
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































65C22
= PACKAGING INFORMATION

Typical Outline Drawing (Ceramic) Typical Outline Drawing (Plastic & Cerdip)
t
| A ]
/- i o —f e
il
J L
dle ke ] L, —— M
sEaTe
40 PIN CERAMIC PACKAGE 40 PIN PLASTIC PACKAGE
DIM MILLIMETERS INCHES DIM MILLIMETERS INCHES

MIN MAX MIN MAX MIN MAX MIN MAX
A 50.419 51.181 1.985 2.015 A 51.69 52.45 2.035 2.065
B 14.605 15.367 0.575 0.605 B 13.72 14,22 0.540 0.560
C 3.810 0.150 C 3.94 5.08 0.155 0.200
D 0.381 0.533 0.015 0.021 D 0.36 0.56 0.014 0.022
E 0.889 1.624 0.035 0.060 E 1.02 1.52 0.040 0.060
F 2.286 2.794 0.090 0.110 F 2.54 TYP 0.100 TYP
G 1.016 1.5624 0.040 0.060 G 1.65 2.16 0.065 0.085
H 0.203 0.305 0.008 0.012 H 0.20 0.38 0.008 0.015
J 15.113 15.875 0.590 0.620 J 15.24 TYP 0.600 TYP
K 15.24 REF 0.600 REF K
L 0.889 1.651 0.035 0.065 L 0.51 1.02 0.020 0.040
M 2.540 3.5656 0.100 0.140 M 2.92 3.43 0.115 0.135
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N CR
SINGLE-CHIP

MICROPROCESSOR WITH
RAM AND 1/0
® 6507 CPU ® Programmable stack pointer
- 8-bit parallel processing ® Programmable interval timer with interrupt
- 13 addressing modes flag
- Decimal and binary arithmetic modes ® Variable length stack
- True indexing capability ® Addressable memory range of up to 8K
- 56 instructions bytes
© 128 x 8 static RAM ® Bus compatible with M6800
® Two bidirectional TTL-compatible program- ® Pipeline architecture
mable I/O ports, one 8-bit, and one 5-bit ® Use with any type or speed memory
® Two programmable peripheral data ® Upto 1.25 MHz clock frequency
direction registers ® NMOSsilicon gate, depletion load
® 8-bit bidirectional data bus ® Single +5V power supply
The NCR 6518 is a low-cost microcomputer PIN
system capable of solving a broad range of
small systems and peripheral control problems. CONFIGURATION
It consists of a 6507 CPU; 128 bytes of RAM;
two bidirectional /O ports: one 8-bit and one — ~_J
5-bit; and a programmable interval timer with RES gl 40 E’ PAO
interrupt flag. The internal processor architec- Po 42 390 PAl
ture is software compatible with the 6502. ROY o3 38p PAZ
Vec 04 37p PA3
A0 45 36 p PA4
Al 6 35p PAS
A2 7 34p PAb
A3 48 33p PA7
A4 49 320 R/W
A5 QIO 31p DO
A Ol 20p DI A
A7 dI2 29p D2 g
A8 I3 28p D3 '_-_-,'m
A9 g4 27F 04 29
A0 OIS 26p D5 Sc
All JI6 25p D6 e
A2 di7 24p D7 Qo
PB7 4I8 23p PBO z=
PB6 OI9 22 p PBI
Vss 20 21 p PB3
This is advance information and NCR reserves the
right to change the specifications without notice.
Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. ’ 465
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N CIR

FUNCTIONAL DESCRIPTION

The NCR 6518 has combined the functions of a 6507 microprocessor along with on-board RAM, I/O and
timer logic. The functional block diagram shows the various elements of the device.

To understand the basic operation of the processor, we will briefly consider the register sections of the
chip as follows:

Input Data Latch

Data Bus Buffers

Accumulator

Arithmetic Logic Unit

Program Counter

Index Registers Xand Y

Address Bus Latches

Stack Pointer

At full operating frequency, data which comes into the microprocessor from program or data memory or
from a peripheral device, appear on the data bus during one cycle and are transferred into the input
data latch during the next cycle. After the data has been trapped on the data bus, it can then be trans-
ferred onto one of the internal busses and then into one of the internal registers.

As an example, data being moved from memory to the accumulator (A) will be put on the internal data
bus and then transferred into the accumulator. If a logic operation or an arithmetic operation is to be
performed using the contents of the accumulator and memory data, then the memory data in the input
data latch will be transferred first onto the internal data bus and then into one input of the arithmetic
logic unit (ALU). During the same instruction cycle, the contents of the accumulator will be transferred
onto a bus and then into the second ALU input. The results of the operation wili be transferred back to
the accumulator via the bus on the next cycle.

The microprocessor is sequenced through program instructions by the program counter (PCL,PCH)
which provides the memory addresses. For each instruction fetch, the contents of PCL are placed on the
low-order 8 bits of the address bus and the contents of PCH are placed onto the high order 8 bits. The
program counter is automatically incremented with each instruction fetch.

