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WARNING 

This equipment generates, uses, and can radiate radio frequency 
energy and, if not installed and used in accordance with the instruc
tion manual, may cause interference to communications. It has 
been tested and found to comply with the limits for class A comput
ing devices pursuant to Subpart J Part 15 of FCC rules which are 
designed to provide reasonable protection against such interference 
when operated in a commercial environment. Operation of this 
equipment in a residential area is likely to cause interference, in 
which case the user, at his own expense, will be required to take 
whatever measures may be required to correct the interference. 
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SAFETY WARNING 

Hazardous voltages "115, 220 VAC and 15 KV DC are present when 
the terminal is on, and may remain after power is removed. Use 
caution when working on internal circuits, and do not work alone. 

Caution is required when handling the cathode ray tube as the 
internal phosphor is toxic. Safety goggles and gloves must be used 
whenever the CRT tube is handled. If the tube should break, and 
skin or eyes are exposed to the phosphor, rinse the affected area 
with cold water and consult a physician. 

This terminal is supplied with a cord set which includes a safety 
ground. Do not use this terminal with an ungrounded outlet, miss
ing ground pin, or use any adaptor which will defeat the safety 
ground. 

Insure that the power is turned off before connecting or disconnect
ing the keyboard cable. 

This manual is published and distributed by Visual Technology Inc. 
Every effect has been exercised to insure its accuracy and com
pleteness. The contents are subject to change without notice and 
this manual may not reflect the latest changes. Consult the sales 
department for latest changes. 
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1. ARCHITECTURE 

The Visual 102 is a (Z80) microprocessor-based terminal composed of SSI, MSI, 
and LSI logic elements. The communications, keyboard/printer receiver and 
video refresh are interrupt driven. The video refresh uses a DMA cycle in order 
to minimize the processor overhead. 

Program memory consists of a maximum of 32K bytes of either PROM or ROM, 
organized as 2-16Kx8, 1-16Kx8 1-4Kx8, or 1-16Kx8 1-8Kx8. 

Alpha memory, 4K x8, is organized in two 2Kx8 groups, one for data and the 
other for attributes. The optional graphic upgrade memory consists of four 
16Kx4 RAMS for a total memory of 16Kx 16, which provides a full bit map and is 
not connected to the Z80 but rather to the graphic video bus. The optional Graph
ic upgrade also provides 2-1 Kx4 static RAMS for additional scratch pad memory. 

All timing is derived from a crystal oscillator. Each frame is refreshed at 50 or 
60 Hz in an overlapped manner rather than by an interlace scan. This provides 
all of the video information required and allows refresh to occur twice as often as 
with a conventional television, resulting in reduced flicker while allowing the use 
of faster, brighter phosphor. 

Each character is created by a dot matrix as follows: in 80 character mode, each 
character has a 10x 12 field; upper case characters are 7x9 and lower case char
acters 7x11. In 132 character mode, each character has a 6x12 field; upper case 
characters are 5x9 and lower case are 5x 11. While 80 (or 132) characters are 
displayed on each line, the timing allows 97 (or 154) character times per line 
including Horizontal Sync. timing, resulting in the display being centered hori
zontally on the screen. 

Vertically, each frame consists of 25 lines, each 12 raster lines tall. While this 
requires 300 raster lines, the Visual 102 generates 319 lines (60 Hz) or 383 lines 
(50 Hz) to center the display vertically and to provide proper synchronizing with 
the power line frequency. The following calculations describe the above 
relationships: 

80 character 60 Hz mode 
60 Hz (10 dots/character) (97 characters/line) (319 lines/frame) = 18.75 MHz 

80 character 50 Hz mode 
50 Hz (10 dots/character) (97 characters/line) (383 lines/frame) = 18.75 MHz 

132 character 60 Hz mode 
60 Hz (6 dots/character) (154 characters/line) (319 lines/frame) = 18.75 MHz 

132 character 50 Hz mode 
50 Hz (6 dots/character) (154 characters/line) (383 lines/frame) = 18.75 MHz 

1-11 
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Figure 1-1. Main PCB 
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2. THEORY OF OPERATION 

The Visual 102 electronics are located on four Printed Circuit Boards; power 
supply, logic. T. V. and optional graphic board. The logic PCB and graphic PCB 
are organized in columns of IC's designated by U numbers. These IC's are num
bered sequentially starting in the top left corner from top to bottom and from left 
to right. The schematics diagrams contained in this manual utilize this number
ing system, which eliminates the need for a parts location diagram. 

2.1 MASTER TIMING 

Sheet 1 of the schematics shows the crystal oscillator which operates at 18.75 
MHz and provides all of the timing for the unit. The Dot Clock (OCLK) operates 
at 18.75 MHz. U18 is used to divide the OCLK by 6 to form the PClock (PCLK) 
which is used by the Z80 microprocessor. U16 is used to divide the DCLK by 10 
in 80 character mode or by 6 in 132 character mode to form the Character Clock 
(CCLK). 

2.2 MICROPROCESSOR OPERATION 

On sheet 1 of the schematics, the microprocessor (Z80) is shown as chip U7. 
The Z80 generates 16 bits of address (AB0-AB15) for all operations except during 
the DMA cycle. These addresses are decoded by decoders to determine memory 
or device addresses. 

Maskable interrupts are serviced in mode 1 by generating a CALL to the program 
location. Interrupts are generated by the keyboard, printer, EIA, and Video Proc
essor Controller (VPAC), which makes use of the Z80's maskable interrupt input, 
causing a CALL to location 0038. 

2.3 PROGRAM MEMORY 

The Visual 102 has been designed to allow the use of 4K x8, 8Kx8 or 16Kx8 
EROMS. U1 will always be 16Kx8. Wtlen U2 is a 2732, it is neccessary to install 
the PROM so that the right-most set of the pins are used (pins 1,2,27,28, of the 
28 pin socket are vacant when a 24 pin device is installed). 

On sheet 2 of the schematics, U10 decodes the select for each of the ROMs. In 
addition, U10 is used to decode RAM and bank switch RAM. 

Figure 2-1 illustrates the relationship between size, address and the jumper con
figuration. See Figure 2-4 for jumper locations. 

2-1 
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Type Type U1 U2 Jumpers 
U1 U2 Address Address W1 W2 

27128 2732 0000-3FFF 4000-4FFF 1 0 

27128 2764 0000-3FFF 4000-5FFF 1 0 

27128 27128 0000-3FFF 4000-7FFF 0 1 

1 = INSTALL 0 =OMIT 

Figure 2-1. PROM Addressing 

NOTE 

U2 is used for the V102 options. 

2.4 NON-VOLATILE RAM 

The non-volatile static RAM is an X2B04 which has memory of 512x8 bits. When 
writing data into the non-volatile RAM, a write enable low is applied to a selected 
device with output enable high initiatmg a cycle that writes data at the I/O pins 
into the location selected by the address pins. A byte write cycle, once initiated, 
will automatically continue to completion in less than 10 ms. Reading data from 
the non-volatile RAM is analogous to reading from a static RAM. Data is read 
from a selected device with a write enable high and output enable low. 

2.5 1/0 BUS RAM 

The Visual 102 has two 2Kx8 I/O RAMs. These RAMs are required to provide a 
receive FIFO, transmit FIFO, stack and scatchpad. U33 and U34, on sheet 3 are 
utilized for this purpose. U33 and U34 are located at address 8000-8FFF. 

2.6 CTC CHIP 

The Counter Timer Chip provides the clocks. The keyboard which is 600 baud 
and the independent setting of transmit and receive Baud Rate to the communi
cations port. There are sixteen Baud Rate settings from 50 baud to 19.2K baud. 

2.7 DEVICE ADDRESSING 

On sheet 6 of the schematics, chip U28 decodes all device addresses for the PIO, 
communications USART, printer and keyboard USART, character generator, AUX 
3 and the VPAC. 

2-2 
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Address Mnemonic Function 

00-3F SVPAC Select VPAC 

40-5F SDUART Select the 7201 USART 
Keyboard and Printer 

60-7F SUART Select the 8251 USART 
Communications Port 

80-9F SBRG Select the 8253-5 CTC 
Transmit and Receive speed 

A0-BF SPIO Select the 8255 PIO 
Port A=A0 Port B=A1 
Port C=A2 Control word=A3 

C0-DF SCHGR Select Character Generator 

E0-FF AUX3 Select the Option Board 

Figure 2-2 

2.7.1 PIO 

The Parallel Input/Output chip (PIO), U11, is shown on schematic sheet 6. 
Within the Visual 102, the PIO is programmed so that ports A and B operate in an 
output mode while port C is configured in the input mode. Five bits of port A 
(10-14) provide 32 steps of video brightness. These five bits drive a ladder net
work shown on sheet 5 which controls the DC video level sent to the monitor 
PCB. One bit of port A (80/132) is used to select 80 or 132 characters per line. 
One bit of port A (PREV) is used as selection for page reverse video and the last 
bit of port A (CHARWR) is used to select character write. Port B provides signals 
which are used for Block Cursor (BLOCKC), Blink Cursor (BUNKC), Page Blank 
(PBLANK), Enable Graphic Video (EGVID), Auxiliary Clear To Send (ACTS), 
Secondary Request To Send (SRTS) and Speed Select (SPDS). 

Port C uses the signals from the modem. These signals are Data Carrier Detect 
(DCD), Secondary Carrier Detect (SDC) and ring indicator. 

2.7.2 MPSC 

The Multi-Protocol Serial Controller (MPSC) is a dual channel serial controller, 
shown on sheet 6 as U 12. It is used as a serial transm itter and receiver for the 
keyboard, which is operating at 600 baud, and for the printer. The printer rate 
can be set from 50 baud to 19200 baud. 

2.7.3 USART 

The Visual 102 utilizes Universal Synchronous, Asynchronous Receiver Trans
mitter chip (USART) for the communications port, shown on sheet 6 as U4. The 
USART converts parallel data to serial data for transmission, and serial data to 
parallel for receive. The USART also provides Clear to Send (CTS), Data Termi
nal Ready (DTR) and Request to Send (RTS). 
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2.7.4 VPAC 

The CRT Video Processor and Controller (VPAC), shown on sheet 6 as U41, has 
a fully programmable display format from 8 to 240 characters per data row, raster 
scan lines from 1 to 32 per data row and data rows per frame from 2 to 256. The 
VPAC provides the horizontal synchronization, vertical synchronization, cursor, 
composite synchronization, and vertical blanking. The VPAC is configured with 
two single row buffers, one for the data and the other for attributes. Refer to 
Section 2.7.5 for a description of the Single Row Buffer. 

2.7.5 SRB 

The Single Row Buffer (SRB) 9006 shlown on sheet 4 as U46 and U47, provides 
an 8 bit wide variable length serial mHmory, which provides active video on all the 
scan lines. The SRB allows a variablE~ number of characters per line to a maxi
mum number of 132. The SRB is a RAM-based buffer which is loaded with char
acter data from the system memory during the first scan of each data row. While 
this data is being written into the RAM, it is also being output through the multi
plexer to the data output lines. During the subsequent scan lines in the data row, 
the system will then disable Write Enable and cause data to be read out from the 
internal RAM for the CRT screen refresh. 

2.7.6 VAC 

The Video Attributes Controller (VAC), on sheet 5 shown as U44 is a device con
taining graphics, data and attributes, cursor controller, and high speed video shift 
register. The VAC takes parallel video data and converts it to serial data along 
with the corresponding attributes. Trlis data is then presented to the monitor. 

2.7.7 Keyboard Logic 

The keyboard on the Visual 102 operates in a serial fashion, over a telephone 
type modular cable. The V102 issues scanning commands and bell commands to 
the keyboard. Scanning and code generation and serialization is accomplished 
on the keyboard through the use of a microprocessor (8035) and a firmware 
PROM. When the keyboard has a character code, an interrupt is sent to the Z80. 

2.8 VIDEO OPERATION 

The Visual 102 writes alpha and attribute data into video memory, shown on 
sheet 3 as U31 through U36. During horizontal sync, the VPAC, shown on sheet 
4 as U41, issues a Bus Request, the beginning of the DMA cycle, to the Z80, 
which in turn issues a Bus Acknowledge and a Memory Request to the Device 
Decoder, shown on sheet 2 as U10. The Device Decoder then selects the RAM 
Decoder, shown on sheet 3 as U23. That RAM Decoder then selects the appro
priate memory IC for selecting the data and attribute memory. During the first 
scan line of each row, whether 80 to 132 characters, data and attributes are read 
from memory into the serial row buffers, U47 for data and U46 for attributes, 
shown on sheet 4 of the schematics. The character Clock strobes the data 
through U47 to U40, which buffers the data before it is sent to the character gen
erator. The raster line data from U45, along with the data from U40, are loaded 
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into the Character Generator, shown as U50 on sheet 4. The Character Genera
tor now combines the raster line data and the Dot 0 through Dot 7 to form dot 
data (Dot0-Dot7). That dot data, along with the attribute data, is loaded into and 
out of the Video Attribute Control (VAC), shown on sheet 5 as U44, by a load 
shift (LD/SH) command generated by U16 on sheet 1. The VAC converts the dot 
data and attributes data to serial form and sends it to the video mixer circuit, 
shown on sheet 5 as U48. The Video Mixer Circuit now sends the data to transis
tor Q4, which presents the video to the monitor. 

2.9 GRAPHIC OPTION 

2.9.1 Program Memory 

The program memory of the graphic option board occupies memory area of the 
Z80 from 4000H to 7FFFH. The IC can be a 27128 (U2) or two 2764 (U1) and U2. 
Jumper 1 will affect which size PROM is to be used. 

2.9.2 Scratch pad RAM 

The graphic option board has 1 Kx8 scratchpad RAM which stores graphics work
ing parameters. The location of the scratch pad RAMs are U3 and U4. The 
memory location in the Z80 is from C000H to C3FFH. 

2.9.3 GDC (Graphic Display Controller) 

The GDC receives commands and parameters from the Z80. The GDC passes 
the parameters back to the Z80. The GDC controls the read and write to the 
graphic video memory. Note that the nraphic video memory and the alpha 
memory are completely independent. The Z80 cannot access the graphic video 
memory directly. It receives it only through the GDC. 

2.9.4 Video Memory 

The graphic video memory consists of 4 16Kx4 chips for total of 16Kx16 of video 
memory. These are dynamic RAMS and the RAS (Row Address Strobe) and the 
CAS (Column Address Strobe) through the multiplexers U17 and U19 on sheet 2 
of the graphic option board. Refreshing is handled by the GDC. Input and out
put data are on the same pins; hence the RAMS are normally set to receive data 
and they output data when RAMOE is on. 

2.9.5 Graphic Video Operation 

The GDC modifies data in the graphic memory in three ways. First the proper 
address is latched in; then the GDC reads the current data at that location into 
the internal registers. Next, the data is modified and written into memory. Data 
may only be changed during blanking time. 

When the Z80 issues a Write (WR) command to the GDC, the GDC generates a 
DBIN (Read Data to Display Memory). DBIN through flop U10 sheet 4 of graphic 
option schematics, and combined with 2XWCLK through gate U31 sheet 4, issues 
a GMWR (Graphic Memory Write) which enables pin 4 of the graphic memory 
U11 through U14, sheet 3. Then the graphic data AD0 through AD15 is written 
into graphic memory. 
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The ORAS (read out of memory) is output regardless of whether the cycle is 
RMW (Read Modify Write) or Display. The ORAS is combined with ARAS (Allow 
Row Address Strobe) and 2XWCLK shown on sheet 4 U27 to form RAS (Row 
Address Strobe) first, which enables the graphic memory U11 through U14, Then 
MUX U28 is generated to switch the address bits to Graphic Memory Address 
GMAO through GMA7 through the multiplexers U17 and U19 sheet 2. Next a 
CAS (Column Address Strobe) by U~~8 if this valid memory address between 0000 
through 3FFF will enable the RAMS U11 through U14. The graphic data is then 
loaded into the parallel-in, serial-out shift registers U18 and U20 to form video, 
on sheet 3, which is combined with alpha and is sent to the monitor after the 
brightness control is added. In the same manner, both graphics and alpha data 
can be displayed simultaneously. 

2.10 SELF TEST 

The Visual 102 executes a self test each time it is powered on. A checksum is 
calculated and checked against the checksum stored in the last two locations of 
the Firmware PROMS; a RAM test is executed and the non-volatile RAM is 
checked. If all are correct, the screen is initialized and a cursor is displayed. If 
either the firmware checksum or RAM test fails, the screen is not initialized. If 
non-volatile RAM fails, the screen is initialized, default parameters are selected 
and the bell is sounded several times. In this situation operation is allowed. 
However, it will be necessary to set manually any parameters which differ from 
default parameters. 

2.11 JUMPER LOCATIONS 

2.11.1 Jumpers on Main PCB 

Jumpers W1 and W2 are determined by the size of the firmware. PROM and 
jumper configurations are defined in section 2.4. W3 and W4 are for active current 
loop. W5 and W6 are for the VAC and are always in. W7 thru 10 determined the 
size of the character generator. 

2.11.2 Jumper on Main PCB 

Jumper W1 is determined by the size of the firmware used on the Graphic Option 
Board. 
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FIRMWARE 

Figure 2-4. Graphic Option 
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3. SPARE PARTS AND TOOLS 

3.1 SPARE PARTS 

Each Visual 102 terminal is composed of four major subassemblies designed to 
be serviced on site, by replacement of the appropriate subassembly. 

3.1.1 TV Monitor Subassembly 

The Zenith model DJ14NK53 monitor is provided in the V102. 

Description Zenith PN Visual PN 

Monitor Kit (total) DJ14NK53 MN113-010 

TV PCB & Flyback A-12204 MN113-012 

Yoke 83~~1 MN113-013 

CRT 101-6940-22 MN113-014 

3.1.2 Keyboard Assembly 

One keyboard is used on the Visual 102. It is manufactured by Keytronic Corp. 
and is manufactured in standard US version only. If your keyboard is configured 
in a foreign national version, it will be necessary to exchange keycaps at the time 
a spare keyboard is installed. The KTC part number for the keyboard is 65-02335 
and Visual's part number is KB010-011. 

3.1.3 Main PCB and Graphic Option 

The main logic board contains all the active components for the alpha numeric 
data. The graphic option contains thE~ logic for 4010 emulation. The power 
supply provides all the voltages for the unit. 

Description 

Main PCB 

Graphic Option 

Power Supply 

Visual PN 

PA024-A01 

PA025-A01 

PA022-A01 

PROMS and ROMS which are used on the main PCB are listed below with their 
function. 

Function 

Firmware 

Character PROM 

Optional Character Prom 

FIRMWARE 

3-1 

Location 

U1 

U50 

U52 

Visual PN 

IC245-001 

IC260-001 

IC260-002 
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3.2 SPARE SUBASSEMBLY RECOMMENDATIONS 

To service 100 terminals by subassembly exchange. the following subassemblies 
should be stocked in the quantities shown: 

Quantity Description Part Number 

5 Main PCB PA024-B01 

3 TV PCB MN113-012 

3 Keyboards KB010-011 

3 Power Supply PA022-A01 

3.2.1 Active Components Recommendations 

The following list contains the active components found on the main PCB and on 
the keyboard. Total quantities per terminal and stocking recommendations are 
indicated. Components used on each of the monitor models are found in Section 
7. The recommendations are based on one depot repairing subassemblies for 
approximately 100 terminals. Components which are either custom or are suffi
ciently unique so that they are not found on distribution shelves are indicated 
with an *. 

Recommended 
Visual PIN Part Qty./Unit Spare/100 

CC004-006 6 Pos PC Mnt Jack 1 5 

CC010-025 25 Pos PC Mnt Plug 2 5 

CP100-391 Cap 390 PF 15 10 

CP140-475 Cap 47 PF 1 5 

CP140-475 Cap 4.7 p,f 11 10 

CP220-226 Cap 22 p,f 16v 13 10 

CP240-103 Cap .01 p,f 33 15 

CR001-007 7 Pin Header 1 2 

CR001-010 10 Pin Header 1 2 

CR004-040 40 Pin Header 2 4 

DAOOO-001 Diode 1N914 7 20 

FB001-001 Ferrite Bead 3 2 

ICOOO-OOO 74LSOO 2 15 

ICOOO-004 74LS04 2 15 

ICOOO-008 74LS08 4 20 

ICOOO-014 74LS14 1 10 

ICOOO-086 74LS86 2 15 

ICOOO-160 74LS160 1 10 

ICOOO-138 74LS138 3 20 
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Recommended 
Visual PIN Part Qty,!Unit Spare/100 

ICOOO-245 74LS245 1 10 

ICOOO-374 74LS374 2 15 

ICOOO-378 74LS378 10 

IC010-016 7416 1 10 

IC010-017 7417 1 10 

IC050-004 74F04 10 

IC050-160 74F160 10 

IC050-175 74F175 1 10 

IC140-021 RAM 2K x 8 4 20 

IC340-001 1488 2 15 

IC340-002 1489 2 15 

IC342-006 *18.575 MHz Osc 1 10 

IC440-002 *S255-A 1 10 

IC440-005 8251-A USART 1 10 

IC440-015 CTC 8253-5 10 

IC440-017 *Z-80 CPU 1 10 

IC440-018 *9007 VPAC 1 10 

IC440-010 *7201 Dual USART 1 10 

IC440-019 *9006 Single Row Buffer 2 15 

IC270-003 *NVR 1 10 

IC440-024 *SMC 9021 VAC 1 10 

KTC 2208048-161 *8048 1 10 

KTC 2207414-001 74LS74 1 10 

KTC 2274373-001 74LS273 1 10 

2200950-003 Keytronic 1 10 

2200908-003 Keytronic 1 10 

3.3 TOOLS 

In order to gain access to the Visual -102 and replace any subassembly, only a 
cross head and a straight blade screwdriver are necessary. 

In order to repair any subassembly, only an oscilloscope such as a Tektronic 465 
is required. Although not required, a Z80 in-circuit emulator may lessen the time 
required to isolate RAM failures. 
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4. MNEMONIC LIST 

Mnemonic Sheet Ie Definition 

AB0-AB15 several Address bus 0-15 

ARAS *2 U34 Allow Row Address Strobe 

ACTS 6 U11 Allow Clear to Send 

AUX1 2 U10 Select Option Firmware 
AUX2 2 U10 Select Option RAM 

AUX3 6 U28 Select Option I/O 
AUX1BS *1 U9 Aux 1 Bank Select 
AVID 5 U48 Alpha Video 
BLANK 4 U46 Video Blank Attribute 
BLINK 4 U46 Video Blink Attribute 
BLiNKC 6 U11 Blink Cursor 

BLOCKC 6 un Block Cursor 

B.OLD 4 U46 Video Bold Attribute 
BS1SEL *1 U8 Select BS1 

BUSAK 1 U7 Bus Acknowledge 
BUSRQ 4 U41 Bus Request 
CAS *4 U28 Column Address Strobe 
CBLANK 4 U41 Composite Blank 
CCLK 1 U16 Character Clock 
CHARWR 6 Ul1 Character Write 
CSYNC 4 U41 Composite Sync 
CTS 6 U12 Clear to Send 
CURSOR 4 U41 Cursor 
DBIN *1 U'7 Data Bus Input 
DCD 7 U13 Data Carrier Detect 
DCLK 1 U17 Dot Clock 
D0-D7 several Data Bus 
DSR 7 U13 Data Set Ready 
DTR 6 U4 Data Terminal Ready 
DWR 1 U26 Delayed Write 
EGVID 6 U11 Enable Graphic Video 
GBLANK *1 U7 Graphic Blank 
GDCSEL *1 U32 GDC select 

NOTE: * Denotes the graphic option board schematics. 
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Mnemonic Sheet Ie Definition 

GMAO-GMA3 *2 U19 Graphic Memory Address 
GMA4-GMA7 *2 U17 Graphic Memory Address 

GMWR *4 U31 Graphic Memory Write 

GSRlD *4 U16 Graphic Shift Register load 
GClD *2 U22 Graphic Counter load 

GVID *3 U25 Graphic Video 

HAlFVS 3 U27 Half Vertical Sync 

HSYNC 4 U41 Horizontal Sync 

10-14 6 U11 Intensity Data Bits 

INT several Interrupt 

10REQ 1 U7 I/O Request 

KBRD 6 U12 Keyboard Receive Data 

KBTXD 6 U12 Keyboard Transmit Data 

lD/SH 1 U16 load/Shift 

MREQ U7 Memory Request 

MUX *4 U28 Multiplex Address Select 

M1 1 U7 Machine Interrupt 

ORAS *1 U7 Output Row Address·Strobe 

PBUSY 7 U29 Printer Busy 

PHASE *2 U31 Phase 

PRXD 6 U12 Printer Receive Data 

PRC 6 U12 Printer Clock 

PTXD 7 U13 Printer Transmit Data 

PREV 6 U11 Page Reverse 

PClK 1 U17 Processor Clock 

RAM 2 U10 Ram Enable 

RAMOE *4 U22 Graphic Ram Output Enable 

RAS *4 U27 Row Address Strobe 

RD 1 U7 Read 

RESET 1 U14 Reset 

RFSH 1 U1 Refresh 

RI 7 U29 Ring Indicator 

RTS 6 U4 Request to Send 

RVID 4 U46 Reverse Video 

RXD 7 U13 Receive Data 

NOTE: * Denotes the graphic option board schematics. 
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Mnemonic Sheet Ie Definition 

RXC 1 U'-,) Receive Clock 

SCHRG 6 U:28 Select Character Generator 

SBRG 6 U:28 Select Baud Rate Generator 

SDUART 6 U:28 Select Printer USART 

SUART 6 U:28 Select MPSC 

SLD 4 U41 Scan Line Data 

SLG 4 U41 Scan Line Gate 

SPIO 6 U:28 Select Pia 

SNVIN 3 U:3 Select Non Volatile In 

SNVOUT 3 U:3 Select Non Volatile Out 

SRTS 6 U11 Secondary Request to Send 

SPDS 6 U11 Speed Select 

SCD 6 U11 Secondary Carrier Detect 

SVPAC 6 U28 Select VPAC 

SETRAS *4 U23 Set Row Address Strobe 

TXD 6 U4 Transmit Data 

TXC 1 U5 Transmit Clock 

UNDRL 4 U46 Underline Attribute 

VBLANK 4 U41 Vertical Blanking 

VIDEO 5 Q4 Video Output to Monitor 

VLT 4 U41 Visible Line Time 

VS 4 U41 Vertical Sync 

WR U7 Write 

WCLK *2 U21 Word Clock 

NOTE: * Denotes the graphic option board schematics. 
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5. I.C. DATA SHEETS 

Included in this section are the specifications for the following I.C.'s. 

Z80 (UPD 780) Z80 CPU 

UPD 8253-5 CTC 

UPD 8251 USART 

UPD 8255A PIO 

7201 Dual USART 

4416 Memory 

7220 GDC 

9006 Single Row Buffer 

9007 VPAC 

9021 VAC 

IC260-001 Character Generator 
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NEe Microcomputers, Inc. ,",PD780 
'"' PD780·1 

DESCR IPTION 

FEATURES 

PIN CONFIGURATION 

TM:ZIIO is. registered trademark of Zilog, Inc. 

8·BIT N·CHANNEL MICROPROCESSOR 
COMPLETELY Z80™ COMPATIBLE 

The /lPD7BO and /lPD7B0-1 processors are single chip microprocessors developed from 

third generation technology. Their increased computational power produces higher 

system through·put and more efficient memory utilization, surpassing that of any 

second generation microprocessor. The single voltage requirement of the /lPD780 and 

/lPD780·1 processors makes it easy to implement them into a system. All output sig· 

nals are fully decoded and timed to either standard memory or peripheral circuits. An 

N·channel, ion implanted. silicon gate MOS process is utilized in implementing the 

circuit. 

The block diagram shows the functions of the processor and details the inter"al register 

structure. The structure contains 26 bytes of ReadIWrite (RIWI memory available to 

the programmer. Included in the registers are two sets of six general purpose registers, 

which may be used as B-bit registers individually, or as 16-bit register pairs. Also 

Included are two sets o'f accumulator and flag registers. 

Through a group of exchange instructions the programmer has access to either set of 

main or alternate registers. The alternate register permits foreground/background mode 

of operation, or may bE! used for fast interrupt response. A 16-bit stack pointer is also 

included in each processor, simplifying implementation of multiple level interrupts, 

permitting unlimited subroutine nesting, and simplifying many types of data handling. 

The two 16-bit index n!gisters simplify implementation of relocatable code and manipu

lation of tabular data. The Refresh register will automatically refresh external dynamic 

memories. A powerful Interrupt response mode will use the I register to form the 

upper B-bits of a pointer to an interrupt service address table, while the interrupting 

apparatus supplies the lower B-bits of the pointer. An indirect call will then be made to 

service this address. 

• Single Chip, N·Channel Silicon Gate Processor 

• 15B Instructions - Including all 7B of the 8080A Instructions, Permitting Total 

Software Compatibility 

• New 4·, B·, and 16-Blt Operations Featuring Useful Addressing Modes such as 

.Indexed, Bit and Rellative 

• 17 Internal Register!; 

• Three Modes of Rapid Interrupt Response, and One Non·Maskable Interrupt 

• Directly Connects Standard Speed Dynamic or Static MemOries, with Minimum 

Support Ci rcui try 

• Single-Phase +5 Volt Clock and 5 VDC Supply 

• TTL Compatibility 

• Automatic Dynamic RAM Refresh Circuitry 

• Available in Plastic Package 

All 
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SYSTEM PROCESSOR 
PROCESSOR 

BUS 

~" CON~ROLI>-,~ROL 
o 0 :r: I- t- w a:: « 

l:i I~ 19 I~ I~ I~ I~ I~ I~ I~ ~ ~ ~ 

it t t t t t r r r r f t 
INSTRUCTION DECODE 

B,BIT 

DAVA BUS 

t 
DATA BUS 
CDNTROL 

ANO --- INSTRUCTION ALU 
PROC~SSOR CONTROL REGISTER INTERNAL 

DATA BUS 

·5V .-
GNO ~ 

~ .. MAIN REGISTER SeT AL TERNATE REGISTER SET 

ACCUMUlA TOR FLAGS ACCUMULATOR FLAGS 

A F k F 

B C S' C 

D E 0' E 

H L H' L' 
ADDRESS 
CONTROL 

INTERRUPT VECTOR I MEMORY REFRESH R 

~ 
INDEX Ri:GISTER IX 

INDEX REGISTER IY 

ST ACK POINTER SP 

16-BIT PROGRAM COUNTER PC 

ADDRESS BUS 
SPECIAL PURPOSE REGISTERS 

PIN 

NO. SYMBOL NAME FUNCTION 

1·5, AO·A15 Address Bus 3·State Output, active high. Pins AO·A 15 constitute a 
3()'40 16-bit address bus, which provides the address for 

memory and I/O device data lxchanges. Memory 
capacity 65,536 bytes. J~O·k is also needed as 
refresh cycle. 

7·10, 00-0 7 Data Bus 3·State input/output, active high. Pins 00.07 compose 
12·15 an B·bit, bidirectional data bus, used for data exchanges 

with memory and I/O devices. 

27 Ml Machine Cycle Output, active low. Ml indicates that the machine cycle 
One in operation is the op code fetch cycle of an instruction 

execution. 

19 MREO Memory Request 3·State output, active low. MREO indicates that a valid 
address for a memory read or write operation is held in 
the address. 

20 lORa Input/Output 3·State output, active low. The I/O request 
Request signal indicates that the lower half of the address bus 

holds a valid address for an 1/0 read or write operation. 
The lORa signal is also used to acknowledge an 
interrupt command, indicating that an interrupt 
response vector car be placed on the data bus. 

21 RD Memory Read 3·State output, active low. AD indicates that the 
processor is requesting data from memory or an 
1/0 device. The memory or 1/0 device being addressed 
should use this signal to gate data onto the data bus. 

2 
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PIN IDENTIFICATION 
(CaNT.) NO. 

22 

28 

18 

24 

16 

17 

26 

25 

23 

PIN 

SYMBOL 

WR 

RFSH 

---
HALT 

WAIT 

INT 

NMI 

RESET 

BUSRO 

BUSAK 

NAME 

Memory Write 

Refresh 

Halt State 

Wait 

Interrupt Request 

Non-Maskable 

Interrupt 

Reset 

Bus Request 

Bus Acknowledge 
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FUNCTION 

3-State output, active low. The memory write signal 

indicates that the processor data bus is holding valid 

data to be stored in the addressed, memory or I/O 

device. 

Output, active low. R FSH indicates that a ,efresh 

address for dynamic memories is being held in the 

lower 7·bits of the address bus. The MREQ signal 

should be used to implement a refresh read to all 

dynamic memories. 

Output, active low. HALT indicates that the processor 

has executed a HALT software instruction, and will 

not resume operation until e;ther a non-maskable or a 

maskable (with mask enabled) interrupt has been 

implemented. The processor will execute NOP's while 

halted, to maintain memory refresh activity. 

Input, active low. WAIT indicates to the processor 

that the memory or I/O devices being addressed are 

not ready for a data transfer. As long as this signal IS 

active, the processor will reenter wait states. 

Input, active low. The 'iNT signal is produced by I/O 

devices, The request will be honored upon completion 

of the current instruction, if the Interrupt enable 

flip-flop (iFF) is enabled by the internal software. 

There are three modes of interrupt response. 

Mode 0 is identical to 8080 interrupt response mode. 

The Mode 1 response is a restart location at 0038H. 
Mode 2 is for simple vectoring to an interrupt serVice 

routine anywhere In memory. 

Input, active low. The non·maskable interrupt has a 

higher priority than INT. It is always acknowledged at 

the end of the current instruction, regardless of the 

status of the interrupt enable flip-flop. When the NMI 

signal is given, the "PD780 processor automatically 

restarts to location 0066H. 

I nput, active low. The RESET signal causes the 

processor to reset the interrupt enable fl ip·flop (I F F), 

clear PC and I and R registers, and set interrupt to 

8080A mode. During the reset time, the address bus 

and data bus go to a state of high impedance, and all 

control output signals become inactive, after which 

processing continues at OOOOH. 

---
Input, active low. BUSRO has a higher priority than 

NMI, and is always honored at the end of the current 

machine cycle. It is used to allow other devices to 

take control over the processor address bus, data bus 

signals; by requesting that they go to a state of high 

impedance. 

Output, active low. BUsAK is used to inform the 

requesting device that the processor address bus, 

data bus and 3-state control bus signals have entered 

a state of high impedance, and the external device can 

now take control of these signals. 



JLPD780 
Operating Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. O°C to +70°C 
Storage Temperature ................................... -65°C to +150°C 

Voltage on any Pin . .. . .... .. .. . . . .. .. . . . . . .. .. . .. .. -0.3 to +7 VoltsCi) 

Power Dissipation ........................ . . . . . . . . . . . . . 1.5W 

Note: CD With Respect to Ground. 

COMMENT: Stress above' those listed under" Absolute Maximum R,llings" may cause permanent 

damage to the device. This is a stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sections 'of this specification IS not 

Implied. Exposure to absolute maximum Feting conditions for extended periods may affect device 

reliability. 

Ta = O°C to +70°C; VCC = +5V ± 5% unless otherwise specified. 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Clock Input low Voltage VllC -0.3 0.4!i V 

Clock Input High Voltage VIHC Vee- 0.2 Vee V 

Input low Voltage Vll -0.3 0.8 V 

Input High Voltage VIH 2.0 Vee V 

Output low Voltage VOL 0.4 V IOL = 1.8 rnA 

Output High Voltage VOH 2.4 V IOH = .. 250IJA 

.1 IJPD780 ICC 150 rnA te - 400 ns 
Power Supply Current, 

200 te = 250 ns IJPD780-1 ICC 90 n.A 

Input Leakage Current ILl 10 IJA VIN = 0 to Vee 

T,,·State Output Leakage Current in Float IlOH 10 IJA VOUT = 2.4 to Vee 

Tri·State Output leakage Current in Float ILOL - 10 IJA VOUT - 0.4 V 

Data Bus Leakage Current in Input Mode IlD ±10 IJA 0 .. VIN" Vee 

LIMITS TEST 

PARAMETER SYMBOL MIN TYP MAX UN~T CONDITIONS 

Clock Capacitance C<I> 35 pF fc = 1 MHz 

Input Capacitance CIN 5 pF Unmeasured Pins 

Output Capacitance COUT 10 pF Returned to Ground 

4 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

CAPACITANCE 



PACKAGE OUTLINES 
JlPD780C/D 

fLPD780 

f---------A I ~~--- ~-1 

"; Jr}1V1PA~~~hMAMAP-4JJ f-: .... \ 
- -jFt- -j C ~- --'0' 0° - 150J .--
--- - --------- -- E -------- - --.---1 

JlPD780C 
JlPD780C-1 

(Plastic) 

ITEM MILLIMETERS 

A 51.5 MAX 

B 1.62 

C 2.54 ! 0.1 

0 0.5! 0.1 

E 48.26 

F 1.2 MIN 

G 2.54 MIN 

H 0.5 MIN 

r 5.22 MAX 

J 5.72 MAX 

K 15.24 

L 13.2 

·0.1 
M 0.25 

- 0.05 

5 

INCHES 

2.028 MAX 

0.064 

0.10! 0.004 

0.019! 0.004 

1.9 

0.047 MIN 

0.10 MIN 

0.019 MIN 

0.206 MAX 

0.225 MAX 

0.600 

0.520 

.0.004 
0.010 

- 0.002 



}LPD780 

Ta a C to t 70 C Vee t5V' 5%. unless olhenl'\l,\e ~pe(,I'ed 

LIMITS 

Jl,P0780 ",P0780-1 TEST 

PARAMETER SYMBOL MIN MAX MIN MAX UNI T CONDITIONS 

04 @ 025 @ 
180 110 

Clock Pulse WIdTh Clock Low 180 ]000 110 ]000 

ClOCk Rise and Fall TIme " I 30 30 

145 110 Addre~s Output D._ .. _'Y'--______________ -+_' 0=' AccO""_--t-__ t-- c-'-=--t----+_-=-+----'--< 
Delay TO Float 'FIAO) 110 90 

AddreH STable ProOI 10 MREQ (Memory Cycle) 0:: 
Address Slable Prior to IORO AD or WR (110 Cycle) <Z:' 
Address Stable from RD or WR Q:: 
Address Slable from AD or WR DUI,nq F.oal 'cal @ 
Dala OUTPut Delay ]30 150 

Delay to Float During W'de Cycle 90 90 

Data SeTup T,me TO A'~ln9 Edge 01 Clock Du"nq Ml Cycle 50 J!l 

Data Setup TIme to Failing Edge 01 Clock Ou"ng M2 10 M5 Cycles 'S'ldol 60 50 

Data STable P"or to INA (Memory Cyclel Idem ® ® 
DaTa Stable P"Of 10 WR (110 C"CIEOI 
f-----'----~----- --

DaTa Stable from WR 
-~~c~~----+-~~----4-~.~----4_--~ ® ® 

0_ Sl2 tc..a l_ --
Any HOld T,me tor Sf'IUP T,me , 'H 

MREO Delay Irom Fall,ng Edge of CloCk!O MREO Low IDL"'IMRI 85 

MAEQ Delay from R,sIng Edge 01 ClOCk 10 M~R~E~O~-=H:",g':.h~--__4...:'1!O:tjHl:l,,:.lM!!WR-4--+..:..::~----+~85=_j--~_I 
MREO Delay Irom Fa1long Edge 01 Clock to MAEO H'gh ID~H,!MAI 85 

Pulse W,dfh MREO H,tI' 

IORO Delay from A'\Ing EdlJe 01 ClOCk to lORa Low 

IORO Delay from Fall,ng Edge of ClOCk 10 IORO Low 

lORO Dl!'lay from R,s,ng Edge of ClOCk 10 IORO H'gh 

lORO Delay from FailIng Ed~ of Clock 10 lORa HIgh 

RD Delay from R,\,ng Edge 01 Clock to RD LOw 
~-- ~------~----

~.-"O-~--F.-'-I,n~~~I_ ~OC_'_>O_~~~~ _____ +--"O"'L""'ec'c:R,,O::.'+ ___ .;...:..:.::..+--_.--+--'-9::5=-+_-=--I 
RD Dtlay from R,s,ng Edge of Clock TO RD H'gh ______ ~H.I,(RDI 85 

RD Delay Irom Fall,ng Edge 01 Clock 10 RD H'gh IOH.~(ROI 85 

WR Delay Irum R,s,ng Ed~ of Clock IoWA Low 

WR Delay from Fall'ng Edge of ClOCk :0 WR Low 

WR Delay from Fall,ng Edge 01 ClOCk TO WR H,11' 

PUiSI!' W,dth 10 'lolA Low 

'OLlMIl 100 

MI Delay Irom R,s,ng Edge 01 Clock 10 MI H'gh 'OHIMII 100 

RFSH Oe"v from RISIng Edge at ClOCk to RFSH Low 'DLIRF I 130 

RFSH DtoIIV from R'Slng Edge ot ClOCk 10 RFSH H'gh tDHIRFI '10 

WAIT Setup Time 10 Failing Edge of ClOCk 'sIWTI 70 

CL 200 pF 

HAL T Del.lv Ttme flom Failing Edgt of Clock 

tNT Selup TIme 10 R,s,ng Edge 01 ClOCk 

'DIHTI 3OO __ +-__ --'-~C~L~_50--P-F~ 
'S(ITI 80 

80 

SUSRO SeluD T.me 10 RISIng Edge of ClOCk 80 

IDUBA' 100 

BUSAK Delav Irom F.lltng Edge at ClOCk to BUSAK HIgh IOH(BAI 100 

RESET Setup Time 10 R,Sing Edl)e 01 ClOCk 

o.l~V 10 flO.' (MREO. lORa. RD .nd WR) 

MI SUb'e P',O' 10 lORa (inlerfuPl Aek I 

Note, <D l.em ~ Iw':"HI • If -65175,· 
<l) lac, Ie 70 (SOl· 

te~ • lWOr ('~Ll t I, 50 (4(j," 

4 'c.f' tw I, ... ll t I, 45 (60'" 

S 'dem ~ te 11012101· 
tde, • Iw '",U t Ir t 70 (210'· 
ledf...:...!..e ('~U t I, 70 (801" 
I"" (MRLI = Ie 30140,· 
'w ,M'FiHI· tw (·I.Hlt,! 20(30'" 
tw (WAI .. 'e "30 (40)" 

'm' .. 21e + '''' (, .. HI + 'I 65; '80'· 
Ie I"" '",HI + 'w (·I·L1 + I, + " 

·n~ ... "aluft ~y to the .. P0780. 

