Circuit . 

The whole external oscillator circuit consist$ of 
three parts: 
-the crystal circuit, 
-the voltage controlled 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 Cx is necessary 
if a fine adjustment of the dot clock rate must be 

Xl 
VCC 

X2 

T2 ~N.C. 
ECLK CLOCK 

Tl GENERATOR 

VT -?N.C. 

DCLK 

N.C ; No Connect 
82731 

b) External Clock Generation 

Figure 4. Clock Generation 
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made. Figure 5b shows an example how the dot 
clock frequency can vary with different values of Cx. 
The capacitdrs Cl 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 0 to 10 pF for Cl 
,and 0 to 100 pF for C2. 

The voltage controlled LC-circuitis shown in Figure 
5c. The effective resonant circuit consists of the 
inductance L, the capacitance Cd of the varactor 
diode and the parasitic capacitance Cpo Its resonant 
frequency is 

1 
fA = =-~::::;;;::;=::;::::;:' 

2rrVL· (Cd + Cp) 

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

The value of DC (varactor diode) should 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 1 V to VCC~l which results in a min­
imum frequency shift of about 6-8% in relation to 
the cent.er frequency at 2.5 V. ' 

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 
fA = 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 
at a control voltage of 2,5 V. The use of other diodes 
will of course lead to other diagrams~ 

At dot clock frequencies high,er than 50 MHz the 
needed inductance becomes lower than 100 ~H. In 
these cases it is better to integrate the inductance 
into the board layout. Figure 5e shows a possible 
layout for the external osci lIator ci rcuit and approx­
imate (measur~d) values of the inductance of the 
printed coil (trace w.idth and trace spacing 20 
mils). . 

The loop fi Iter converts the current pu Ises atthe VT 
pin into the control voltage VT for the VCO.it is an 
essential part of the PLL and affectsthelock-in-, 

range andstabi I ity of the PlL. A second 'order filter 
that wa!3 found to work well .under all operation 
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. It is programmed via 04-07 at the rising edge of 
CCL;K, when PROG is active (see Table 1 and Figure 
6). ,. 

The RCLK clock width should be programmed onl'y 
once after a system reset. 

Table 1. Programming RCLK 

RCLK Period 
07 06 05 04 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 0 0 0 1 8 
1 0 0 1 1 9 
1 0 1 0 1 10 
1 0 1 1 1 11 
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 ~Iock and inside, the 
active character field its period is programmable 
from 3 to 18. times the period of the dot clock, i.e. the 
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inter 82731 

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 orderto 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 accordi ng 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 (WOEF) 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 00-03 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 (OW) 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 is a random 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. 

• Apply the clock width informations to 00-03 
and 04-07 according to tables. 

• Activate the PROG signal. The default width of 
CCLK and the width of RCLK are programmed 
at the next rising edge ofCCLK (see Figure 6). 

• Remove the PROG signal. 

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

Table 2. Programming CCLK 

PROG = 1 03 02 01 DO 
CCLK Period 

PROG = 0 W3 W2 W1 WO (dot clocks) 

0 0 0 0 16 
0 0 0 1 17 
0 0 1 0 18 
0 0 1 1 3 
0 1 0 0 4 
O' 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 ' 1 0 0 12 
1 1 0 1 13 
1 1 1 0 14 
1 1 1 1 15 

Note: 
PROG = 1: Programming the CCLK default clock width 

during the initialization phase via 00-03 at the 
rising edge of CCLK. 

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

Character Data Signals 

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

The character data signals consist of: 
• the .character data lines (00-015), 
• the character width information (WO-W3), and 
• the half dot shift signal (HOOT). 

Dot Data (00-015) 

The dot data signals will be clocked into the 82731 
via the 00-015 inputs at the rising edge of CCLK. 
The actual character width is defined by the WO-W3 
inputs or the default width information previously 
programmed. The dot data will be displayed depen~ 
dent on the control signals and on the correspond. 
ing attribute information. The data bits are serially 
shifted out at the video output starting with 00. 
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inter 82731 

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 (Wo-W3) 

The Wo-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 (HOOT) 

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 a dottime. The first dot ofthe 
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 charact~r dots are transmitted for one 
dot clock period and thus are shifted by half a dot. 

The HOOT signal is not a character attribute signal, 
because it can change from scan line to scan line of 
a character. Thus it is reasonable to generate it f'rom 
the character ROM, together with the dot data and 
the width information. 

DCLK 

CCLK---..... 

VIDEO 

(1) 

WIDTH OF CHARACTER IS 5 DCLK PERIODS 
CHARACTER DATA D4-DO • ODH 
(1) 1-112 DCLK 
(2) 1I2DCLK 

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 CR\N, 
• double width OW, and 
• width defeat WOEF. 

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 00-015 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. 