The accumulator is a general purpose 8-bit register which is commonly used for storing the result of a
logic or arithmetic operation. The accumulator is also often the source for one of the operands for
these operations. :

The arithmetic logic unit (ALU) is the site for all arithmetic and logic operations. By tying each of the
ALU inputs to one of the several internal busses (or logic zero), various logic or arithmetic functions
can be calculated. However, since the ALU cannot store data for more than one cycle, the result of each
operation must be sent to one of the storage registers or external memory on the next cycle.

Three other device registers store data which are used for calculating addresses in memory. The Xand Y
index registers are each 8-bit latches whose values are used for various modes of data memory ad-
dressing. The stack pointer (S) is also an 8-bit latch which keeps track of the stack and allows for
easy modification of program memory address.

The address bus latches (ABL,ABH) consist of 13 latches which can store the addresses used to access
external ROM, RAM or |/O.
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PIN DESCRIPTIONS

Pin_
RES

go
RDY

vCC
AO0-A12

PBO-PB1
PB3
PB6-PB7

Description

The RES input is used to reset the
microprocessor or initialize the device
from a power-down condition. During the
power up time, this line must be held
low for at least two clock cycles after
the power supply reaches minimum
VCC. While that line is held low, writing
to or from the processor is inhibited.
When RES goes high, the micro-
processor will delay 6 clock cycles and
then load the program counter from
memory vectorlocations FFFC and FFFD.
This the starting location for the user’s
program.

TTL-Compatible single phase clock input.

The ready input delays execution of any
cycle during which the RDY line is
pulled low. The primary purpose of this
line is to delay the execution of a pro-
gram fetch cycle until data are available
from memory. This allows the micro-
processor to interface with both low
and high speed memory.

Main power supply =5V (+/— 5%)

TTL-Compatible address bus outputs,
capable of driving one standard TTL
load and 130 PF.

Peripheral data port B. I/O lines are each-
individually software programmable as
either an input or output line. The pins
are set as inputs by writing a “0” to the
corresponding bit in the data direction
register (DDRB). Writing a “1”” to a bit
in the DDRB will set the corresponding
pin as an output. The outputs are cap-
able of driving one standard TTL load and
130 PF. Note only 5 PB are available.

Pin
VSS

PAO-PA7

DO-D7

Description
Signal Ground.

Peripheral data port A 1/O lines. These
pins function as do those in port B, but
are controlled by a separate data
direction register (DDRB). In addition to
its function as an 1/O line, PA7 can be
used as an edge-detecting input.

The read/write signal is generated by
the microprocessor to control the direc-
tion of data transfers on the data bus.
This line will be high except when the
microprocessor is writing to memory,
or to a peripheral device.

Bidirectional data bus. The outputs are
tri-state buffers capable of driving one
standard TTL load and 130 PF.
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DEVICE OPERATION

CENTRAL PROCESSING UNIT (CPU)

The CPU is a 6507 configuration with standard 6502 instructions. It features an on-chip clock, 8-bit
bidirectional data bus and 8K bytes of addressable memory.

RANDOM ACCESS MEMORY (RAM)

The 128 x 8 read/write memory acts as a conventional static RAM. Data can be written to memory by
selecting the RAM (A7 =1, A12 =0) and setting A9 to a logic 0. Address lines AO through A6 then select
the desired byte in RAM.

INTERNAL PERIPHERAL REGISTERS

11O port PA consists of eight lines each of which can be programmed to function as either an input
or output. A logic zero in the corresponding bit of the data direction register (DDRA) sets up that line of the
PA port as an input. Similarly, a logic one will configure that line as an output. If a line in PA is pro-
grammed as an output, the logic level of that output is determined by the corresponding bit in the output
register (ORA).

Data is read directly from PA pins during any read operation. For any output pin, data transferred into
the microprocessor will be the same as that contained in the output register if the voltage on the pin
is allowed to go to a logic one. For input lines, the processor can write into the corresponding bit of the
output register. This will not affect the polarity of the pin until the corresponding bit of the DDRA is
set to a logic one, changing the pin to an output. .

Along with its function as an 1/O line, PA7 also can be used as an edge-detecting input. In this mode, an
active transition on this pin will set the internal interrupt flag (Bit 6 of the Interrupt Flag Register). The
edge-detecting mode of PA7 is controlied by writing to one of two addresses. The polarity of the
transition is determined by the state of AQ. Any data which is placed on the data bus during this operation
is discarded and does not affect control of A7.

An active transition on PA7 will set the internal interrupt flag. Even if pin PA7 is being used as a normal
/0 line. The reset signal (RES) will set the polarity of the active transition to negative (high to low).
During system initialization, it is possible to set the interrupt flag by a negative transition. Clearing of
the PA7 interrupt flag occurs when the interrupt flag register is read.