I,(RS) 90 

TF leI 

TEST POINT 

FROM OUTPUT ~ 

80 

UNDER TEST :$ Cl ~IOO I'A 

I 
I 

R 1 + 21 kn 

LOAD CIRCUIT FOR OUTPUT 

6 
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TIMING WAVEFORM <D jLPD780 
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Instruction Op Code Fetch 

The contents of the program counter (pel are placed on the address bus at the start 
of the cycle. M R EO goes active one·half clock cycle later, and the falling edge of this 
signal can be used directly as a chip enable to dynamic memories. The memory data 
should be enabled onto the processor data bus when RD goes active. The processor 
takes data with the rising edge of the clock state T3. The processor internally decodes 
and executes the instruction, while clock states T3 and T.1.2!..!.he fetch cycle are used 
to refresh dynamic memories. The refresh control signal RFSH indicates that a refresh 
read should be done to all dynamic memories. 

MI Cycle 

T, T2 T3 T4 T, 

-~ ~ ~ h-.J ~ 
I PC T RCFRESH ADDR II 

\ I \ 

\ I 

WAIT ------ :r-\..- --- - ~-- -- - -----
----- ~- - - -- - - - - ---- i\ I 1\.. ____ -MI 

r=-
~~ 

r\ II 

Memory Read or Write Cycles 

This diagram illustrates the timing of memory read or write cycles other than an op 

code fetch (M, cyclel. The function of the MREO and RD signals is exactly the same 

as in the op code fetch cycle. When a memory write cycle is implemented, the MREO 

becomes active and is used directly as a chip enable for dynamic memories, when the 

address bus is stable. The WR line is used directly as a RIW pulse to any type of semi· 

conductor memory, and is active when data on the data bus is stable. 

Memory Read Cycle Memory Write Cycle 

T, T2 T3 T, T2 T3 

~ h-~ ~ r~ ~ ~ --i 

T MEMORY ADDR I MEMORY ADDR II 

\ J \ I 

\ [ 

, I 

IN DATA OUT 

- ~---- '.JL- ---- I-- - -. J\....-: - - - .. -
1----- - --~-- - - -- --

8 

TIMING WAVEFORMS 



TIMING WAVEFORMS 
(CONT.) 

I-L PD780 
Input or Output Cycles 

This illustrates the timing for an I/O read or I/O write operation. A single wait state 
(TW) is automatically inserted in I/O operations to allow sufficient time for an I/O 

port to decode its address and activate the WAIT line, if necessary. 

T, T2 Tw T3 T, 

-~ r---L-~ ~ ~ 
I PORT ADDRESS I 

J 

IN 

- - - -- - --- :n:: - -- -- - --- ~--- --_. WAIT 

WR \ I 

UT 

Interrupt Request/Acknowledge Cycle 

} 
Read 
Cycle 

} Write 

Cycle 

The processor samples the interrupt signal with the rising edge of the last clock at the 

end of any instruction. A special M1 cycle i~d when an interrupt is accepted. 

During the M1 cycle, the 10RO (instead of MREO) signal becomes active, indicating 

that the interrupting device can put an 8-bit vector on the data bus. Two wait states 
(TW) are automaticaliy added to this cycle. This makes it easy to implement a ripple 

priority interrupt scheme. 

-- Last M Cycle 
MI 

of Instruction 

Last T State T, T2 Tw Tw T3 

-~ ~-~ ~ ~ ~ ~ 
INT - ---.L ~~-.- -- -- - - -- - - - - - - - - - - --- - -- -- -- - - - - - --- - - - - - -- -

A PC lREFRESH 

MI \ I 

MREO 

IORO \ I 

I"'jN 
~ 

- ---- ~- -- --- ---- -- - r-"".I'C... - - ---
- - - - ---- -- - -- -- - - --- - - ---WAIT 

RD 

INSTRUCTION SET The foliowing summary shows the assembly language mnemonic and the symbolic 
operation performed by the il1structions of the pPD780 and pPD78(}'1 processors. 
The instructions are divided il1to 16 categories: 

Miscellaneous Group 
Rotates and Shifts 
Bit Set, Reset and Test 
Input and Output 
Jumps 
Calis 
Restarts 
Returns 

8-Bit Loads 
16·Bit Loads 
Exchanges 
Memory Block Moves 
Memory Block Searches 
8-Bit Arithmetic and Logic 
16·Bit Arithmetic 
General Purpose Accumulator and Flag Operations 

The addressing Modes include combinations of the following: 

Indexed 
Register 
Implied 
Register Indirect 
Bit 

9 

Immediate 
Immediate Extended 
Modified Page Zero 
Relative 
Extended 



fLPD780 

INSTRUCTION SET TABLE 

MNEMONIC SYMBOLIC 
DESCRIPTION 

NO. NO.T FLAGS OPCODE 
OPERATION BYTES STATES C Z PIV S N H 76 543 210 

ADC HL. ss HL~HL+ss+CY Add with carry reg. pair 55 to HL 1 11 t I V : a x II 101 101® 
01 .. , ala 

ADC A, r A ~ A +, + CY Add with carry Reg, , to ACC I 4 I I V t 0 : 10 001 rr,® 
ADC A.n A ~ A + n + CY Add with carry value n to ACC 7 I I V I 0 I II 001 110 

nn nnn nnn ADC A, IHLI A - A + IHLI + CY Add with carry lac. IHL) to ACC 7 I I V t 0 I 10 001 110 ADCA.IIX+dl A - A + (IX + dl + CY Add with carry loc. I I X + d) to ACC 19 I I V I 0 I 11 011 101 
10 001 110 
dd ddd ddd ADC A, IIY + d) A~A+IIY+d)+CY Add wIth carry loc. (IY + d) to ACC 19 I I V t 0 I II I'll 101 
10 001 110 
dd ddd ddd 

ADD A, n A ~ A + n Add value n to ACC 2 7 t I V I 0 I II 000 110 
nn nnn nnn 

ADD A" A~ A +, Add Reg. , to ACC I 4 I I V I 0 I 10 000 rrr® 
ADD A, IHLI A~A+(HLI Add location (H LI to ACC I 7 : I V I 0 I 10 000 110 
ADD A. (IX + d) A~A+(IX+d) Add location II X + d) to ACC 3 19 : I V I 0 : II OIl 101 

10 000 110 
dd ddd ddd 

ADD A. (IY + d) A ~ A + !lY + d) Add location (IY + d) to ACC 3 19 I I V : 0 I II 111 101 
10 000 110 
dd ddd ddd 

ADD HL, ss HL~HL+ss Add Reg. parr ss to HL 1 11 ! • • • 0 X 00 ss1 001@ 
ADD IX, pp IX ~ IX + pp Add Reg. pai, pp to I X 2 15 I • • • 0 X 11 OIl 101© 

00 ppl 001 
ADD IY, rr IY ~ IY + rr Add Reg. parr rr to IY 2 15 ! • • • 0 X 11 III 101@ 

00 rrl 001 
AND, A- AAr LogIcal 'AND' 01 Reg. , II ACC 4 0 I P : 0 I 10 100 rrr® 
AND n A ~ Alln LogIcal 'AND' 01 valuo n ,\ ACe: 7 0 I P I 0 I II 100 110 

nn nnn nnn 
AND (HLI A ~ A,\(HLI ,LogIcal 'AND' 01 loc (HLI II ACC 7 0 I P : 0 I 10 100 110 
AND (IX + d) A ~A,\(IX + dl I LogIcal 'AND' 01 loc. (IX + d) t. ACC 19 0 I P I 0 I II 011 101 

10 100 110 

ILOgICal'AND' 01 loc IIY + d) t. ACC 
dd ddd ddd 

AND (IY + d) A ~A/\(IY + d) 19 0 I P I 0 I II III 101 
10 100 110 
dd ddd ddd 

BIT b, (HLI Z ~ (HLI b Test BIT bol locatIon (HLI 2 12 • I X X 0 I 11 001 011@ 
01 bbb 110 

BIT b, (IX + dl Z~!lX+dlb Test BIT b at locatIon (IX + dl 4 20 • I X X 0 I 11 OIl 101® 
II 001 011 
dd ddd ddd 
01 bbb 110 

BITb, (IV +d) Z ~ !IV + dl b Test BIT b at locatIon IIV + dl 4 20 • I X X 0 I 11 111 101® 
11 001 OIl 
dd ddd ddd 
01 bbb 110 

BIT b,' Z ~ 'b Test BI T 01 Reg. , 2 8 • I X X 0 1 11 001 O"®® 
01 bbb rr , 

CALL cc. nn If condition cc false continue, Call subroutlOe at lOCatIOn nn It 3 10 • • 0 • • • 11 -cc-+ 100<8> 
01.1 same a. CA L L nn condition cc IS true nn nnn nnn 

nn nnn nnn 

CALL nn (SP - I I ~ PCH Unconditional call subroutine at 3 17 • • • • • • 11 001 101 
(SP- 2) ~ PCL location nn nn nnn nnn 
PC~ nn nn nnn nnn 

CCF CV ~CY Complement carry flag 1 4 t • • • 0 X 00 111 III 
cp, A -, Compare Reg. r WIth ACe 4 I I v I 1 I 10 111 rrr® 
CPn A-n Compare value n with ACC 7 I I V I 1 I 11 111 110 

nn nnn nnn 
CP (HLI A - (HLI Compare loc. (HLI With ACC 7 I I V 1 1 1 10 III 110 
CP (IX + dl A-IIX +dl Compare loc. (IX + d) with ACC 19 1 1 V 1 1 1 11 011 101 

10 111 110 
dd ddd ddd 
11 111 101 

CP (lY + d) Compare loc. (lY + d) with ACC 19 I I V 1 1 I 10 111 110 
dd ddd ddd 

CPO A - (HLI Compare locatIon IHLI and ACC. 2 16 • 1(1) leD 1 1 I 11 101 101 
HL~HL-l decrement HL and BC 10 101 001 
BC - BC - 1 

CPOR A - (HLI Compare locatIon (HL) and ACC. 2 21 II BC • 0 • I@ leD 1 1 1 11 101 101 
HL - HL ~ 1 dlcrement HL and BC. repeet until and A I IHLI 10 111 001 
BC ~ BC - 1 BC' 0 16 II BC· 0 
until A • IHL) or BC - 0 or A· IHLI 

10 



p.PD780 

SYMBOLIC NO. NO, T FLAGS OP CODE MNEMONIC 
OPERATION DESCRIPTION BYTES STATES C Z PIV S N H 76 543 210 

CPI A - IHLI Compare location (HL) and ACe, 2 16 • 10 leD 1 1 1 11 101 101 
HL-HL+l Increment HL..and decrement Be 
BC ~ BC - 1 

10 100 001 

CPIR A - IHLI Compare location IHU and ACe, 2 21 ,f Be = 0 · :@ leD : 1 : 11 101 101 
HL~'HL+l Increment HL. decrement Be andA11HLI 10 110 001 
BC - BC .. 1 Repeat until Be'" c 16 ,f BC = 0 
untt! 0' A = IHLI 
A = I H LI 'l< BC = 0 

CPL A~· A Complement ACe (l's comp l 1 4 • • • • 1 1 00 101 111 
DAA DecHnal adjust ACe 1 4 1 : P : • 1 00 100 111 

DEC r r-, 1 Decrement Reg. r 4 • 1 V 1 1 1 00 , " 101@ 
DEC (HLl IHLI-IHLI - 1 Decrement loc. IHLI 11 • 1 V 1 1 1 00 110 101 
DEC (IX + dl IIX+d)-(IX+dl-1 Decrement loc, (I X + dl 23 • 1 V 1 1 1 11 011 101 

00 110 101 
dd ddd ddd 

DEC (IV + dl IIV + dl - IIV + dl .. 1 Decrement ioc. ! IY + d) 23 • 1 V 1 1 1 11 111 101 
00 110 101 
dd ddd ddd 

DECIX IX ~ IX 1 Decrement I X 2 10 · · · · · · 11 011 101 
00 101 011 

DEC IY IY - IY - 1 Decrement IY 2 10 • • · • · · 11 111 101 
00 101 011 

DEC ss 55 -- 5S - 1 Decrement Reg pair 5S 1 6 • · • · · · 00 $51 011@ 
01 IFF - 0 Disable Interrupts 1 4 · · • · · • 11 110 011 
DJNZ, • B - B 1 ,I B = 0 Decrement E:J and Jump reLHlve If 2 8 · · • · · · 00 010 (j()(] 

continue If B ., 0 B=O ~--e·2 ____ 
PC - PC + e 

EI IFF - 1 Enable Interrupts 1 4 · • • · • · 11 111 011 
EX (SPI, HL H - (SP + 11 Exchange the location (SPI and HL 1 19 • • • • · · 11 100 all 

L - (SPI 

EX (SPI, IX IX H - (SP + 11 Exch ange the locat Ion (SP I and I X 2 23 • · • · · • 11 011 101 
IX L - ISPI 11 100 all 

EX ISPI, IY IV H - ISP + 11 ExchCWlge the location ISPI and IY 2 23 • • • • • • 11 111 101 
IY L -ISPI 11 100 011 

EX AF, AF' AF - AF Exchange the contents of ,I\.F AF 1 4 • • • · · · 00 001 000 
EX DE, HL DE - HL Exchange the contents of DE and HL 1 4 · • · • · · 11 101 011 
EXX BC - BC Exchange the contents of Be, DE, HL 1 4 · • • • · · 11 011 001 

DE .. DE' With contents of Be', DE, HL, 
HL" HL respectively 

HALT Processor Hal ted HAL T twalt for mterrupt or reset I 1 4 · · • • • · 01 110 110 
IMO Set Interrupt mode 0 2 B • • • • · · 11 101 101 

01 000 110 
IMI Set Interrupt mode 1 2 8 • · • • • · 11 101 101 

01 010 110 
1M 2 Set Interrupt mode 2 2 8 • · • · • • 11 101 101 

01 all 110 
INA, (nl A - Inl Load Ace With Input from deVice n 2 11 • • • · • • 11 011 011 

nn nnn nnn 
IN r, (C) ,- (CI Load Reg. r WIth Input from deVice 2 12 • 1 P I a : 11 101 101 CD 

ICI 01 , " 000 
INC (HLl IHLI - (HLI + 1 Increment locatIon (H l) 1 11 · I V 1 0 I 00 110 100 
INC IX IX - IX + 1 Increment IX 2 10 • · • • • · 11 011 101 

00 100 011 
INC (IX + d) (IX +dl- (IX +dl+ 1 Increment location (IX + d) 3 23 • 1 V I 0 1 11 011 101 

00 110 100 
dd ddd ddd 

INC IV IY - IY + 1 Increment IY 2 10 • • • • • • 11 111 101 
00 100 011 

INC (IV + d) (IV + dl - !lY + dl + 1 Increment location (IY + <I) 3 23 • 1 V 1 0 1 11 111 101 
00 110 100 
dd ddd ddd 

INC, r -r + 1 Increment Reg. r 1 4 • I V 1 0 1 00 rr r l00® 
INC $I lS-u+1 Increment Reg. pair 5S 1 6 • • • • • • 00 ssO 011® 
IND (HLI - (C) Load locatIon (HLI WIth "'Put from 2 16 • l@ X X 1 X 11 101 101 

B - B'- 1 port (CI, decrement HL and B 10 101 010 
HL - HL .. , 

11 



JLPD780 

MNEMONIC 
SYMBOLIC NO. 

OPERATION DESCRIPTION BYTES 

INDR IHLI - lei Load location ~HL) ,,.'lIth Input from 2 
B - B .. 1 POrt Ie), decrement HL and cleere 
HL· HL-l until B =0 men! B. repeat until B -" a 

INI IHLI· ICI Load location (HL! with Input from 7 
BoB - 1 port (C~, and Increment HL and 
HL 0 HL , 1 decrement B 

l'jlR iHLI· ICI Load location (HLl with Input trom 2 
B 0 B 1 port Ie), Increment HL and deere 
HL - HL -+ 1untdB"'O ment B. repeal until B cO 

JP IH LI PC· HL Unconditional Jump to (HL) 1 

JP II XI PC •. IX Unconditional lump to (IX~ 2 

JP II Y I PC 0 IY Unconriltlonal Jump to Ii Y I 2 

JP CC, nn I' cc true PC . nn else continue Jump to location nn If condition cc 3 
I~ I rue 

JP nn PC· nn Unconditional lump to lOcation nn 3 

JR C. e II C - 0 continue Jump relative to PC -+ e, If can 'y 1 2 
I 

I I C 0 1 PC o· PC -+ e 

JR e PC 0 PC.,. (' Uncondillona~ Jump relative to PC.,. e 2 

JR NC. e If Coo- 1 continue Jump relative to PC ... e ,f carr'; ~ a 2 
I I CoO PC - PC +- e 

JR NZ, e If Z :; 1 continue Jump rela11ve to PC .,. e ,t non zerO 2 
IZ c 01 

JR l, e If Z = o continue Jump relative to PC ... e tf zero 2 
IZ c 11 

LD A. IBCI A - IBCI Load ACC , ...... lIth location (BCI 1 

LD A. IDEI A - IDEI Load ACC With locatIOn (DE I 1 

LD A. r A-I Load ACC with I 2 

LD A, Innl A - Innl Load ACC With location nn 3 

LD A, R A-R Load ACC ",,,'h Reg R 2 

LD IBCI. A IBCI· A Load location (BC) With ACe 1 

LD IDEI, A IDEI· A Load location (DEI With ACe 1 

LD IHLI, n IH LI - n Load local Ion (H L) WI th val ue n 2 

LD n, nn 55'- nn Load Reg. pair S5 With value nn 4 

LD HL, tnnl H - (nn + 11 Load HL With locatIon Innl 3 
L - Innl 

LD IHLI,' IHLI - , Load location (HU With Reg r 1 

LD I, A I - A Load I "",'h ACC 2 

LD IX, nn IX .... nn Load IX With value nn 4 

LD IX. Innl IX H -lnn"J Load IX WIth location (nn) 4 
IX L • Innl 

LD IIX + dl. n !IX 'dl - n Load location (IX .. dl With value n 4 

LD!lX+dl.' IIX + dl - , Load loe."on IIX • dJ "",'h R"9 ' 3 

12 

NO. T 
STATES 

21 

16 

21 

4 

8 

8 

10 

10 

7 .f condition 

me' , 2. " 
no; 

12 

7 

7 

7 

7 

I 

9 

13 

9 

7 

7 

10 

20 

16 

7 

9 

19 

20 

19 

19 

INSTRUCTION SET TABLE 
(CaNT.) 

FLAGS OP CODE 
C Z PIV S N H 76 543 210 

• 1 X X 1 X 11 101 101 
10 111 010 

· .G) 
X X 1 X 11 101 101 

10 100 010 

· 1 X X 1 X 11 101 101 
10 110 010 

· · · · · · 11 101 001 

· · · · · • 11 011 101 
11 101 001 

· · · · · · 11 111 101 
11 101 001 

· · · · · • 11 *-cc---+ 01O® 
nn nnn nnn 

nn nnn nnn 

· · • · • · 11 000 011 
nn nnn nnn 
nn nnn nnn 

· · · · · • 00 111 000 
~e2~ 

· · · · · · 00 011 000 
-,,2_ 

· · · · · · 00 110 000 
~e-2------.... 

· · • · · · 00 100 000 
~e·2 ______ 

· · · • · · 00 101 000 
---e-2~ 

· · · · • · 00 001 010 

• · • · · · 00 011 010 

· IFF 1 0 0 11 101 101 
01 010 111 

· · · · · · 00 111 010 
nn nnn nnn 
nn nn:"l n nn 

· : IF F : 0 0 11 101 101 
01 011 111 

· • • · · · 00 000 010 

• · · • · · 00 010 010 

• · · • · · 00 110 110 
nn nnn nnn 

· · · • · · 00 ssO 001® 
nn nnn nnn 
nn nnn nnn 

· • · • · · 00 101 010 
nn nnn nnn 
nn nnn nnn 

· • • • • • 01 110 rrr@ 

• • · • · • 11 101 101 
01 000 111 

· • • • • • 11 011 101 
00 100 001 
nn nnn nnn 
nn nnn nnn 

· • • • • • 11 Oil 101 
00 101 010 
nn nnn nnn 
nn nnn nnn 

· • • • • • 11 Oil 101 
00 110 110 
dd ddd ddd 
nn nm nnn 

• • • • • • 11 011 101® 
01 110 , " 
dd ddd ddd 

I 

I 

I 



},PD780 

SYMBOLIC NO. NO. T FLAGS OPCOOE MNEMONIC 
OPERATION DESCRIPTION 

BYTES STATES C Z PIV S N H 76 543 210 

LD IY. nn I Y -- nn Load IY with value nn 4 14 · · • · · • II III 101 
00 100 001 
nn nnn nnn 
nn nnn nnn 

LD IY. Innl IY H - ~nn ... 1) Load IY with location (nn) 4 20 · · · • • • II III 101 
IY L 0 Innl 00 101 010 

nn nnn nnn 
nn nnn nnn 

LD $S. Innl SSH .. Inn + II Load Reg pa.r dd with location Innl 4 20 • • · · · · II 101 101@ 
sSL .-. (nn) 01 ,,1 011 

nn nnn nnn 
nn nnn nnn 

LDIIY+dl.n (IY ... dl 0--_ n Load (IY -+- dl with value n 4 19 · • · • · · II III 101 
00 110 110 
dd ddd ddd 
nn nnn nnn 

LDIIY+dl.' IIY + dl •• Load location (IY -+- dl with Reg r 3 19 · • · • · · " ", 101@ 
01 110 , " 
dd ddd ddd 

LD Innl. A tnnl -- A Load 'ocatlon (nn) with ACe 3 13 · · • • • • 00 110 010 
nn nnn nnn 
nn nnn nnn 

LD (nn),ss (nn'" 1) • "H Loac location (nn) with Reg pair dd 4 20 • • · • • · 11 101 101@ 
(nn) -- sSL 01 ssO all 

nn nnn nnn 
nn nnn nnn 

LD Innl. HL (nn -+- 1) 0- H Load location Inn) with Hl. 3 16 • · • · · • 00 100 010 
Innl - L nn nnn nnn 

nn nnn nfln 

LD Innl. IX Inn ... ,) 0- IX H Load location (nn) with IX 4 20 · • · • • · 11 0" 101 
Innl 0 IX L 00 100 ala 

nn nnn nnn 
nn nnn nnn 

LD Innl. IY (nn+l1-- IY H Load location (nn) with IY 4 20 • • • • • • " 111 101 
(nnl ..... IY l. 00 100 ala , 

nn nnn nnn 
nn nnn nnn 

LD R. A A-A lpad A "','h ACC 2 9 · • • • • · 11 101 101 
01 001 ", 

LD '. IHLI ,- IHLI Load Reg. r with location IHLl 1 7 • • · • • · 01 , " 11O@ 

LD '. II X + dl r .... (IXI-+- d) Load Reg. r with location (IX -+- dl 3 19 • • • • • • 11 all 101@ 
01 " , 110 
dd ddd ddd 

LD '. IIY + dl r ..... (I Y ... dl Load Reg r with location IIY -+- d) 3 19 • • · • • • 11 III 101@ 
01 " , 110 
dd ddd ddd 

LO r, n ,- n Load Reg r with value n 2 7 • • • • • • 00 " , 110@ 
nn nnn nnn 

LD, r, r ,- , Load Reg rWtthR~ ( 1 4 · • • • • • 01 " , rr",'® 
LD SP, HL SP - HL Load SP "" 'h HL 1 6 • • • • • • " III 001 
LDSP,IX SP - IX Load SP ""'h IX 2 10 • • • • • • 11 OIl 101 

11 ", 001 
LD SP, IY SP - IY Load SP w"h IY 2 10 • • • • • • 11 III 101 

" III 001 
LDD IDEI - IHU Load location (DEI WIth location 2 16 • • , • 0 0 11 101 101 

DE - DE- l IHLI, dec'.men, DE, HL .nd BC 10 101 000 HL - HL I 
BC - BC- 1 

LDDR IDEI - IHLI load locatIon (DEI W'llh location 2 21 • • 0 • a 0 11 101 101 
DE - DE - I IHLI 10 111 000 
HL - HL 1 
BC - BC 0 lun,dBC'O 

LDI !DEI - IHU Load IOCltlon (DE) with 1()Catlon 2 16 • • ,<D. 0 0 11 101 101 
DE - DE + 1 IHLI. ,neeemen' DE, HL. dec"men, 10 100 000 HL-HL+l BC 
BC - BC· 1 

LOlA IDEI - IHU Load location IDEI with 1(> alion 2 2111BC~0 • • 0 • a 0 II 101 101 
DE - DE + 1 IHLI, Inc'emen, DE, HL; decr~ment 16,1 BC • 0 10 110 ()()() 
HL - HL + 1 BC and repe.t un III BC • 0 
BC - BC o. 1 un,,, BC • 0 

NEG I\-O-A N"9Ite ACC 12', complement I 2 B I I V I 1 I 11 101 101 
01 000 100 

13 



fLPD780 

MNEMONIC 
SYMBOLIC NO 

OPERATION DESCRIPTION 
BYTES 

NOP No operation , 
OR r A .~ AV r LogIcal 'OR' of Reg r and ACe 
OR n A· AV n Logical 'OR' of 'Value n and ACe 

A· AV IHLI OR IHLI LogIcal 'OR' of lac IHLI and .. CC 
OR IIX 'dl A· IIX , dl LogIcal 'OR' of lac IIX+dIAACC 

ORIIY+dl A· AVIIY+dl LogIcal 'OR' of 10c. IIY + dl ,\ ACC 

OTDR ICI· IHLI Load output port (e) with contents 2 
B· B , 

of location fHLl, decrement HL 
HL' HL luntdB=.Q and S, repeat until B - 0 

OTIR lei. IH LI Load output POrt leI with loccltlon 2 
B·- B 1 IHLI Increment HL. decrement B. 
HL· HL+1untdB - a reDeal until B a 

OUT lei, r lei - r Load output port leI '."lIth Reg r 2 

OUT Inl, A (n) ~ A Load output pon Inl With ACe 2 

aUTO lei - IHLI Load output port (e) With locatlor"1 2 
B • B 1 IHLl, Incremerlt HL and 
HL· Hl - 1 decrement 8 

OUTI lei· IHLI Load output port (e) with location 2 
B· B 1 IHl), ,neremen! HL and 
H l'~ HL + 1 decrement 8 

POP IX 
:~~:-"~:I+ll Load I X WITh top Of stack. 2 

POP IY IY H -ISP+11 load tY With TOp of stack 2 
IY l - ISPI 

POP QQ UQ H - ISP + 11 
QQ L - ISPI 

Load Reg pair QQ With top of slack , 
PUSHIX ISP ;:: :~~ Load IX onto Stack 2 

ISP 

PUSH IY ISP ~21-IYL Load IY ontO slack 2 
ISP ~ , 1·- IY H 

PUSH QQ ISP 21 - QQ L Load Reg pair QQ onto stack , 
ISP , 1- QQ H 

RES b, r Sb· a Reset B.t b of Reg. r 

RES b, IH LI Sb - 0, IHLI Reset Bit b of loc IHLI 

RESb, IIX + dl Sb- 0, IIX +dl Reset Brt b of loc IIX + dl 

RES b, IIY + dl Sb- 0, IIY +dl Reset Bit b of loc IIY + dl 

RET PCL - ISPI Return from subrout.ne , 
PCH - ISP + 11 

RET cc If oondltlon cc IS false Return from subroutIne If condItion , 
con, .1,. IPCL - ISPI CC IS true 
PCH - ISP + , I 

RETI Return from Interrupt 2 

RETN Rtturn from non-mask able Interrupt 2 

RLr Rotate left through carry Reg. r 

RL IHLI Aotate left through carry loc. IHLl 

RLIIX+dl ~ Rotate left through carry loc. (1)( + dl 

mcr.IHLI. 

RL IIY + dl IIX + dl, ROIlIO left through carry loc, II" + dl 
IIY + ell, A 

RLA Ro •••• leI. ACC through c.ry 1 

14 

NO T 
STATES C 

4 0 

4 a 
7 • 
7 0 

19 0 

19 0 

21 f B to 0 

16 18 e 

21 ,I B • 0 0 

16 ,18 - C 

12 0 

11 0 

16 · 
16 · 
14 0 

14 · 
10 0 

15 0 

15 0 

11 · 
B 0 

'5 0 

23 0 

23 0 

'0 0 

5 If CC fals. 0 

11 tf CC true 

'4 0 

'4 • 
2 ! 

4 t 

6 I 

6 I 

4 I 

INSTRUCTION SET TABLE 
(CaNT.) 

FLAGS OP CODE 
Z PIV S N H 76 543 210 

0 0 0 0 • 00 000 000 , p : a t '0 , '0 rrr® 
: P : a : 

" " a '10 
nn nnn "nn 

t P : a I 10 110 110 
I P : 0 t 11 all 101 

10 110 110 
dd cldd ddd 

I P : 0 : 11 111 101 
10 110 110 
dd ddd Odd 

1 X X 1 X 11 101 101 
10 111 all 

1 X X 1 X 11 101 101 
10 110 all 

0 0 0 0 0 11 101 101@ 
01 r" 001 

0 · 0 · · '1 010 011 
nn nnn nnn 

:<» x x 1 X 11 101 101 
10 101 0" 

G:; 
" X 1 X 11 '01 101 

10 '00 all 

0 · 0 · 0 11 0'1 101 
11 100 001 

0 0 0 0 0 11 1'1 101 
11 100 00' 

0 0 . · 0 11 QQO oo,@ 

0 0 0 0 0 11 01' '01 
l' '00 101 

0 0 0 0 0 

" 1" '0' 

" 
'00 10' 

0 0 0 0 • 
" 

QQO '01@ 

0 0 0 0 0 

" 00' ~::$ '0 bbb 
0 0 0 0 0 

" 00' 01' 
'0 bbb 1 '0 

0 0 0 0 0 

" 0'1 '01 
'1 00' 0'1 
dd ddd ddd 

'0 bbb 110 
0 0 0 • 0 11 '" '0' 

11 00' 011 
dd ddd dod 
10 bbb "0 

• 0 0 0 • " 
001 001 

• 0 0 0 0 

" 
,""",c- OOO® 

0 0 0 0 • 11 10' 10' 
01 00' '01 

0 • 0 • • 
" 

10' '0' 
01 000 101 

! P ! 0 0 
" 00' 011@ 
0\) 010 rr r 

! P ! 0 0 11 001 011 
00 010 1'0 

I P I 0 0 11 01' ,01 
11 001 011 
dd ddd ddd 
00 010 110 

\ P I 0 0 
" 

111 101 
11 001 011 
dd ddd ddd 
00 010 110 

• • 0 0 0 00 010 '11 
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SYMBOLIC NO. NO. T FLAGS OP CODE MNEMONIC 
OPERATION DESCRIPTION 

BYTES STATES C Z PIV S N H 76 543 210 

RLC IHll Rotate location !H U left Circular 2 15 1 1 P 0 0 11 001 011 
00 boo 110 

RLCIIX·dl Rotate location (IX .. d) left Circular 4 23 I : p : 0 0 11 011 101 
11 001 011 

I 
dd ddd ddd 
00 000 110 

RLC IIV • dl I &l[fjJ:J Rotate location (IY + d) left Circular 4 23 1 p 0 0 11 111 101 

I 11 001 011 
rr . ,.IHLI. dd doo ddd 
IIX +dl,IIY+dl. A 00 000 110 

RLC, Rotate Reg' lef' Circular 2 8 : : p 0 0 11 001 011@ 
00 000 , " 

RLCA Rotate left Circular ACe 1 4 : · • • 0 0 00 000 111 

RLD 

A~HlI Rotate digit lett and right betvveen 2 18 • : p 1 0 0 11 101 101 
ACe and location !H L I 01 101 111 

RR, Rotate fight through carr~' Reg r 2 1 1 P 1 0 0 11 001 O,,@ 
00 011 " , RR IHLI Rotate right through carr" loc IHLI 4 1 1 P 1 0 0 11 001 011 
00 011 110 RR IIX • dl Rotate fight through carry lac 6 ; 1 P 1 0 0 11 011 101 

IIX • dl 11 001 011 
dd ddd ddd 

c:[tjj:tfJ 00 011 110 RRIIY'dl Rotate fight through carry loc 6 : 1 p 1 0 0 11 111 101 
me '.IHLI. IIY • dl 11 001 011 
IIX • dl. IIY + dl, A dd ddd ddd 

00 011 110 
RRA Rotate fight ACe through carry 1 4 : • · • 0 0 00 011 111 

RRC, Rotate Reg. r right Clfcul'H 2 1 1 P 1 0 0 11 001 O,,@ 
00 001 , " RRC IHLI Rotate lac (H U fight Circular 4 1 1 p 1 0 0 11 001 011 
00 001 110 

RRC IIX + dl Rotate loc (I X .. d) fight Circular 6 1 1 P 1 0 0 11 011 101 

~ 11 001 011 
dd ddd ddd 
00 001 110 

RRC IIY + dl m ~ " IHLI, 
Rotate lac. (ly + d) right Circular 6 I I P I 0 0 11 111 101 IIX + dl. IIY + dl, A 

11 001 011 
dd ddd ddd 
00 001 110 

RRCA Rotate fight Circular ACe 1 4 I • • • 0 0 00 001 111 

RRD A~IHLI Rotate digit right and left between 2 18 · I P I 0 0 11 101 101 
ACe and location tHLl 01 100 111 

RST t ISP 11·- PCH Restart to location T 1 11 · · • · • • 11 ttt 111 
ISP 21 ~ PCL 
PCH ~ 0, PCL - T 

SBC A,' A~A , CY Subtract Reg. r from ACe w/carry 1 4 I I V I 1 I 10 011 rrr® SBC A, n A ~ A- n - CY Subtract value n from ACe With 7 I I V I 1 I 11 011 110 
carry 

nn nnn nnn SBC A, IHLI A~A IHLI . CY Sub. lac. IHLI from ACC w/carry 7 I I V I 1 I 10 011 110 SBC A, IIX + dl A ~ A -IIX + dl· CY Subtract loc II X + dl from 19 I I V 1 1 I 11 011 101 
ACC w.th carry 10 011 110 

do ddd ddd SBCA,IIY+dl A~A- IIY + dl- CY Subtract lac. IIY + dl frc,m 19 I I V I 1 I 11 111 101 
ACe with carry 10 011 110 

dd ood ddd 
SBC HL, SS HL ~ HL - 51 CY Subtract Reg patr ss frorn HL With 2 15 I I V I 1 X 11 101 101® 

carry 01 ,,0 010 
SCF CY ~ 1 Set carry flag IC = 11 1 4 1 • • • 0 0 00 110 111 
SeT b, (HU (HUb ~ 1 Set B.t b 01 locat.on IHLI 2 15 • • • • • • 11 001 O"@) 

11 bbb 110 
SeT I), (IX + dl IIX+dlb~ 1 Set B.t b of loc'toon IIX + dl 4 23 • • • • • • 11 011 101@) 

11 001 011 
dd ddd ddd 
11 bbb 110 

15 
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SYMBOLIC NO, MNEMONIC 
OPERATION DESCRIPTION 

BYTES 

SET b, IIY + dl (IY ... dl b • 1 Set Bit b of location {I Y -+ dl 4 

SET b, r 'b' 1 Set B,t b of Reg r 2 

SLA r Shift Reg r left arithmetic 

SLA fHLI ~o Shift loe (HUlett arithmetic 

SLAfIX+dl Shift loc (I X + dl left anthmetl( 

mer, IHLI, fiX + dl,flY + dl 

SLA flY + dl Shlflloc flY -+- dl ieft arlthmetl( 

SRA r Shift Reg r fight arithmetic 

SRA fHLI 

@--EJ Shift loc (HLl right arithmetic 

SRA fiX + dl Shift ioe (IX -+- (11 right arithmetiC 

m r, IHLI, fiX + dl,flY + dl 

SRA flY + dl Shdt loc (IY 1- d) fight arithmetic 

SRL r Shilt Reg r fight logical 

SRLIHLI 
rl~ 

Shdt loc (HL) r·ght logical 

SRLIIX+dl Shift loc fiX + el) rlghl10glcal 

m r, (HLI. (IX -+ dJ. (IY + dl 

SRLfIY+dl Shift loc (IY" d) fight logical 

SUB, A· A , Subtract Reg r from ACe 
SUB n A· A n Subtract value n from ACe 

SUB fHLI A· A fHLI Subtract loc fHLI from ACC 
SUBfIX+dl A· A fiX + dl Subtract loc fiX + dl from ACe 

SUBfIY+dl A· A IIY + dl Subtract loc IIY + dl from ACC 

XOR, A· A'Tr EJ(cluslve 'OR' Reg rand ACC 
XOR n A· "'In E xclusille 'OR' value n and ACe 

XOR fHLI A· AV IHLI E .. cluslve 'OR' loe fHLI and ACC 
XORIIX+dl A· AV fiX + dl E XclU51ve 'OR' loe fiX + dl and ACC 

XORIIY+dl A'AVfIY+dl ExclUSive 'OR'Ioe flY + dl and ACC 

I 
FLAG NOTES 

CD PIV Ilag" 0 ,f B,I "0, else PIV"1 

<6> Z"1 ,f A"IHLI, else ZoO 

® @ © @ ® ® © 

@ If 8·1=0, Z flag set, else reset 

FLAG DEFINITIONS 

... Flag nOt affected 

o F lag reset 

= Flag let 

X Flag unknown 

Reg 

BC 
DE 
HL 
SP 

ss Reg 

00 A 
01 B 
10 C 
11 D 

E 
H 
L 

~ Flag affected according to result of operation 

V Overflow set 

P -= Par .tv set 

IFF· Interrupt flip·flop set 

r Reg pp Reg r r 

III Be 00 BC 00 
000 DE 01 DE 01 
001 IX 10 IY 10 
010 SP 'II SP 11 
01 I 
100 
101 

FLAG DESCRIPTION 

C:: Carry/Link 
Z • Zero 

P/V '"' Partty/Overflow 

B,t 

0 
I 
2 
3 
4-
5 
6 
7 

b Reg r,r Reg 

000 A 111 BC 
001 B 000 DE 
010 C 001 HL 
01 I D 010 AF 
lOa E 011 
101 H 100 
110 L 101 
III 

5" S'gn 
N " Add/Subtract 
t:"t '" Half Cerry 

qq 

00 
01 
10 
II 

NO, T 
STATES 

23 

8 

8 

15 

23 

23 

8 

15 

23 

23 

8 

15 

23 

23 

4 

7 

7 
19 

19 

4 
7 

7 
19 

19 

INSTRUCTION SET TABLE 
(CONT.) 