(2) (1) (2) 

Figure 8. Function of HOOT on VIDEO, 
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, 
82731 

Character Reverse Video (CRVV) 

CRVV is an active h'igh 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 t~e current character. CRVV is also effective 
together with the CBLANK attribute (see CBLANK 
description) and tl'1e RRVV signal. Outside the char­
acter field, the CRVV attribute is ignored. ! 

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 (OW) 

The dot clock frequency and the CCLK freque~cy 
will be t"!alved 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 82131 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 th~ attributes are 
valid for a specific part of the screen independent of 
how many characters are displayed within this part. 

DCLK 

DW --t------~---I 

CCLK 
(1) Character Is dIIpleyael normal width 
(2) Character 18 dlsplayael double width 

The ~2731 supports tw.o ,field attributes: 

• field reverse video.RRVV, and 
• 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 attribute 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. I\t the first rising edge of RCLK jifter 
~SYN is.de~ctivated (low), char~cterdata i!! latched 
Into the 82731, beginning the display of the active 
character field (see Figure 11). At the next riSing 
edge of RC~K after CSYN is, activated (Le. 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 transrriitte~ 
character will be truncated at tijis 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 charact!3r 
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. 

Figure'9: Function of OW on, DCLK and CCLK 
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DCLK 

WDEF----+ .... 

CCLK 

W2 

W1 

WO 

AT (CCLKI), WDEF ~ 0 
AND <W3:WO> 

DEFINES THE CCLK 
WIDTHAS3 

AT (CCLKI), WDEF = 1 
DEFINES CCLK WIDTH 

AS THE DEFAULT VALUE (5) 
IGNORING <W3:WO> 

AT (CCLKI)<W3:WO> 
DEFINES WIDTH OF CCLK 

when WDEF = 0 

The defaulf width of CCLK was previously defined as 5 

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 8~tiI 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 WO-W3 or by activatil"!g WDEF. 

. The CHOLb signal is provided by the 82730 and it is 
assumed to be triggered with the rising edge of 
CCLK lFiqure 12). With the same edQe 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 

shows the normal case where the display of the 
TAB-character is finfshed before deactivation of 
CHOLD. The gap between the TAB- and the follow­
ing character is normally blll:nked. In this sche~e 
the TAB-character will be handled by the 82731 lik~ 
each other character (attributes operate normally). 

In case of CROL5 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 IS terminated before reaching 

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

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

3) 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). 

If the CHi5LD signal is not deactivated the video 
output will be continuously blanked. In the gap 
between the end of the TAB-character and th~ TAB­
location all character attribute signals will have no 
effect on the video output signal. If the RRVV control 
s:Jnal is active the video output signal is inverted. 
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i~ 82731 

DCLK 

CiiO[[j 

RCLK 

CCLK 

(1) 

CBLANK 

(4) 

WDEF 

TAB REQUEST END OF TAB 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 

(2) (3) 

TAB LOCATION 
START OF NEXT CHARACTER 

Figure 12. Function of CHOLD (Normal Case) 

DCLK 

CHOLD"----+--, 

RCLK ----fi---_i' 

CCLK 

CBLANK 

WDEF 

TAB REQUEST 

(1) (2) 

START OF NEXT CHARACTER 
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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~2731 

Video Output 

The video output provides an ECl.:-oriented signal 
(see Figure 14) and is matched to drive a SO Ohm 
coax cable (see Figure 1S). In case of external 

attribute processing the external logic can be ECL­
or STTL-compatible. 

vee --.....-------, 

t------t--.J VIDEO 

Figure 14. Video Output Stage' 

. 
eOAxeABLE vee 

o-JsoneOAX VIDEOAMPL. 
VIDEO ' T ) . 

vee 

VIDEO soneoAX VIDEOAMPl. 

son son 

IF IF IF 

Figure 15. A Video Output Load 
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ECLLOGIC VCC VCC 

VIDEO 

REFERENCE 

VOLTAGE (3V) 

STTLLOGIC VCC VCC VCC 

VIDEO 

VREF 

Figure 15.8 Proposed Converter for Video Output to TTL Level Output 

VCC VCC vee 

2N2389A 270n 75n 

33011 27011 1K 

Figure 16:. TTL-Level-Output 'Rtst Load 
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82731' ~OO(gIl.OIMlO~imr 

ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias ......... ,. 0·Cto70·C 

Storage Temperature ........ -65·Cto + 125·C 
All Output and Supply 

Voltages ................... - 0.5V to + 6V 

All Input Voltages ............ ,.. - 0.6V to + 5.5V 

Power Dissipation ................. :.,.. 1.75 We\tt 

, 

• 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 devicfJ at these, 
or any other conditions above those indicated in ' 
the operational sections of this specification is· 
not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device. 
reliability. . 