FLAGS OP COOE 1 C Z PIV S N H 76 543 210 

• • . . • • II III 101® 
II 001 01 I 
dd ddd ddd 
II bbb 110 . . . . . • II 001 011® 
11 bbb " r 

: : P : 0 0 II 001 011@ 
00 100 " , 

I : P : 0 0 11 001 011 
00 100 110 

: : P 0 0 11 011 101 
11 001 01 I 
dd ddd ddd 
00 100 110 

; I P C 0 11 111 101 
II 001 011 
dd ddd ddd 
00 100 110 

: ; P 0 0 11 001 011® 
00 101 " r 

I P 0 0 11 001 01 I 
00 101 110 

: P 0 0 11 011 101 
11 001 011 
dd ddd ddd 
00 101 110 

P 0 0 11 111 101 
11 001 011 
dd ddd ddd 
00 101 110 

: P ; 0 0 11 001 011® 
00 111 " r : ; P : 0 0 11 001 011 
00 III 110 

: : P ; 0 0 11 011 101 
11 001 01 I 
dd ddd ddd 
00 111 110 

: P ; 0 0 11 111 101 
11 001 011 
dd ddd ddd 
00 111 110 

: ; v : 1 : 10 010 rrr® 
: I v : 1 : 11 010 110 

nn nnn nnn 
: V : 1 : 10 010 110 
: : V ; 1 : 11 011 101 

10 010 110 
dd ddd ddd 

: V 1 : 11 111 101 
10 010 110 
dd ddd ddd 

: : P : 1 10 101 rrr® 
I : P I 1 : II 101 110 

nn nnn nnn 
: I P I 1 10 101 110 
: I P : 1 : 11 011 101 

10 101 110 
dd ddd ddd 

; P 1 : 11 111 101 
10 101 110 
dd ddd ddd 

® CD 
CC Condition Relevant Flag Reg r 

000 NZ Non Zero Z B 000 
001 Z Zero Z C 001 
010 NC Non Carry C D 010 
01 I C Carry C E 011 
100 PO ParIty Odd PIV H 100 
101 PE Parltv Even PIV L 101 
110 P Sign POSitive S F 110 
III M Sign Negative 5 A 111 

The information presented in this document IS believed to be accurate and reliable, The information is SUb)eC1 to change without notice. 

PRINTED IN USA 
SP780-7· 7S·3K-GN 
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NEe Microcomputers, Inc. fLPD8253 

fLPD8253·5 

PROGRAMMABLE INTERVAL TIMER 

DESCRIPTION The NECpPD8253 ccntains three independent, programmable, multi-modal 16-bit 

counter/timers. It is designed as a general purpose device, fully compatible with the 

8080 family. The pPD8253 interfaces directly to the busses of the processor as an 
array of 1/0 ports. 

The pPD8253 can genel'ate accurate time delays under the control of system software. 

The three independent 16-bit counters can be clocked at rates from DC to 2 MHz. The 

system software controls the loading and starting of the counters to prQvide accurate 

multiple time delays. The counter output flags the processor at the completion of the 
time-out cycles. 

System overhead is greatly improved by relieving the software from the maintenance of 

timing loops. Some other common uses for the pPD8253 in microprocessor based 

systems are: 

• Programmable Baud Rate Generator 

• Event Counter 

• Binary Rate Multiplier 

• Real Time Clock 

• Digital One-Shot 

• Complex Motor Controller 

FEATURES • Three Indpendent 16-Bit Counters 

• Clock Rate: DC to 3 MHz 

• Programmable Counter Modes 

• Count Binary or BCD 

• Single +5 Volt Supply 

• 24 Pin Dual-In-Line Plastic Package 

PIN CONFIGURATION 
D7 24 VCC 

D6 2 23 WR PIN NAMES 

D5 3 22 AD D7-DO Data Bus (8-Bit) 

D4 4 21 CS CLK N Counter Clock Inputs 

D3 5 20 A1 

D2 6 IlPD 19 AO 

GATE N Counter Gate Inputs 

OUT N Counter Outputs 

AD Read Counter 

D1 7 8253/ 18 CLK 2 WR Write Command or Data 

DO 8 8253-5 17 OUT2 CS Chip Select 

CLK 0 9 16 GATE 2 AO, A1 Counter Select 

OUTO 10 CLK 1 
VCC +5 Volts 

GND Ground 
GATEO 11 14 GATE 1 

GND 12 OUT 1 

Rev/2 



fLPD8253 
Data Bus Buffer FUNCTIONAL 
The 3-state, 8blt, bi-directlonal Data Bus Buffer interfaces the fJPD8253 to the 8080A DESCRIPTION 
microprocessor system. It will transmit or receive dai:a in accordance with the INput or 

OUTput instructions executed by the processor. There are three basic functions of the 

Data Bus Buffer. 

1. ProlJram the modes of the fJPD8253 

2. Load the count registers. 

3. Read the count values. 

Read/Write Logic 

The ReacLWrlte Logic controls the overall operation of the fJPD8253 and IS governed 

by Inputs received from the processor system bus. 

Control Word Register 

Two bits from the address bus of the processor, AO and A1, select the Control Word 

RelJlster when both are at a logiC "1" (active-high logic). When selected, the Control 

Word Register stores data from the Data Bus Buffer in a register. ThiS data is then 

used to control: 

1. The operatlona I MOD E of the counters. 

2. The selection of BCD or Binary counting. 

3. The loacilllg of the count registers. 

RD (Read) 

ThiS active-low signal instructs the fJPD8253 to transmit the selected counter value to 

the processor. 

WR (Write) 

ThiS active-low signal Instructs the jJPD8253 to receive MODE Information or counter 

input data from the processor. 

A" AO 
The A1 and AO IIlputs are normally connected to the address bus of the processor. 

They control the one·of-three counter selection and address the control word register 

to select one of the six operational MODES. 

CS (Chip Select) 

The fJPD8253 IS enabled when an active-low signal is applied to this input. Reading or 

Writing from this device is inhibited when the chip is disabled. The counter operation, 

however, is not affected. 

Counters :00, #1, #2 
The three Identical, 16-bit down counters are functionally independent allowlllg for 

separate MODE configuration and counting operation. They function as Binary or 

BCD counters with their gate, input and output line configuration determilled by the 

operational MODE data stored in the Control Word Register. The system software 

overhead time can be reduced by allowing the control word to govern the loading of 

the count data. 

The programmer, with READ operations, has access to each counter's contents. The 

fJPD8253 contains the commands and logic to read each counter's contents while still 

counting without disturbing its operation. 

The following is a table showing how the counters are manipulated by the input signals 

to the Read/Write Logic. 

cs RD WR Al Ao FUNCTION 
0 1 0 0 0 Load Counter No. 0 

0 1 0 0 1 Load Counter No. 1 

0 1 0 1 0 LoaJ Counter No.2 

0 1 0 1 1 Write Mode Word 

0 0 1 0 0 Read Counter No_ 0 

0 0 1 0 1 Read Counter No.1 

0 0 1 1 0 Read Counter No_ 2 

0 0 1 1 1 No-Operation, 3-State 

1 X X X X Disable, 3-State 

0 1 1 X X No-Operation, 3·State 



BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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}.LPD8253 
~---------------------------------, 
I I 

........ ....... ....... I i"""'- I 
I I 
I I 
I I 
I I 
I I 

[) [),'l I 
(:111('", \1 

<H ~ ~ OATA '(JUNI f H ("\ , t II 
BUS 

~ ~ / 
N(I (1 

HU~FtR 
()IIT (] 

I 
I I 

I I 
I I t I I 

I I 

I I 
I 

m I 
:J I 

I (IV'll I en 

!----- WH .i I 
LI I )(:~ , 

IOH I Z' 

<=~ 
!----- Rf) RFA[) [L 

COUNTI H <,/\11 I 

~ I WHITF 1-
NO 1 

!----- AI LOC)le - z 
(lUT 1 

~ 
I cO 

!----- A" '" co I 
I cs 0: I 
I I 
I J t I 

- - I 
I I 
I I 
I I 
I r--- I 
I '-'-'-"'-', .' 
I 

~ V~ I CONTHOL COI.INTL H (,Al f .' 
I WORD 

~-/ 
'\J() ) 

I RE'C;ISH:R 
I JlJ I ) 

I I I 
I I 
I I 
I I t I 
I I 

I I 
I I 
I I 

"- "- ....... I - I 
I I 

PR(l(ESSOR PHOCESSOR PROCESSOR I j.JPU87SJ I 
Al-J[lHf-SS CO~JTHtJL DATA L... ___________________________________ .J 

RUS BUS BuS 

Operating Temperature 

Storage Temperature 

Voltage on Any Pin. 

Note. 0 With respect to ground. 

OCto+70C 

65C to n 25 C 
( 

0.5 to + 7 Volts~) 

COMMENT. Stress above those listed under "Absolute MaXimum Ratings" may cause permanent 

damage to the deVice. ThiS IS a stress rating only and functional operation of the deVice at these or 

any other conditions above those Indicated ,n the operational sections of thiS specIfication IS not 

Implied. Exposure to absolute maximum rating conditions for extended periods may affect deVice 

real,ability 

'Ta 25 C 

Ta ~ OCC to +70"C; VCC ~ +5V ± 5% 

LIMITS 
TEST 

PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Input Low Voltage VIL -0.5 0.8 V 

Input High Voltage VIH 2.0 VCC+05 V 

Output Low Voltage VOL 0.45 V IOL ~ 2.2 mA --
Output High Voltage VOH 2.4 V IOH 400/1A 

I npu t Load Current II L ,10 /1A VIN VCC toO V 

Output Float Lea kage Cur rent IOF L ,10 /1A VOUT VCC toO V 

VCC Supply Current ICC 95 mA 

Ta ~ 25'C, VCC ~ GND ~ OV 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input Capacitance CIN 10 pF fc~1MHz 

Input/Output Capacitance CliO 20 pF Unmeasured pinS returned 
to VSS. 



fLPD8253 
Ta c O~ C to +70 C, Vce = +5V • 5%, GND = OV 

AC CHARACTERISTICsCD 

LIMITS 

PARAMETER SYMBOL "PD8253 I "PD8253~5 UNIT 
TEST 

CONDITIONS 
MIN TYP MAX MIN TYP MAX 

READ 

Address Stable Before READ tAR 50 50 ns 

Address Hold T,me for R"E"AD tRA 5 5 ns 

READ Pulse W,dth tRR 400 300 ns 

Data Delay from ~ tRD 300 200 ns CL 100 pF 

READ to Data Float,ng tDF 25 125 25 100 ns CL - 100 pF 

WRITE 

Address Stable Before WRITE tAW 20 20 ns 

Address Hold T,me for WRITE tWA 20 20 ns 

WRITE Pulse W,dth tww 400 300 ns 

Data Set Up T,me forWRiiE tow 200 200 ns 

Data HOld T,me for WRITE two 40 30 ns 

Recovery T,me Between WRITES tRV 1 1 ,"S 

CLOCK AND GATE TIMING 

Clock Penod tCLK 300 DC 300 DC ns 

H'gh Pulse W,dth tpWH 200 200 ns 

Low Pulse W,dth tPWL 100 100 ns 

Gate Pulse W,dth H'gh tGW 150 150 ns 

Gate Set Up T,me to Clock 1 tGS 100 100 nS 

Gate Hold T,me After Clock 1 tGH 50 50 ns 

Low Gate W,dth tGL 100 100 ns 

Output Delay from Clock. too 300 300 ns CL c 100 pF 

Output Delay from Gate tODG 300 300 ns CL = 100 pF 

Note CD AC T,m,ng Measured at VOH = 2,2V, VOL = O.BV. 

TIMING WAVEFORMS 

READ TIMING 

B=t=_'AW_ 
DATA BUS 

WH 

WRITE TIMING 

CLOCK AND GATE TIMING 



PROGRAMMING 
THE J1PD8253 

J-LPD8253 

The programmer can select any of the six operational MODES fO!- the counters using 

system software. Individual counter programming is accomplished by loading the 

CONTRO L WOR DREG ISTE R with the appropriate control word data (Aa, A 1 = 11)_ 

CONTROL WORD FORMAT 

D7 D6 D5 D4 D3 D2 D, DO 

SC1 sca R L 1 R La M2 M1 Ma BCD 

SC - Select Counter 

SCl SCO 

a a Select Counter a 

a 1 Se lect Counter 1 

1 a Select Counter 2 

1 1 Invalid 

R L - Read/Load 

RL1 RLO 

a a Counter Latching Operation 

1 a Read/Load Most Significant Byte Only 

a 1 Read/Load Least Significant Byte Only 

1 1 Read/Load Least Significant Byte First, Then Most 

Significant Byte 

BCD 

a Binary Counter, -16-Bits 

1 BCD Counter, 4-Decades 

M-Mode 

M2 Ml MO 

0 0 0 Mode 0 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 



fLPD8253 

Each of the three counters can be individually programmed with different operating OPE RATIONAL MODES CD 
MODES by appropriately formatted Control Warns. The following is a summary of the 
MODE operations. 

Mode 0: Interrupt on Terminal Count 

The Initial MODE set operation forces the OUTPUT low. When the specified counter is 

loaded with the count value, it will begin counting. The OUTPUT will remalll low until 

the terminal count sets it high. It will remain in the high state until the trailing edge of 

the second WR pulse loads in COUNT data. If data is loaded during the counting 

process, the first WR stops the count. Counting starts With the new count data triggered 

by the falling clock edge after the second WR. If a GATE pulse is asserted while count

ing, the count is terminated for the duration of GATE. The 'falling edge of ClK follow

ing the removal of GATE restarts counting from the terminated point. 

JUlJlJ1JlJlrUlJm 
~ :--,-----: 

Mode 1: Programmable One-Shot 

The OUTPUT is set low by the falllllg edge of CLOCK follOWing the trailing edge of 

GATE. The OUTPUT is set high again at the termillal count. The output pulse is not 

affected if new count data is loaded while the OUTPUT is low. The new data will be 

loaded on the rising edge of the next trigger pUlse'. The assertion of a trigger pulse 

whi:e OUTPUT is low, resets and retriggers the One-Shot. The OUTPUT will remain 

low for the full count value after the rising edge of TRIGGER. 

'e·.(,~Ul 

L--__ -JI-

Mode 2: Rate Generator 

The RATE GENERATOR is a variable modulus counter. The' OUTPUT goes low for 

one full CLOCK period as shown in following timing diagram. The count data sets the 

time between OUTPUT pulses. If the count register is re!9aded between output pulses 

the present period will not be affected. The subsequent period will r~flect the new 

value_ The OUTPUT will remain high for the duration of the asserted GATE input. 

Normal operation resumes on the falling CLOCK 'e9ge following the rising edge of 

GATE. eeoc> U1 

OUTP\JT 
!" 31 

y 
___ ~'-=-J--'-'....,1 0.41 J 3' 1, r~ or-

U LJ L...J 

Note: <D All internal counter events occur at the falling edge of the Clssociated clock in all modes of 
operation. 



OPERATIONAL MODES CD 
(Cant.) 

ILPD8253 
Mode 3: Square Wave Generator 
MODE 3 resembles MODE 2 except the OUTPUT will be high for half of the count and 

low for the other half (for even values of data). For odd values of count data the OUT

PUT will be high one clock ~cle longer than when it is low (High Period --> N ~ 1 

clock cycles; Low Period -~ ~ clock periods, where N is the decimal value of count 

data). If the count register is reloaded with a new value during counting, the new value 

will be reflected immediately after the output transition of the current count. 

The OUTPUT will be held in the high state while GATE is asserted. Counting will start 

tram the full count data after the GATE has been removed. 

J ' '>l' 

(iT "n 

I-;-m 
,f·nsET, 

1)4 "<I j 

Mode 4: Software Triggered Strobe 
The OUTPUT goes high when MODE 4 is set, and countin£: begins after the second 

byte of dilta has been loaded. When the terminal count is reached, the OUTPUT will 

pulse low for one clock period. Changes in count data are reflected in the OUTPUT as 

soon as the new data has been loaded into the count registers. During the loading of 

new data, the OUTPUT is held high and counting IS inhibited. 

The OUTPUT is held high for the duration of GATE. The counters are reset and 

counting begins from the full data value after GATE is removed. 

Mode 5: Hardware Triggered Strobe 
Loading MODE 5 sets OUTPUT high. Counting begins when count data is loaded and 

GATE goes high. After terminal count is reached, the OUTPUT wil pulse low for one 

clock period. Subsequent trigger pulses will restart the counting se' ,uence with the 

OUTPUT pulsing low on terminal count following the last rising ec.ge of the trigger 

input (Reference bottom half of timing diagram). 

-:-. if 
rj'",r H 

u 
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lITEM I MILLIMETERS ____ ~~ __ ~I~NC~H~E~S_--
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, B r ;5' ; I "I "AX 

C ~]54 0 I 

D ; 05'01 01 E T 27 94 ~O 0"- 0 00;----
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PACKAGE 
J..LPD8253C OUTLINE 

J..LPD8253C-5 

SP8253-9-78 ·GN·CAT 
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PROGRAMMABLE COMMUNICATION INTERFACE 

DESCR IPTION The /lPD82!11 Universal Synchronous/Asynchronous Receiver/Transmitter (USART) is 
designed for microcomputer systems data communications. The USART is used as a 
peripheral and is programmed by -the /lPD8080 or other processor to communicate in 
commonly used serial data transmission techniques including IBM Bi-Sync. The USART 
receives serial data streclms and converts them into parallel data characters for the 
processor. While receiving serial data, the USART will also accept data characters from 
the processor in parallel format, convert them to serial format and transmit. The USART 
will signal the processOl" when it has completely received or transmitted a character and 
requires service. Complete USART STATUS including data format errors and control 
signals such as TxE and SYNDET is available to the processor at any time. 

F EA TU R ES • Asynchronous or Synchronous Operation 
Asy nch ronous: 

5·8 B it Characters 
Clock Rate - 1, 16 or 64 x Baud Rate 
Break Character Generation 
Select 1, 1-1/2, or 2 Stop Bits 
False Start B i·t Detector 

Synchronous: 
5·8 Bit Characters 
Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 

• Baud Rate - Synchronous - DC to 56K Baud 
- Asynchronous - DC to 9.6K Baud 

• Full Duplex, Double Buffered Transmitter and Receiver 
• Parity, Overrun and Framing Flags 
• Fully Compatible with 8080 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt Supply 
• Separate Device, Receive and Transmit TTL Clocks 
• 28 Pin Plastic DIP Package 
• N-Channel MOS Technology 

PIN CONFIGURATION 

02 0, 

03 00 

RxO VCC 

GNO RxC 

04 OTR 

D5 RTS 
06 /lPD OSR 

8251 
07 RESET 

hl CLK 

WR TxO 

~ TxE 

C/~ CTS 

F'ir5 SYNOET 

RxROY TxROY 

Five Militia Drive/Lexington, Massachusetts 02173 Telephone 617/862-6410 

Rev/1 

PIN NAMES 
DDO Da" Bu. 18 b,,1 ~ 
C/O Canuol or Data .s to be WritTen or Read 

RD Read Data Command 

WR Write Data or Control Command 

CS Chip Enable 

elK Clock Pulse (TTu 

RESET Reset 

T.C Transrnllte'f Clock (TTl) 

hD Transmille, Data 

A;C Reeelll'.r Clock ITTl) 

R,D AKel'J,r Data 

A.ROV Rect • ..,., Ready Ihas chariKter for 80801 

r.RDY Transmitter Ready (ready for char from 8080) 

DSR o.'a Set Ready 
l'iTi\ Data Terminal Ready 

SYNDET Sync Detect 
jffi" ReQuest 10 Send Oat. 

rn CIUT to Send Data 

hE Transmitter Empty 

VCJ; +5 Volt Supply 

GND Ground 

Telex 92·3434 TWX -71 0-326-6520 



The J.,lPD8251 Universal Synchronous/Asynchronous ReceiverlTransmitter is designed 
specifically for 8080 microcomputer systems but works with most 8-bit processors. 
Operation of the 8251, like other I/O devices in the 8080 family, is programmed by 
system software for maximum flexibility. 

In the receive mode, a communication interface device must convert incoming serial 
format data into parallel data and make certain format checks on the data. And in' the 
transmit mode, the device must format data into serial data. The device must also supply 
or remove characters or bits that are unique to the communication format in use. By 
performing conversion and formatting services automatically, the USART appears to the 
processor as a simple or "transparent" input or output of byte·oriented parallel data. 

c/o RD WR CS 

0 0 1 0 

0 1 0 0 

1 0 1 0 

1 1 0 0 

X X X 1 

X 1 1 0 

Operating Temperature ..... . 
Storage Temperature .... . 
All Output Voltages .. . 
All Input Voltages .. . 
Supply Voltages ..... . 

INTERNAL 
DATA BUS 

8251 -+ Data Bus 

Data Bus -+ 8251 

Status -+ Data Bus 

Data Bus -+ Control 

Data Bus -+ 3-State 

TRANSMIT 
BUF F ER 

IP -51 

RECEiVE 
BUF':ER 

(5 .pl 

RECE IvE 
CONTROL 

SYNDET 

- O°C to +70°C 
-65°C to +12So C 

. -0.5 to +7 Volts 
-0.5 to +7 Volts 

........ -0.5 to +7 Volts' 

COMMENT: Stress above those listed under" AbSOlute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may Itffect device 
reliability. 

*T - 25°C a-

2 

FUNCTIONAL 
DESCR IPTION 

BLOCK DIAGRAM 

BASIC OPERATION 

ABSOLUTE MAXIMUM 
RATINGS* 



DC CHARACTE R ISTICS Ta = o°c to 70°C; VCC = 5.0V ± 5%; GND = OV 

LIMITS 

PARAMETER SYMBOL MIN 

Input low Voltage VIL GND -.5 

Input High Voltage VIH 2.0 

Output low Voltage VOL 

Output High Voltage VOH 2.4 

Data Bus leakage IDL 

I nput load Current III 

Power Supply Current ICC 

CAPACITANCE Ta = 25°C; VCC = GND = OV 

PACKAGE OUTLINE 
J..lPD8251C 

PARAMETER SYMBOL MIN 

Input Capacitance CIN 

I/O Capacitance CliO 

--- -----~---~ A 

ITEM MILLIMETERS INCHES 

A 38.0 MAX. 1.496 MAX. 

8 2.49 0.098 

C 2.54 0.10 

D 0.5 ± 0.1 0.02 ± 0.004 

E 33.02 1.3 

F 1.5 0.059 

G 2.54 MIN. 0.10 MIN. 

H 0.5MIN. 0.02 MIN. 

I 5.22 MAX. 0.205 MAX. 

J 5.72 MAX. 0.225 MAX. 

K 15.24 0.6 

L 13.2 0.52 

025 + 0.10 + 0.004 
M 0.01 _ 0.002 . 0.05 

3 

LIMITS 
TYP 

TVP 

45 

MAX 

10 

20 

MAX UNIT TEST CONDITIONS 

0.8 V 

VCC V 

0,45 V 10l = 1.7 mA 

V 10H = -100 IJA 

-50 VOUT = O,45V 

10 
IJA 

VOUT = VCC 

10 IJA @5.5V 

80 mA 

UNIT TEST CONDITIONS 

pF Ie = 1 MHz 

pF Unmeasured pins returned 
to GND 

________ - K -----__ 

: ---------,-L 



BUS PARAMETERS CD 
T a ~ 0"( to 700 e, Vee ~ 5.0V • 5%, GND '" OV 

PARAMETER 
S YMBO l LI-___ --.--=L..cIM.;:.;.;IT.;;S-,,-____ -f1 UN I T TEST CONDITIONS 

MIN TV. MAX 

READ 

A'ldre\~ SI,}\)le t)f'iore READ. 1(5, C 'OllAR SO 

~A-"-"-,'-"-H-"-,"--',-~-,--,0-,~O=E=A=O~f~~.~~=-'---+--~'A~A~---+--------~-------+------·--+-------1-----------------

RE AD Pul\f' W+d!h 'OA 430 

DaHl D(,lay !rom READ 'AD 350 C l ~ 100 pF 

Rfl\D T'1 DaT'} FIO,}I.nQ 'nF iOO C L - 100 pF 

25 I C, IS pF 

'RV ,(V 

WRITE 

'AW 20 

A'ldreH Hold T.me lor WRITE 'WA 20 

I WRITE Pulw Widlh 400 

D'}la Se1 Up T,me '01 WRITE 'DW 200 

Oala 1-40ld T,me I", WRITE 'WD 40 

OTHER TIMING 

'cv 4'0 , 35 

270 

fR, IF 50 

i.D Delay !ram F'}llrng Edge of..".-;( lOT. 

'SR. CL~l00pF , R. Data Set Up Time to SamplIng Pvlo;e 

~ Hold TIme to Samplong PvlW! 

iran~IT\,I'er Inpvl Cluck Frequency 

IHR. C l 100 of 
----~:_--4r--------~----.-+---------~----~r----~------~ 

')( Bdu'J Rale 

16)( an(j 64)( Bavd Rale 

TrJnsmtttef Input Clc(" .• Pul\8 W0\1,,, 

DC 
DC 

" 1)( Baud Rale tcv 

16)( and 64X Baud Role __________ +--------+--------+__------1_---------j---'L"'---y-'----~----.--------~ 
Tr~nsm'l1e' I .... Put CI()C~ Pul.>.e Delay 

1 X Baud Rale 

16)( ;!nd 64X Baud Rate 
'cy 

~---------------------------------------+__--------~-------+_------_+--~'C~y--_+--------------_+ 
Reee ...... ' Inpu1 Clock FfeQuenc.,. IA. 

1)( B.-...d R,}te 

16X dnd 64)( Baud Rate 

Re(.ell/ef Inpu1 Clock Pvlse W,dlh 

1)( Baud R'}le 

16)( ~nd&4X Bavd Rolle 

DC 

DC 

, , 
ReceIver (np,.I' CloO' PulwD "'.-"-,--------+--'A-.-D----+---------t------

1 x Savd R,}u 

16X dnd 64X Bdud Rate 

, 5 

3 

T.ROY Dela.,. 1':)1'>'1 Cenler at D,}1.~ 811 IT. 16 ICY 

R.RDY Delay hom Cenler -;:o'_D_'_"_"-,-'._' ____ +__--'A-.----_+--------~------__+---'O----+--'...:C-y--_+--.------------_+ 
In1er'"ldl $yndel Delay I'om Cen'er 'J! 

Oal.! B'l 

E.'ef"al Syndt'l Set Up 'r.me rJ!Olo't' 

Failing i::aoe 01 R.C 

Cor'l'ol Of'la .... ~ ~g Er:lge '.}t 

WRITE IT.E OTR RTS 

'IS 'CV 

16 16 

16 'CY 

'cy 
16 ICY 

(D Th,s 'teOl/e'.,. lime ~ I~Jf '''''I.,}I':dl.rr" Only, ..... hen MODE SY,,"CI, SY~C?, l-O"'1~,:,~[ --)",1 t,,~\ ')ATA BYTES <I't' """,I 

I"t' USART Sut)\eQuf'nl"" rt.n.q 01 bo!"' r:OMMA~D ,}nd OAT A J'e only <1110 .... ("1 ..... her' T .ROY ~ 1 

W The T.C and R.C tfeQvenCI~ have Ihe lolluw.ng l.m,ta1ions 1N'11"1 't'\pte I 10 Cl '" 

Fc;r lX Bavd Relle, 'T. 0' 'R. '" , 1)0 ICyl 

F~H 16)( iln(64)( Baud R'}lt', fT~ Of IR • '" 1 14 S 'Cyl 

.~ R~1 Pvl\e "",din 6 'CY ..."n,mvm 

+20 

2V '" c: / 

O.U.T. 1----1~----t 

Figure 1. 

>- +10 
510n <t 

...J 
W 
0 0 
I-
::J 
0.. 
I-
::J 

-10 0 
24Kn <l 

-20 
-100 

/ 
L 'SPEC 

, 
I 

-50 o +50 

6 CAPACITANCE (pF) 

Typical ~ Output 

+100 

Delay Versus ~ Capacitance (pF) 

TEST LOAD CIRCUIT 

4 
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TIMING WAVEFORMS 

C D cs ---~ - - - - - - - - - - - -
-----~--,----------------~~--------~~-

D7 0 0 _______ ~-J~ 

~-=-=- 'ow ---i--- 'WO 
-----~~-~~---'WW--~~-----~~-~------_4~~--OWRiTI 

'AW 

WRiTE ---------~\.--------_t: 'WC ?'---_____________________ _ 
TxE. DTR, RTS ~ 

OSR,CTS ___________________ -Jy~~---------------------------------------
t='CR:-i 

REAO-----------------------------~_t= I 

READ AND WRITE TIMING 

TlIC 1 ~ BAUD,,---- ~ ~'T------JiPW-------+1-: 'TPD-----1~ 
'6 hC PERIOOS-----------i 

T;C 116, BAuDI _____ ~~ 
T.O 1- - -.-------------------------------------------~..,.: -

TRASNMITTER CLOCK AND DATA 

R,°=s-'SRX~~'HRX ====J:X~f:-----
R,C'''BAUO + ~ 

INTERNAL - 'RPW -----... :~t'----- 'RPD -----4.-1 SAMPLING ______________ • _______________ ~nL ________________________ ___ 
PULSE 

Axe (16 .. BAUDI 

INTERNAL 

f-------ST ART BIT ------t===t=::::===~".!.' £D~Al.T A~B;,;' T~=~===iI::w: _ 

f---------- ------------1:..-.:"1 ~~ - :-,-= - -;-H;X~ 

SAMPLI NG _____________ ...1 L ___________________ ......,j L.. ________________ _ 

PULSE 

RECEIVER CLOCK AND DATA 

START BtT DATA. BITS ARITv 81 

'RX R,RDV ___________________________________________ ~ 

RIAD--------------·----------------------------------, 

T'EMPTV~ 
'TX--1~ T,RDv _________________________ ~-- \. ______________ _ 

I 
WRITE ---------------------------~I-,LJ 

WRITE lsi BYTE WRITE 2nd ByTE WRITE ltd BYTE 

T,D MA~START BIT I OATA BITS !~ PARITY Bn1sTOPI BIT 'START BIT r-
I.. --hi DATA BYTE -I. 2nd DATA BYTE 

TxRDY AND RxRDY TIMING IASYNC MODE) 

I- SYNC CHARACTER IOIIOI'~OO~II=====~=_::-~I------~ 
R,D ~ ...... _________ .Jr_1 .. _____ ~ST BITI I 

'IS F-C RESET By 
SVNDET SOFnNARE 
IOUTPUTI--------------------,--------------------------------~ COMMAND 

INTERI"AAl SYNC DETECT 

R;C ----, ... _________ ~I ... _________ ~r_'~ ... ___ ~ 

_______ ~-t-- 'ES SYNDET _. 
tlNPUTl 

u 

------------RltO • _________ • __ : 
I~·.---------I"DATABYTE------... ·~I 

EXTERNAL SYNC DETECT 

Note: <D Write and Read pulses have no timing limitation with respect to ClK. 
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PIN PI N I DENTI F ICATION 

NO. SYMBOL NAME 
FUNCTION 

1,2, 07 - DO D~ta Bus Buffer An 8·blt, J·state b,·dlrectional buffer used to 
27,28 Interface the 8251 to the processor data bus 
5-8 Data i~ transmitted cr received by the buffer In 

response to Input/output or Read/Write Instruc-
tions from the processor. The Data Bus Buffer 
also transfers Control words, Command words, 
and Status. 

26 VCC VCC Supply Voltage +5 vol t supply 

4 GND Ground Ground 

This logic block accepts Inputs from the pro· 
cessor Control Bus and generates control signals 
for overall USART operation. The Mode 

Read/Write Control LogiC Instruction and Command Instruction registers 
that store the control formats for deVice func-
tional definition are located In the Read/ 
Write Control LogiC. 

21 RESET Reset A "one" on this input forces the USART into the 
"Idle" mode where it will remain until reinitial-
ized with a new set of control words. Minimum 
RESET pulse width i,; tCY. 

20 CLK Clock Pulse The CLK Input provides for Internal deVice tim-
ing and IS usually connected to the Phase 2 (TTL) 
output of the J..IPB8224 Clock Generator. 
External Inputs and outputs are not referenced 
to CLK, but the CLI< frequency must be 30 
times the Receiver or Transmitter clocks In the 
synchronous mode and 4.5 times for the 
asynchronous mode. 

10 WR Write Data A "zero" on this Input Instructs the J..IPD8251 
to accept the data or controi word which the 
processor IS writing out to the USART via the 
data bus. 

13 RD Read Data A "zero" on this Input Instructs the J..IPD8251 
to place the data or status information onto the 
Data Bus for the processor to read. 

12 C/O Control/Data The Control/Data input, in conjunction with the 
~ and RD inputs, informs USART to accept or 
provide either a data character, control word or 
status information via the Data Bus. 
0= Data; 1 = Control. 

11 CS Chip Select A "zero" on this Input enables the USART for 
reading and writing tl) the processor. 

The J..IPD8251 has a set of control inputs and 
Modem Control outputs which may be used to simplify the 

interface to a Modem. 

22 DSR Data Set Ready The Data Set Ready input can be tested by the 
processor via Status information. The i5SR input 
is normally used to test Modem Data Set Ready 
condition. 

24 DTR Data Terminal Ready The Data Terminal Ready output can be con-
trolled via the Command word. The 5i"R output 
is normally used to 'drive Modem Data Terminal 
Ready or Rate Select lines. 

23 RTS Request to Send The Request to Send output ~be controlled 
via the Command word. The RTS output is 
normally used to drille the Modem Request to 
Send line_ 

17 CTS Clear to Send A "zero" on the Clear to Send input enables the 
USART to transmit serial data if the TxEN bit in 
the Command Instruction register is enabled 
(one). 

6 



TRANSMIT BUFFER/ 
CONVERTER 

PIN IDENTIFICATION 
(CONT) 

8251 INTERFACE TO 8080 
STANDARD SYSTEM BUS 

The Transmit Buffer/Converter receives parallel data from the Data Bus Buffer via the 
internal data bus, converts parallel to serial data, inserts the necessary character, or 
bits needed for the programmed communication format and outputs composite serial 
data on the TxD output, 

PIN 

No·1 SYMBOL 
FUNCTION 

NAME 
The Transmit Control logic accepts and outputs 

Transmit Control logic all external and internal signals necessary for 
serial data transmission. 

15 TxRDY Transmitter Ready Transmitter Ready signals the processor that the 
transmitter is ready to accept a data character. 
TxRDY can be used as an interrupt or may be 
tested through the Status information for Polled 
operation. loading a character from the pro-
cessor automatically resets TxRDY. 

18 TxE Transmitter Empty The Transmitter Empty output signals the 
processor that the USART has no further char-
acters to transmit. TxE is automatically reset 
upon receiving a data character from the pro-
cessor. In half-duplex, TxE can be used to signal 
end of a transmission and request the processor 
to "turn the line around." The TxEn bit in the 
command instruction does not effect TxE. 

In the Synchronous mode, a "one" on this out-
put indicates that a Sync character or charac-
ters are about to be automatically transmitted 
as "fillers" because the next data character has 
not been loaded. 

9 ~ Transmitter Clock The Transmitter Clock controls the serial charac-
ter transm iss ion rate. In the Asynchronous 
mode, the TxC frequency is a multiple of the 
actual Baud Rate. Two bits of the Mode Instruc-
tion select the multiple to be 1 x, 16x, or 64x 
the Baud Rate. In the Synchronous mode, the 
TxC frequency is automatically selected to 
equal the actual tlaud Rate, 

Note that for both Synchronous and Asynchro-
nous modes, serial data is shifted out of the 
USART by the falling edge of TxC. 

19 TxD Transmitter Data The Transmit Control Logic outputs the 
composite serial data stream on this pin. 

\ ADDRESS BUS ~ 
AO 

~ CONTROL BUS ~ 
-- -- 1>2 
I/O R I/O W RESET (HL) 

~ DATA BUS \ 
A 

8 

( V (') ( 

C/O - 07 - DO 
- -

CS RD WR RESET elK 

8251 
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The Receiver Buffer accepts serial data input at the RxD pin and converts the data 
from serial to parallel format. Bits or characters required for the specific communica
tion technique in use are checked and then an eight-bit "assembled" character is 
readied for the processor. For communication techniques which require less than 
eight bits, the J.1PD8251 sets the extra bits to "zero." 

PIN 

NO. SYMBOL 1 
FUNCTION 

NAME 

Receiver Control Logic 
This block manages all actiVities related to 
incoming data. 

14 RxRDY Receiver Ready The Receiver Ready output Indicates that the 
Receiver Buffer is ready with an "assembled" 
character for input to the processor. For Polled 
operatiun, the processor can check RxRDY 
using a Status Read or RxRDY can be con-
nected to the processor interrupt structure. 
Note that reading the character to the pro· 
cessor automatically resets RxRDY. 

25 RxC Receiver Clock The Receiver Clock IS the rate at which the 
incoming character IS received. In the Asvnchro-
nous mode, the R xC frequency may be 1,16 
or 64 times the actual Baud Rate but in the 
Synchronous mode the RxC frequency must 
equal the Baud Rate. Two bits In the mode 
Instruction select Asynchronous at 1 x, 16x or 
64x or Synchronous operation at 1 x the Baud 
Rate. 

Unlike TxC, data IS sampled hy the /JPD8251 
on the rising edge of Ff.c. Q) 

3 RxD Receiver Data A composite serial data stream is received by 
the Receiver Control Logic on this pin. 

16 SYNDET Sync Detect The SYNC Detect pin IS only used In the 
Synchronous mode. The /JPD8251 may be pro-
grammed through the Mode Instruction to 
operate In either the Internal or external Sync 
mode and SYNDET th'ln functions as an output 
or Input respectively. I n the internal Sync mode, 
the SYNDET output will go to a "one" when 
the /JPD8251 has located the SYNC character 
in the Receive mode. If double SYNC 
character (bi-sync) operation has been pro· 
grammed, SYNDET Will go to "one " In the 
middle of the last bit of the second SYNC 
character. SYNDET IS automatically reset to 
"zero " upon a Status Head or RESET. In the 
external SYNC mode, a "zero" to "one" tranSI' 
tion on the SYNDET Input will cause the 
/JPD8251 to start assembling data character 
on the next falling edgE' of RxC::. The length of 
the SYNDET Input should be at least one RxC 
period, but may be removed once the 
/JPD8251 is In SYNC. 

Note: <D Since the ,.,PD8251 will frequently be handling both the reception and transmission 
for a given link, the Receive and Transmit Baud Rates will be same. RxC and TxC 
then require the same frequency and may be tied together and connected to a single 
clock source or Baud Rate Generator. 

Examples: If the Baud Rate equals 110 (Async): 

RxC or TxC equals 110 Hz (1 x) 
RxC or TxC equals 1.76 KHz (16x) 
~ or T'i<C equals 7.04 KHz (64x) 

If the Baud f~ate equals 300: 

RxC or TxC equals 300 Hz (1 x) A or S 
RxC or TxC equals 4800 Hz (16x) A only 
ffXC or TxC equals 19.2 KHz (64x) A only 

B 

RECEIVER BUFFER 

PIN IDENTIFICATION 
(CONT.) 



OPERATIONAL 
DESCRIPTION 

A set of control words must be sent to the pPD8251 to define the desired mode and 

communications format. The control words will specify the BAUD RATE FACTOR 

(lx, 16x, 64x), CHARACTER LENGTH (5 to 8), NUMBER OF STOP BITS 

(1,1·1/2,2), ASYNCHRONOUS or SYNCHRONOUS MODE, SYNDET (IN or OUT), 

PARITY, etc. 

After receiving the control words, the pPD8251 is ready to communicate. TxRDY is 

raised to signal the processor that the USART is ready to receive a character for trans

mission. When the processor writes a character to the USART, TxRDY is auto

matically reset. 

Concurrently, the pPD8251 may receive serial data; and after receiving an entire 

character, the RxRDY output is raised to indicate a completed character is ready for 

the processor. The processor fetch will automatically reset RxRDY. 

Note: The pPD8251 may provide faulty RxRDY for the first read after power-on or 

for the first read after receive is re-enabled by a command instruction (RxE). 

A dummy read is recommended to cl~ar faulty RxRDY. But this is not the 

case for the first read after hardware or software reset after the device 

operation has once been established. 

The ,UPD8251 cannot transmit until the TxEN (Transmitter Enable) bit has 

been set by a Command Instruction and until the CTS (Clear to Send) input is a 

"zero". TxD is held in the "marking" state after Reset awaiting new Command 

Words_ 

!1PD8251 PROGRAMMING The USART must be loaded with a group of two to four control words provided by 

the processor before data reception and transmisSion can begin. A Reset (internal or 

external) must immediately proceed the control words which are used to program the 

complete operational description of the communications interface'. If an external 

RESET is not available, three successive 00 Hex or two successive 80 Hex command 

Instructions (C/O = 1) followed by a software reset command instruction (40 Hex) 

can be used to initialize the 8251. 

There are two control word formats: 

1. Mode Instruction 

2. Command Instruction 

MOD E IN ST R U CT ION This control w~rd specifies the general characterIStiCS of the interface regi'rding the 

SYNCHRONOUS or ASYNCHRONOUS MODE, BAUD RATE FACTOR, CHARACTER 

LENGTH, PARITY, and NUMBER OF STOP BITS. Once the Mode Instruction 

has been received, SYNC characters or Command Instructions may be inserted depend

ing on the Mode Instruction content. 

COM MAN D I NSTR UCTI ON This control word will be interpreted as a SYNC character definition if immediately 

preceded by a Mode I nstruction which specified a Synchronous format. After the 

SYNC character(s) are specified or after an Asynchronous Mode Instruction, all sub

sequent control words will be interpreted as an update to the Command Instruction. 

Command Instruction updates may occur at any time during the- data block. To 

modify the Mode Instruction, a bit may be set in the Command Instruction which 

causes an internal Reset which allows a new Mode Instruction to be accepted. 
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c/o = 1 

CIC) = 1 

C/O = 1 

C/O = 1 

C/O = 0 

C/O = 0 

C 10 = 1 

MODE INSTRUCTION 

SYNC CHARACTER 1 

SYNC CHARACTER 2 

COMMAND INSTRUCTION 

DATA 

COMMANO'NSTRUCT'0J[ 

DATA 

COMMANO,NSTRUCT'ONI 

} SYNC MODE 

ONL Y CD 

NOTE CD The second SYNC character IS skipped if MODE Instructton 
has programmed the 8251 to slnqle character Internal SYNC 
Mode. Both SYNC characters are skipped If MODE instruction 
has programmed the 8251 to ASYNC mode. 

The f.1PD8251 can operate in either Asynchronous or Synchronous communication 

modes. Understanding how the Mode Instruction controls the functional operation 

of the USART is easiest when the device is considered to be two separate components, 

one asynchronous and the other synchronous, which share the same support circuits 
and package. Although the format definition can be changed at will or "on the fly", the 

two modes will be explained separately for clarity. 

When a data character is written into the f.1PD8251, the USAFH automatically adds 

a START bit (low level or "space") and the number of STOP bits (high level or 

"mark") specified by the Mode Instruction. If Parity has been enabled, an odd or 

even Parity bit is inserted just before the STOP bits(s), as specified by the Mode 

Instruction. Then, depending on CTS and TxEN, the character may be transmitted 

as a serial data stream at the TxD output. Data is shifted out by the falling edge of 
TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction. 

If no data characters have been loaded into the f.1.PD82q 1, or if all available characters 

have been transmitted, the TxD output remains "high" (marking) in preparation 
for sending the START bit of the next character provided by the processor. TxD may be 

forced to send a BREAK (continuously low) by setting the correct bit in the 

Command Instruction. 

The RxD input line is normally held "high" (marking) by the transmitting device. 

A falling edge at RxD signals the possible beginning of a ST AnT bit and a new 
character. The START bit is checked by testing for a "low" at its nominal center 

as specified by the BAUD RATE. If a "low" is detected again, it is considered valid, 

and the bit assembling counter starts counting. The bit counter locates the approxi· 

mate center of the data, parity (if specified), and STOP bits. The parity error flag (PE) 

is set, if a parity error occurs. Input bits are sampled at the R>:D pin with the rising 

edge of Rxe. If a high is not detected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input 

character is loaded into the parallel Data Bus Buffer of the f.1PD8251 and the R x R DY 
signal is raised to indicate to the processor that a character is ready to be fetched. If the 

processor has failed to fetch the previous character, the new character replaces the old 

and the overrun flag (OE) is set. All the error flags can be reset by setting a bit in the 

Command Instruction. Error flag conditions will not stop subsequent USART operation. 
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TYPICAL DATA BLOCK 

MODE INSTRUCTION 
DEFINITION 

ASYNCH RONOUS 
TRANSMISSION 

ASYNCHRONOUS 
RECEIVE 



MODE 
INSTRUCTION FORMAT 
ASYNCH RONOUS MODE 

TRANSMIT/RECEIVE 
FORMAT 

ASYNCH RONOUS MODE 

S2 S1 

RxD 

EP PEN L2 L1 B2 B1 

BAUD RATE FACTOR 

------ 0 1 0 1 

0 0 1 1 

SYNC 
11 X) 116X) 164X) MODE 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE .. 
1 0 ENABLE 0 0 DISABLE .. EVEN PARITY GENERATION/CHE 
1 0 EVEN 0 0 000 

NUMBER OF STOP BITS 

.. 0 1 0 1 

0 0 1 1 

1 1% 2 
INVAliD BIT BITS BITS 

MARKINGl __ S_TB_~_~_T __ ~ ___ D_A_T~; rB_IT_S __ ~ ______ ~ 
TRANSMITTER OUTPUT 

~ __ S_T_:_I~_T __ ~ ____ D_A_T~;Brl_T_S __ ~ ______ ~ 
RECEIVER INPUT 

CPU BYTE (5~8 BITS/CHARI 

DATA C~;RACTER 
ASSEMBLED SERIAL DATA OUTPUT (hOI 

ST~ 
BITS L 

STat;"! 
BITS L 

~ DATA CHARACTER STOO 
~ _____ O ___________ ....... ______ ....... __ B_I-iTS 

TRANSMISSION FORMAT 

SERIAL DATA INPUT IA.D) 

~ ___ ~ _____ D_A_T_A_C_H_A~RA~CT_E_R ____ ~ ______ -L ___ ~~~~; I 
CPU BYTE 15·8 BITS/CHAR) G) 

DATACH;~ 
NOTEQ). IF CHARACTER LENGTH IS DEFINED AS 5,6, OR 7 

BITS; THE UNUSED BITS ARE SET TO "ZERO." 

RECEIVE FORMAT 

11 
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As in Asynchronous transmission, the TxD output remains "high" (marking) 
until the tlPD8251 receives the first character from the processor which is usually 
a SYNC character. After a Command I nstruction has set TxEN and after Clear 
to Send (CTS) goes low, the first character is serially transmitted. Data is 
shifted out on the falling edge of TxC and the same rate as TxC. 

Once transmission has started, Synchronous Mode format requires that the serial 
data stream at TxD continue at the TxC rate or SYNC will be lost. If a data character 
is not provided by the processor before the pPD8251 Transmitter Buffer becomes 
empty, the SYNC character(s) loaded directly following the Mode Instruction will 
be automatically inserted in the TxD data stream. The SYNC character(s) are Inserted 
to fill the line and maintain synchronization until new data characters are available 
for transmission. If the tlPD8251 becomes empty, and must send the SYNC character(s). 
the TxEMPTY output is raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. TxEMPTY is automatically 
reset by the next character from the processor. 

TxEMPTY go high at the middle of the last data bit when the TI,".,smit Register is 
EMPTY. TxEMPTY goes low again as sync characters are transmitted. See figure below. 

FOR SINGLE SYNC CHARACTER OPERATlor" 

TxD ')( DATA X DATA X SYNC >C~D~-;:;Y- DATA >e: 
DATA WRITE _____________ Jl'--_-'n~ _ ____'n ... __ 

TxEMPTY --------~~~~~---------------
CENTER OF LAST BIT 

FOR DOUBLE SYNC CHARACTER OPERATION (BISYNC) 

TxD .y DATA X SYNC1 X SYNC2 x= DATA X DATA x= 
DATA WRITE n J"l n 

TxEMPTY ~ 
CENTER OF LAST BIT 

=x , 
X X SYNC2 X X DATA x= TxD DATA SYNC1 DATA 

DATA WRITE n n n 
TxEMPTY rp rp 

CENTER OF LAST BIT 

In Synchronous Receive, character synchronization Gan be either exte~nal or internal. 
If the internal SYNC mode has been selected, and the Enter HUNT (EH) bit 
has been set by a Command Instruction, the receiver goes into the HUNT mode. 

Incoming data on the RxD input is sampled on the rising edge of RxC, and the 
Receiver Buffer is compared with the first SYNC character after each bit has been 
loaded until a match is found. If two SYNC characters have been programmed, the 
next received character is also compared. When the SYNC character(s) programmed 
have been detected, the tlPD8251 leaves the HUNT mode and is in character synchro· 
nization. At this time, the SYNDET (output) is set high. SYNDET is automatically 
reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruction, a "one" applied 
to the SYNDET (input) for at least one RxC cycle will synchronize the USART. 

Parity and Overrun Errors are treated the same in the Synchronous as in the 
Asynchronous Mode. Framing errors do not apply in the Synchronous format. 

The processor may command the receiver to enter the HUNT mode with a Command 
Instruction which sets Enter HUNT (EH) if synchronization is lost. 

12 
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MODE INSTRUCTION 
FORMAT 

SYNCHRONOUS MODE 

TRANSMIT/RECEIVE 
FORMAT 

SYNCHRONOUS MODE 

I SCS ESD 

SYNC 
CHAR 1 

SYNC 
CHAR 1 

EP PEN L21 L1 I 0 I 0 I 

.. 
.. 
.. 

.. 

CPU BYTES (5-8 BITS/CHAR) 

C DATAC~+ACTERS 

CHARACTER LENGTH 

0 1 0 1 

0 0 1 1 

5 6 7 8 
BITS BITS BITS BITS 

PARITY ENABLE 
(1 = ENABLE) 
(0 = DISABLE) 

EVEN PARITY GENERATION/CH 
1 = EVEN 
0= ODD 

EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
0= SYNDET IS AN OUTPUT 

SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0= DOUBLE SYNC CHARACTER 

ASSEMBLED SERIAL DATA OUTPUT (TxD) 

SYNC 
CHAR 2 DA T A CHAR;,._C_T_E_R_S ___ ... 

TRANSMIT FORMAT 

SERIAL DATA INPUT (RxO) 

SYNC 
CHA'~ 2 DATACHA~~A_C_T_E_R_S ___ ~ 

CPU BYTES (5-8 BITS/CHAR) 

L DATAC:~RACTERS I 
RECEIVE FORMAT 

13 
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After the functional definition of the }JPD8251 has been specified by the Mode 
Instruction and the SYNC character(s) have been entered, if in SYNC mode, the 

USART is ready to receive Command Instructions and begin communication. A 

Command Instruction is used to control the specific operation of the format selected 

by the Mode I nstruction. Enable Transmit, Enable Receive, Error Reset and Modem 

Controls are controlled by the Command Instruction. 

After the Mode I nstruction and the SYNC character(s), as neE~ded, are loaded, all 

subsequent "control writes" (C/O = 1) will load or overwrite the Command Instruction 

register. A Reset operation (internal via CMD IR or external via the RESET input) 

will cause the JJPD8251 to interpret the next "control write", which must immediately 

follow the reset, as a Mode Instruction. 

It is frequently necessary for the processor to examine the "status" of an active 

interface device to determine if errors have occurred or to notice other conditions 
which require a response from the processor. The }JPD8251 has features which 

allow the processor to "read" the device status at any time. fl. data fetch is issued 
by the processor while holding the C/O.input "high" to obtain device Status Infor· 

mation. Many of the bits in the status register are copies of external pins. This dual 
status arrangement allows the }JPD8251 to be used in both Polled and interrupt 
driven environments. Status update can have a maximum delay of a 16 clock period. 

When a parity error is detected, the PE flag is set, and is cleared by setting the 

ER bit in a subsequent Command Instruction. PE being set does not inhibit USART 

operation. 

If the processor fails to read a data character before the one following is available, 
the OE flag is set, and is cleared by setting the ER bit in a subsequent Command 

I nstruction. Although OE being set does not inhibit USART operation, the 

previously received character is overwritten and lost. 

If a valid STOP bit is not detected at the end of a character, the FE flag is set, and 

is cleared by setting the E R bit in a subsequent Command Instruction. FE being set 

does not inhibit USART operation. 

Note: CD ASYNC mode only. 

14 

COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 

PARITY ERROR 

OVERRUN. ERROR 

F~AMING ERROR CD 



COMMAND INSTRUCTION 
FORMAT 

STATUS READ FORMAT 

I 

\ 

DO 

EH I IR I RTS I ER I SBR>: I R,E I DTR 1 hEN 

L TRANSMIT ENABLE 
1 - enable 

0 disable 

DATA TERMINAL 
READY 
'high"' will force O'TR 

output to zero 

RECEiVE ENABLE 
1 = enable 
D =-. disable 

SEND BREAK 
CHARACTER 
1 - forces TxO "low" 
0= normal operation 

ERROR RESET .. 1 reset all error flags 

PE,OE,FE 

REOUEST TO SEND .. "high" Will force ITs 
outpul to lero 

INTERNAL RESET 
"high" returns 8251 10 

Mode InstrUCllon Format 

ENTER HUNT MODE 
1 = enable search for Sync 
Charac leTS 

°1 

DSR \SYNOET\ FE I OE 

1 
PE I hE 1 R,RDY 1 hROY 

I I I 1 L 
SAME DEF INITIONS AS 110 PINS 

PAR1TY ERROR 
The PE flag IS set when a partly 
error IS detected II IS reset by 
the ER bit of the Command 
Instruction PE does nol Inhibit 

operal.on of the 8251 

OVERRUN ERROR 
The DE flag IS set when the CPU 
does nOI fead a character before 

~ 
the nexl one becomes available 
It IS reset by the E R bit of the 
Command Instruction DE does 
not inhibit operation of the 8251. 
however, the prevIOusly overrun 
character IS lost 

FRAMING ERROR IAsvnc onlvl 
The FE flag IS set when a valid 
StOP bit 15 not detected at the 
end of every character. It 15 reSet 
by the ER bit of the Command 
Instruction, FE does not mhiblt 
the operation 01 the 8251 

Note: <D T.ROY It.t ... bit .. not tot.ltv equivetent to the T.RDY outPUt pin. the rele.ton,hip 
it. follOWl: 

T.RDY , .. tUl bit - DB Buffer Emptv 
TxRDY (pin 151 - DB Buff .. Empty. CTS. TxEn 

15 
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.-~~~-----------~ 

.--,.-~==~--.------~ 

ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL. 
DC to 9600 BAUD 

r-~~~------------3 

.--..--===~~_________3 

PHONE 
LINE 

INTER 
FACE 

TELEPHONE 
LIN!: 

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES 

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

.-~.r~------------~ 

~rr~~rr=---------------~ 

SYNCHRONOUS 
TERMINAL 

OR PERIPHERAL 
1--<~--4 DEVICE 

SyNDETI------t 

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE 

~~~==~~___________1 

~---L~~~~-------------J 

SYNC 
MODEM 

PHONE 
LINE 

INTER 
FACE 

TE LE PHONE 
LINE 

SYNCHRONOUS INTERFACE TO TELEPHONE LINES 

APPLICATION OF THE IlPD8251 

The information presented in this document is believed to be accurate and reliable. The information is subject to change without notice. 

PRINTED IN U.S.A. 16 SP8251-5-77-5K·GN 



NEe Microcomputers, Inc. fLPD8255 
fLPD8255A·5* 

PROGRAMMABLE PERIPHERAL INTERFACES 

o ESC R I PTI ON The IJPD8255 and J1PD8255A-5 ale general purpose programmable INPUT 10UTPUT 

devIces designed for use with the 8080A/8085A microplocessors Twenty-four (24) 

1/0 lines may be programmed in two groups of twelve (group I and group II) and used 

In three modes of operatIon In the BasIc mode, (MODE 0), each groulJ of twelve 1/0 
pins may be programmed in sets of 4 to be 1I1put or output. In the Strobed mode, 

(MODE 1), each group may be programmed to have 8 lines of II1put or output. Three 

of the remaining four pins In each group are used for handshaking strobes and Il1tcrrupt 

control signals_ The Bidirectional Bus mode, (MODE 2), uses the 8 lines of Port A for 

a bidirectional bus, and fIve lines from Port C for bus control signals The IlPD8255 

and J1PD8255A-5 are packaged in 40 pin plastic duallnllnp packages 

F EA TU R ES • Fully Compatible with the 8080A.'8085 Microprocessor FamIlies 

• All Inputs and Outputs TTL Compatible 

• 24 Programmable 110 PillS 

• Direct Bit SET IRES'ET Eases Control Application Interfaces 

• 8 - 2 mA Darlington Drive Outputs for Printers and Displays (jJPD8255) 

• 8 - 4 mA Darlington Drrve Outputs for Printers and Olsplays (IlPD8255A-5) 

• LSI Drastically Reduces System Package Count 

• Standard 40 Pin Dual-In-Llne Plastic Package 

PIN CONFIGURATION PA3 PA4 
PA2 PAS 
PAl PA6 PIN NAMES 
PAO PA7 
RD WR 07-0 0 Dala Bus (B.-Directional) 

ES RESET RESET Reset Input 

GND DO 
A, 0, 

CS Chop SeIK. 

lID Read Input 

INR Write Input 

AO 
J1PD 

02 
PC7 

8255/ 03 
PC6 8255A-5 D4 
PCS Os 
PC4 06 
PCO 07 

Ao,Al Po" Address 

PA7-PAo POri A (B,.I 

P87-P80 POri B (8,,1 

PC7-PCO Po" C (BOIl 

VCC <5 VOl" 

GNO o VpllS 

PC, VCC 
PC2 PB7 
PC3 PB6 

q~~ PBS 
fC>~, PB4 

rCJj1C2 PB3 

• All data pertaining to the J1PD8255A-5 is preliminary. 

Revl2 



J..L PD8255/8255A·5 
General 

Thf' J.1POS255 and J.1P08255A-5 Programmable Peripheral Interfaces (PPI) are designed 
for lise in SOSOA/SOS5A m ict oprocessor systems. Peripheral equipment can be effectively 
and efficiently interfaced to the SOOOA/SOS5A data and control busses with the J.1POS255 
and J.1POS255A-5. The J.1POS255 and J.1POS255A-5 are functionally configured to be 
programmed by system software to avoid external logic for peripheral interfaces. 

Data Bus Buffer 

The 3·state. bidirectional, eight bit Data Bus Buffer (00.07) of the J.1POS255 and 
J.1PDS255A·5 can be directly Interfaced to the proce :or's system Data Bus (00-07). 
The Ddta Bus Buffer IS controlled by execution of IN and OUT instructIOns by the 
processor Control Words imd Status information are also transmitted via the Data Bus 
Buffer 

Read/Write and Control Logic 

ThiS block manages all of the Internal and external transfers of Data, Control and 
Status. Through thiS block, the processor Address and Control busses can control the 
pertpherdl Interfaces. 

Chip Select, CS, pin 6 

A Logic Low, VI L. on thiS Input enables the J.-'PD82S5 and IJP08255A5 for com· 
munlcatlOn With the S080A!8085A. 

Read, RD, pin 5 

A Logic Low, VIL, on thiS Input enables the J.1PD8255 and IJPD8255A·5 to send Data 
or Status to the processor via the Data Bus Buffer 

Write, WR, pin 36 

A Logic Low, VIL, on thiS input enables the Data Bus Buf:er 10 receive Data or Can 
tral Words from the processor. 

Port Select 0, AO. pin 9 

Port Select 1. A 1. pin 8 

These two Inputs are used in conJunction With CS, RD, ane. WR to control the selec
tion of one of three ports on the Control Word Register. AD and Al are usually 
connected to AO and A 1 of the processor Address Bus. 

Reset, pin 35 

A Logic High, VIH, on thiS Input clears the Control Register and sets ports A, B, and 
C to the input mode. The input latc.hes In ports A, B, and C are not cleared. 

Group I and Group II Controls 

Through an OUT Instruction In System S.oftware from the proces or, a control word 
is transmitted to the IJPDS255 and IJPDS255A-5. Information suc 1 as "MODE." 
"Bit SET," and "Bit RESET" IS used to Initialize the functional configuration of each 

I/O port. 

Each qraup (I and Il) accepts "commands" from the Read/Wrlte Control Logic and 
"control words" from the internal data bus and in turn controls its associated I/O ' 

ports. 

Group I - Port A and upper Port C (PC7-PC4) 
Group II - Port B and lower Port C (PC3-PCO) 

While the Control Word Register can be written into, the contents cannot be read back 
to the processor. 

Ports A, B, and C 

The three S-bit I/O ports (A, B, and C) in the J.1PD8255 and J.1PD8255A-5 can all be 
configured to meet a wide variety of functional requirements through system software. 
The effectiveness and flexibility of the J.1PD8255 and J.1PD8255A-5 is further 
enhanced by special features unique to each of thp. ports. 

Port A = An 8-bit data output latch/buffer and data input latch. 
Port B = An 8-bit data input/output l"Itch/buffer and an 8-bit data input buffer. 
Port C = An R-bit output latch/buffer and a data input buffer (input not latched). 

Port C may be divided into two independent 4-bit control and status ports for use with 
Ports A"and B. 

FUNCTIONAL DESCRIPTION 



BLOCK DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS' 

DC CHARACTE R ISTICS 

CAPACITANCE 

""""f"\--~\ 
~p; f ~ I _______________ (,"If' 

PL\R 1 , 

J.L P D8255/8255A·5 

i~-ffiJ=), 
=---=--=-~~ : 
~~=~" 

Operating Temperature 

Storage Temperature 

1 

All Output Voltages CD 
All Input Voltages CD 
Supply Voltages CD 

Note CD With respect to VSS 

··lW,1k, 
Ll .. ~ 

- - -~ 

O"C to +70'C 
-65°C to t 125°C 

-0.5 to + 7 Volts 

-0.5 to +7 Volts 

-0.5 to + 7 Volts 

COMMENT Stress above those lIsted uncler "Absolutf' M"x<mum RatIngs" may cause permanent 

damage to the device This IS a stress rating only and functional orwratlOn of the device at these or 

any other conditions dbove those Indlcatrd In the oppratlonal sections of this speclflcatton 15 not 

Implied Exposure to absolute maXimum rating conditions for extended periods may affret drvlCe 

reliability 

LIMITS 

"PD8255 ... PD8255A 5 TEST 
PARAMETER SYMBOl. MIN TYP MAX MIN TYP MAX UNIT CONDITIONS 

~UI low VOltage v'L VSS,O 5 08 ·05 08 V 

In,,-,.jl HIgh Voltage VIH 2 Vee 2 vee V 

Outpul Lo ..... VoHa~ VOL 04 045 V (7) 
Output HIgh VOlTage' VOH 24 24 V (3) 
DarlIngTon Orolle CUffenl IOH(l I 2 4 I 2 4 mA VOH IW REXT 75011 

Power Supply CUlfenl ICC: 40 120 40 120 mA Vee '5V Oulr'ut Open 

Input Leakage Current 11IH 10 10 "A V,N Vee 

~~, Leakage CUrrf'nl IliL 10 10 "A V,N 04V 

OutpuT Leakage Cune .... ' ILOH 10 10 "A VOIJT Vee CS 20V r--. 
OuTPut If'akage Currf'nl IlOL ·10 10 "A VOUT O'V es 20v 

Naif'S G) An", H'! 0 ' f"9'" , '~I OU1PlJ!\ !'om p 1t1l" PO' ABo, ((,I" 'UU'I e' rnA ">101 5V '0' IoIPD~75S. U' 4 mA InTo 

SV '0' IoIPDS,SSA S 

(?) rO' ... PD01S5 101 1 1 mA 

Fo' IoIP087SSA S IOL 15fY'A 'a' 06 Po" 11 rnA 'a' Pl"'D'1f"J' PorT' 

G) ~0'j.lP08255 IOH -100u~!o,DBPO'! '50j.lS!o,P .. r'D"l"d'~O't~ 
~O' ... PD81S5A '5 IOH -400 ... \ '0' DB PO'! -100 u\ 10' PP"LJt1P'di POf!\ 

Ta c 25CVCC VSscOV 

LIMITS 
PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

Input CapacItance CIN 10 of Ie' 1 MHI 

110 Capacitance CliO 20 pF Unmeasul ed nms 

leturned to VSS 



J.L PD8255/8255A·5 
T,-rf'C1o+70"C VCC·+5Vt~,vSS·OV 

LNITI 

" ...... ,.,.,. ..... -. J 
SYMBOl MIN MU I M,N I MAX I UNIT .. ...., 

40. 100 

o.tI "'tI,d from Jf£An 'RO 195 ' 200 

.. 0 '00 
10 '0 

.50 "'" 
MUff 

A,~ SI.bll Betor. WR"'iT'E '" 

TI;&T 
CONDITIONS 

82S!I CL ., '00 pf 

8256.t1-5 Cl-l50pF 

Cl" 100 ~IF 
Cl- 16pf 

'" '" 
'00 100 

'AW 
A.ddr .. Stabl,AI,_",,"T"£ "NA 
VlmT"/'fPul"Wodft\ 

~~--+-'~--1-~~-------
h&~~~------~~~~~---~~---+-~~---------

'-
D •• V.,d To WftT'f[!L E..l 'OW 

DI~ V",d A'''' WRTTr "NO 

WR .. 0 To OvIlNI "N. 

p.,~n •• D.u Belen ~ '," 
P,uph.ul D.tI Alt., ft'l> 'HR 

ACt( P'.I1 ... WICftt\ 'A. 
mPl..IMW,mt'I 'ST 

Pw OU. &.Ior. T £ ()t STI "S 

P", 0... At,. T £ Of 5T8 "'H 

xrt' .. 0 To Ovlpul 'AD 

I ~ .. 0 To OvtPui flOill "0 

I iIiII-, ToOU-O 'WO. 
JZ2' .. 0 To OIf .. , 'A08 

S B" 0 To 18F .. 1 '518 
RO- 1 To18F"0 'RIB 

I At:i .. 0 To lNTR .. 0 'AIT 

'0 '00 ,. 10 

OTl1UITlM'NG 

"'" 

'80 

'" 100 

150 

100 

750 

'50 

150 

100 

100 

'00 

."'CL-~ 
81~"'5CL-'50pF , 

ST8" 1 To IHTR .. 1 'SIT 100 8155A 6 C L " 'lOpF 

~1~~<r_~'~T~O~'~'=ffi~-~'---------+~'A~,,~-+--~-400~-+--~-'~50~~---1 i '00 

~_-_O~T~o_'~'T_R_-~O~ ________ ~"N~"~-L __ ~~·~50~L-__ ~~~-L __ ~L ______ ~ 

Notes_ CD Period of Reset pulse must be at least 50;;s dUring or after power on. Subsequent Reset 
pulse can be 500 ns min. 

"'-t. 
"C' --------,j~ '"" ---r--------

I A 

.... 'AR_ ,.-'R ...... 
~ Al AO:::: .. _____ ::::Jl~~~~::::::::~~::::I~::::::: 

DO 0 I - - - - - -- - - - - -~===~:t::::::::=*::>-
-'RO---' - '[J'----' 

BASIC INPuT 

_'wVv 

'OW '~ 
DO OJ A Jl 

"W "loA 

(5 A \ AO J( I 

OUTPUT TO PE~IPHERAL I 
' ... 

_'WW 

I 'DW , .. 0 

DO 0, Jll J( 

I 
t--IA.~ 'WA 

R A, 1<.0 I I 

OUTPUT TO PEfHPH(.RAl .ll 
'we 

BASIC OUTPUT - j#0I255A-5 

AC CHARACTERISTICS 

TIMING WAVEFORMS 
MOOEO 



TIMING WAVEFORMS 
(CONT.) 

MODE 1 

MODE 2 

,.,. P D8255/8255A·5 

WR -----"""1 

OBF ------------~~~--~~ 

INTR ------+...,.Il 

ACK ----------t-----------... --'"'\ 

OUTPUT TO PERIPHERAL 

STB FROM PERIPHERAL 
--'ST--i~-.----------~-----

I B F __________ 1 

'51 T t-~---_.J 
I~TR ____________ ~ 

RD------------t-~-'~~~-~r=::::~~--

INPUT ,ROM 
PER IPHERAL 

WRITE 

DA TA FROM "PD8080A TO "PD8255 AND "PD8255A 
WR 

INTR---_'" 

ACK FROM PERIPHERAL 

STB FROM PERIPHERAL 

IBF 

PERIPHERAL 
BUS 

'SIB 

IRIB 

RD----------~--------~~~----, 

DATA FROM 
PERIPHERAL TO "PD8255 

AND "PD8255A5 

"PD8255 AND "PD8255A5 
TO PERIPHERAL 

READ DATA FROM 

"PD8255 AND "FDB255A-5 
TO "PDBOBOA 

No.: <D Any sequence where WR cx:curs before ACK and STB cx:cu's befo,e RD IS p,,,,nlS$lble. 

IINTR' IBF . MAsK . STB· RD + OBF . MASK· ACK· WRI 

@ When the "PD82SSA·S is sello Mode 1 or 2. -i)iil! IS ,esel 10 be hilt> \logic 11. 



fL P D8255/8255A·5 
The I'PD8255 and I'PD8255A·5 can he operated In modes (0. 1 or 21 which are selected 

by appropriate control words and are detailed below 

• MODE 0 provides for basIc Input and Output operations through each of the ports 

A. B. and C Output data IS latched and Input data follows the peflphe,al No "hand 

shak Ing" strobe:i are needed 

16 different configurations If) MODE 0 

Two 8 bit ports and two 4 bit ports 

I nputl are not latched 

Outputs are latched 

MODE' provides for Strobed Input and Output operations with data transferred 

through Port A or B and handshaking through Port C 

Twc: I 0 Groups II and III 

Both groups contain an 8 bit d~Ha POI t and a 4 bit control/data port 

Both 8 bit data ports can be either Latched Input or Latched Output 

MODE 2 prOVides for Strobed bidirectional operation USing PA07 as ttle b,dlrec 

tlonal latched data bus PC3.7 IS used for Interrupts and "handshaking" bus flow 

controls \lmilar to Mode 1 Note that PBO 7 and PCO.2 may be def,ned as Mode 0 

or 1 'nput or output In conjunction With Port A In Mode 2 

An 8 bit latched h,dlrect,onal bUI port IPAO 71 and a 5blt control par': IPC3 71 

Both Inputs dna outputs are latched 

An ddditional 8 bit Input or output port With a 3-blt control port 

NOTES G) X medO' DO NOT CARE 

(1) 1\11 condlllOns not l,sIed die Illegal and should 

\)e dvoH1ed 

lo,\~\O·\'·\J,IO,IO \-'\ 

/ \ 
-

I 

I 

I 
I I 

I 

Y 00" ,.-. 

L .. ~ _ 
IroIOOI ~h(C"O"" 

_ v..-oOtO 

/ """cOl \ 

~-----1 ~'CIV"I"" 

I IL' __ -----11--; ",-~?:'--I 
- ""liI'V' 

u OVI'VI 

.-00' lilt' flO'" 

0' 
T. ,,:)Ot 1 

MODE DEFINITION BIT/RESET 

MODES 

MODE 0 

MODE 1 

MODE 2 

BASIC OPERATION 

FORMATS 

.,' U f "'I~(' 

'" U -lSI' 

.,' \l\.l(l 

0' 1 J. \ I 

0' o , 0' 0 .. 
• 0 , , • 0 , " 
o 0 0 0 , , , 

" 

•• f 'I' '''IUl f ~ ... c. 
o AC'P/' 



PACKAGE OUTLINE 
/lPD8255C/D 

/lPD8255AC/D-5 

J.L PD8255/8255A·5 

Members of the IlPD808!5 Family are housed in both plastic and ceramic 40 pin 
packages. The drawings and tables below apply to all five of the NEC Microcomputer 

parts covered in this data sheet. 

Plastic 

ITEM MILLIMETERS INCHES 

A 51 5 MI'.X 2.028 MAX 

B 1 62 G 064 

C 254 • 0 1 0.10' 0.004 

D 0.5' 0 1 0019' 'l004 

E 4826 19 

F 12 MIN 0.047 MIN 

G 254 MIN 0.10 MIN 

H 05 MIN 0.019 MIN 

I 522 MAX 0.206 MAX 

J 572 MAX 0.225 MAX 

K 1524 0.600 

L 13.2 0.520 
• 0.1 • 0004 

M 025 0010 
0.05 0.002 

Ceramic 

ITEM MILLIMETERS INCHES 

A 51.5 MAX 2.028 MAX 

8 1.62 0.064 

C 2.54; 0.1 0.100 ! 0.004 

0 0.50;01 0.0197 ; 0.004 

E 48.26 ! 0.2 1.900 + 0.008 

F 1.27 0.050 

G 3.2MIN 0.126MIN 

H 1.0MIN 0.04 MIN 

I 4.2 MAX 0.17 MAX 

J 5.2 MAX 0.205 MAX 

K 15.24 ! 0.1 0.6! 0.004 

L 13.5 + 0.2 0.531 + 0.008 
- 0.25 - 0.010 

M 0.30! O. I 0.012 ! 0.004 

SP8255/8255A-~ 78-GN-CA T 





NEe Microcomputers, Inc. 
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fLPD7201 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

MULTI-PROTOCOL SERIAL CONTROLLER 
The /.lPD7201 IS a dual-channel mult,.(unctlon peripheral controller designed to satisfy a wide 
varlt:ty of serial data communication requirements In microcomputer systems. Its basIc function IS 
a serlal~to~parallel, parallel~to~serlal converter/controller and Within that role it IS conflgurable hy 
systf~ms software so Its "pE'fsonollty" can be optimized for a given serial data communications 
Jor :cat',c)n. 

The /.lPD7201 IS capable of hanrliing asynchronous and synchronous byte~llrlented protocols such 
as IBM B sync, and synchronous b,H:Hlented protocols such as HDlC and IBM SDlC. This versa 
tile deVice can also be used to support Virtually any other sellal protocol for applications other 
t han data comrnu n Icat Ions. 

The /.lPD7201 can generate and check CRC codes In any synchronous mode and can be pro· 
grammed to check data Integrity III variOus modes. The deVice also has faCilities for modem con· 
trolS'1l both channels. In apr11catlons where these controls are not needed, the modem controls 
can tw us,~d for general-purpose I/O. 

• Two Fully Independent Duplex Serla: Channels 
• Four Independent DMA Channels for Send/Received Data for Both Sellal Inputs/Outputs 
• Proqrdmmable Interrupt Vectors and Interrupt Priorities 
• Mndel'" Controls Signals 
• Vallable, Software Proq'dmrr,ahle Data Rate, Up to 880K Baud at 3 MHz Clock 
• Doub'e Buffered Transmitter Data and Quadruply Buffered Recelverl Data 
• Programmable CRC Algorithm 
• Selection of Interrupt, DMA or Polling Mode of Operation 
• Asynchronous Operation 

Character length 5,6, 7 or 8 Bits 
St 0 p Bit s 1, 1·1 /2, ;> 
Transmission Speed xl, x16, x32 or x64 Clock Frequency 
Parity Odd, Even, or Disable 
Break Generation and Detection 
Interrupt on Parity, Overrun, or Framing Errors 

• Monosync, Bisync, and External Sync Operations 
Software Selectable Sync Characters 
Autornatlc Sync Insertion 
CRC Generation and Checking 

• HDlC and SDlC Operations 
Abort Sequence Generation and Detection 
Automatic Zero Insertion and Detection 
Arldress Field Recognition 
CRC Generation and Checking 
I-Field ReSidue Handling 

• N-Channel MOS Technology 
• Single +5V Power Supply. Interface to Most Microprocessors Including 8080,8085,8086 

and Others. 
• Single Phase TTL Clock 
• Available In Plastic and :::eramlc Dual·ln·llne Packages 

ClK 

RESET 

DCDA 

RxCB 

OCOB 

CTSB 

TxCB 

TxDB 

RxOB 

RTSB/SYNCB 

WAITBIDROTxA 

07 
06 

05 
04 
03 

02 
0, 
DO 

Vss 

J.,LPD 
7201 

VCC 

CTSA 

RTSA 

TxDA 

TxCA 

RxCA 

RxOA 

SYNCA 

WAITA/OAOAxA 

DTRA/HAO 

PROIDAOTxB 

PAllDAOAxB 

INT 

INTA 

OTAB/HM 

B/A 
C/O 
cs 
AD 

WA 



I-L PD7201 
PIN DESCRIPTION 

PIN 

I NO. SYMBOL 
DESCRIPTION 

NAME 

12 1 C) 00 [) 7 System Data Bus The system data bus transfers data and commands between the processor and the 

(bidirectional. "P[)7201 DO IS the least Significant bit 
• 3-statp) j 

2~, [J A Chelnnel A 01 B Select 
! ThIS Input defines which channel IS accpssed durlrlq a dal,l transfer between the 

I 
(,nput, High selects I processol i nd the "PD7201 I 

Chimnel BI 

I ---~-~ ------~- ------- ----

24 C 0 ContrOl Or Datd Select This Input defines the type of Information transfer performed between the proces 
(,nput. Hlqh selects sor and the !1PD7201. A High at this Input durrng a processOI wllte to or read from 

I 

Contrail 

I 

the !1PD72r)1 causes the Information on the data bus to be Interpreted as a com 
-

mand for the channel selected by B/A. A low at C'D means that the information on 
I 

the data bLS IS data. i 

I I 
I 

23 CS Chip Select (Input. I A low level at thiS Input enohles the !-,PD7201 to ,lecept command or data Inputs 

I 
! 

(let IVC Lowl 
i 

from the pl'ocessor durmq {l v~'r Ite cycle, or to tr,lnsml\ dJta to the processor dU11r1~J 
I 

{J re;lrl :ycll~ I 

r----- - -----~-----t--
I 1 ClK I System Clock I,nputl The !-,POn01 uses standard TT L clock 

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

Ilf FlO IS "Clive, a memory or I 
I - -- -

2:' RO Heild (Input active o reod operation IS In pro'lress RD IS used With CID, 

I 
--

Lowl B, A and CSto transfer data from the ).JP07201 t(l the processor or the mernory 
--~--~-~------r-------------- - T- . --

21 WR Wllte (Input, actlvp- ! The WH slqnal IS used to control the transfer of either command or data from the 

I Lowl I processor or the memory \0 the ).JPD7LOI 

I 
( 

--- ! 
---- I ~~-

2 RESET Reset (,nput, active 1 A low RESET disables both .recelvers and trilnsml:ters, forces TxDA and TxDB 
I I I Lowl I marking, Ic,rces the modem conuols hi'lh end disables ali interrupts. The control 

registers must be rewrrtten after the ).JP07201 IS reset and before data IS trans· 
---

mltted or received. RESET must be active fOI a mlnlmJm of one conlpletp elK 

i 
cycle 

10.38 
-- --- I -~- ------
RTSA, RTSB R eq uest to Send When the F:TS bit is set, the RfS output goes La",," When the RTS bit I S reset In 

I 
(outputs, active Lowl the Asynchronous mode,_~output 90es HICJh after the transmltt~empty In 

I 
! 

Synchronous modes. the RTS pin strrctly follows the state of the RTS bit Both 

pins can be used as general-purpose outputs. 