D.C. CHARACTERISTICS (Vee = 5V ± 10%, TA = O·C to 70·C) 

Sym~ol Parameter MIn. Max. Units Test Conditions 
... 

Ve Input Clamp Voltage -1 V le= -SmA 

IF Forward Input Current -0.7 mA VF =0.5V 

IR Reverse Input Current 50 pA VR=Vee 

: VOL Output Low Voltage '\ 
CCLK 0.5 V IOL=8 mA 
RCLK 0.5 V IOL=4 mA 
VIDEO Vec- 1.2V Vee- 0.6V - IOL=O . 

VOH Output High Voltage 
CCLK,RCLK 2.4 V IOH = - 400 p.A 

'VIDEO Vec'-0.2V "Vee " - IOH=O 

VIL Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

Icc Power Supply Current 300 mA 

Zo Output Impedance VIDEO 40 70 n 

CIN Input Capacitance 15 pF fe=1 MHz 

210925-003 
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82731 

A.C. CHARACTERISTICS 

T A = 0 to 70° C; V cc = 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 

TDHDH DCLK cycle period 20 125 12.5 125 ns -
TCHCH CCLK cycle period 3 18 3 18 TDHDH 

TCLCH CCLK low time TDHDH 16 T DHDH TDHDH 16 T DHDH 
-10 -10 ns 

TCHCL CCLK high time 2 T DHDH - 2 T DHDH -
-5 -5 Fig. 17 

TRHRH RCLK cycle period 6 21 6 21 TDHDH 

TRLRH RCLK low time 3 TDHDH 18 T DHDH 3 TDHDH 18 T DHDH 
-10 -10 

TRHRL RCLK high time 3 TDHDH 3 TDHDH 
-5 -5 

TDRCH Data and attribute 25 20 
input set up time 

TCHDX Data and attribute 0 0 
input hold time 

THLTE ' CHc5i15 active before - - ns 
end of T AS-character 

THLHH CHOLD pulse width 25 20 -
THHRH CHc5iJ) inactive set up 

before rising edge of 
RCLK 

THLRH CHOLD inactive hold 0 0 
time after rising edge of 
RCLK 

TCHVV Video output valid after 6 f./ideo output 
rising edge of CCLK measured at 

VCC - O.4V 

TOLOH TTL-output rise time 
10 

10 Fig. 17 

TOHOL TTL-output fall time - - ns 

TVLVH Video output rise time 5 3 Fig. 18 

TVHVL Video output fall time 
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RCLKlCCLK 

RCLK: RL = 7000 

CCLK: RL = 3500 

VCC 

Figure 17. TTL-level-Output Test Load 

2A~2.0> TEST <~x= o.s o.a POINTS 2. 

82731 

Figure 19. TTl-Level-O~tput load Circuit 

TDHDH 

TCHDX 

VIDEO 

Flg~re 18. ECl-level-Output Test 

Figure 20. ECl-Level-Output load Circuit 

Figure 21. Basic Timing 
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CCLK 

RCLK -+-I....J 

CHOLD-+-.... oo:E.\. 

t4-------t--THLHH---------+l 

END OF TAB CHARACTER 
BEGINNING OF TAB CHARACTER 

Figure 22. Timing on CHOLD 

CC 

LC 

8275 

CCLK~---~----OC 

8276 RW 1-------------+_------+01 
uENI-------------+-.-----~ 
vspl------~---__, 

HRCT~~---------~~--~ 
VRCTI----------~+_---L--' 

Figure 23. Example lnterface to 8275 
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inter PACKAGING INFORMATION All dimensions In Inches and (millimeters) 

NOTES: 
All packages drawings not to scale 

All packages seating plane defined by 0415 to .0430 PCB holes. 

3 Type P packages only Package length does not Include end flash burr Burr is .005 nominal. can be 010 max at one end 
4 All package drawings ~nd view dimenSions are to outside of leads. 

PLASTIC DUAL IN-LINE PACKAGE TYPE P 
1lt-LEAD PLASTIC DUAL IN·LlNE 
PACKAGE TYPE P 

1I1·LEAD PLASTIC DUAL IN·LINE 
PACKAGE TYPE P 

20·LEAD PLASTIC DUAL IN·LlNE 
PACKAGE TYPE P 

24-LEAD PLASTIC DUAL IN·LINE 
PACKAGE TYPE P 
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PLASTIC DUAL IN-LINE PACKAGE TYPE P 
28-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

4O-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

48-LEAD PLASTIC DUAL IN-LINE 
PACKAGE TYPE P 

" ... 111)1'1-1 

,n(II751 ... 

o 

CERAMIC DUAL IN·L1NE PACKAGE TYPE D 
l6-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

790(200661 

t== ::'~:"'---P-'N~'''' 
1 

SEATING 
PLANE 

12513'1761 
M'N 

21015080) 
MAX 

310 (7 874) 