~~~- -----
10,33 SYNCA, SYNCB Synchronization These pins can act either as Inputs or outputs In the Asynchronous Receive mode, 

(,nputs outputs, active they are Inputs similar to c'Ts- and DC-D. In thiS mode, the tranSitions on these 

Lowl lines affect the state of the Sync/Hunt status bits ,n Read Register 0 In the 

External Sync mode, these lines also act as Inputs When external synchronization 

IS achieved, SYNC must be drrven Low on the second rrSlng edge of RxC after that 
--

rrslng edge of RxC on which the last bit of the sync character was received In other 

words, alte" the sync pattern IS detected, the external logiC must walt for two full 

Receive Clock cycles to activate the SYNC input. Once SYNC IS forced Low, It IS 

Wise to keep It Low until the processor Informs the external sync logiC that synch-

ronization ~\as been lost or a new message IS about to start. Character assembly 

begins on the '1-.ii,ng edge of R xC- that Immediately precedes the fallll1g edge of 

SYNC In the External Sync mode. 

In the Internal Synchronization mode iMonosync and Bisync), these pins act as 

outputs that are active during the part of the receive clock iRxC) cycle In which 

sync characters are recognized. The sync condition IS not latched, so these outputs 

are act ive eo·ch time a sync pattern is recognized, regardless of chara~ter boundafles. 

~~~ ~~-

26,31 DTRA,DTRB Data Terminal Ready These outputs follOW the state programmed Into the DTR bit. They can also be 

ioutputs, active Low) programmed as general-purpose outputs. 



NO. 

27 

I--
29 

30 

11,29, 

30,32 

26 

31 

28 

11,32 

€,39 

3,5 

9,34 

8,37 

4,35 

7,36 

PIN DESCR IPTION 
(CONT.) 

PIN 

SYMBOL NAME 

INTti In terr upt 

Acknowledge I input, 

active Low} 

PRT Priority In (Input, 

active Lowl 

-~-

PRO PrlOrltv Out (output, 

active Low! 

DROTxA, DROTxS I DMA Reque,t 

DROPKA, DRORxS (outputs, a~tllJe Hlghl 

HAl DMA Acknowledge 

(.nput, active Lowl 

--
HAO DMA Acknowledge 

(output, active Low! 

TNT Interr upt Request 

(output, open 

collector, act Ive Lowl 

WAlTA, WAITS (Outputs, open drain) 

CTsA,CTSS Clear to Send (,nputs, 

active Low! 

DCDA,DCDB Data Carrier Detect 

(Inputs, active Low) 

RxDA,RxDB Receive Data (inputs, 

active Hlghl 

TxDA, TxDB Transmit Data 

(outputs, active Highl 

RxCA,RxCB Receiver Clocks 

( inputs) 

TxCA, TxCB Transmitter Clocks 

( inputsl 

fLPD7201 

DESCRIPTION 

This slgn31 IS generated by the processor and IS sent to ali peripheral devices. It 

serves to acknowledge the interrupt and to allow the highest Priority Interrupting 

device to put an 8·blt vector on the bus. lNT and I NT A are compatible with the 

fully nes',ed option of the i.1PD8259A-5 

These signals are daisy chained through the peripheral deVice controllers .. The signal 

on these lines IS intact until a deVice with a pending interrupt request IS found on 

the chain. After that device, thiS signal holds off lower Priority deVice Interrupts. 

A higher priority deVice can interrupt the processing of an Interrupt from a lower 

priority device, provided the processor has interrupts enabled. 

---
PR I IS used with PRO to form a priority daiSY chain when there IS more than one 

Interrupt-drlven deVice. A Low on this line indicates that no other deVice of higher 

priority is being serviced by a processor Interrupt service routine. 

PRO IS Low only If PAI,s Low and the processor IS not servIcing an Interrupt from the 

i.1PD7201. Thus, thiS signal blocks lower Priority devices from Interrupting while a 

higher priority device 1$ being serviced by Its processor Interrupt service routme 

These Signals are generated by the receiver or transmitter of Channel A and 

Channel S. These Signals can be connected to an 8257 DMA Controller and are 

used for landshaking dUring DMA transfer. 

TYPically, the HLDA signal driven from the processor IS input to the"HATtermlnal 

of the hlqhest Priority i.1PD7201, and the HAO output of that i.1PD7201 IS daiSY 

chained to the HAl Input of the lower priority i.1PD7201 and propagated down-

stream. HAT dnd HAO signals provide acknowledgement for the highest Priority 

outstand·ng DMA request. 

When the i.1PD7201 IS requesting an interrupt, It pulls "fi\JT low. 

Wait lines for both channels that synchronize the processor to the I-1PD7201 data 

rate. The reset state is open drain. 

When programmed as Auto Enables, a Low on these inputs enables the respective 

transmitter. If not programmed as Auto Enables, these inputs may be programmed 

as general-purpose inputs. Soth Inputs are Schmitt-trigger buffered to accommodate 

slow-riserime Inputs. The i.1PD7201 detects pulses on these inputs and interrupts 

the prOCE!SSOr on both logic level transitions. The Schmitt-trigger inputs do not 

guarantee a specified noise-level margin. 

These signals are similar to the CTS Inputs, except they can be used as receiver 

enables. 

The ReCE!iver Clocks may be 1, 16, 32, or 64 times the data rate in asynchronous 

modes. ~:eceive data is sampled on the rising edge of R xC. 

In asynchronous mode~, the Transmitter Clocks may be 1,16,32, or 64 times the 

data rate. The multiplier for the transmitter and the receiver must be the same_ 

Both Tx(: and R xC inputs are Schmitt-trigger buffered for relaxed rise- and fall-

time requirements (no noise margin is specifiedl. TxD changes on the fall1ng edge 

of TxC. Note that TxC and AxC in Channel B are on a common pin, AxCB/TxCB. 



fL PD7201 

PROCESSOR 

BUS 

INTERFACE 

Operat tng Temperature 

Storage Temperature 

Voltage on Any Ptn . 

INTERRUPT 

CONTROL 

LOGIC 

OMA 

CONTROL 

LOGIC 

Note: CD With respect to ground. 

CHANNEL 

A 

RiW 

REGISTERS 

CHANNEL 

B 

R'W 

REGISTERS 

CHANNE LA 

CONTROL 

AND 

STATUS 

LOGIC 

CHANNE L B 

CONTROL 

AND 

ST A TUS 

LOGIC 

0° to + 70 e 

65 to+125 c e 

0.5 to '-7 Volts "D 

COMMENT Stress above those listen under "Absolute MaXimum l'latlngs" may cau',e permanent 

damage to the deVice This 1$ a stress rating only and functional operation of the deVice at these or 

any othfU conditions above those Indicated In the operational sections of thiS speclflcdt10n 15 not 

Implied Exposure to absolute maximum rating conditions for extended peflods may affect deVice 

reliability 

Ta = O°C to +700 e; Vee = +5V ±10% 

LIMITS TEST 
PARAMETE~ SYMBOL U 1\1 IT 

CONDITIONS MIN MAX 

Input Low Voltage VIL -0.5 +0.8 V 

Input High Voltage VIH +2.0 Vee+0.5 V 

Output Law Voltage VOL +0.45 V IOL = +2.0 mA 

Output High Voltage VOH +2.4 V IOH = - 200 I1A 

Input Leakage Current IlL ±10 I1A VIN = Vee to OV 

Output Leakage Current 10L ±10 I1A VOUT = Vee to OV 

Vce Supply Current lee 180 mA 

LIMITS TEST PARAMETER SYMBOL UNIT 
CONDITIONS MIN MAX 

Input Capacitance CIN 10 pF fc = 1 MHz 

Output Capacitance COUT 15 pF 
Unmeasured pins 

I nputlOutput CliO 20 pF Returned to GND 
Capacitance 

BLOCK DIAGRAM 

SEHIAL DATA A 

CHANNE L A CLOCK 

MODEM CONTROLS A 

SEHIAL DATA B 

CHANNEL B CLOCK 

MODEM CONTROLS B 

ABSOLUTE MAXIMUM 
RATINGS 

IJC CHARACTE R ISTICS 

CAPACITANCE 



}J. PD7201 
AC CHARACTE R ISTICS T a = O°C to +70°C; VCC = +5V ± 10% 

LIMITS 
PARAMETEB SYMBOL UNIT 

MIN MAX 

Clock Cycle tCY 250 4000 ns 

Clock High Width tCH 105 2000 ns 

Clock low Width tCl 105 2000 ns 

Clock Rise and Fall Time t r , tf 0 30 ns 

Add ress Setu p to R 0 tAR 0 ns 
~. 

Address Hold from RD tRA 0 ns 

RD Pulse Width tRR 250 ns 

Data Delay from Address tAD 200 ns 

Data Delay from RD tRD 200 ns 

Output Float Delay tDF 10 100 ns 

Address Setup to WR tAW 0 ns 

Address Hold from WR tWA 0 ns 

WR Pulse Width tww 250 ns 

Data Setup to WR tow 150 ns 

Data Hold from WR two 0 ns 

PRO Delay from INTA tlAPO 200 ns 

PRI Setup to INTA tPIN 0 ns 

PRI Hold from INTA tiP 0 ns 

I NT A Pulse Width til 250 ns 

PRO Delay from PR I tPIPO 100 ns 

Data Delay from INTA tlO 200 ns 

Request Hold from R D/INR tco 150 ns 

HAl Setup to RD/WR tLR 300 ns 

HAl Hold from RD/WR tRL 0 ns 

HAO Delay from HAl tHIHO 100 ns 

Recovery Time Between Controls tRV 300 ns 

WAIT Delay from Addre,ss tcw 120 ns 

Data Clock Cycle tDCY 400 ns 

Data Clock Low Width tDCL 180 ns 

Data Clock High Width tDCH 180 ns 

Tx Data Delay tTD 300 ns 

Data Set up to Axe tDS 0 ns 

Data Hold from RxC tDH 140 ns 

INT Delay Time from T:<C tlTD 4~6 tCY 

INT Delay Time from RxC tlRD 7 - 11 tCY 

Low Pulse Width tpL 200 ns 

High Pulse Width tpH 200 ns 

External INT from CST, DCD, SYNC tlPD 500 ns 

Delay from RxC to SYNC tDRxC 100 ns 



fLPD7201 
TIMING WAVEFORMS 

READ CYCLE 

C D. B A. CS 

-;;;tERA --IRR--

'"D~'D' ----=-~~--~ --
RD 

DB 

WRITE CYCLE 

C! 0, B: A, CS i-_________ _ 
~IAW 

WR 

DB 

INTA CYCLE 

-CD 
INTA 

PRI 

DB 

PRO 

DMA CYCLE 

TRANSMIT DATA CYCLE 

T.D 

Jf lDC~;::1 

__ --J/""--""'! _ tDCL;ff 1\.. ... __ _ 

tTD ~ --------------->c 
----------------------' ~~t-IT-D-~--~----------

Notes: CD INTA Signal acts as RD signal. 
@ PRI and HAl signals act as CS Signal 



TIMING WAVEFORMS 
(CONT.) 

RxO 

ci5. B/A, cs 

RO/WR 

RECEIVE DATA CYCLE 

OTHER TIMING 

CLOCK 

CLOCK 

READIWRITE CYCLE 
(SOFTWARE BLOCK TRANSFER MODE) 

LAST BIT OF 
SYNC CHARACTER 

SYNC PULSE GENERATION 
(EXTERNAL SYNC MODE) 

FIRST BIT OF 
DATA CHARACTER 

fL PD7201 

tDRxC 



fLPD7201 
READ REGISTER 0 

Rx CHARACTER AVAILABLE 
INT PENDING (CHANNEL A ONL Yl 

'------- Tx BUFFER EMPTY 
'-------- DCD 

'-----------SYNC/HUNT 1 Used with 
'------------ CTS "External/Status 

'--------------- T x UNDERRUN/EOM \ Interrupt" Mode 
'----------------BREAK/ABORT 

READ REGISTER 1 CD 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 I DO I 
L ALL CHARACTERS SENT 

IFIELD 
IFIELD BITS IN 
BITS IN SECOND 

PREVIOUS PREVIOUS 
BYTE BYTE 

1 0 0 0 3 
0 1 0 0 4 
1 1 0 0 5 
0 0 1 0 6 
1 0 1 0 7 
0 1 1 0 8 
1 1 1 1 8 
0 0 0 2 8 

~ PARITY ERROR ~CD Rx OVERRUN ERROR 
CRe/FRAMING ERROR 

1 ~ END OF FRAME (SDLC 

READ REGISTER 2 

VO@ 
Vl@ 

'------- V2 <V 
,-------V3 @ Interrupt 

L---------V4 @ Vector 

'------------V5 
L--------------V6 

'-----------------V7 
Notes: CD Used with Special Receive Condition Mode. 

@ Variable if "Status Affects Vector" is programmed. 

Residue Data for 
Eight Rx B,ts/ 
Character 
Programmed 

READ REGISTER 
BIT FUNCTIONS 



WRITE REGISTER 
BIT FUNCTIONS 

p.PD7201 

WRITE REGISTER 0 

I 07 1 Os I Os I 04 1 0:3 I 02 01 I DO I 
I 

0 0 0 REGISTER.O 

0 0 1 REGISTER 1 

0 1 0 REGISTER 2 POINTER FOR 

0 1 REGISTER 3 THE SELECTION OF 

0 0 REGISTER 4 A READ/WR ITE 

0 1 REGISTER 5 REGISTER 

0 REGISTER 6 
REGISTER 7 

0 0 (I NULL CODE 

0 0 1 SEND ABORT (SDLC) 

0 (I RESET EXT/STATUS INTERRUPTS 

0 1 CHANNEL RESET 

0 0 ENABLE INT ON NEXT Rx CHARACTER 

0 1 RESET Tx INTf[)MA PENDING 

0 ERROR RESET 
END OF INTERRUPT (EOI -- CHAN. A ONL Y) 

o 0 NULL CODE 
o 1 RESET Rx CRG CHECKER 

o RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 

WRITE REGISTER 1 

I 07 I 06 I Os I 04 I 03 I 02 I 01 I DO I 
I I L EXT INT ENABLE 

Tx INT ENABLE 
STATUS AFFECTS VECTOR (CH. B 
ONLY) 

0 0 
0 1 

1 I) 

1 1 

Rx INTIDMA DISA 

BLE I Rx INT ON FIRST CHARACTER 
INT ON ALL Rx C 
(PARITY AFFECTS 

HARACTERS 
VECTOR) 

HARACTERS 
T AFFECT 

INT ON ALL Rx C 
(PARITY DOES NO 
VECTOR) 

OR ON 
SPECIAL RECEIVE 
CONDITION 

L-WAIT ON RECEIVER/TRANSMI TTER 

ALWAYS ZERO 
WAIT ENABLE 

WRITE REGISTER 2 
(CHANNel B) 

I 07 I Os r Os I 04 I 03 I 02 I 01 r Dol 
I L VO 

Vl 
V2 
V3 
V4 
vs 
vs 
V7 

INTERRUPT 

VECTOR 



}LPD7201 

WRITE REGISTER 2 
(CHANNEL Al 

1 D7 T 061 051 041 031 021 011 00 I 
6 6 
o 1 

o 

BOTH CHANNELS INTERRUPT I 
CH. A DMA, CH. B I~JT SYSTEM 

BOTH CHANNELS DMA 
UNDEFINED 

'-- PRIORITY RxA RxB T,A ·TxB 

PRIORITY RxA ·TxA ·RxB TxB 

o 0 8085 MASTER MODE 

o 8085 SLAVE MODE 

o 8086 MODE 
UNDEFINED 

'-- INTERRUPT VECTORED NON--:VECTORE-O 

'-- ALWAYS ZERO 

o RTSB PIN 10 

SYNCB PIN 10 

WRITE REGISTER 3 

1 071 061 051 041 03 1 021 01 1 00 1 
L Rx ENABLE 

~ CONFIGURATION 

I 
SYNC CHARACTER LOAD INHIBIT 

ADDRESS SEARCH MODE ISDLC) 

Rx CRC ENABLE 

o 0 Rx 5 BITS/CHARACTER 

o 1 Rx 7 BITS/CHARACTER 

o Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 

ENTER HUNT PHASE: 

AUTO ENABLES 

WRITE REGISTER 4 

1 Od 061 051 041 031 021 011 001 
I LpARITY ENABLE 
L-.--PARITY EVEN/ODD 

o 0 SYNC MODES ENABLE 
o 1 1 STOP BIT/CHARACTER 

o 11/2 STOP BITS/CHARACTER 
2 STOP BITS/CHARACTER 

o 0 8 BIT SYNC CHARACTER 
o 1 16 B IT SYNC CHARACTER 

o SDLC MODE 101111110 FLAG) 

EXTERNAL SYNC MODE 

o Xl CLOCK MODE 

o 1 X16 CLOC~ MODE 

o X32 CLOCK MODE 
X64 CLOCK MOOE 

WRITE REGISTER 
BIT FUNCTIONS 
(CONT.) 



WRITE REGISTER 
BIT FUNCTIONS 

(CONT.) 
""RITE REGISTER 5 

I 07 I 06 I 05 I 04 I 03 I 02 I 01 I DO J 

0 0 
0 1 

1 0 
1 1 

L- DTR 

I L Tx CRC ENABLE 

RTS 

CRC-16/CRC-CCITT 
Tx ENr .. BLE 
SEND BREAK 

Tx 5 BITS (OR LESSI/CHARAC TER 
Tx 7 BITS/CHARACTER 

Tx 6 BITS/CHARACTER 
Tx 8 BITS/CHARACTER 

WRITE REGISTER 6 

l 07 1 06 I 05 I 04 I 03 I 02 I 01 I DO J 

I 

-

L SYNC BIT 0 
SYNC BIT 1 

SYNC BIT 2 

SYNC BIT 3 

SYNC BIT 4 

SYNC BIT 5 
SYNC BIT 6 

SYNC BIT 7 

WRITE REGISTER 7 

I °7 I 06 I 05 I 04 I 03 I 02 I 01 I DO I 
I L SYNC BIT 8 

SYNC BIT 9 
SYNC BIT 10 

SYNC BIT 11 

SYNC BIT 12 

SYNC BIT 13 

SYNC BIT 14 
SYNC BIT 15 

}LPD7201 

ALSO SDLC 
ADDRESS FIELD 

Note: CD For SDLC it must be programmed to "01111110" for flag recognition. 



,..,. PD7201 
RECEIVE CHARACTER 

PARITY ERROR 

RECEIVE OVERRUN ERROR 

FRAMING ERROR 

ENO OF FRAME ISDLCI 

FIRST DATA CHARACTER 

FIRST NON SYNC 
CHARACTER (SYNC I 

VALID ADDRESS 
BYTE ISDLCI 

DCD TRANSITION 
C-TsTRANSITION 

SYNC TRANSITION 

T; UNDERRUN/EOM 

BREAK 'ABORT DETECTION 

BUFFER BECOMING EMPTY 

--
WR2s BITS PRIN MODE 

IN CH. A 

D5 D4 D3 

0 x .x x Non·vectored 

1 0 0 0 8085 Master 

1 " 0 1 8085 Master 

1 0 1 0 8085 Slave 

1 0 1 1 8086 Slave 

1 1 0 0 808G 

1 1 0 1 8086 

(.) 3rd ii\iTA IS 8085 Mode 

D7 

1 

1 

RECEIVE 

INTERRUPT 

EXTERNAL 

STATUS 

IN"ERRUPT 

TRANSMIT 

INTERRUPT 

"PD72Dl 
INTERRUPT 

INTERRUPT STRUCTURE 

CONTENTS ON DATA BUS DRIVEN BY THE IJPD7201 AT EACH INTA SEQUENCE 

1st INTA 2nd INTA 3rd INTA (*) 

D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO D7 D6 D5 D4 D3 D2 D1 DO 

Hlgh-Z Hlgh-Z Hlgh-Z 

(Call) 

1 0 0 1 1 0 1 V7 V6 V5 V4 V3 V2 Vl Vo 0 " 0 " 0 0 0 0 

1 " 0 1 1 0 1 Hlgh-Z High-Z 

Hlgh-Z V7 V6 V5 V4 V3 V2 Vl Vo (J 0 " " 0 0 " 0 

Hlgh·Z Hlgh·Z Hlgh-Z 

High-Z V7 V6 V5 V4 V3 V2 Vl Vo 

Hlgh-Z Hlgh-Z 



NEe 
NEe Microcomputers, Inc. fL PD416 

,u PD416·1 
fL PD416·2 
fL PD416·3 
fL PD416·5 

16384 x 1 BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

D ESCR I PT ION The NEC J.,lPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for 

memory applications where very low cost and large bit storage are important design 
objectives. 

FEATURES 

PIN CONFIGURATION 

The J.,lPD416 is fabricated using a double·poly-Iayer N channel silicon gate process 
which affords high storage cell density and high performance. The use of dynamic 

circuitry throughout, including the sense amplifiers, assures minimal power dissipation. 

Multiplexed address inputs permit the flPD416 to be packaged in the standard 16 pin 

dual·in-line package. The 16 pin package provides the highest system bit densities and 

is available in either ceramic or plastic. Noncritical clock timing requirements allow 

use of the multiplexing technique while maintaining high performance. 

• 16384 Words x 1 Bit Organization 

• High Memory Density - 16 Pin C~ramic and Plastic Packages 

• Multiplexed Address Inputs 

• Standard Power Supplies +12V, -5V, +5V 

• Low Power Dissipation; 462 mW Active (MAX), 20 mW Standby (MAX) 

• Output Data Controlled by CAS and Unlatched at End of Cycle 

• Read-Modify-Write, RAS-only Refresh, and Page Mode Capability 

• All Inputs TTL Comp.atible, and Low Capacitance 
• 128 Refresh Cycles 
• 5 Performance Range!.: 

ACCESS TIME R!W CYCLE RMW CYCLE 

J.,lPD416 300 ns 510 ns 575 ns 

J.,lPD416-1 250 ns 410 ns 465 ns 

J.,lPD416-2 200 ns 375 ns 375 ns 

J.,lPD416-3 150 ns 375 ns 375 ns 

J.,lPD416-5 120 ns 320 ns 320 ns 

VBB 16 ] VSS 

15 J CAS 
AO-A6 Address Inputs 

CAS Column Address Strobe --
WRITE 14 J DOUT DIN Data In 

13 J A6 
DOUT Data Out 

RAS Row Address Strobe 
12 J A3 WRITE Read/Write 

] A4 VBB Power (-5V) 

VCC Power (+5V) 

J A5 VDD Power (+12V) 

VSS Ground 
VDD 

Rev/1 
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Operating Temperature ................................ aOe to +70o e 
Storage Temperature ............................... -55°e to +150o e 
All Output Voltages CD ............................. -0.5 to +20 Volts 
All I nput Voltages CD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - O. 5 to +20 Volts 
Supply Voltc:ges VDD, Vee, VSS CD ..................... -05 to +20 Volts 
Supply Voltages VDD, Vee (2) ........................ -1.0 to +15 Volts 
Short Circuit Output Current . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 mA 
Power Dissipation ......................................... 1 Watt 

Notes: CD Relative to VBB 
<2l Relative to Vss 

COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other cqnditions 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. 

*Ta = 25°C 

Ta = O°C to 70°C, VDD = +12V ± 10%, VBB = -5V ± 10%, Vee = +5V :t 10%, 
Vss = OV 

LIMITS 
UNIT 

TEST 
PARAMETER SYMBOL 

MIN TYP MAX CONDITIONS 

Input Capacitance 
CIl 4 5 pF 

(Ao-A6!. DIN 

I nput Capacitance 
CJ2 8 10 pF 

RAS, CAS, WRITE 

Output Capacitance 
Co 5 7 pF 

(DOUT) 

BLOCK 
DIAGRAM 

ABSOLUTE MAXIMUM 
RATINGS· 

CAPACITANCe 



DC CHARACTERISTICS 

,",PD416 

Ta = DoC to +700 eQ), Voo = +12V, 10%, Vec = +5V, 10%, Vss = -5V 10%, VSS = OV '-LIMITS TEST 

PARAMETER SYMBOL MIN TVP' MAX UNIT CONDITIONS 

Supply Voltage VOl) 10.8 12.0 13.2 V @ 
Supply Voltage Vce 4.5 5.0 5.5 V @G) 
Supply Voltage VSS 0 0 0 V @ 
Supply Voltage VSS - 4.5 -5.0 - 5.5 V @ 
Input High I Logic 11 

VOltage, RAS, CAS, VIHC 2.7 7.0 V @ 
WRITE 

I nput High I Logic 11 
VOltage, all Inputs 

VIH 2.4 7.0 V @ 
except RAS. CAS 
WRITE 

I nput Low I Logic 01 
VII. 10 08 V @ 

VOltage, all .nputs 

Operating VOO Current loDl 35 mA 
RAS, CAS cycling. 

tRC = tRC Min @ 
-. 

Standby VOO Current IOD2 1 5 mA 
RAS VIHC·OOUT 

High Impedance 

Refresh All Speeds 
RAS cycling. CAS except I'PD416-5 IOD3 25 mA 

VDD 
VIHC tRC 375 ns@ 

Current I'PD416-5 IDD3 27 mA 

RAS' VIL CAs I Page Mode VDD 
ID04 27 mA cycling tpc 

Current 
225 ns @) 

I Operallng VCC 
leCl I'A 

RAS. CAS cycling 

Current tRC 37Sns~ i 
RAS VIHC I Standby VCC Current leC2 10 10 I'A DOUT H,qh 

Impedance 

RAS cycl,nq 

Refresh V CC Current ICC3 10 10 ~A CAS V,HC 

tHC 37'0 ns 

RAS V'L CAS 
Page Mode Vec 

ICC4 "A cycllnq 'P! Current 
225 ns ~ I 

Operating VSS 
200 

RAS CAS cvc11r'lY 
ISSI "A Current tHC 3 7S '1" 

Standby VSS 
RAS V'H'-

Current ISS2 100 ~A UOU1 HHlh 

Imped.)ncp 

Refresh VSS 
RAS cycl,nq 

Current ISS3 200 "A CAS VIHf: 
tRC 375 ns 

Page Mode VSS 
RAS VIL, CAS 

IBS4 200 I'A cycling. 
Current 

tpc 225 ns 

'(BB 5V.OV 

Input Leakage 
10 10 I'A VIN' .7V, 

lany inputl 
Iii L) 

all other pms not 

under test ~ OV 

Output Leakage lOlL) -10 10 I'A 
DOUT 15 disabled, 

OV ': VOUT " .5.5V 

Output High Voltage 
VOH 2.4 V lOUT - 5mA@ 

ILogic 1) 

Output Low Voltage 
VOL 0.4 V lOUT = 42 mA 

I Logic 0) 

Notft:<D T a 's specified here for operation at frequencIes to IRC : IRC (min) Operation at higher cycle rates with reduced 
amblen1 temperatures and high power diSSipatiOn 1$ permiSSible. however. prOVided AC operating parameters are mel 
See Figure 1 for derating curve 

<l> All voltages referenced to VSS' 

@ Output voltage will SWing froll" VSS to Vce when activated with no current loading For purposes of maintaining 
data In standbv mode. Vee m.w be reduced to VSS without affecting refresh operations or data retention However, 
the VOH (min) speCification is not guaranteed In thiS mude. 

@) 1001. '003. and 1004 depend on cvcle rate. See Figures 2. 3 and 4 for '00 limits at other cycle rates 

® 'eC1 and 'CC4 depend upon output loading. During readout of high tevel data Vce IS connected through a low 
Impedance l135H tvp) to data out At all other times ICC conSISts of leakage currents only 
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o 1.0 2.0 3.0 4.0 

CYCLE RATE (MHz) = 10 3 /tRC (ns) 

FIGURE 1 

Maximum ambient temperature versus cycle 

rate for extended frequency operation. Ta 
(max) for operation at cycling rates greater 

than 2.66 MHz (t CYC < 375 ns) is deter
mined by Ta (max) [OC] = 70 - 9.0 x 
!cycle rate [MHz] -2.661. For JJPD416-5. 

it is Ta (max) [oC] = 70 - 9.0 !cycle rate 

[MHz] - 3.1251. 

CYCLE TI ME t RC (nsl 
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I I 1 1 375 
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FIGURE 3 
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Maximum I DOl versus cycle rate for device 
operation at extended frequencies. 

DERATING CURVES 

50 mA 

40 rnA 
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o 

CYCLE TIME tRC (nsl 
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I I I I 

"PD416· 
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FIGURE 2 

Maximum I DDI versus cycle rate for device 
operation at extended frequencies. 
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FIGURE 4 
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Maximum 1004 versus cycle rate for device 
operation in page mode. 
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AC 
CHARACTERISTICS 

Tit ~ a C!O +70 C Voo - .12v • 10'%. Vee" +SV t 10'\.. Vae = SV t 10%, Vss '" OV 

LIMITS 

"PD416 "PD416·1 "PD416·2 "PD416·3 

PARAMETER SYMBOL MIN MAX MIN I MAX MIN MAX MIN MAX 

R~ndom 'ead or ... llle 
010 ·S,O ! 375 375 

C'I'(le time 'RC 
/""--- ----

Read write cycle time 'Awe 575 -465 375 375 
r---' l Pdqe mode cvcle _I.me 'PC 330 275 225 170 

~,o.",'m 300 250 200 , 
"0 RAS 'HAC I 

." ... '=~ +-

CAS :CAC 200 165 135 100 

Putput buller 
0 80 0 60 0 50 0 40 'OFF 

tu' n off delay 

TfMlSltlon lime 
3 50 3 50 3 50 3 35 

I- .~e <lnd talll IT 

RAS prlenarge I,me 'AP 200 150 120 100 

RAS pulse ',,-,l1dlh 'RAS 300 10,000 250 10,000 200 32,000 150 32,000 

~ hold lime 'ASH 200 165 135 100 

CAS pulse Width teAS 200 10,000 165 10,000 135 10,000 100 10,000 

RAS 10 ~delay 
4q 100 35 85 25 65 20 50 "me IRCD 

~ 

CASlo~ 
20 20 20 I 20 

precharge lime ICAP 
~, ------- -~ f--------+__ 

He .... address 
IASR 0 0 0 0 

se! up lime 

R0 .... address 
40 35 25 20 

hold tlll'le 
IRAH 

i -.-
COlumn address 

10 10 10 10 
S!! up lime 

lASe 

C.olumn address I 

leAH 90 , 75 55 45 
hold lIme 

C(dumn address hold 

lime referenced 10 'AR 190 160 120 95 
RAS 

Read command 
0 o I 0 0 

wn·up lime IRCS 

--c---
Read command 

o j tACH 0 0 0 
hold time 

Write command 
90 75 I 55 45 

hold time tWCH 

W- It I' command 

I hold time tWCR 190 160 120 95 
r,t,rencld to A AS 

Writ. command 
90 75 55 45 

pulse Width 'WP 

Wnte command to 
120 100 80 60 

RAS lead time 'AWL 

Write command to . 
CAS lead time 'CWL 120 100 80 60 

Data'ln SeI'UP time 'OS 0 0 0 0 

Data'in hold time 'OH 90 75 55 45 

Data In hold 11mI' 
190 160 120 95 

referenced to RAS tDHR 

CAS precharge tIme 
(lor page mode 'CP 120 100 80 60 
cvcle onlv I 

Refresh period tREF 2 2 2 2 

WRITE command 
wt·up time 'WCS 20 20 20 20 

CAS to WRITE 

delav 'CWO 140 125 95 i 70 

RAS to WAITE 
240 J.200 160 120 

delav tAWO 

No ... : CD AC measurements assume tT " 5 ns 

JL PD416 

"P0416·5 TEST 

MIN MAX UNIT CONDITIONS 

320 : "' Gl 
320 n, "3) 

160 n, 

120 n, (4) ® 
1 

! 80 n, ® ® 

0 35 "' CD 

3 35 "' 0 
,~ 

100 n, 
120 10.000 n, 
80 "' 
80 10,000 os 

15 40 n, ® 

0 n, 

0 n, 

15 n, 

10 n, 
I 

40 , n, ! 
I 

80 n, 
--~ 

0 I n, 
-1 

0 n, 

40 n, 

80 "' 

40 n, 

60 n, 

60 n, 

0 n, ® 
40 n, ® 
80 n, 

60 n, 

2 m, 

0 n, @ 

80 n, @ 

120 n, Q.i 

~ "IHe Imlnl or V'H (mIni and V'llmax) are reterence level' tor measuring timing ot Input SignalS Also. HanSltlon times are measured between VIHC or V1H and Vil 

G) The ,peclflcatlons tor IRC (mini and tRWC (mini are used ani" to Indicate cvcle time at which proper operation over the tuillemperature range (O"C" T a" 70 Cl 
IS assured 

@ Anum;, that tRCO <,; tRCD {maxI. If tRCO IS greater than the maXim"m recomme""lded value shown In thiS table. tRAe will Increase bv the amount that tRCO 
exceeds the values shown. 

® Assumes that tRCO ~ 'RCO Imaxl. 

® Measured With a load equlv,lent to 2 TTL loads and 100 pF 

(2) tOFF (maxi defines the time at which the output achieves the open CirCUit condition and 's not referenced to output voltage levels 

® OperatiOn Wllhln the IRCO Imaxl limit ensures lI"Ial IRAe (maxi can be mel. tRCO Imaxl I' speCified as a reference pOint only. ,I tACO 'S greater Ihan the spec,f,ed 
tACO (maxi limit. then access lime IS controlled u:cluslvely b., ICAC' 

@ These paramelers are referenced to CAS leading edge In e.rly wflte cycles and to WR'iTE leading edge In delayed write Of read·modl;y·Wflte cycles 

@ tWCS. tCWD and tRWO .fe not rHtflctl\le operating parameten. They are Included In the data sheet as electrical characteflstlcs only If twcs ' twcs Imlnl. the cycle 
'S an early write cycle and the dat. out pin Will rema," open C"·CUlt Ihlgh Impedance) ;;;. 'RWD fmlnl. the cycle IS a read,wllte cycle and the data out Will contain dala 
re..:t from the selected cell. If neith" of the abow sets or conditions IS satisfied the conaition of Ihe data Out (at access tlmel IS indeterm,nate 
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The 14 address bits required to decode 1 of 16,384 bit locations are multiplexed onto 

the 7 address pins and then latched on the chip with the use of the Row Address 
Strobe (RAS). and the Column Address Strobe (CAS). The 7 bit row address is first 
applied and RAS is then brought low. After the RAS hold time has elapsed, the 7 bit 
column address is applied and CAS is brought low. Since the column address is not 
needed internally until a time of tCRD MAX after the row address. this multiplexing 
operation imposes no penalty on access time as long as C,IlS is applied no later than 
tCRD MAX. If this time is exceeded, access time will be d.eflned from CAS Instead of 

RAs. 

For a write operation, the input data is latched on the chip by the negative gOing 
edge of WRITE or CAS, whichever occurs later. If WRITE is active before CAS. this 
is an "early WRITE" cycle and data out will remain in the high Impedance state 
throughout the cycle. For a READ, WRITE, OR READ·MODIFY·WRITE cycle, the 
data output will contain the data In the selected cell after the access time. Data out 
will assume the high impedance state anytime that CAS goes high. 

The page mode feature allows the j.1PD416 to be read or written at multiple column 
addresses for the same row address. This is accomplished by maintaining a low on RAS 
and strobing the new column addresses with CAS. This eliminates the setup and hold 
times for the row address resulting in faster operation. 

Refresh of the memory matrix is accomplished by performing a memory cycle at each 
of the 128 row addresses every 2 milliseconds or less. Because data out IS not latched, 
"RAS only"-cycles can be used for simplE; refreshing operation. 

Either RAS and/or CAS can be decoded for chip select function. Unselected chip 
outputs will remain in the high impedance state. 

In order to assure long term reliability, VBB should be applied first during power 
up and removed last during power down. 

ADDRESSII~G 

DATA I/O 

PAGE MODE 

REFRESH 

CHIP SELECTION 

POWER SEQUENCING 
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./lPD416C 
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2 S4 
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1 3 
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OS MIN 

4 OS MAX 

·0 10 

----~ 

INCHES 
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070 
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0.5 
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• t 
J 

INCHES 

I 
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0.05 

010 

002 
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0.051 

I 0.14 MIN. 

0.02 MIN. 

0.18 MAX. 

0.20 MAX. 

0.30 

0.29 

0.01 
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Description 
The /.LPD7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 
heart of a high-performance raster-scan computer graphics 
and character display system. Positioned between the 
video display memory and the microprocessor bus, the 
GDC performs the tasks needed to generate the raster dis
play and manage the display memory. Processor software 
overhead is minimized by the GDC's sophisticated instruc
tion set, graphics figure drawing, and DMA transfer capa
bilities. The display memory supported by the GDC can be 
configured in any numbe, of formats and sizes up to 256K 
16-bit words. The display can be zoomed and panned, 
while partitioned screen areas can be independently 
scrolled. With its light pen input and multiple controller 
capability, the GDC is ideal for advanced computer 
graphics applications. 

Features 
o Microprocessor Interface 

DMA transfers with 8257 or 8237-type controllers 
FIFO Command Buffering 

o Display Memory Interface 
Up to 256K words of 16 bits 
Read-Modify-Write (RMW) Display Memory cycles 

in under 800ns 
Dynamic RAM refresh cycles for non-accessed memory 

o Light Pen Input 

o External video synchronization mode 

o Graphics Mode: 
Four megabit, bit-mapped display memory 

o Character Mode: 
8K character code and attributes display memory 

o Mixed Graphics and Characters Mode 
64K if all characters 
1 megapixel if all graphics 

o Graphics Capabilities: 
Figure drawing of lines, arc/circles, rectangles, and 

graphics character in 800ns per pixel 
Display 1024 by 1024 pixels with 4 planes of color 

or grayscale 
Two independently scroll able areas 

o Character Capabilities: 
Auto cursor advance 
Four independently scroll able areas 
Programmable cursor height 
Characters per row: up to 256 
Character rows per screen: up to 100 

o Video Display Format 
Zoom magnification factors of 1 to 16 
Panning 
Command-settable video raster parameters 

o Technology 
Single +5 volt, NMOS, 40-pin DIP 

D OMA Capability: 
Bytes or word transfers 
4 clock periods per byte transferred 

IlPD7220/GDC 
GRAPHICS DISPLAY CONTROLLER 

PRELIMINARY 

1 

System Considerations 
The GDC is designed to work with a general purpose 
microprocessor to implement a high-performance com
puter graphics system. ThroLigh the division of labor 
established by the GDC's design, each of the system 
components is used to the maximum extent through six
level hierarchy of simultaneous tasks. At the' lowest level, 
the GDC generates the basic video raster timing, including 
sync and blanking signals. Partitioned areas on the screen 
and zooming are also accomplished at this level. At the 
next level, video display memory is modified during the fig
ure drawing operations and data moves. Third, display 
memory addresses are calculated pixel by pixel as drawing 
progresses. Outside the GDC at the next level, preliminary 
calculations are done to prepare drawing parameters. At 
the fifth level, the picture must be represented as a list of 
graphics figures drawable by the GDC. Finally, this repre
sentation must be manipulated, stored, and communi
cated. By handling the first three levels, the GDC takes care 
of the high-speed and repetitive tasks required to imple
ment a graphics system. 

GDC Components 
The GDC block diagram illustrates how these tasks are 
accomplished. 
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.. " .. " 
AI).15 
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Control of the GDC by the system microprocessor is 
achieved through an 8-bit bi-directional interface. The 
status register is readable at any time. Access to the FIFO 
buffer is coordinated through flags in the status register 
and operates independently of the various internal GOC 
operations, due to the separate data bus connecting the 
interface and the FIFO buffer. 

Command Processor 
The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the suc
ceeding parameters are distributed to their proper destina-



tions within the GDC. The command processor yields to the 
bus interface when both access the FIFO simultaneously. 
DMAControl 
The DMA control circuitry in the GDC coordinates transfers 
over the microprocessor interface when using an external 
OMA controller. The OMA Request and Acknowledge 
handshake lines directly interface with a p.P08257 or 
p.P08237 OMA controller, so that display data can be 
moved between the microprocessor memory and the dis
play memory. 

Parameter RAM 
The 16-byte RAM stores parameters that are used repeti
tively during the display and drawing processes. In charac
ter mode, this RAM holds four sets of partitioned display 
area parameters; in graphics mode, the drawing pattern 
and graphics character take the place of two of the sets of 
parameters. 

Video Sync Generator 
Based on the clock input, the sync logic generates the ras
ter timing signals for almost any interlaced, non-interlaced. 
or "repeat field" interlaced video format. The generator is 
programmed during the idle period following a reset. In 
video sync slave mode, it coordinates timing between mUl
tiple GOCs. 
Memory Timing Generator 
The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read
modify-write (RMW) cycle which takes four clock periods. 
The memory control signals needed to drive the display 
memory devices are easily generated from the GDC's RAS 
and OBIN outputs. 

Zoom & Pan Controller 
Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address 
and line count of the next display area from the parameter 
RAM. The system microprocessor, by modifying a display 
area starting address, can pan in any direction, indepen
dent of the other display areas. 

Drawing Processor 
The drawing processor~ontains the logic necessary to 
calculate the addresses and positions of the pixels of the 
various graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing processor 
needs no further assistance to complete the figure drawing. 

Display Memory Controller 
The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infor
mation in and out of the display memory. It also contains 
the 16-bit logic unit used to modify the display memory con
tents during RMW cycles, the character mode line counter, 
and the refresh counter for dynamic RAMs. The memory 
controller apportions the video field time between the var
ious types of cycles. 
Light Pen Deglitcher 
Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 

2 

accepted as a valid light pen detection. A status bit indi
cates to the system microprocessor that the light pen regis
ter contains a valid address. 
Programmer's View of GDC 
The GOC occupies two addresses on the system micro
processor bus through which the GOC's status register and 
FIFO are accessed. Commands a!1d parameters are writ
ten into the GOG's FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 

AO READ WRITE 

STATUS REGISTER PARAMETER INTO FIFO 

0 I I I 1 I I I I I I I I I I I I I I 

FIFO READ COMMAND INTO FIFO , I I L, I I I I I I I I I I I I I I 

GDC Microprocessor Bus Interface Registers 

Commands to the GOC take the form of a command byte 
followed by a series of parameter bytes as needed for 
specifying the details of the command. The command proc
essor decodes the commands. unpacts the parameters. 
loads them into the appropriate registers within the GOC. 
and initiates the required operations. 

The commands available In the GOC can be organized 
Into five categories as deSCribed In the following section. 

GDC Command Summary 
Video Control Commands 

1. RESET: Resets the GOC to its idle state and spe
cifies the video display format. 

2. VSYNC: Selects master or slave video synchroni
zation mode. 

3. CCHAR' Specifies the cursor and character row 
heights. 

IDisplay Control Commands 
1. START: Starts the display scanning process. 
2. ZOOM: Specifies zoom factors for the display 

and graphics characters writing. 
3. CURS: Sets the position of the cursor in display 

memory. 
4. PRAM: Defines starting addresses and lengths 

of the display areas and specifies the 
eight bytes for the graphics character. 

5. PITCH: Specifies the width of thP. X dimension of 
display memory. 

Drawing Control Commands 
1. WOAT: Writes data words or bytes into display 

memory. 
2. MASK: Sets the mask register contents. 
3. FIGS: Specifies the parameters for the drawing 

processor. 
4. FIGO: Draws the figure as specified above. 
5. GCHRO: Draws the graphics character into dis

play memory. 
Data Read Commands 

1. ROAT: Reads data words or bytes from display 
memory. 

2. CURD: Reads the cursor position. 
3. LPRD: Reads the light pen address. 

DMA Control Commands 
1. OMAR: Requests a OMA read transfer. 
2. DMAW: Requests a OMA write transfer. 



Ll 1 l ~DataReadY 
FIFO Full 

~~~-- FIFO Empty 

_
_ L-----Drawing in Progress 

~ ~~~~~-DMA Execute 

Vertical Sync Active 

L ___ . 
Status Register (SR) 

~~~--~~~~- Horizontal Blank Active 

Light Pen Detect 

Status Register Flags 
SR-7: Light Pen Detect 
When this bit is set to 1, the light pen address (LAO) 
register contains a deglitched value that the system micro
processor may read. This flag is reset after the 3-byte 
LAO is moved into the FIFO in response to the light pen 
read command. 

SR-6: Horizontal Blanking Active 
A 1 value for this flag signifies that horizontal retrace blank
ing is currently underway. 

SR-S: Ver!ical Sync 
Vertical retrace sync occurs while this flag is a 1. The verti
cal sync flag coordinates display format modifying com
mands to the blanked interval surrounding vertical sync. 
This eliminates display disturbances. 

SR-4: DMA Execute 
This bit is a 1 during OMA data transfers. 

SR-3: Drawing in Progress 
While the GOC is drawing a graphics figure, this status bit 
is a 1. 

SR-2: FIFO Empty 
This bit and the FIFO Full flag coordinate system micro
processor accesses with the GOC FIFO. When it is 1, the 
Empty flag ensures that all the commands and parameters 
previously sent to the GOC have been processed. 

SR-1: FIFO Full 
A 1 at this flag indicates a full FIFO in the GOC. A 0 
ensures that there is room for at least one byte. This flag 
needs to be checked before each write into the GOC. 

SR-O: Data Ready 
When this flag is a 1, it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a 0 while the 
data is transferred from the FIFO into the microprocessor 
interface data register. 

FIFO Operation & Command Protocol 
The first-in, first-out buffer (FIFO) in the GOC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO's direc
tion is controlled by the system microprocessor through 
the GOC's command set. The microprocessor coordinates 
these transfers by checking the appropriate status 
register bits. 

The command protocol used by the GOC requires the dif
ferentiation of the first byte of a command sequence from 
the succeeding bytes. This first byte contains the operation 
code and the remaining bytes carry parameters. Writing 
into the GOC causes the FIFO to store a flag value along
side the data byte to signify whether the byte was written 
into the command or the parameter address. The com
mand processor in the GOC tests this bit as it interprets the 
entries in the FIFO. 
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The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation 
from the GOC to the microprocessor can be terminated at 
any time by the next command. 

The FIFO changes direction under the control of the sys
tem microprocessor. Commands written into the GOC 
always put the FIFO into write mode if it wasn't in it already. 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GOC 
response, such as ROAT CURD and LPRO, put the FIFO 
into read mode after the command is interpreted by the 
GOC's command processor. Any commands and parame
ters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 

Read.Modify.Write Cycle 
Data transfers between the GOC and the display memory 
are accomplished using a read-modify-write (RMW) mem
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) rear.; data from the mem~ 
ory, 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
memory cycle is used for all interactions with display mem
ory including OMA transfers. except for the two clock 
period display and RAM refresh cycles. 

The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
GOC uses three main elements: the Pattern register the 
Mask register, and the 16-bit Logic Unit. The Pattern regis
ter holds the data pattern to be moved into memory. It is 
loaded by the WOAT command or, during drawing. from the 
parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 
contents of these registers, the Logic Unit performs the 
selected operations of REPLACE, COMPLEMENT. SET. or 
CLEAR on the data read from display memory. 

The Pattern register contents are ANOed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANOed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the 
Logic Unit. For the next pixel in the figure, the next bit in the 
Pattern register is selected and the Mask register bit is 
moved to identify the pixel's location within the word. The 
Execution word address pointer register, EAO, is also 
adjusted as required to address the word containing the 
next pixel. 

In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify 
data word. Since the bits of the character code word are 
used in parallel, unlike the one-bit-at-a-time graphics draw
ing process, this facility allows any or all of the bits in a 
memory word to be modified in one RMW memory cycle. 
The Mask register must be loaded with 1 s in the positions 
where modification is to be permitted. 

The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit 
dAD field to specify the dot address. The command proces
sor converts this parameter into the one-of-16 format used 
in the Mask register for figure drawing. A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character mode use mentioned above, 
the 16-bit MASK load is convenient in graphics mode when 
all of the pixels of a word are to be set to the same value. 



The Logic Unit combines the data read from display mem
ory, the Pattern Register, and the Mask register to generate 
the data to be written back int9 display memory. Anyone of 
four operations can be selected: REPLACE, COMPLE
MENT, CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular bit of the read data is returned to 
memory unmodified. If the Mask bit is 1, the modification is 
enabled. With the REPLAC6 operation, the modify data 
simply takes the place of the read data for modification 
enabled bits. For the other three operations, a 0 in the mod
ify data allows the read data bit to be returned to memory. 
A 1 value causes the specified operation to be performed in 
the bit positions with set Mask bits. 

Figure Drawing 
The GDC draws graphics figures at the rate of one pixel per 
read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre
quency of 5MHZ, this is equal to BOOns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel tobe drawn. 

The graphics figure drawing process depends on the dis
play memory addressing structure. Groups of 16 horizon
tally adjacent pixels form the 16-bit words which are 
handled by the GDC. Display memory is organized as a lin
early addressed space of these words. Addressing of indi
vidual pixels is handled by the GDC's internal RMW logic. 

During the drawing process, the GDC finds the next pixel of 
the figure which is one of the eight nearest neighbors of the 
last pixel drawn. The GDC assigns each of these eight 
directions a number from 0 to 7, starting with straight down 
and proceeding counterclockwise. 

Drawing Directions 

Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel of the figure. To move 
to the word above or below the current one, it is necessary 
to subtract or add the number of words per line in display 
memory. This parameter is called the pitch. To move to the 
word to either side, the Execute word address cursor, EAD, 
must be incremented or decremented as the dot address 
pointer bit reaches the LSB or the MSB of the Mask regis
ter. To move to a pixel within the same word, it is necessary 
to rotate the dot address pointer register to the right or left. 
The table below summarizes these operations for each 
direction. 

Whole word drawing is useful for filling areas in memory 
with a single value. By setting the Mask register to all1s 
with the MASK command, both the LSB and MSB of the 
dAD will always be 1, so that the EAD value will be incre
mented or decremented for each cycle regardless of direc
tion. One RMW cycle will be able to effect all 16 bits of the 
word for any drawing type. One bit in the Pattern register is 

DIR OPERA nONS TO ADDRESS THE NEXT PIXEL 

o GoO EIID P ~EAD 

001 EAD . P ~ EAD 

OADIMSBI 1 EAD . 1 ~ EAD dAD ~ LR 
f------+--- --. --------------------

o 1 0 ,lAD ,'ASBI , follD 1 ~ EAD dAD·~ LR 
----------------.---.---

o 1 1 EAD P -. E AD 

dAD,MSB, 1 LAD 1 ~ EAD dAD--. LR 
f------+---.-----------.-------.--------

1 00 f.AD P ~ EAil 
f-------- f-------------- ---

I 0 I EAD p.~ EAD 

ollD II_58, 'EAD 1 ~ EAD dAD ~ RR 
f-------+-.. -------.------------------.--., 

1 -. EAD dAD ~ RR 
---

II' EAD P.EA[l 

d,\D, LSB "liD cAD ~ RR 

1 10j- dAD,L5B, 'EAD 

----- ---------_ .. - --- -------------------' 
.\' t,r.,' , ,- r ~ .,1' j.. ',-I'_..lp '""!" ~ . j'. 

! .'. ' '''c .', .',' '1 .\ ; :'p~' 
'J:. ' :. 11'.><' ',' '.' ",' , "'\ ~". " 

used per RMW cycle to write all the bits of the word to the 
same value. The next Pattern bit is used for the word, etc. 

For the various figures, the effect of the initial direction 
upon the resulting drawing is shown below: 
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DIR LINE Anc CHARACTER SLANT CHAR RECTANGLE 

Drawing Parameters 

DMA 
f--------

I' I ! • 

i ItH.l1t 

!!'!III\ .' " , 

In preparation for graphics figure drawing, the GDC's 
Drawing Processor needs the figure type, direction and 
drawing parameters, the starting pixel address, and the 
pattern from the microprocessor. Once these are in place 
within the GDC, the Figure Draw command, FIGD, initiates 
tl1e drawing operation. From that point on, the system 
microprocessor is not involved in the drawing process. The 
GDC Drawing Processor coordinates the RMW circuitry 
and address registers to draw the specified figure pixel by 
pixel. 
The algorithms used by the processor for figure drawing 
are designed to optimize its drawing speed. To this end, the 
specific details about the figure to be drawn are reduced by 
the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repeti
tive, pixel-by-pixel calculations can be done quickly, 
thereby minimizing the overall figure drawing time. The 
table below summarizes the parameters. 



DC 0 02 

Initial 
Value 0 8 8 

Une :;x 216YI-I4X1 216vl-214X1 

Circle rN2' r-1 2(r-1) 

Arc r/\ "2' r-1 2(r-1) 

Rectangle 3 A" B" 

Character 7 - -
Area Fill B"" A"" -
DMA L I -
RIWDAT W - -

Graphics Figure Drawing Parameters 

WHERE: 

6X /I 01 pixel positions In the line horlzonl.lly. 
6V /I of pixel posilions In Ihe line vertically. 

R.dlus 01 lhe curve, In pixels. 
Rounded up 10 Ihe nexl higher Inleger. 

01 

-1 

216VI 

-1 

-1 

-1 

-
-
-
-

a = The angle sublended lrom Ihe ocl.nl exls 10 Ihe arc. 
A" The lenglh - 1, In pixels, In lhe direction Inltl.lly specllled. 
B" The lenglh - 1, In pixels, In lhe direction .1 rlghl engles 10 

Ihe Inltlel direction. 
A"" /I of pixels In Ihe Inltl.1 direction. 
B"" /I of pixels In Ihe rtghl .ngle direction -1. 

L /I of word .ddre.s In lhe perpendlcul.r direction lor DMA. 
I /I of DMA Ir.nsfers In Ihe Inltl.lly specified direction. 

"" /I of word .ddre •••• 10 be wrtllen Inlo. 
DC Dr.wlng Count. , 
OM Dois M •• ked Count. 

Graphics Character Drawing 

OM 

-1 

-
0 

rsine, 

A" 

-
-
-
-

Graphics characters can be drawn into display memory 
pixel-by-pixel. The 8-by-8 character is loaded into the 
GOC's parameter RAM by the system microprocessor. 
Consequently, there are no limitations on the character set 
used. By varying the drawing parameters and drawing 
direction, numerous drawing options are available. In area 
fill applications, a character can be written into display 
memory as many times as desired without reloading the 
parameter RAM. 

Once the parameter RAM has been loaded with the eight 
graphics character bytes by the appropriate PRAM com
mand, the GCHRO command can be used to draw the 
eight bytes into display memory starting at the cursor. The 
zoom magnification factor for writing, set by the zoom com
mand, controls the size of the character written into the dis
play memory in integer multiples of 1 through 16. The bit 
values in the PRAM are repeated horizontally and vertically 
the number of times specified by the zoom factor. As seen 
in display memory, the writing is started in the lower left cor
ner of the eventual 8-by-8 block and proceeds right to left 
and bottom to top. The LSBs of the stored character bytes 
are written first, and parameter RAM location 15 is the first 
byte to go out. 

61 62 63 - GCHR-8 

GCHA·7 

- GCHA-6 

- GCHA·5 

- GCHR'" 

- GCHR·3 

- GCHR-2 .... 
PI.oI- 0 1 - ~1 

- L......~'--....L.._'----L_....L.._'----L_...J 

LS8 IIS8 

Display Memory 
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Parameter Ram Contents 
Character Mode: RAM Address RA 0 to 16 

RA-O (I ' SA01, 

1 I 0 0 0 i SAD •• 

) Dllplay Plrtltlon Ar •• 1 
~ ... rt'ng .dd .... with 'ow. 

high Ilonlllclncl flelde 
(word Idd" .. ). 

2 (Ii i' LEi,l, II 0 :' 0: 0 : 0 I~ Longlh 01 Dlopto, Portilion • 

3 WD. 0 LENI. (lino count) wllh high ond 
. _. .... low olGnlllconco IloId •. 

RM 

R .... 

10 

11 

R .... 12 

13 

.4 

15 

t A Wido DI.pt., cycle wldlh 
L ___________ :~.::;:=,cyclo 

0 0 0 1 
LEN2, 

woz\ 0 \ 

0 0 o I 
LEN3, 

w031 01 

0 0 o \ 

LEN4, 

WD41 01 

SADZ, 

SADZH 

1 0 
0 

LENZH 

SA03, 

SAD3H 

\ 0 0 

LEN3 H 

SAD4, 

SAD4H 

I 0 
0 

LEN4H 

0 0 

0 0 

0 0 

.... II Ihl. bll'l. tot 10 • 1. 
The dlapllV add,. .. count., I, thin 
Inc .. monled by 2 IOf o.ch dl.pt., ... n cyclo. 
OIher ..-ry cycIo IypH ... noIlnlluoncod. 

I-
DlIPIIY Porttllon Z 
IIartIng odd .... Ind 
IengIh 

r--
DllPloy Portlllon 3 
... rtlng odd .... Ind 
IengIh 

-- Dloploy _on 4 
,larting oddn!ss oM 
IengIh 

Graphics and Mixed Graphics and Characters Mode 
Dleploy Portlllon_l 

RA-O 11 ________ ....... _"'_SA ... O_l_"'_-'----'----'1- .larllng odd .... wtth low, , - middle, Ind high ,Ignltlclnco 
lletdo (wOfd odd .... ). 

1 1~ ______ ....... _"' __ SA ... 0_1M_"' ____ ---'-~ 

2 I LEN1, I 0 0 I SA01H 

I I ~ I--Lenglh 01 Dloploy P.rtltion 

3 WDI 1M \ _____ LE_N_1H _____ Ateo 1 wtth low Ind high . _ _ IIIgnlflconcolletdo(lInec:ounl). 

In mixed mode, .llne11 ..... In I"""" or 
gnophloo_, Ind • 0 Indlcoln I chonocler ..... 

RM 

6 LEN2, 

7 WDZIIM I 

SADZ, 

SADZM 

I 0 o I SADZH 

LEN2H 

r-
Dloploy Partition _ Z 

.larting odd .... and 
IengIh wIIh 1l11li98 idenlHy 
bi1 .. in .... 1. 



RA-8 or GCHR8 

9 PTN H or GCHR7 

RA-l0 GCHR6 

11 GCHR5 

12 GCHR4 

13 GCHR3 

14 GCHR2 

15 GCHRI 

Command Bytes Summary 

RESET: o I 0 

VSYNC: o I ' 
CCHAR: 

START: 

ZOOM: 

CURS: 

PRAM: SA 

PITCH: o I 0 

WDAT: , I TYPE o I 
MASK: I 0 o I, 
FIGS: I 0 o I t 
FIGD: I 0 o l t 

GCHRD: I 0 o I, 
RDAT: I t t I TYPE I 0 

CURD: I 1 0 

LPRD: I 1 

DMAR: I I 1 I TYPE I' 
DMAW: I 0 0 , I TYPE l' I 
Video Control Commands 
Reset 

y 
\ 

I---

1/ 

o I 
tE 

, I 
t I 

,y] 

t I 
J 

t I 

MOO I 
o I 
o I 
o I 

0 o I 
o I 

o I 
o I 
o I 

MOD I 

~~I-o--,-o--,-o--,-o--,-o--,-o--,-o--,--o~I 

Pallern of 16 bits used lor 
figure drawing 10 pallern 
dolled, dashed, elc. lines. 

Graphics characler bytes 
to be moved inlo display 
memory wilh graphics 
characler drawing 

Blink the dlop'-Y, Inter 
Idle modo, Ind initialize 
within the GDC: 
-FIFO 

-Command """'"_ 
-Internal Countllra 

This command can be executed at any time and does not 
modify any of the parameters already loaded into the GOC. 
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If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. 
Idle mode is exited with the START command. 

p, 

P3 

P4 

P5 

P6 

P7 

P8 

0 

0 

HS 

Mode of Operation select bits. 
See below 

Active Ollpley Word. Plr tin •. MUlt 
be .ven number with bit 0 = 0, 

\ \~~ __ Honzontal Sync Width 

o i 
0 I , 

'--~~ ___ --~- _____ .- -- - Vertical Sync Width, low bits 

HFP, , V~H ~ - Vertical Sync Width. high bits 

\:_- ---- --- ----- Horizontal Front Porch Width 

HBP I--

VFP r-~ 

ALL r-

HOrizontal Back Porch Width 

Vertical Front Porch Width 

Active Display Lmes per Video Field. 
low bits 

ALH I ~ . Active DISplay Lines per V,dec F'.'d. 
_-'----'-_-'<-~_-'---l. __ _'____'r high bits 

\ 
VBP 

Vertical Back Porch Width 

In graphics mode. a word is a group of 16 pixels. In charac~ 
ter mode, a word is one character code and its attributes. if 
any. 
The number of active words per line must be an even num~ 
ber from 2 to 256. 
An all~zero parameter value selects a count equal to 2" 
where n == number of bits in the parameter field. 
All horizontal widths are counted in display words. 
All vertical widths are counted in lines. 

Modes of Operation Bits 

C G Display Mode 

0 0 Mixed Graphics & Character 

0 1 Graphics Mode 

1 0 Character Mode 

1 1 Invalid 

I S Video Framing 

0 0 Non·lnterlaced 

0 1 Invalid 

1 0 Interlaced Repeat Field for Character Displays 

1 1 Interlaced 

Repeat Field Framing: 2 Field Sequence with '/2 line off
set between otherwise identical 
fields. 

Interlaced Framing: 2 Field Sequence with '/2 line off
set. Each field displays alternate 
lines. 

Non-interlaced Framing: 1 field brings all of the information 
to the screen. 



D Dynamic RAM Refresh Cycles Enable 

0 No Refresh - STATIC RAM 

1 Refresh - Dynamic RAM 

Dynamic RAM refresh is important when high display zoom 
factors or DMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for otherwise inactive display 
memory. 

F Drawing Time Window 

0 Drawing during active display time and retrace blanking 

1 Drawing only during retrace blanking 

Access to display memory can be limited to retrace blank
ing intervals only, so that no disruptions of the Image are 
seen on the screen. 

Vertical Sync Mode 

VSYNC: LI_o ~-,---"--~~q._ 
G-Accept Extemal Venice I 

Sync - Slave Mode 
1.(1enerate & Output Vertical 

Sync - Master Mode 

When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 
are connected together. 

Cursor & Character Characteristics 

CCHAR:I L_o~~ __ ~~ __ ~_~ ___ '~1 
P1 loclo 01 LR I- -LInes per character row 

L ______ _ - --- .- --- Display Cursor .11 

P2 BRl 1 SC 1 

, L 
CTOP I -- Cursor Top line numberon the r (OW 

P3 

_____ a - Blinking Cursor 
1 - Steady Cursor 

--- Blink Rate. lower bits L 

.------C-BO-T------~--B-Ru--~f__· Blink Rate. upper bits 

L'- ___ _ _ _ __ Cursor Bonom line number In 
the row 

In graphics mode, LR should be set to 1. 
The blink rate parameter controls both the cursor and 
attribute blink rates. The cursor blink-on time = blink-off 
time = 2 x BR (video frames) The attribute blink rate is 
always '12 the cursor rate but with a 3/4 on-% off duty cycle. 

Display Control Commands 

Start Display & End Idle Mode 

START: I 0 I 1 I 1 I 0 I 1 I 0 

Zoom Factors Specify 

ZQQM: 

PI L-~_~~p __ ~-L __ ~~~R~__J~~~~ 
.------aop.y--

Zoom magnification factors of 1 through 16 are available 
using codes 0 through 15, respectively. 
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Cursor Position Specify 

CURS: I 0 1 0 1 I I 

PI I. EAD ~- Execute WOrd Address. _ by1e 

P2. I EAD ~ Execute WOrd Address • .-by1e 

P3 I dAD I 0 0 
1 

EAD ~----IGr.lphicsModeonty) 

[ L --- __ WOrd Address. top bits 

------- Dot Address wrthin the word 

In character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis
play scan address (DAD) equals the cursor address. 
In graphics mode, the cursor word address specifies the 
word containing the starting pixel of the drawing; the dot 
address value specifies the pixel within that word. 

Parameter RAM Load 

PRAM:IL-~~ __ ~_-L __ ~~SA __ ~-JI 
L ____ Starting Address in 

parameter RAM 

f--- t to 16 byt .. to be loaded 
L-~~_-"--~ __ ~-,--~__J Into the parameter RAM 

starting at the RAM address 
specified by SA 

From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the FIFO. The parameter RAM stores 16 bytes of informa
tion in predefined locations which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 

Pitch Specification 

PITCH:IL-°~~~ __ ~-,--~ __ =:J~1~ 

This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 

Drawing Control Commands 

Write Data Into Display Memory 

~--- RMW Memory cycle Loglcol 
Operation: 

o _ REPLACE with PoHom 
1 _ COMPLEMENT 
o ~ RESET to zero 
1 ~SETto1 

'--------------- Deta Thmsf", Type: 

o _ .. 0---_______ Word. Low then High bytl 

o -:---------- Low Iyte of the Word 
1 .. High 8yto of thl Word 
1 .. I"vilid 



PI 

P2 
ole. 

WORD, or BYTE \---- Word Low 0818 Byte or 
L---"-~_'-' ---"_-'-' _'----"---' Songle Byte 0818 value 

WDRDH L - ___ Wordl,ansle"only, 
L---"-~_'----"-~_'----'---'! High 0818 Byte 

Upon receiving a set of parameters (two bytes for a Word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor 
EAD. The EAD pointer is advanced to the next word, 
according to the previously specified direction. More 
parameters can then be accepted. 
For byte writes, the unspecified byte is treated as all zeros 
during the RMW memory cycle. 

Mask Register Load 

MASK: I 0 .-:J 
PI I M, 1-----. - Low signilicance byte 

P2 I MH f--... _.-- Hogh signilicance byte 

This command sets the value of the 16-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 

Figure Drawing Parameters Specify 

FIGS: I 0 , I 0 1 

PI 1---- D,"wlng DIrection BI .. 

Figure Typo 111100' 1110: 
'------- Lin. (Voo'or! 

Or.phici Chlrlct.r 
Arc/Clrel. 
R .... ngl. 
811nted Or.phici Chlr.ct.r 

It--; - DC Drawing ""ra",., .. 

I 1I,.pIIl .. Drlwlng II .. lor _ In 
Mlxtd 1I,"pIIl ••• nd Chl, •• '.' Modo 

DDrawingPlra",.,.. 

'PI c11 1--)--- D1 Drawing ""ra""'" 

PI "lL-.L...-
0 .1......-1 .L...-.L...-'----'--L--II 

~- ~-~-
. The pora_18ke on 

-.m Intetprelalions lor 
_ figurelyplS. 
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Valid Figure Type Select Combinations 

SL R A GC L Operation 

o 0 0 0 0 Character Display Mode Drawing and 
Individual Dot Drawing 

o 0 0 0 Straight Line Drawing 

o 0 0 0 Graphics Character Drawing and 
Area filling with graphics 
character pattern 

o 0 0 0 Arc and Circle Drawing 

o o 0 0 Rectangle Drawing 

o 0 0 Slanted graphics character 
drawing and slanted 
area filling 

Only these bit combinations assure correct drawing 
operation. 

Figure Draw Start 

FIG D: I 0 0 1 0 1 , 0 , 1 0 I 
On execution of this instruction, the GDC loads the param
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 

Graphic~ Character Draw Start 

GCHRD: 1 0 , I 0 1 0 0 0 I 0 0 , 0 0 0 1 

Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 

Data Read Commands 

Read Data from Display Memory 

RDAT:I~_I-"-~_'-LI_n~,_PE-kI_O--,----,_o~1 

Word. low .hln high by1. 

Low Byt. ol.hI Word only 

I ---- High Byt. ol.hI Word only 

00----

0----

1__.._------ --- Invalid 

Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes + 1). 
As this instruction begins to execute, the FIFO buffer direc
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc
tion back to write mode, and all ROAT information not yet 
read from the FIFO will be lost. 



Cursor Address Read 

CURD: 

The following bytes are returned by the GDC: 

PI ~ , ,EA~l, , ,AO !--ExecuteAddress(EAD),LOWByte 

P2 d A1S, --- --:-::- ~- !SYExecuteAddreSSIEAD),MlddleByte 

P3 IL-0--'-I _O--'-_--'-_'----'-_O-'-'_.E_A..J.;]2-_H-.J Execute Address (EAD), High Bits 

P4 cL: dADl , I--~Dot Address (dAD), Low Byte 

P5 
'-1_-'---'-_--'-_d_A'-,D_H --'-_.l.-=:y.---'_.J --Dot Address !dAD). High Byte 

The Execute Address, EAD, points to the display memory 
word containing the pixel to be addressed. 
The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 

Light Pen Address Read 

Light Pen Address. Low Byte 

I A1S LADM AS L. Light Pen Address. Middle Byte 
L-. _~~_~ __ ~--,-_~---,_~I 

'-I_o __ -'------'_~_~O~! _LA--,-D_H .J~ . Light Pen Address. High Bits 

The light pen address, LAD, corresponds to the display 
word address, DAD, at which the light pen input signal is 
detected and deglitched. 
The light pen may be used In graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 

DMA Read Request 

DMAR: I,-_'~ __ ~~~ __ ~ ____ ~~ 1 
I 

TYPE : 1 ° I 
_l=- Data Transfer Type: 

O~ Word, Low then high byte 

0- Low Byte 0' the Word 

1 .. High Byte of the Word 

1~ Invalid 

DMA Write Request 

DMAW:IL-°--'-_-'---'--'I_TI~,_PE_~I_'--'-i_M~O_D-.J 
I ~RMW Memory logical Operation: 

i 0 0 ~ REPLACE with Pattern 

I ° 1 __ COMPLEMENT G o __ RESET t. Zor. 

1 1 ~SET to One 

Data bnot.. Type: 

o O. Word, Low then hlllh byto 

o .. 
t • 

Low Byto of the Word 

HllIh Byto of the Word 

1 - .. _-----In •• Ud 

Absolute Maximum Ratings* (Tentative) 

Ambient Temperature under Bias ooe to 700 e 
Storage Temperature-65°e to 1500 e 
Voltage on any Pin 

with respect to Ground 
Power Dissipation 

-O.5V to + 7V 
1.5 Watt 

'COMMENT: Exposing the device to stresses above those listed in Abso
lute Maximum Ratings could cause permanent damage. The deVice is 
not meant to be operated under conditions outside the limits deSCribed In 
the operational sections of this speCification. Exposure to absolute maxi
mum rating conditions for extended periods may affect deVice reliability. 

DC Characteristics 
TA =O°C to 70°C; Vcc=5V ::+:: 10% 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input Low Voltage V,l -0,5 0.8 V 
Input High Voltage V,H 2.0 Vee + 0.5 V 

, OUlput Low Voltage VOL 0.45 V 10' = 2.2 mA 
OUlput High Voltage VOM 2.4 V IOH = -400 uA 

I Input Low Leak Current I'l - 10 uA V, =OV 

I 
Input High Leak Current I'H +10 uA VI = Vee 
Output Low Leak Current 10l -10 uA Vo = ov 

I 

Output High Leak Current 10M +10 uA Vo = Vee 
Clock Input Low Voltage VCl -0.5 0.6 V 
Clock Input High Voltage VCH 3.9 Vee + 1.0 V 
Vee Supply Current Icc 270 mA 

Capacitance 
TA=25°C; Vcc=GND=OV 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Input CapaCitance C'N 10 pF Ie = 1 MHz 
1/0 CapaCitance Cuo 20 pF V, (unmeasured) = OV 

AC Characteristics 
TA -- O°C to 70GC; VCcc 5V + 10% 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Clock Cycle Period lelK 167 2000 nS C,=I00pF 
Clock High Time tCH 70 nS 
Clock Low Time tCl 70 nS 
Clock Rise Time tCR 10 nS 
Clock Fall Time tCF 10 nS 
DMA Cycle Time IE 4xtCLK nS 
Data In Set Up TIme lOIS 40 nS 
Data Set Up Time lor INA low 150 nS 
Data Hold Time lor INA two 0 nS 
OACK High Level Width tOK teLK nS 

Timing Requirements 

PARAMETER SYMBOL MIN MAX UNITS TEST CONDITIONS 

Address OUlput Delay tAD 20 80 nS C, = l00pF 
Data Bus In Delay tOBI 80 nS 
Address Active to FIllS Low tADRA 60 nS 
Video Signal Delay tvo 120 nS 
AD Low to DB Delay t RO 120 nS 
:g~h to DB Floating tOF 120 nS 

Low to ORO Delay tOR 120 nS 
lIAS Oulput Delay t RAS 80 nS 
AD Floatl"'ij Delay tOFF 80 nS 

Timing Responses 
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Display Memory Bus Timing 

OUTPUT DATA 

ODIN, I J I I t AORA 

t A08=J 
A16'17'~ i~,,~i-------------L-,X== 

RAS'~ \~--------------------------~I 
HSYNC-REF 

BLNK, 
V/EXT SYNC 

~tVO=:j 
I X~--------------'--------------~-----

I 

Read Modify-Write Cycle 

Microprocessor Bus Timing 

RO 

~L---~tL 
f-- ,"0 l to. I 

OBO-7, AD -------<\ VALID yl------
Read Timing 

WR 

WrIte Timing 

10 



Zoomed Display Timing 

DOT CLOCK 

2xWCLK 

ADDRESS 

RAS 

LOAD MASK 

LOAD CLOCK 

SHIFT CLOCK 

BLNK 

VIDEO 

ADDRESS 

RAS 

LOAD MASK 

LOAD CLOCK 

SHIFT CLOCK 

BLNK 

VIDEO 

DOT CLOCK 

2xWCLK 

ADDRESS 

RAg 

LOAD MASK 

LOAD CLOCK 

SHIFT CLOCK 

BLNK 

VIDEO 

I I I 
I I I I 

~ DISPLAY : R / M / W : REFRESH: 

~:::. ~------:. :.:: -:.: :: ::::-:. ~: -=---!------: -: = : :-----------:. ------:. --:: 
I I 

o I "'IU.III •• -- - - --- ---- ---- -:-- ---- ---:- ---. " -------------~-------r---

I 

~ 

DISPLAY (x 2) 

I I 

R/M/W 

I I 
I I 

: REFRESH: 
I I 

I 

o 
I 
I 

\~----------~f\~--~r 
\ ,----..,----.L- : n 
~-~ ----------~I~ ~--~ 

~-----, 

o I 

UI-..... .A.lI~IIjA-IUl..JUI..A.JU'_!LA.JL---~ ~ ~~.:: ~ ---------~1-- --.:=-- =----~: 
I 

; I 

I I 

DISPLAY (x 3) R / M / W : REFRESH: 

ZR = 0 
(NORMAL) 

ZR = 1 
(x 2 ZOOM) 

,..=-== -=::.:::::.::.:.:.:.:. -_=-::-_-; ____ =_ -= ::.::::::. :::.:.---1 -__ .:::.:.:::::.t. ::: 

ZR = 2 
(x 3 ZOOM) 

I : ---- ----~- ------, ~ ---
I 0 ----- -:-- - ----1----
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Video Sync Signals Timing 

2xWCLK 

H BLANK 

HSYNC 

ADO-15 

LCO-4 

ADO-15 

LCO-4 

ROW 

ROW 

V BLANK 

V SYNC 

H BLANK 

V BLANK 

V SYNC 
(INTERLACE) 

V SYNC 

I.. 1 H "I 
JL..JLS1...l'LJ _______ .fUlJl.JLJL ____ ..JLJl..I- ____ Jl...Jl ___ n.. 
.J ----1 ___ r 
_______ ~r· 
-::J.'-------'I~ _ _"C ~ ~ ~ ~:~ L=-:J.,--_C~ ~ ~J,-----,'(: ~ ---~:-r=~ ------t::-
-, ~X t---1 H;1rr-_________ -_. -----------------------------J 

:px~~----- I :::~XYrr.:::::~ :--~ ~ -.:: --- --=: :-~~: ---~:_~ __ -_-:JJJJ::~:~_xr:.. 
±="---~---=x=- -- -- ------- ------ --- --~---:J:... 

I --- --~ _ .• ---------------------- --

~ C 
I ' 

, 

~ 

____ . _____________________ . _______ ..J 

~_..A.f_-_--~C~~ ~ ~ -:-L-:J-..r------- -_ -_-___ ::_~I 
L ___________ .--------------- -------

L 
, 

I" 1-----------·----1 V (FRAME) -----------I .. ~I 

JL ___ .JLJL ___ JLJL ___ .1L1L ___ ~L ____ JL ___ .JL1L ___ .lL1L __ _ 
• I' I • I • I 

-; ,------ . : --- -; r---- -:-; -----: -: ----
l...- ••. ....J I L- _____ J. I I I 

I , I I I I 

rl --~~ ____ ~:-----~:~i ~ 
~-------~, I 

I I. I 

I.. ODD' FIELD : ---"+1 ...... ----EVEN FIELO-.------, , 
-.~----------~ 

(NO INTERLACE) 

Interlaced Video Timing 

2xWCLK ~ 

V SYNC (MASTER) -------------ij 1 
I , 

IN SLAVE MODE: HFP::>3 
EXTERNAL __________ ~~ 

SYNCHRONIZATION 

External Synchronization 
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HSYNC 

V BLANK 

I .. 1 H ---------t0l 

I 
~ ______________________________ ~r__ 

__ ~ __ ~r-1~ ______ ~ ______________________________ ~_ 
I 

I I I I I -t HFP .- t-- HBP _0-t--0 ------ C/R --------.-1 
I I 

-tHSI-

10 1 V-------o~1 

I 
I 

V SYNC -II I n 
~--------------------------------~I----~I ~I------~--

I I I 

~ VFP ~I I 

------...... 1 I ~ VBP-t .... 1·------L/F 

---ivsl--
Video Sync Generator Parameters 

Read-Modlfy-Wrlte Cycle Timing 
DOT CLOCK 

I 

L..-__ ....Ir 2xWCLK I 

J 
RAS ~ 
ADO·15 j 

I t=====~---C==~==r-~======~====~~ 
DBIN : 

I 

RAS* 
I 

1 
CAS* L..J 

I 
COL AD ClR* ~ 
LOAD MASK* ~ L 

I 

LOAD CLOCK* w u 
• 

MW* 
: 
I 

: E1 E2 E3 E4 I 
I I 
..... 1.0------- R / M / W CYCLE --------< .. ..,.1 

* externally generated signals 
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Video Field Timing 

~L ________________ ~H~SY~N~C~O~U~T~P~U~T ________ ~ 

~ : BLANK OUTPUT ~~ 

r-~-----r----~~~--------------------------k--'----
VERnCAL SYNC LINES 

~:- --

HORIZONTAL 
SYNC ------< 

PULSE 

HORIZONTAL 
BACK PORCHI+-+~
BLANKING 

Drawing Intervals 

VERnCAL BACK PORCH BLANKED LINES 

ACTIVE 
DISPLAY 
LINES 

HORIZONTAL 
FRONT P()RCH_~ 
BLANKING 

'----------------- -- -----

DMA Request Intervals 

14 

>-
::> 
Q. 

>-
::> 
o 
u 
z 
> 
'" > 

~ DRAWING INTERVAL 

~ ADDITIONAL DRAWING INTERVAL WHEN IN FLASH MOOE 

m DYNAMIC RAM REFRESH IF ENABLED. OTHERWISE 

ADDITIONAL DRAWING INTERVAL 

~ DMA REQUEST INTERVAL 

~ ADDmONAL DMA REQUEST II'ITERVALS WHEN IN FLASH MODE 



DMA Write (Word) Timing 

DREQ 

(HRFQ) 

(HLDA) 

DACR 

RD (MEM RD) 

WR(I/OWR) 

HBLNK 

Is 115 1[ so. [sols 1Is**~s ~S2~*~S 1.. 

..-r--.. 
~ ... 

I 
' ... , f-·· 

r-.... ,'------, 
___ m~ L ... ___ .... J 

.... ~ .... --- ... . 

... ~ ... --- .. 

.... ~ .... ---.-

····L __ .... _______ _ 
DMA CLOCK = GDC CLOCK 

ADDRESS, DATA---... --------... -€~.·~ 

RAS .u -~ __ r '------.J 

DBIN 

(MW) 

.-'\..1" 
--------". --V-'. 

DMA Write (Low Byte, High Byte) Timing 

DREQ 

(HREQ) 

(HLDA) 

~ 

RD(MEM RD) 

WR(iIOW'R) 
HBLNK 

-_ .... _--" 

J-".' 
J--' 

, 
' ..... _---

~_- .... .J L--
... ~-

-----~ 
~ .......... ~-- ... ~ __ ~ \\~ __ u. \ 

DMA [e***4[ DMA 
___ .VV.A.IT r-;:"- \'_D:vv:~AI.T. _ .. 

ADDRESS, DATA ~ 

RAS 

DBIN 

(MW) 

- .. ~- .. _"L----I ... ~ 

U -'.-V-.'~ 

V--.... --V ... -----v--v-
DMA CLOCK = GDC CLOCK 

15 



DMA Read (Word) Timing 

DREQ 

(HREQ) 

(HLDA) 

DACK 

RD(IIORD) 

WR(MEMWR) 

HBLNK 

DATA 
ADDRESS, 

RAS 

DBIN 

Is lis 'ls0 ... ISOfSl1S21SJjS41S11S21S3jS4jS 1 ... ISllS '1 SO... IsOfslls2Is3js4Is1Is2IS3IS4Is1 ... 

~ \~----- ,r-.... \~ ______ _ 
~ ..... -1.... \'----
. ___ .... J L ____ ---J1 L-

.-.. ~ ........ ~ 

---.. ~ ........ ~ 
.-.. ~ ........ ~ 

'-,1....-_ 
IE!lE2lEJjE4J IE 'IE21E31E41 

~ .. -.--------.... ~ .. ----------
L-J--' -"''-J'-

~..... . .... '"\..J-~MA CLOCK = GDC CLOCK 

DMA Read (Low Byte, High Byte) Timing 

DREQ 

(MREQ) 

(HLDA) 

DACK 

1m'(IIO RD) 

WR(MEMWR) 

HBLNK 

ADDRESS, 
DATA 

RAS 

DBIN 

IS1Is1Iso ... Isolslls2Is3jS4ls1ls2jS3jS4ls1... IS1IS1IS0 .. .. Isois 'ls21s31s41s '1 s2lsJjs4js 1 ... 

,--.... '" .. ~ __ ..... S--... . 
...J \.... "T" L __ ,~----
~ .. _. ____ -4-. ..... .---r- -------.\L. __ _ 

__ ...... 1 L.-
..... ~ 
..... ~ 

..... ---v--v--
..... "L--...... _______ _ 

IE11E21 31ul ~~~T IE11E21E31E41 IE11E21nlE41 IE11E21E31E41 

~D .. -~ ... -0---®-""'~ 
.. - L-J ..... ~.-. '--..1 
..... U ..... \.J-_. U,....---

DMA CLOCK = GDC CLOCK 
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PIN PIN 
# NAME DIRECTION 

7 ORO OUT 

8 DACK IN 
12 
to DB-Oto7 IN/OUT 
19 

11 AO IN 

9 RD IN 

10 WR IN 

3 HSYNC OUT 

4 VlEXTSYNC IN/OUT 

5 BLANK OUT 

1 2xWCLK IN 

6 RAS(ALE) OUT 

2 !>BiN OUT 

39 A-17 OUT 

38 A-16 OUT 

35 
to AD-13 to 15 IN/OUT 
37 
22 
to AD-O to 12 IN/OUT 
34 
21 LPEN IN 

40 Vee IN 

20 GND IN 

GDC Pin Names 

MODES OF OPERATION 

GRAPHICS CHARACTER MIXED 

DMA Request Output 

DMA Acknowledge Input 

Data Bus to Microprocessor 

Address Select Input for Microprocessor Interface 

Read Strobe Input for Microprocessor Interface 

Write Strobe Input for Microprocessor Interface 

Horizontal Video Sync Output 

Vertical Video Sync Output or External Sync Input 

CRT Beam Blanking Output 

Clock Input 

Row Address Strobe and Address Latch Enable 

Display Memory Data Bus "Input" Read Cycle Output 

Address Bit 17 Output Cursor Output Cursor & Image Mode Flag 

Address Bit 16 Output Line Counter Attribute Blink & Clear 
Bit 3 Line Counter 

Address Bits 13 to 15 Line Counter Address Bits 13 to 15 
Bits Oto 2 

Address and Data Lines to Video Display Memory 

Light Pen Detect Input 

+5V 

Ground 

CLOCK 

080-7 

~P07220 
GOC 

BLOCK DIAGRAM 
OFA 

GRAPHICS 
TE_AL 

2xWCLK 
DBIN 

HSYNC 
VlEXTSYNC 

BLANK 
RAS 
ORO 

DACK 
AD 

WR 
AO 

DB-O 
DB-1 
DB-2 
DB-3 
DB-4 
DB-5 
ON 
DB-7 
GND 

,",PO 

7220 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Block Diagram of a Graphics Terminal Pin Conflgura"o, 
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CRT 9006-135 
CRT 9006-83 

IlPc FAMILY 

Single Row Buffer 
SRB 

FEATURES: 
::: LOW Cost Solution to CRT Memory Contention Problem 
::: Provides Enhanced Processor Throughput for CRT 

Display Systems 
J Provides 8 Bit Wide Variable Length Serial Memory 
::: Permits Active Video on All Scan Lines of Data Row 
::: Dynamically Variable Number of Characters per Data Row-

... 64,80,132 .... up to a Maximum of 135 
:: Cascadable for Data Rows Greater than 135 Characters 
::: Stackable for Invisible Attributes or Character 

Widths of Greater than 8 Bits 
::: Three-State Outputs 
:= 3. 3MHz Typical Read Write Data Rate 
J Static Operation 
J Compatible with SMC CRT 5037. CRT 9007, and other 

CRT Controllers 
:~ 24 Pin Dual In Line Package 
J +5 \.t>lt Only Power Supply 
:::! TTL Compatible Inputs and Outputs 
J Available in 135 Byte Maximum Length (CRT 9006-135) 

or 83 Byte Maximum Length (CRT 9006-83) 

PIN CONFIGURATION 

DOUT3 GND 

DOUT2 DOUT4 

DOUT1 DOUT5 

DOUHl DOU T 6 

ClK DOUT7 

WREN OE 

CLRCNT OF 

CKEN DIN7 

DIN" DIN6 

DIN1 DIN5 

DIN2 DIN4 

DIN3 .,.5V 

Package 24-pln DIP 

APPLICATIONS: 
o CRT Data Row Buffer 
o Block-Oriented Buffer 
o Printer Buffer 
o Synchronous Communications Buffer 
o Floppy Disk Sector Buffer 

GENERAL DESCRIPTION 

The SMC Single Row Buffer (SRB) provides a low cost solu
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory dUring the first scan line of each 
data row. While data is being written into the RAM it IS also 
being output through the multiplexer onto the Data Ouput 

. I 

: ! 
it-
I L~ ___ ~~ 
l.....-........ _____________ _ 

(DOUT) lines. During subsequent scan lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through
put and permits a fliCker-free display of data . 



DESCRIPTION OF PIN FUNCTIONS 

PIN NO. NAME SYMBOL FUNCTION 

1-4 DATA OUTPUTS DOUT3-DOUT0 Data Outputs from the internal output latch. 

5 CLOCK ClK Character clock. The negative-going edge of ClK clocks the 
latches. When CKEN (pin 8) is high, ClK will increment the 
address counter. 

6 WRITE ENABLE WRrn When ~ is low, data from the input latch is transferred directly 
t() the output latch and simultaneously written into sequential 
I()cations in the RAM. 

7 CLEAR COUNTER ClRCNT A n~atiTe transition on ClRCNT clears the RAM address counter. 
ClR N is normally asserted low near the beginning of each 
scan line. 

8 CLOCK ENABLE CKEN When CKEN is high. ClK will clock the address counter. The 
(;1)mbination of CKEN high and WREN low will allow the writing 
at data into the RAM. 

9-12 DATA INPUTS DIN0-DIN3 Data Inputs from system memory. 

13 POWER SUPPLY Vr:x; +5 Volt supply. 