2651i7ifJ 

........ """"" ..... ,--*- (8.128) 

700 REF. 11---,:", 050 f1.270) t ~ :1 
(17780) .~." • ' (UIIO) 

"t-/il:i:n::n:n: ~~~~~J:='==r 1lI5'''191) , =! ',.0.1~ffl:~;"3 -.,- I 1,1& 

',0127941 
090'2286, 

9-2 

032 TVP 
(08131 

LO.'SMIN' OjOlYP.' ~ 
10 3811 (1).1~t. ... • .. , REF 

-11-02010. ... ' ;~i··i...:'~. ~ > 

01. '0408, '. l1,o.)80) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LINE PACKAGE TYPE D 
18-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

20-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

22-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

24-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

SEATING 
PLANE 

.210(5080) 
MAX 

125(3175) 
MIN. 

SEATING 

210(50801 
MAX 

PL~NE 

125(3.175) 
MIN. 

r--- 920 (23.000) 

1_ _ _ _ 880 (22 352) ~ 
I 

310 (7 874) 

265 (6.73', 

.."..,""""' ....... ~ (8.128) 

1-.070..s.xr:8) t;;!;-1 
T~~Wic~=:JI '''(~) .... 1 =1 I _ 140(3.556) ~ 

Oloryp _ ........ ! '1t 

032 TYP 
(Oa13) 

(0254) I " REF. 

LM~.j 
(10.160) 
NOTE 4 

990(25146) ~ r--- 950(24.130) 

1__ __ PIN 1 

i'="-'="~-----""""'"""""""'il 

.31011.8741 

.286 16.731' - ......... ,~ 
I-'07OJi.x778) 

032 TYP 
(OS13) 

r= 1096(27813) ~ 
1 060 (26 924) 

PIN 1 

1.285 (32.6391 ~ 
r-,.235 (31.3691 

1_ _ _ _ PIN1 
l=-'=~=- - --"";';:"'1-1 

~~I;~g:~1 
~ ~~~j.lL' (15,748) 

.090~288) C ::: -J 
(15.240) , 

---;---'T ,175(4,445) 1 :: II 
~ .140(3,556) ._.."" 

lO2OMIN .010 TVP' : W 

II ' (.508) (0.2541 I 700 -, REF 

-- .... 020 (0 5081 ~ MAX --.\ 
,032 TV. 016 (04061 (17 780) 

(0813) NOTE 4 

9-3 



28-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE D 

-PACKAGING INFORMATION All dimensions Ininch$s and"(mililmeters) 

200 (5 (8) 

MAX 

. S~A!!~_G r-
PLANE .-

I
-----~_ 1 485 (37719) --------1 

1 435 (36449) I 
PIN 11 --1 

600 (15.2401 
515 (13:081) , 

__ 1 
~~~t-il ," (15.748) 

1 300 REF ~.08~i2"59)· .620 
(33 020) MAX r ~ 1 

L F'l f'" F\.J.-.l_.---1 .140 (3 556) _. . 'I 
125 (3 175) i -: 

------ .175(,4.445) lJ :: ~ 
t 020 MIN ' 010 TYP " :v fa-

_, : ____ 060 TYP II' (0.508) . (0254) I 700 ........ I REF 
MIN 

110 (2794) 
090 (2286) 

(1 524) r' "*" __ 1; __ ~ (0 508) i_ (1~~~O) ----I 
~~28~;r 016 (0 406) NOTE 4 

2080 (52832) 
r--2030 (51562)~ 

1- _ _ _ _ _ ~~I 

515/13.081) 

I ·085Mt '59) (15748) 
E-o:~:~~ ~:t:L 

--- ~, 620 

.225(5.715) ._1900REF -I , .. ' ~ [--'600, J 
MAX. (49.548) I , (0.254)' (15.240) 

_C-=-.::L jTl:::~:: ~L 

.125 (3175) 

MIN 110 (2 794) I 
090 (2 286) -l 

010 TVP , • 10' 
t.02O MIN . (0254) -....: REF 

(508) " , 

-II- 020 (0.508) L 700 J 
032 TYP 016 (0 406) . MAX 

(0813) (17 780) 
NOTE 4 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 

40-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 

SEATING 

PLANE 

110 (2 794) 

0901228£) 

9-4 



inter PACKAGING INFORMATION All dimensions in inches and (millimeters) 

CERAMIC DUAL IN·LlNE PACKAGE TYPE C 
48·LEAD PLASTIC DUAL IN·LlNE 
PACKAGE TYPE C 

125 MIN 
(5175) 

CERAMIC PIN GRID ARRAY PACKAGE TYPE CG 

B8·LEAD CERAMIC PIN GRID ARRAY 
PACKAGE TYPE CG 

9-5 

I (16891) I 
~'6!~ ..... 

o· 
-;00 



, 1 