14-17 DATA INPUTS DIN4-DIN7 Data Inputs from system memory. 
I 
I 

OVERFLOW FLAG OF TI'lis output goes high when the RAM address counter reaches its 18 

I maximum count. If cascaded operation of multiple CRT 9006's is 
desired for more than 135 bytes, OF may be used to drive the 

I CKEN input of the second row buffer Chip. 

19 OUTPUT ENABLE DE When O'E is low, the data outputs DOUT0-DOUT7 are enabled. 
When O'E IS high, DOUT0-DOUT7 present a high impedance 
state. 

20-23 DATA OUTPUTS DOUT7-DOUT4 Data Outputs from the Internal output latch. 

24 GROUND GND Ground. I 
I 

OPERATION 

For CRT operation, the Write Enable (WREN) signal is 
made active for the duration of the top scan line of each 
data row. C'ear Counter (ClRCNT) typically occurs at 
the beginning of each scan line (HSYNC may be used as 
input to CLRCNT). Data is continually clocked into the 
input latch by ClK. When Clock Enable (CKEN) occurs. 
the dataif'i the input latch IWrite Data) is written Into the 
first location of RAM At the negative-going edge of the 
next clock. the address counter is mcremented. the next 
input data IS latched Into the mput latch. and the new data 
is then written into the RAM. Loading the RAM continues 
until one clock after CKEN goes inactive or until the 

RAM has been fully loaded (135 bytes). While data is 
being written into the RAM. it is also being output through 
the multiplexer onto the Data Output (DOUT) lines. Each 
byte is loaded into the output latch one clock time later 
than it is written into the RAM. Output of the data dUring 
the first scan line permits the Video Display Controller 
(such as the CRT 8002) to display Video on the first scan 
line. DUring subsequent scan lines In the data row. thesys
tem will disable Write Enable (W11ffi) and cause data to be 
read out from the internal RAM, thereby freeing the sys
tem memory for processor access for the remain Ing N-1 
scan lines where N is the number of scan lines per data row. 



MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range .................................................................... 0° C to" 70< C 
Storage Temperature Range .................................................................... -55 0 C to .. 1500 C 
Lead Temperature (soldering. 10 sec.) .................................................................... "325°C 
Positive Voltage on any Pm, with respect to ground ........................................................... a.ov 
Negative Voltage on any Pin. with respect to ground .......................................................... -o.3V 
• Stresses above those listed may cause permanent damage to the device This is a stress rating only and 
functional operation of the oevlce at these or at any other condition above those indicated in the operational 
sections of this specification IS not implied. 

ELECTRICAL CHARACTERISTICS (TA = 0° C to 70° C, Vcc = +5 ±5%, unless otherwise r,oted) 

PARAMETER MIN TYP MAX UNITS COMMENTS 

DC CHARACTERISTICS I 

Input Voltage Levels 
Low Level VIL 
High Level VIH 

Output \k)ltage Levels 
Low Level VOL 
High Level VOH 

Input Current 
Leakage, III 

Output '1' Leakage 
Output '0' Leakage 

(Off State) 
Input Capacitance 

CLK 
All other inputs 

Power Supply Current 
Icc (SRB-135) 
Icc (SRB-83) 

AC CHARACTERISTICS 

ley 
(SRB135) 
(SRB83) 

tCKl 
(SRB135) 
(SRB83) 

tCKH 
(SRB135) 
(SRB83) 

bR 
(SRB135) 
(SRB83) 

lcKF 
(SRB135) 
(SRB83) 

losEr 
lOHOLD 

teNCKP 

teNCKN 
(SRB135) 
(SRB83) 

teNHOLD 

tWACKN 

(SRB135) 
(SRB83) 

tWENHLD 

tooUT 
hSON 
hSOFF 
foFON 
ta.RS 

(SRB135) 
(SRB83) 

tclRH 

0.8 
2.0 

0.4 
2.4 

10 

10 
10 

30 45 
10 15 

115 
100 

300 250 
400 330 

240 190 DC 
320 250 DC 

28 5000 
34 5000 

10 
10 

10 
10 

65 
0 
0 

100 
125 
0 

100 
125 
0 

175 
175 
175 
175 

100 
125 ! 
0 i 

V 
V 

V 
V 

pA 

pA 
pA 

pF 
pF 

rnA 
rnA 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

os 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

I 
I 

10l= 2rnA 
IOH = -100pA 
0:5 VIN :5 Vee 

IcKH = 28ns 
IcKH = 34ns 

IcKl =24Ons 
teLK = 320ns 



FIGURE 1: AC CHARACTERISTICS 

f-----le, --------1: I 
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FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 
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CRT 9007 
j.J.PC FAMilY 

CRT Video Processor and Controller 
VPAC™ 

FEATURES 
J Fully Programmable Display Format 

Characters per Data Row (8-240) 
Data Rows per Frame (2-256) 
Raster Scans per Data Row (1-32) 

:=: Programmable Monitor Sync Format 
Raster Scans/Frame (4-2048) 
Front PCich- Horizontal (Negative or Positive) 

-Vertical 
Sync Width - Horizontal (1-128 Character Times) 

- Vertical (2-256 Scan lines) 
Back Porch - HOrizontal 

- Vertical 
CJ Direct Outputs to CRT Monitor 

Horizontal Sync 
Vertical Sync 
Composite Sync 
Composite Blanking 
Cursor Coincidence 

[J Bmary Addressing of Video Memory = Row-Table Driven or Sequential Video Addressing Modes 
C Programmable Status Row Position and Address Registers 
[j Bidirectional Partial or Full Page Smooth Scroll 
[1 Attribute Assemble Mode 
G Double Height Data Row Mode 
C Double Width Data Row Mode 
LJ Programmable DMA Burst Mode 
o Conflgurable with a Variety of Memory Contention 

Arrangements 
C Light Pen Register 
o Cursor Horizontal and Vertical Position Registers 
o Maskable Processor Interrupt Line 
C)lnternal Status Register 
o Three-state Video Memory Address Bus 
o Partial or Full Page Blank Capability 
o Two Interlace Modes. Enhanced Video and Alternate 

Scan line 

PIN CONFIGURATION 

VA2 1 40GND 
VA102 39VA9 
VA33 38 VAl 

VAl14 37VA8 
VA125 36VAO 
VA46 35 CBLANK 

VA137 34 CURS 
VA58 33 ACK'iSC 
VA69 32 CS'?'fJC LPSTB 
VA710 31 SLDSLO 
VLT II 30~1j Sl' 
\IS 12 29 WBEN SL.2 ~ 
AS 13 28 DM!l.P,Sl3·Vfl~,6NK 

t:crR 14 271NT 
om! 15 26~ 
V0716 25 C;S 
VD617 24 VDO 
V0518 23 vOl 
VD419 22 V02 
V0320 21 ·~v 

o Ability to Delay Cursor and Blanking With respect to 
Active Video 

o Programmable for Horizontal Split Screen Applications 
o Graphics Compatible 
o Ability to Externally Sync each Raster Line, each Field 
o Single +5 Volt Power Supply o TTL Compatible on All Inputs and Outputs 
o VT-100 Compatible o RS-170 Interlaced Composite Sync Available 

GENERAL DESCRIPTION 

The CRT 9007 VPAC '. is a next generation video processor/ 
controller-an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above. the VPAC'" provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. ThiS is 
equivalent to eight pages of an 80 character by 24 line CRT dis
play. Smooth or jump scroll operations may be performed any
where within the addressable memory. In addition. status rows 
can be defined anywhere on the screen. 
In the sequEmUal video addressing mode. a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrOlling effect 
on the screen. By using this register in conjunction with two aux
iliary address registers and two sequential break registers, a screen 
rot: can be produced with a stable status row held at either the first 
or last data row position. 

In the row-table driven video addressing mode, each row in the 
video display is designa!9d by its own address. ThiS provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion. and replication are -easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or In a contiguous format. 
The VPAC ,. works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006. 
a Double Row Buffer such as the CRT 9212. or no buffer at all, in 
which case character addresses are outpu1 during each display
able scan line. 
User accessable internal registers provide such features as light 
pen, interrupt enabling. cursor addressing. and VPAC·· status. 
Ten of these registers are used for screen formatting With the abi
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 
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FIGURE 1: CRT 9007 BLOCK DIAGRAM 

DESCRIPTION OF PIN FUNCTIONS 

SYMBOL FUNCTION 

VA13·VAO These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The functIOn depends on the particular CRT 9007 mode of operation VA 13-6 are outputs 
only. VA5-0 are bidlreclional. 
-Double Row Buf1er Conflguralion. 

VA 13-0 are active outputs for the DMA operations and are In their high impedance state at 
all other times. 

-Single Row BuffEtr Configuration. 
VA 13-0 are active outputs cUring the first scan line of each data row and are In their high 
impedance state at all other times. 

-Repetitive Memory Addressln~ Configuration 
VA13-0 are actlvl~ outputs at a I times except during honzontal and vertical retrace at which 
time they are In their high Impedance state. 

If row table addressdng IS used for 8Ither single row buffer or repetitive memory addressing 
modes, VA I 3-0 are aClive outputs dunng the hOrizontal retrace at each data row boundary to 
allow the CRT 9OOi' to retrieve the row table address. For processor readwnte operations 
VA5-0 are Inputs that select the appropnate Internal register I 

VD7-VDO Bidireclional Video (jata bus. dUring processor Read'wrlte operatIOns data IS transferred via I 
VD7-VDO when chip strobe ICS) IS active These lines are In their high Impedance state 
when CS IS Inactive Dunng CRT 9007 DMA operations, data from vlCeo memory IS Input via I 
VD7-VDO when a new row table address IS beln~retrleved or when the at1nbute latch IS being 
updated In the anntlute assemble mode. VD7-V 0 are outputs when the external row buffer 
IS updated With a nEIW attribute In I"e attribute assemble mode ' 

CS Input. thiS signal wr'en active low, allows the processor to read or wnte Inlernal CRT 9007 I registers When reading from an Internal CRT 9007 register the chip strobe (CS) enables the 

I output dnvers When wrltln~ to an Inte",al CRT 9007 register. the Irailing edge of thiS Signal 
latches the Incomlnq data. Igure 2 shows all processor read write liming 

RST Input thiS active low slgn~uts the CRT 9007 into a known. inactive state and insures 
that the honzontal sync (H I output IS inactive. ActIVating thiS Input has the same effect as a 
RESET command ,o.,lter Inttlallzatlon, a START command causes normal CRT 9007 opera-
tion. See processor addressable registers section, Register 16 tor I"e reset state definition 

INT 
-'. -----------1 

Output. an Interrupt to the processor tram me CRT 9007 occurs when thiS Signal '5 active I 
high The Interrupt returns to ItS Inactive tow state when the status r.flg~t"r IS read I 



DESCRIPTION OF PIN FUNCTIONS CONT'D 
CfIT INTERFACE: 

- PIN NO NAME SYMBOL FUNCTION - 11 VisIble Line Time VLT Output; this signal is actIve hIgh dunng all visible scan lines and during the hOBtontal trace 
times at vertical retrace. This srgnal can be used to gate the character clock ( LK) when 
supplying data to a character generator from a sin21e or double row buffer 

- 12 Vertrcal Sync I7S Open drain output, this signal determInes the vertIcal position of dIsplayed text by I."Itlatlng a 
vertIcal retrace. Its position and pulse width are user programmable The open drarn allows 
the vertical frame rate' to be s~-rrciZed to the line frequency when using monitors with DC 
coupled verticalampl"fters. If the V output is pulled active low extemally before the CRT 
9007 Itself initiates a vertIcal syn~e CRT 9007 will start its own vertrcal sync at the next 
leading edge of horrz()ntal sync (H ). 

13 Horizontal Sync H~ ~n drain output; thiS SIgnal determines the honzontal position of dlSPlabed text by initiating 
a rizontal retrace. lis positron and pulse width are user programmable. uring hardware 

, and software reset, this Signal is inactive high The open drain allows the horizontal scan rate 
to be synchronized to an extemal source. If the"HS output IS pulled low extemally before the 
CRT 9007 itself Initiates a horrzontal sync, the CRT 9007 will start Its own horizontal sync on 
the next character clock (~). 

14 Character Clock CCLK Input; this Signal defines the character rate of the screen and is used by the CRT 9007 for 
all intemal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 

15 Data Row [5Jm Output: thIS srgnalls actIve low for one full scan line (from VLT trailing edge to VLT trailing 

i Boundary edge) at the top scan line of each new data row ThiS signal cen be used to swap buffers in 
the double row buffer mode. It Indicates the particular honzontal retrace time that the CRT 

I 
90070utputsmresses (VA13-VAO) for single row buffer operation. There will always 
be one extra signal which will become active during the first scan line of the vertical 
retrace rnterval. 

34 Cursor CURS Output; this signal marlts the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The SIgnal IS acbve for one character time at the partICUlar character 
position for all scan linas within the data row. For double height or width characters, this sig-
nal is active for 2 consecutive ~[Rs in every scan line within the data row. For double 
height characters, this signal can be programmed to be active et the proper position for 2 

! consecutive data rows. 
CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK actIve) prior to a double height or double width 
scan line. The time of activabon and deactivation IS a function of the addressing mode, buffer 
con~uration and the scan line number. See section of Double heightlwidth for details. 

35 Composite Blank CBLANK ~ul. This si~ when active high, indicates that a retrace (either horizontal or vertical) will 
be performed signal remains active for the entire retrace interval as programmed. It IS 
used to blank the video to a CRT. 

USER SELECTABLE PINS: ( ... Tables 4 and 5) 

PIN NO. NAME SYMBOL FUNCTION 

28,29,30,31 Scan LIne 3- SL3-SLO Output: these 4 srgnals are the direct scan line counter outputs, in binary form, that indicate 
Scan Line 0 to the character gene"ator the current scan line. These signals continue to be updated 

during the vertical retrace interval. SL3 and SL0 are the most and least Significant 
bits respectively. 

28 Direct Memory OMAR Output; this ::tnal is the DMA request issued byltte CRT 9007. It will only become active if 
Access Request the acknowl e (ACK) input is inactive. It remains active high throughout the entire 

DMA operation. 

28 Vertical Blank VBLANK Output; this signal IS active ~~h only during the vertical retrace period. 

i 29 Write Buffer WBEN Output; this active hi9h signal IS used to gate the clock feeding the write buffer in a double 
Enable row buffer configuration. 

29 or 32 Composite Sync ~ Output; this signal provides a true RS·170 composite sync waveform with eQualization pulses 
~ical serrations In both interlace and nonlnterlace formats. Figure 3 illustrates the 

output in both Interlaced and nonlnterlaced formats. 

30 Scan Line Gate srn Output; this active low s~nalls used as a clock gate. It captures the correct 5 or 6 CC"LK"s 
and, in con/unction with LD (pin 31), allows scan line information to be loaded serially into 
an externa shift register. 

31 Scan Line Data SLD Output; this signal allows one to load an external shift register with the current scan Ii~ 
count. The~nt is presented least significant to most significant bit during the 5 or 6 LK's 
framed by . WIth this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 
The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should on~se the S last bits shifted to define the scan line count. The extra shift occurs 
in interlace or bIe height character mode to allow the scan line count to be adjusted to its 
proper value. Figures 4 and S ~Iustrate the serial scan line timing. 

32 Light Pen Strobe LPSTB Input; this signal strobes the current row/column position into the light pen register at its posi-
live transition. 

33 Acknowledge ACK Input; this active high signal acknowledges a DMA r~uest.lt indicates that the processor 
bus has entered its high impedance state and the CR 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount 01 time. 

33 Three State 
Control 

m Input; this signal, when active low, places VA13-VM iI"I their high impedance state. 



OPERATION MODES 

Single Row Buffer Operation 
The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of each data row. How
ever, after the CRT 9006 is loaded, the CRT 9007 address 
lines enter their high impedance state for the remaining N-
1 scan lines of the data row, thereby permitting full proces-

sor access to memory during these scan lines. The per
centage of total memory cycles available to the processor 
is approximately [(N-1 )/N) x 100 where N is the total num
ber of scan lines per data row. For a typiCi'1 system with 12 
scan lines per data row this percentage is 92%. Figure 7 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Singfe Row Buffer. 
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Double Row Buffer Operation 
Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
dUring each scan line In the data row. While the read buffer 
IS being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled In the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 
advantage of the relaxed write buffer timing by stealing 
memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl
edge) signal and then anves out on VA13-VAO the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (w'Ite buffer enable) signal 10 write Ihe 
data Into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 

the delay between each OMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

Since the CRT 9212 Double Row ~has separate inputs 
for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ
ing of the buffer can be clocked from a different and con
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller Chip to provide proportional character 
display. 
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Repetitive Memory Addressing Operation 
In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
Impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured In a row driven addressing mode). 
ThiS arrangement allows for such low end contention 
schemes as retrace intervention (the processor IS only 
allowed access to video memory dunng retrace intervals) 

and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre
determined time slots. Figure 11 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 

r I"'T~Ir-_-------------------, 

VIDEO ..... 
AOOfllESS 

= 
To -.J 
'21 

PROCESSOR 
j.JP: ... C 

O.&.T", 

ROM 
RAM 

VIDEO 
RAM 

.oo.~ __ --, 

~ "PAC '--__ x .ROCESSOR ~~ESSO. 

.. !IV GND 

CRT Il007 
VPAC'· 

CRT 8002 
VDAC'" 

CHARACTERIATIRIBUTES 
GENERATOR 

lIS 

}i 
~ 

VSYNC 

VIOEe f---__ TO MONITOR 

FIGURE 11: CRT 9007 CONFIGURATION WITH DOUBLE SPEED MEMORY 

HS 
~-----I I ____ ~- ~----___ ;0:]- L 
--, n --, \\ 

VLT 
I 
I 

ORB ---.J 
I I 
! I 

:,.~ 
, I I I 

111~il 
I I 

li~ 0 0 0 ==rn ~~ 0 0 0 
I , I , 
I 

Iii 
I 

~I VD7-0 ----iii x I~I 0 0 0 x liM x 

FIGURE 12: CRT 9007 REPETITIVE MEMORY ADDRESS TIMING (32 CHARACTERS PER DATA ROW) 



Attribute Assemble Operation 
This configuration allows the user to retain an 8 bit wide video 
memory In which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri
bute. During one clock cycle, attribute data is latched into 
the CRT 9007; during the next clock cycle a character loca
tion is addressed. The attribute data is driven out along with 
a WeEN signal allowing the character plus its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Memory AddrMa (typ) Mwnory Data (8 tN) 
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Allribule 1 

Character 1 

0 
0 
0 

AttnbuIeN 

Character N 

Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8. 16Kx1 dynamic RAMS. This mode. since it 
retains an 8 bit wide memory while providing all the advan
tages of a 16 bit wide memory. lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row. " Figure 15 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 

Figure 13: Attribute A ... mble Memory Organlutlon 

"Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows While extending the vertical blank signal. This allows 
the CRT 9(X)7to start addreSSing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamiC RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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FIGURE 14: CRT 9007 CONFIGURATION FOR ATTRIBUTE ASSEMBLE MODE 



smooth Scroll Operation 
Smooth scroll requires that all or a portion of the screen move 
LIP or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the "start data 
roW" and the "end data row" for the smooth scroll opera
tion. A SMOOTH SCROLL OFFSET REGISTER (Rl7), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 

VLT IL.. ____ --.J 

the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DMA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma
ble DMA CONTROL REGISTER (RA). 

----.,'--------' 
ORB --,L.. _____________________ ~ l\ 

ACK 
r---~U~---~;Ml~ 

I 

VA13-0 -----I 

WBEN 

• DMA cycles will always end al a characle' fetch 

FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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ADDRESSING MODES 

Row Table Addressing 
In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
nexibility with respect to screen operations than with other 
addressing schemes used by previous CRT controllers. The 
row table. which is a list of starting addresses for each data 
row. can be configured in one of 2 ways. The choice of row 
table format is highly dependent upon the particular appli
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Table Format 
In this format. the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 14 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec
ond byte define double heighUwidth characteristics to the 
current data row. The contents of the third and fourth loca
tions define the address where the second data row begins. 
Figure 16 illustrates the contiguous row table organization 
in video memory. 

linked list Row Table Format 
In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double heighUwidth charac
teristics for the data row about to be read. The third, fourth. 
fifth. etc .. bytes read are the first. second. third. etc., char
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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FIGURE 18: 
CONTIGUOUS ROW TABLE ADDRESS FORMAT 
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FIGURE 17: LINKED LIST R()W TABLE ADDRESS FORMAT 

Sequential Addressing 1 

In this addressing mode. characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) pOints to the address of 
the first character of the first data row on Ihe screen. In thiS 
mode the TABLE START REGISTER does not point to the 
start of a table but the starl of the screen. As each character 

is read by the CRT 9007 for display refresh. the intemal VIdeO 

address register is incremented by one to access the next 
character. 

For more versatile systems operation In the sequential 
addressing mode. SEQUENTIAL BREAK REGISTER 1 
(Rl0) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at wliich two additional 

'SEQUENTIAL BREAK 2 IS not functional In the repetitive memory addreSSing mode It IS fully functional In all other operalton modes. 



sequential display areas begin Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only, 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14) When the raster begins painting a data row equal to 
the number programmed In one of t,he sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor
responding auxiliary address register Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6 
Using the sequential addressing mode with 2 breaks. it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequenlially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by uSing the 
2 most significant bits of AUXILIARY ADDRESS REGIS
TERS 1 and 2, See the descrrption of these 2 registers for 
their bit definition, 

Double HelghtlWidth Operation 
When double height width characters (2XH.2XW) are dis
played, the following will occur: 

1. the CRT 9007 will address half as many characters for 
each data row by Incrementing its address every other 
character clock, 

2, the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency, 

3. For dou~eight, the scan line counter outputs (SL3-
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX
ILIARY ADDRESS registers depending on the selected 
addressing mode, In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency IS required, The exact 
time of activation and deactivation of the CURS signal dur
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address
ing mode for the top scan line of a new data row, Tables 1 
and 2 assume a cursor skew of zero, A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all subsequent scan lines. the CURS signal is activated 3 
CCLK's after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
~ctive for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor poSition is programmed to reside 

OPERATION 
ADDRESSING MODE 

MODE Row Driven (linked list 
or contiguous) SeQuential 

Repetitive Memory 1 CCLK after high byte 1 CCLK after TSC 
Addressing of row table read leading edge 

1 CCLK after high byte 1 CCLK after TSC 
Single row buffer of row table read leading edge 

1 CCLK after high byte 1 CCLK after ACK 
Double row buffer of row table read leading edge 

Tlble 1: Double HelghtIWldth CURS actlntlon for top ~n 
line of new dltI row. 

TABLE START REGISTER ~ 1000 
AUXILIARY ADDRESS ;-iEGISTER 1 = 2000 
AUXILIARY ADDRESS -';EGISTER 2 = 0800 
SEQUENTIAL BREAK c'::GISTER 1 = 3 
SEQUENTIAL BREAK f'EGISTER 2 = 6 

Data Row 
o 
1 
2 
3 
4 
5 
6 
7 
8 

Addre •• range 
1000 to 104 F 
1050 to 109F 
10A~tol0EF 
2000 to 204F (Break 1) 
2050 to 209F 
20M) to 20EF 
0800 to 084F (Break 2) 
0850 to 089F 
08A0 to 08EF 

o 
o 
o 

Figure 18: Seauentlal Addressing Example 
With Two Breaks 

in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

-Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the partIcular data 
row as single height, single width. 

-Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row, 
The CURS signal becomes active during horizontal 
retrace in the manner described previously, 

-Double height, double width top half (Row table address 
bits 15, 14 = 10). In addition to providing the special tim
ing associated with single height double width data rows, 
the scan line counter is started from zero and Incre
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row). 
In this way, new dot infonmation appears ell..ery other scan 
line and the top half of the data row appears in N scan 
lines. 

-Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11)-Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1 )/2 if N is odd), and incremented every 
other scan line until N scan lines are painted, In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 

OPERATION 
ADDRESSING MODE 

MODE Row driven (linked list 
or contiguOUS) SeQuential 

Repetitive Memory at the leading edge 01 at the teading edge 01 
Addressing VLT VLT 

Single row buffer 
at the leading edge 01 
VlT 

at the leading edge 01 
VlT 

Double row buffer 
I~LK afler leading 

01 CURS 
I ~LK after leading 

eofCURS 

Tlble 2: Double Height/Width CURS dNcttvatlon for top ICIn 
line of new dltI row. 



PROCESSOR ADDRESSABLE REGISTERS 

All CRT 9007 registers are se~ted by specifying the 
address on VA5-o and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper
ations. The register address assigned to each register rep
resents the actual address in hexadecimal form that must 
appear on VAS-O. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TIMING REGISTERS 
The following 4 registers define the horizontal timing 
parameters. Figure 19 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 
This 8 bit write only register, programmed in units of char
acter times, represents the total number of charActers in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed tor less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 
This 8 bit write only register, programmed in units of char-

acter times, represents the number of displayable charac
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binary number (N-1 ) where N is the displayable characters 
per data row. 

HORIZONTAL DELAY (R2) 
This 8 bit write only register, programmed in units of char
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VL T. This register is 
programmed With N where N represents the time of hori
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the honzontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 
This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon
tal sync width. However this register must be programmed 
less than or equal to [(At2)-1] where A is the programmed 
contents of REGISTER 0 rounded to the smallest even 
integer. 

VERTICAL TIMING REGISTERS 

The following S registers define the vertical timing param
eters. Figure 20 relates the vertical timing to these regis
ters. 

VERTICAL SYNC WIDTH (R4) 
This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (RS) and the end is independent of 
the start of the active display time. This register is pro
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (RS) 
ThiS 8 bit write only register. programmed in units of hori
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VL T after 
the vertical retrace interval. This register is programmed with 
(N+1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 
This 8 bit write only register defines the number of data rows 

... 

-

displayed on the screen. This register is programmed with 
(N-1) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (RS) 
The S LSBs of this write only register define the number of 
scan lines per data row. These S bits are programmed with 
(N-1) where N is the number of scan lines per data row. When 
programming for scan lines per data ro~eater than 16, 
only the serial scan line pin option (SLD, SLG) can be used. 

SCAN LINES PER VERTICAL PERIOD (RS; R9) 
Registers R9 and the 3 most Significant bits of R8 define 
the number of scan lines for the entire frame R8 contains 
the 3 most significant bits of the 11 bit programmed value 
and R9 contains the 8 least Significant bits of the 11 bit pro
grammed value. The' 1 bits are programmed With N where 
N is the number of scan lines per frame. In the 2 interlace 
modes. the programmed value represents the number of 
scan lines per field. 

ONE SCAN LINE 

R1 ~ I" (RO-R1)~ 
RO 

I ~R2. 

VLT I ACTIVE DISPLAY TIME 1 I 
HOR. SYNC I I-+-R3~ 

FIGURE 19: CRT 9007 HORIZONTAL TIMING 
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FIGURE 20: CRT 9007 VERTICAL TIMING 

PIN CONFIGURATION/SKEW BITS REGISTER (RS) 
This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3,2, and 1.) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 

-
REGISTER R6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 1 DMAR W8EN SIG SLD ~ ACK 
1 1 DMAR WBEN SIG SLD LPSTB ACK 

0 0 NOT PERMITIED 
1 0 NOT PERMITTED 

Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 

DMA CONTROL REGISTER (RA) 
This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 

A logic one will immediately force the CRT 9007 DMA request 
to the inactive level and the CRT 9007 address bus (VA13-
VAO) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (DMA Burst Delay) 

These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CAr 9007 will delay for 
4 (N + 1) clock cydes before initiating another DMA request. 
If 111 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 

Bits 3, 2, 1, 0 (DMA Burst Count) 

VL T signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the deSignated position. The cursor can 
be skewed from 0 to 5 character clocks (Bits 5, 4 and 3 pro
grammed from 000 to 101. bit 5 IS the most significant bit; 
bit 3 is the least significant bit). For double height'Wldth data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1,0 (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLTwililine up 
exactly with the edges of the horizontal component of the 
CBLANK signal if no skew is programmed. The CBLANK 
can be skewed from 0 to 5 character clocks (Bits 2. 1 and 0 
programmed from 000 to 101, bit 2 is the most significant 
bit: bit 0 is the least significant bit). 

REGISTER 6 BITS CRT 9007 PIN NUMBER 

7 6 28 29 30 31 32 33 

0 0 SL3 SL2 SL1 SLO ~ m 
1 0 SL3 SL2 SL' SLO LPSTB m , 1 VBLANK CSYNC SCG SLD LPSTB m 
0 , NOT PERMITTED 

Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes, 

These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit 0 is the least 
significant bit respectively. When programmed with a num
ber N, the CRT 9007 will produce 4 (N + 1) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4 x 1 = 4) and when pro
grammed with 1111 the maximum DMA Burst will occur 
(4 x 16 = 64). When bits 6,5, and 4 are programmed with 
111, no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 16 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 
This 7 bit write only r~ister controls certain frame opera
tions as well as specifYing the operation mode used. Inter
nal to the CRT 9007, this register is double buffered. Changes 
in the r~ister are reflected into the CAT 9007 at a particular 
time dUring vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 



The bits take on the following definition: 

Bit 6 (PB,'SS) 
= 0; The smooth scroll mechanism is enabled per

mitting the SMOOTH SCROLL OFFSET REGIS
TER (RI7) to be loaded in the scan line counter (Sl3-
a or SLG, SLD signals) allowing lor a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scr')l1 operation is defined by the DATA ROW START 
REGISTER (Rll) and DATA ROW END REGIS
TER (R12) respectively. 

1; The page blank mechanism is enabled. The 
CBLANK signal is made active high for a continu
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(Rll) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5,4 (Interlacej-these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 

= 10; Enhanced video interlace. This display mode Will 
produce an interlaced frame with the same dot 
information painted In adjacent odd even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an Interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed In even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the hel~ht Since it effectively doubles the 
character denSity on the screen. 

= 01; This combination is not permitted. 

Bits 3, 2, 1 (Operation modes): These 3 bits define the var
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing)-In this mode 
the address information (VA13-VAO) appears dur
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval pnor to the top scan line 
of a new data row. ThiS period can be distlng~ished 
from other retrace intervals because the ORB (data 
row boundary) signal is active. 

= 001; (Double row buffer)--In this mode. the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT During vertical retrace. the 
first data row is retrieved and loaded II1tO the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace). the first data row 
feeds the character generator while the second data 

row is retrieved from video memory. The address 
bus will enter its high impedance state in accord
ance with the OMA mechanism for address bus 
arbitration. 

= 100; (Single row buffer)-In this mode, during the 
first scan line of each data row, the CRT 9007 will 
address video memory, load the buffer and feed the 
ctlaracter generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, It Will dnve the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto
matically enter the high impedance state at the end 
of the first visible scan line of each data row. If the 
~RT 9007 is used in a sequential addressing mode, 
It Will dnve the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble)-In the attribute assem
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory: When th~ CRT 9007 reads an attribute byte, 
It loads It Into ItS Internal attribute latch. During the 
next memory access. a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. ThiS mode assumes that 
there eXists twice as many byte locations as there 
are displayable character poSitions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

All other combinations of the CONTROL REGIS
TER bits 3, 2, 1 are not permitted. 

Bit a (m 1 XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1; (Single height cursor)-The CURS Signal will 
appear during every scan line for Single height data 
rows and Will appear only during the top half or bot
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor)-If the VERTICAL CUR
SOR REGISTER (R18 R38) places the cursor In 
the top half of a double height data row. the CURS 
signal Will appear aur!l"g every scan line of the top 
hall (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the DOttom half of a double height 
data row or If It IS plaCe<lln a sll1gle height data row, 
the CURS signal W!II only appear during the one 
particular data row 

CHARACTER CHARACTER CHARACTER 
SCAN LiNE SCAN liNE SCAN LINE 
o ------ J 0-----

~ f.-;~- ~ i!fi!-i ~!~T ~ 
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FIGURE 21: CRT 9007' INTERLACE MODES 



TABLE START REGISTER (RC AND RD) 
This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen: the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
tne upper 6 bits of the 14 bit aadress. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode)-The CRT 9007 
will address video memory in a sequential fashion 
starting with the 14 bit address contained in REG
ISTER D bits 5-0 and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (R10) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGISTER 2 (R13 and R14) 

= 01: (Sequential roll addressing mode)-The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described In the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting upt03 sep
arate sequentially addressed screens to be painted 

= 10; (Contiguous row table mode)-The CRT 9007 
will address video memory according to the contig
uous row table format. The 14 address bits con
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin
ning of the contiguous row table. 

= 11; (Linked list row table mode)-The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 

SEQUENTIAL BREAK REGISTER 1 (R10) 
This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display
able data rows on the screen. 

DATA ROW START REGISTER (R11) 
This 8 bit write only register defines the first data row num
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines if a 
page blank or smooth scr~1I operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 
This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most si~nifi
cant bits of the TABLE START REGISTER) this register 

AUXILIARY ADDRESS REGISTER 1 (RE and RF) 
This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur
rent data row equals the value programmed in SEQUEN
TIALBREAK REGISTER 1 (R10) the remainder of the screen 
is addressed sequentially starting at the 14 bit address 
specified in this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen
tial break. 

The 2 most significant bits of REGISTER F allow one to 
attach double height and or double width characteristics to 
every data row in this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG
ISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; even data rows are double height double width 
top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou
ble width bottom half 

For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 

= 00; single height single width 

= 01; single height double width 

= 10; odd data rows are double height double width 
top,half even data rows are double height dou
ble Width bottom half 

= 11; even data rows are double height double width 
top half 
odd data rows are double height double width 
bottom half 

defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address
ing sequence begins at the address contained in AUXIL
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 
This 16 bit write only register contains a 14 bit address. The 
6 least si~nificant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con
tains the Blower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 



doubfe width) on a row by row basis. Refer to the section 
entitled Double Height/Double Width operation for the 
meanirv of these 2 bits. In the sequential addressing mode, 
thiS register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row equals the 'J8Iue programmed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 14 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi
nitions take on the same meaning as the 2 most significant 
bits of AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R1S) 
After an vital screen parameters are loaded, a START com
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON
TROL REGISTER bit 7). 

RESET COMMAND (R16) 
The CRT 9007 can be reset via software by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden
tical manner. The reset state of the CRT 9007 is defined as 
follows: . 

CRT 9007 outputs 

VA13-0 
VD7-0 
HS 
VS 
CBLANK 
CURS 
VlT 
ORB 
INT 
Pin 28 
Pin 29 
Pin 30 
Pin 31 
Pin 32 

Reset state 

High impedance 
High impedance 
High 
High 
High 
Low 
Low 
High 
Low 
Low 
Low 
Low 
Low 
Low 

SMOOTH SCROLL OFFSET REGISTER (R17) 
This register is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is speCified 
in the DATA ROW START REGISTER (R11). Typically. this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
row are programmed (scan line 0 to scan line 11) an offset 
of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 11 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 

The next scan line will be zero. starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro
grammed range of the register is from zero to twice the pro
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over
flow). It must be set to a iogic zero at all other times. The 6 
bit offset value occupies bits 6 through 1. Bit 0 must always 
be pro~rammed with a logiC zero. By setting the offset over· 
flow (bit 7) to a logic 1, It is possible to have the bottom half 

of a double height data row stand aJone in Single Row Buffar 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 
This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R18 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 
This 8 bit read/write register specifies the character posi
tion in which the cursor appears. To write Into this register 
it is addressed as R19 and to read from this register it is 
addressed as R39. 

It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 
This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis
abled according to the following definition: 

Bit 6 (Vertical retrace interrupt)-This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (Le., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt)-This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on ,the 
frame or field just painted. This interrupt need not be ena
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur
ance of a light pen update and servicing can be done off of 
other interrupts. 

Bit 0 (Frame timer)-This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroil 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 
This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces
sor via the STATUS REGISTER. If some of the conditions 
are enabled for interrupt, the processor. in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition ofthe 
STATUS REGISTER is as follows: 

Bit 7 (Interrupt Pending)-This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a 0 to 1 transition. In thiS manner, when the 
processor services a potenllal CRT 9007 interrupt. it only 
has to lest the interrupt pending bit to determine if the CRT 
9007 caused the interrupt. If It did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 



the processor in order to provide service. The interrupt 
pending bit is reset when the status register is read. All other 
bits except Light Pen Update are reset to a logic 0 at the 
end of the vertical retrace Interval. The light pen update bit 
is reset to a logic 0 when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace)-A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update)-A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
PEN REGISTER IS read. The light pen coordinates may have 
to be modified via software depending on light pen char
acteristics. 

Bit 2 (cx:ld/even)-For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 

PROG 
HSYNC 1 
WIDiH 

FIELD I HS 
ONE cSYNC -U-

INTERLACED 

vs---------------------------J 

Bit 0 (Frame timer occurred)-This bit becomes a logic 1 
either one or two data rows before the start of vertICal retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R3B) 
This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 
This 8 bit read only register contains the horizontal coordi
nate captured at the time the CRT 9007 received a light pen 
strobe signal. When a coordinate is captured, the appro
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg
ister will reset the light pen status bit in the STATUS REG
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 

I- 3 SCAN LINES BEFORE VS ..... ..--- PROG VSYNC WIDTH ~ 3 SCAN LINES AFTER VS --I 

INTETR~~CED CSYNC 

FIELD I HS 

VS---------------------------Jr--------------'-------______________ __ 

HS 

INTE~~·CED CSYNC~---U---V-
vs---------------------------Jr--------------~------________________ _ 

FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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MAXIMUM GUARANTEED RATINGS· 
Operating Temperature Range ....................................................................... 0" to + 7O"C 
Storage Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - SsoC to + 1SOoC 
Lead Temperature (soldering, 10 sec.) .........................................•.......................... + 32SoC 
Positive Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. + 8V 
Negative Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3V 

·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system po,wer supplies, it is Important that the Absolute Maximum Ratings 
not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the 
AC power is switched on and off. In addition, voltage tranSients Or! the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS T. = O°C to + 70°C, Vee = 5.0V == 5% 
PARAMETER MIN TVP MAX UNITS 

V, 
Input voltage 

Low 0.8 V 
V .. , High 2.0 V 
V.., High 4.3 V 

Output voltage 
V~ Low 0.4 V 
VOH High 2.4 V 

Input leakage current 
III 10 ,...A 
lu SO ,...A 
III -200 ,...A 

Input capacitance 
15 C1N1 10 pF 

C ... 25 SO pF 

Power supply current 
Icc 100 170 mA 

AC ELECTRICAL CHARACTERISTICS' T. = QOC to + 7QoC, Vee = S.OV = 5% 

PARAMETER MIN TVP MAX UNITS 

Clock 
lev clock period 330 1200 ns 

300 1200 ns 
b. clock low 90 ns 
Ie •• clock high ISO ns 
Ie •• clock rise time IS ns 

Ie,,, clock fall time 10 ns 

Output delay' 
150 to, ns 

to. 150 ns 
t03 

I 
150 ns 

to. 150 ns 
I,. 

I 
25 115 ns 

t05l. 500 ns 
to. 185 ns 
too 185 ns 
los, 185 ns 

t"05 50 ns 

t"'OH 10 I ns 
1.00 185 ns 
IS<., I 

185 ns 
tSlO 185 ns 
107 I 240 ns 
t07 185 ns 

to. 300 ns 

Processor Read write' 
lAS 110 
t .... 0 
I .... ISS 

IeS" 650 
tp')s 100 
tpOH 0 
tpo• 140 
tF'!)Q 10 85 I 

tl~~ 

Miscellaneous liming 

400 I 
--~--~~~~-------r---~----~-=-~ 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

t"'''5 25 

tow 4t" 

t. ... t<w 50 
t ... ,,'lo 50 

NOTE. 

115 

I 
I 

ns 

rs 

ns 
~s 

, 
, , 

! 
I , 

! 

i 

: 

i 
: 
I 

COMMENTS 

~~L~uts except ~ 
Input; see note 4 

101. ~ I.SmA 
I"" ~ l00f,l.A 

0 .. V .. '" 3 5V: excluding ~ 
V .. ; 5V:for~ 
V .. ; OV:for~ 

all Inputs except ~ at 1 MHZ 
~ ,"put at 1 MHZ 

COMMENTS 

for double row buffer or 
attribute assemble 
for all other operation modes 

measured from 
o 8V to 3.5V 18IIei 
measured from 90% to 10"1. 
points 

measured to the 2 3V or 0.5V 
level on VAI3·VAO 

valid for loading aUXiliary 
address register 2 or Ihe 
attnbute lalch 

c., = 50pF 

cursor skew of zero 
cursor skew of one 
through five 

measured from the 0 4V level 
of ACK or fSC failing edge 
rneas~red from the 04\/ level 
fa,:"'g eoge to 0 4V level 
"~I~'", ·~dge 
:::.ee t l-4 ... He 24 
see flgu~e 24 

1. Timmg measured fronc the 1 5V level of Ihe rising edge of CCLK to the 2 4V 
(high) or 0 4V (low) voltage level of tna ouput unless otherwise noted. 

3 Loading on all oulputs IS 30 pF except .... here noted. __ 
4. ThiS level musl be reached before the next failing edge of CCLK. 

2. Reference points are 2 .tV "'gh and 0 4V low. 
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AOOAESS DECQOE BIT DEFINITION 

VA5 VM VAl V/42 VAl VM 07 De 00 D3 D2 0, De 

WRITf 0 0 0 0 0 0 M58 CHAAACT"EAS PE~ >iOAIZ6NTAL PERIOO 
lS8 

0 0 0 0 0 1 MSI CHAAACT"EAS PEA OAT .. ROW 
L58 

WAITE 0 0 0 0 , 0 MSS HOAIZONTAI. DELAV 
LSB 

WRITE 0 0 0 0 , , MSS 
HORIZONtAL SYNC WIDTH 

lSS 

WAIT"E 0 0 0 , 0 0 MSS 
VERTICAL SYNC WIDTH 

LSS 

WAIT"E 0 0 0 , 0 , MS8 VERTICAl. DELAV 
I.S8 

W~ITE 0 0 0 , , 0 PIN cONFIG-J CURSOR SKEW I BLANK SKEW 
URAnON MS8 LSS MS8 L58 

WAIT"E 0 0 0 , , , MS8 
VISIBLE OATA ROWS PER FRAME 

lS8 

WRITE 0 0 , 0 0 0 
SCAN LoNESF~_ I 
IB'OII ,881 MS8 

SCAN LINES PER DATA "OW LS8 

WAIT"E 0 0 , 0 0 , r811 I 
SCAN LINES PER FRAME 

LS8180) 

Table 38: CRT 9007 Screen Format Reglste,. 

AOORESSDECOOE BIT OEFINITIOtI 

Rev ..... Typo VA! VA. VAl V/42 VA, VNI 07 De 03 D2 Q' De 

WRITE 

WRITE 

WAIT"E 

WAIT"E 

WAIT"E 

WAIT"E 

WRITE 

WAIT"E 

WAITE 

W~ITE 

WAITE 

RegtSter T,," 

READ OR 
WRITE 

READ OR 
WRITE 

WAITE 

WRITE 

READ 

WFlITE 

READ 

WRITE 

READ 

READ 

READ 

I 
DMA I 

0 0 , a , a OIS- OMA BvRST OELAV DMA BURST COUNT 
ABlE MSSA LSS MSS LSS 

0 0 a , , ~I INTERLACE 
OPERATION MODES I , x MODES Mi1XC 

0 0 , , a 0 MS8 
'-ABLE START REGIST~R ILS BVT"E' 

LS8 

0 0 , , 0 , ADDRESS I TABlE STAT REGISTER IMS 8YTE) 
MODE '.58 l58 

0 0 , , , 0 I M58 AUXIliARV AOORESS REGISTER' ILS BVTEI lS8 
I I 

0 0 , , , , I ROW • AUXlliARV AOORESS REGISTER' 'MS BYTEI 
AnRIBUTES: 1.tS8 lSS 

a , 0 0 0 0 I MS8 I 
,EOUENnAL BREAK REGISTER, 

l58 

I 
I 

0 , 0 0 a , M58 
DATA ROW START REGISTER 

lS8 
I I I I 

a , a 0 , 0 MSS DATA ACW ENOISEOUENTIAL BREAK REGISTER 2 LS8 
I , , 

0 , 0 a , M58 
AUXILIARY ADORESS REGISTER 2 (LS eYTEI i..SB 

I I I 
a , 0 , a c ROW II AUXlliARV AOORESS REGISTER 2 IMS eVT"E) 

AnRIBUTES 
MSB 1 I I I L58 

Table 3b: Control and Memory Address Registers 

ADDRESS DECODE 

VAS VA. VA3 v,..;. VAl V,. 

o 1 O!, 0 1 

o 1 0 1 1 0 

o , 

, 0 

, 0 

I a 
, I a 

, 0 

BIT DEFINITION 

07 03 02 

START COMMANO 

RESET COMMAND 

IOFFs!1 I OVEA-
I FLOW M58 I LSB I 

vERTICAL CURSOR REGISTER (ROW C()()~O I 
lSB 

I I I I -t--r---=..:c'-----l 
HORIZON"'Al CURSOR REGISTER ,COL COORD I 

I I I I 

1 ~~~i.1 INTERRUPT ENABLE AEGISTER 

Re. I .... IGHT I 
X TRACE I PEN! X X X )( 

lSB 

I 
! j::~AME 
I riMER 

Table 3c: Cursor. Light Pen, Offset, and Status Registers 

REGISTER 
NUMBEA 

lHEX) 

Rl 

"7 

REGISTEA 
NUMBER 

(HE)() 

AS 

AC 

AF 

A,O 

All 

"'2 
A13 

A,. 

REGISTER 
NUMBER 

(HEX) 

RI1 

A1S Of R38 

R190rR39 

RIA 

RlA 



CRT9021A 
CRT 90218 

J.LPC FAMILY 

CRT Video Attributes Controller 
VAC 

FEATURES 
o On chip video shift register 

Maximum shift register frequency 
CRT 9021 A 30 MHz 
CRT 90218 28.5 MHz 

o On chip attributes logic 
Reverse video 
Character blank 
Character blink 
Underline 
Full/half intensity 

o Four modes of operation 
Wide graphics 
Thin graphics 
Character mode without underline 
Character mode with underline 

o On Chip logic for double height/double 
width characters 

o Accepts scan line information in paraUel 
or serial format 

o Four cursor modes dynamically selectable via 2 
input pins 

Underline 
Blinking underline 
Reverse video 
Blinking reverse video 

o Programmable character blink Tate 

PIN CONFIGURATION 

00 1 28 01 

MS0 2 2702 

MS1 3 2603 

REVIO 4 25 04 

CHABL 5 2405 

BLINK 6 23 D6 

INTIN 7 22 07 

+5V 8 21 VSYNC 

ATTEN 9 20 GNO 

INTOUT 10 19 SL0/SLO 

CURSOR 11 18 SL1!~ 

RETBL 12 17 SL2!BLC 

WISH 13 16 SL3/BKC 

VIDEO 14 15 VDC 

PACKAGE 28-pin O.I.P. 

[J Programmable cursor blink rate 

[J On chip data and attribute latches 

[J + 5 volt operation 

[J TTL compatible 

[J MOS n-Channel silicon gate COPLAMOS~ process 
"" [J Compatible with CRT 5037 vrAC~: CRT 9007 VPAC 

GENERAL DESCRIPTION 

The SMC CRT 9021 Video Attributes Contro"er 
(VAC) is an n-channel COPLAMOS MOS!LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control, and a high speed 
video shift register. The CRT 9021, a character gen
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con
nected directly to a CRT monitor's video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char
acters per data row. 

The CRT 9021 attributes include: reverse video, 
underline, character blank. character blink, and full! 
half intensity selection. In addition, when used in con
junction with the CRT9007 VPAC:'" the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under-

line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program optIon 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 
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FIGURE 1: CRT 9021 BLOCK DIAGRAM 

'=~"L~ " ~ ~ • 
.~ 

SCAN 
LINE -MODE 

DETECT ---
I BLINK 

~ RATE 
LOGIC 

• 

AOI5LD 

Rl/~ 

A21BLC 

R3I8I<C 

VIDEO 

VDC 

INTOUT 

DESCRIPTION OF PIN FUNCTIONS 

PIN NO. !NAME SYMBOL FUNCTION I 

1.28.27.26. Data 07-00 In the character mode. the data on these Inputs is passed through the Attributes 
25.24.23. l~iC Into the B bit high speed video shift register. The binary information on 07 

22 wi I be the first bit output after the LD. SH Input goes low 
In the thin or wide graphics mode these B inputs will Individually control the on'off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate tile wide and thin graphics modes respectively and their 
relationships to 07-00 

2 Mode Select 0 MSO These 2 inputs define the four modes of operation of the CRT 9021 as follows: 
I 3 Mode Select 1 MS1 MS 1, MSO = 00: Wide graphics mode 

I = 10: Thin graphics mode 
= 01. Character mode without underline 

i = 11 Character mode With underline 

See section entll~ed Dlspla~ Modes for details. I 
I 

4 Reverse Video 

I 
REVID When thiS Input and Retrace Blank (RETBL) are both low data from the ! 

Attributes and Graphics logiC is presented directly to the video shift register. i 
When this input IS high an RETBL IS low. the Attribute and Graphics logiC will I 
invert the data b'3fore presenting it to the video shift register 

5 Character blank I CHABL When this Input IS high. the parallel Inputs to the video shift register are all set low 
I 

(or high depending on the state of REVID) thus providing a constant Video level I 

I for the entire lenl~th of the character block. 
I 

6 Blink I BLINK When thiS Input IS high and both the RETBL and CHABL Inputs are low. the char- I 

I 
acter will blink at the programmed character blink rate Blinking IS accompllsned i 
by cauSing the Video to go to the background level dUfing the off" portion of the I 

I 
Character Blink cycle. ThiS Video level may be either the white or black level I 
depending on state of REVID. The duty cycle for the character blink is 75 25 (on. ! off). This Input IS ignored If It coinCides With the CURSOR Input and the cursor IS 
formatted to bilnl<. I 

i 
7 IntenSity In I INTIN The INTIN Input along With the INTOUT output provides a user controlled general ; 

purpose attributE! Data Input to INTIN will appear at INTOUT With the same delay I 

I 
as that from any other attribute input to the serial Video output (VIDEO) By uSing 

I an external mixing CirCUit. it IS possible to raise or lower the voltage level of the 
Video output to produce such attributes as half intensity" or 'Intensity". I 



OESCRIPTION OF PIN FUNCTIONS CONT'O 

PIN NO. I NAME SYMBOL FUNCTION 

8 Supply Volta~e +5V + 5 volt power supply 

9 Attribute ATTEN When this Illm/t is high. the internal attribute latch is updated at the positive going 
Enable ed~e of the LDISHinput with data appearing on the REVID. CHABL. MS1. MSO. 

I BL NK and INTIN inputs. By selectively bringing this input high. the user will 
update the attribute only at specific character times. all subsequent characters I 

I 

will carry with them the attributes last updated thus allowing "held" or "embed-
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character. the internal attribute latch may be updated at each 
character by tieing this input high (thus allOWing for "invisible" attributes). 

I 10 Intensity Out INTOUT This output is used in conjunclion with the INTIN input to provide a three charac-
I ter pipeline delay to allow for general purpose attributes (such as intensity) to be 
i implemented. SeelNTIN (pin 7). 

i 
11 Cursor CURSOR When this input is high and RETBl is low, the programmed cursor format will be 

displayed. When lhis Input is high. and RETBL is high. the CRT 9021 enters the 
double width mOde. See section entitled cursor formats for details. 

12 Retrace Blank RETBL When this input is high. the parallel Inputs to the video shift register are uncondi-
honal~ cleared to all zeros and loaded on the next LD'SH pulse. This forces the 
VIDE output to alow voltage level. independent of all attributes. for blanking the 
CRT during horizontal and vertical retrace time. 

13 Load/Shift LD/SH The 8 bit video shift register parallel-in load or serial-out shift operation is estab-
lished by the statE! of this input. When high. this input enables the shift register for 
serial shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clocl< pulse and all data and 
attributes are moved to the next poSition in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LD;SH. 

14 Video VIDEO The Video output provides the serial dot stream to the CRT Video is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 

15 VideoOot VDC This input clock controls the rate at which video is shifted out on the 
Clock VIDEO output. 

16 Scan line SL3!BKC This input has two separate functions depending on the way scan line informa-
3/Block Cursor lion is presented to the CRT 9021. 

Parallel scan line mode-This input is the most significant bit of the binary scan 
line row address. 
Serial scan line mode-This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 

17 Scan line Sl2lBLC This Input has tWI) separate functions depending on the way scan line informa-
2IBlink Cursor tion IS presented '10 the CRT 9021. 

Parallel scan line mode-This input is the second most significant bit of the 
binary scan line row address. 
Serial scan line mode-This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50 'SO (on/off). If this input is high, the cursor will be 
non-blinking. 

18 Scan Line Sl1/SLG This Input has tWI) separate functions depending on the way scan line informa-
1/Scan Line tion is presented to the CRT 9021. 
Gate Parallel scan line mode-This input is the next to the least significant bit of the 

binary scan line row address. _ 
Serial scan line mode-This input will be low for 5 or 6 LD!SH pulses to allow the 
scan line information to be ser@!!y shifted into the serial scan line shift re~ster. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume t e par-
allel input scan line row address mode. 

19 Scan line SlO/SLD This input has two separate functions depending on the way scan line informa-
O/Scan Une tion is presented to the CRT 9021. Refer to figure 6. 
data Parallel scan line mode-This input is the least Significant bit of the binary scan 

line row address. 
Senal scan line mode-This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the Q!'gper scan line 
informatiOfJ..!Q..§nter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). 

20 Ground GND Ground 
21 Vertical Sync VSYNC This input is typically connected to the vertical sync output of the CRT controller 

and is used as the clock input for the two on-Chip mask programmable blink rate 
dividers. The cur:sor blink rate (SO/SO duty cycle) will always be twice the charac-
ter blank rate (75/25 ~le).ln addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section "Scan Line Input Modes". 



Retrace Blank 

ATTRIBUTES FUNCTION 

--The RETBL input causes the VIDEO grammed to blink (not controlled by 
the BLINK Input), the video alter
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 
always overrides the character blink 
rate when they both appear at the 

to go to the zero (black) level regard.-
less of the state of all other inputs. 

Reverse Video -The REVID input causes inverted data 
to be loaded into the video shift 
register. 

Character Blank -The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 

same character position. 
Intensity 
(Half Intensity) 

Underline --MS 1, MS0 :r 1, 1 forces the video to 
go to the inverse of the background 

-The INTIN input and the INTOUT 
output allow an intensity (or half 
intensity) attribute to be carried 
through the pipeline at the CRT 9021. 
An external mixer can be used to 
combine VIDEO and INTQUT to cre
ate the desired video level. See fig
ure B. 

Blink 

level for the scan line(s) pro-
grammed for underline. 

-The BLINK input will cause charac-
ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro-

Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes as a function of the cursor format and the CUR
SOR and RETBL inputs. 

TABLE 1: CRT 9021 ATIRIBUTE COMBINATIONS 

CURSOR 
FORMAT 

x 

UNDERUNE' 

BLINKING' 
UNDERLINE' 

REVID BLOCK 

BLINKING' 
REVID BLOCK 

o o o 
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0 
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X· 
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x 
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o 
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ther scan lines --------------
ectad scan 'Ine(s) blinKing. 
other scan 'lnes 1 
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DISPLAY MODES 

Inputs MS1 and MS0 select one of four display modes. All the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi
ble in thiS display mode. 

attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and senal scan line modes respectivelY 
MS1, MSO = 00 -Wide Graphics Mode. 

In this display mode, inputs 07-00 
define a graphics entity as illustrated 

MS1, MSO = 01 -Character Mode Without Underline. 

in figure 2. Note that individual bits in 
07-00 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the Wide 
graphic boundaries. No underline is 
possible in this display mode. 

MS 1, MSO = 10 -Thin Graphics Mode 

In this display mode, inputs 07-00 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixalon 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 

In thiS display mode, inputs 07-00 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
07-00 will illuminate particular hori-
zontal or vertical line segments within 

MS1, MSO = 11 -Character Mode With Underline. 
Same operation as MS 1, MS0 = 01 
with the underline attribute appear
ing on the scan line(s) mask pro
grammed. 

SL3-SLO ROW # C7 C6 CS C4 C3 C2 C1 CO BF BF 0 0 0 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 R5 
0110 R6 
0111 R7 
1000 RS 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R1S 

I 

07 03 

D6 02 

OS 01 

04 DO 

W1 I WO 

- --j T 
I H3 
I I -- .J 

-

I I 
I H2 

I I -., 
I 

I H1 
I I -. 

I I 
I HO 

j I 
-I 

107106los1041031021011001 OATA INPUT ON 07-00 

H3, H2, H1, HO, W1, WO are mask programmable 

FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 

SLS-SLO ROW # C7 C6 CS C4 C3 C2 C1 CO BF BF 0 :) 0 VERTICAL HEIGHT HORIZONTAL POSITION 

0000 RO 
0001 R1 
0010 R2 
0011 R3 
0100 R4 
0101 RS 
0110 R6 
0111 R7 
1000 RS 
1001 R9 
1010 R10 
1011 R11 
1100 R12 
1101 R13 
1110 R14 
1111 R15 

04 

07 00 

02 03 

01 

OS 

'-- '--

--

06 

I __ .J 

I 
I 
1 
I 
I --., 

__ J 

-

I 
I 
I 
I 
I 
I ----I 

- __ .J 
1 

I 
I 
I 

'---- _._J 

00 
01 
D6 
07 

02 
03 
D4 
OS 

RO-RS 
R6-R1S 
RO-R1S* 
RO-R1S * 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

HORIZONTAL LENGTH VERTICAL POSITION 

C7-C3 
C3-BF 
C7-BF* 
C7-BF* 

PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 

DATA INPUT ON 07-00 

* These values are fixed 

FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 



BACKFILL 
Backfill is a mechanism that allows a character width of 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions b~ond 8. The character width 
is defined by the period of the [DISH input. For the character 
modes, backfill is added to the tail end of the character by 
two methods which are mask programmable. 
Method A - The backfill (BF) dots will be the samEI 

as the dot displayed in position C7. 

Method B - The backfill (BF) dots will b.e the same 
as the dot displayed in position CO. 

For the wide graphics mode, the backfill dots will always be 
the same as the dot displayed in position CO (method B) 
with no programmable option. 

CURSOR FORMATS 

Four cursor formats are possible with the CRT 9021. If the 
parallel scan line input mode is used, one of four cursor for
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3IBKC, SL2IBLC). See 
Table 5. The four cursor modes are as follows: 

Underline - The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

Blinking Underline - The cursor will appear as an 
underline. The underline will alter
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

Reverse Video - The cursor will appear as a reverse 
Block video block (The entire character 

cell will be displayed in reverse 
video). 

Blinking Reverse - The cursor will appear as a reverse 
Video Block video block and the entire block 

(character plus background) will 
alternate between normal and 
reverse video at the masked pro
grammed cursor blink rate. 

Scan Line I Input Mode Pin 17 Pin 16 Cursor Function 
1 0 Underline 
1 1 Reverse Video Block 

I Serial 0 

! 

0 Blinking Underline 
0 1 Blinking Reverse I 

Video Block i 
-Parallel X 

I 
X Mask programmable j 

Only 

TABLE 5: CURSOR FORMATS 

DOUBLE WIDTH MODE 

In order to display double width characters, video must be troller knows when a particular scan line should be double 
shifted out at half frequency and the video shift register must width and it should activate the CURSOR in the manner just 
receive new information (parallel load) every other LD/SH described. Double height double width characters can also 
inPlili?ulse. In order to divide the video dot clock (VDC) and be displayed if the scan line count is incremented by the 
the LDiSH pulse internally at the proper time, the CUisor input CRT controller every other scan line. With respect to the 
should be pulsed during RETBL prior to the scan line to be CRT 9021, no distinction between double width and double 
displayed as double width. The CURSOR input must remain height display is necessary. Figure 4 illustrated timing for 
low for a minimum of 1 LD/SH period from the leading edge both single and double width modes. The CRT 9007, which 
of RETBL. The CURSOR input can stay high for the entire supports double height double width characters. will pro
RETBL time but should not extend into active video. If it does. duce the CURSOR signal as required by the CRT 9021 with 
a cursor will be displayed. It is assumed that the CRT con- no additional hardware. 

SCAN LINE INPUT MODES 
Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustratos the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. In parallel mode, this 
input will be stable for at least 1 scan line and in serial mode 
this input will remain low for about 5 or 6 LDSH periods If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH periods during the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 

mode Will be selected for the next field if the following two 
conditions occur during VSYNC low time. First, at least one 
positive transition must occur o~in 18 and second, pin 18 
must be low for seven or more LD'SH periods. Refer to fig
ure 7 for timing details. 

Scan Line CRT 9021 Pin Number 
Input Mode 19 1 8 17 

Senal SlD SlG BlC 
------P-a-ra-I-le-I----~-S~l-O----Sl1 Sl2 

16 

BK~ 
Sl3 

"ABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 

PROGRAM OPTIONS 

The CRT 9021 has a variety of mask programmed options. trates the range of the miscellaneous mask programmed 
Tables 2 and 3 illustrate the range of these options for the options. In addition, Tables 2.3 and 4 show the mask pro
wide and thin graphiCS modes respectively. Table 4 illus- wammed options for the standard CRT 9021. 



LD/SH lJ U U U U U U U U U U lJ 
I I I I , I I 

~ ~ 
, I 

RETBL I I , I 
I 

D7-oo 
(NORMAL) CHARN X X 

WIDTH 

D7-oo 
(DOUBLE) CHAR N/2 X X 

WIDTH 

D17-D10 
(NORMAL) X X X 

WIDTH 

D17-D10 
(DOUBLE) CHAR N/2 CHAR 1 

WIDTH 
I 

VIDEO 
I , 

(NORMAL) VIDEO (t-J-2) BLANKING 
WIDTH 

I 
I 

VIDEO I I 

(DOUBLE) VIDEO (N/2-1 ) VIDEON/2 BLANKING VIDEO 0 VIDEO 1 
WIDTH I I I , , , I I 

ATIRIBUTE iN' 

:X 'X ATIO X ATIl X ATT2 X ATT3 X ATT4 X ATT5 X ATT6 ( (NORMAL) X X 
WIDTH I I I , I I 

I I I 

ATTRIBUTE OUT' I , I , 
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, 

(DOUBLE) X ATTO X XX XX XX X ATT3 '( 
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ATTRIBUTE OUT' 
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I 

'I: (DOUBLE) X X X ATT0 ATT 1 
WIDTH 

l-Attributes include MSO, MSI, BUNK, CHABL, INTENSITY, REVID 

FIGURE 4: CRT 9021 FUNCTIONAL 1/0 TIMING 



MAXIMUM GUARANTEED RATINGS· 

Operating Temperature Range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ O°C to + 70°C 
Storage Temperature Range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to + 150°C 
Lead Temperature (soldering, 10 sec.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ................. + 325°C 
Positive Voltage on any Pin, with respect to ground .................. , . . . . . . . . . . . . . . . . . . . .. ...................... .15V 
Negative Voltage on any Pin, with respect to ground. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... ................ - 0,3V 

·Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated I'n the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system pewer supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA == ooe to 70oe, Vee == + 5V::t 5%, unless otherwise noted) 

PARAMETER MIN TYP MAX UNIT COMMENTS 
DC CHARACTERISTICS 
INPUT VOL T AGE LEVELS 

Low Level V .. 0.8 V 
High Level V'H' 2.0 V All inputs except VDC, LD/SH 
High Level V'H2 4.3 V For VDC, LDiSH input 

OUTPUT VOLTAGE LEVELS 
Low Level V 0\. 0.4 V lOt =0.4 mA 
High Level VOH 2.4 V IOH = l00f,lA 

INPUT LEAKAGE CURRENT 

I 
Leakagel co 10 ~A O""'V,~<Vcc, excludin9,YDC. LD/SH 
Leakage I" 50 ~A O""'V,~""'Vcc: forVDC LD/SH 

INPUT CAPACITANCE I 
C'N' I 

10 pf Excluding VDC, LD/SH 
C'N2 20 pf For LDSH 

C'N' 25 pf For VDC 

POWER SUPPLY CURRENT 
Icc 50 mA 

AC CHARACTERISTICS 

PARAMETER I MIN TYP MAX UNIT COMMENTS 
VDC' 

1 ilcv. VDC frequency 1.0 30.0 MHZ CRT 9021A; see note 1 
1.0 28.5 MHZ CRT 9021 B 

lcKL VDC low 10 
IeKH VDC high 10 ns 
IeK. VDC rise time 10 10 ns Measured from 10% to 90% points 
IeKF VDC fall lime 10 ns Measured from 90% to 10% points 

LDiSH 
IeY2 290 ns CRT 9021 A: see note 1 

315 ns CRT 9021 B 
Is. 7 ns 
tH, 0 ns 1 

INPUT SETUP AND HOLD 
tS2 35 ns 
tH2 0 ns 

MISCELLANEOUS TIMING 
tPD 35 ns CL = 15 pf 
tow IcY2 

1-These parameters are Preliminary. 
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FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 

NOT USED BY CRT 9021 

FIGURE 6: SERIAL SCAN LINE MODE TIMING 
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TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION CHOICES STANOARO CRT 9021 
Height 01 graphic block" 

07 and 03 any scan line(s) RO, R1, R2 
06 and 02 an~' scan line(s) R3,R4,RS 
OS and 01 an~' scan line(s) R6, R7. R8 
04 and DO any' scan line(s) R9,R10,R11.R12,R13,R14.R15 

Widlh of 07, 06, 05, 04" any number of dots 0 to 8 C7, ce, CS, C4 
Width of 03, 02, 01, 00" any number 01 dots 0 10 8 C3, C2, C1, CO, BF 

• Any graphic block pair can be removed by programming for zero scan lines . 
•• Tolal number 01 dots for both must be equal to the total dots pflr character with no overlap. 

TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 

OPTION 

I 
CHOICES 

Backfill C1 or CO 

Horizontal position for 

02 and 03 any scan line(s) RO-R15 
04 any scan line(s) RO-R15 
OS anyscan line(s) RO-R15 

Horizontal length for 

022 any continuous dots C7-CO, BF 
032 all dots not covered b~ 02 

Blanked dots for serrated horizontal lines 

02 any dol(s) C7-CO, SF 
03 any dOI(s) C7-CO, BF 
04 and 05 any dol(S) C7-CO, BF 

Vertical position for 

00 and 01 any dot(s) C7-CO, BF 
06' any dol(s) C6-CO, BF 
07' any dol(s) C7-CO 

Vertical length for 

DO any scan line(s) 
01 all scan lines not used by 00 
06 no choice; always AO-A15 
07 no choice always AO-A1S 

1-07 must always come before 06 with no overlap; otherwise 06 is lost. 
~-02 and 03 must always overlap by one and only one dot. 

TABLE 4 

STANOARO CRT 9021 

CO 

RS 
RO 
All 

I 
C7-C3 
C3-BF 

none 
none 
none 

C3 
BF 
C7 

RO to RS 
R6 to R1S 
RO to R15 
AO to A1S 

MISCELLANEOUS MASK PROGRAMMING OPTIONS 
OPT ON CHOICES 

I 
STANDARD CRT 9021 

Backfill In character mode C7 or CO C7 

Character blink rate 8 to 60; divisible by 4 32 
(division of VSYNC frequency) (7.S Hz to 1 Hz)' (1.875 Hz)' 

Cursor blink rate" 
TWice the character 16 

i blink rate (375 Hz)' 

character underline position I any scan liners) RO-R15 R11 

cursor underlme' 
I 

any scan line(s) RO-R15 not applicable 

underline 

cursor format' 
Blinking underline Blinking reverse Video block 

Reverse Video block 
I - I 

Blinking reverse Video block 
---

1 - Assumes VSYNC Input frequency of 60 Hz. 
2 - Valid only If the cursor is. formatted to blink. 
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4 - Valid for the parallel scan line mode only. 
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