The second I/O port - PB, functions the same as the normal I/O operation of PA. The five lines (PBO, PB1,
PB3, PB6, PB7) are controlled via the DDRB and ORB in similiar fashion to the control of PA.

INTERVAL TIMER

The interval timer can be programmed to count as many as 255 time intervals. Using the divide down,
each interval can be T, 8T, 64T, or 1024T where T is the system clock period. When a full count down is
complete, the interrupt flag is set and internal clock begins decrementing to a maximum of 255T.
Therefore, after the interrupt flag is set, a read of the timer will tell how long it has been since the flag
was set (up to a maximum of 255T).
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MICROPROCESSORS

The system data bus is used to transfer data to and from the interval timer. At the same time data is
written to the timer, the preliminary divide down value (1, 8, 64, 1024) is decoded from the address lines
A0 and A1. When the timer is read prior to the interrupt flag being set, the number of time intervals
remaining will be read.

When the timer has counted down through 00 (00000000), an interrupt will occur on the next count and

469



NICIR

the counter will read FF (11111111). After the interrupt, the counter will decrement at a divide by “1” rate
of the system clock. If the timer is read after an interrupt and, for example, the value E4 (11100100) is
obtained, the time elapsed since the interrupt is 27T.

The value read is in two’s complement, but remembering that the interrupt occurred at FF (11111111), we
simply take this difference.

Value at Interrupt 11111111
-Value Read 11100100
Elapsed Time 00011011 = 27

After the interrupt, when the timer is written to or read from, the interrupt flag is reset. However,
reading the timer at the same time the interrupt occurs, will not reset the interrupt flag.

ADDRESS BUS DECODE FOR NCR 6518 NCR 6518 MEMORY MAP
FUNCTION A9 A6 A5 A4 A3 A2 A1 A0 RW COMMENT
RAM ) INTER. VECTOR - HIGH ADDRESS
0 ( RAM ADDRESS SELECT ) —
ADDRESSING PPl |NTER.VECTOR-LOW ADDRESS
1FFE
110 Add i 1 — — — — 000 PA Dat
o o T T T T e bt birection 1FFD|  RESET VECTOR-HIGH ADDRESS
1 — — — — 010 1|PBData 1FFC RESET VECTOR - LOW ADDRESS
1 — — — — 0 1 1 1|PBDataDirection i
1FFB
ROM
/0 Addressingl1 — — — — 0 0 0 O |PAData
Write 1 — — — — 0 0 1 0]PADataDirection
1 — — — — 010 0|PBData
1 — — — — 0 1 1 0|PBDataDirection
1000
OFFF
Write Edge 1 — — 0 — 1 — 1 0| Positive Edge
Detect Control (PA7)
1 — — 0 — 1 — 0 0 |Negative Edge 1/0 ADDRESSING
(PAT7) TIMER
INTERRUPT FLAG REG.
ReadandCleary1 — — — — 1 — 1 1 [Bit7 = Timer Flag|
Interrupt Flag B:IG = PA7 Flag 0280
027F
Read Interval |1 — — — — 1 — 0 1 EXTERNAL MEMORY
Timer 0200
01FF
Write Countto|1 — — 1 — 1 0 0 O |Divideby1
Interval Timer {1 — — 1 — 1 0 1 0 D:vndebyS STACK
1 — — 1 — 1 1 0 0|Divideby64 .
1 — — 1 — 1 1 1 0|Divideby 1024 0100
00FF
INTERNAL RAM
0080
NOTE: FORALL OPERATIONS, A7 =1,A12=0
—INDICATES A DON'T CARE STATE EXTERNAL MEMORY
i (RAM USED FOR ZERO PAGE AND
INDIRECT MEMORY ADDRESSING)
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MAXIMUM RATINGS

RATING SYMBOL VALUE UNIT
Supply Voltage vVce —0.3to0 +7.0 v
Input/Out Voltage VIN —0.3t07.0
Operating Temperature

Range Top 0to 70 °C
Storage Temperature
Range TsTG —55t0 150 °C

All inputs contain protection circuitry to prevent damage due to high static
charges. Care should be exercised to prevent unnecessary application of
voltage outside th specification range.

(7]
o
w
-
2
o
=
[=}
Q
o
-
e
=

MICROPROCESSORS

This is advance information and NCR reserves the
right to change the specifications without notice.
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ELECTRICAL CHARACTERISTICS

D.C. Characteristics
TAa = 25°C,Vgoe = 5.0V = 5%,Vss = 0V

Symbol Parameter Min. Max. Units Test Conditions
Capacitance at
Co. Clock Input §- : 15 pF Vin =0V f=1.25 MHz
Cour Address A0-A12, RIW 12 pF
CIN Data Bus D0-D7 15 pF
IH Input High Current at Vin=2.4V
Peripheral Data Ports
PAO-PA7, PB (0,1,3,6,7) —100 UuA
L Input Low Current at Vin=0.4V
Peripheral Data Ports
PAO-PA7, PB(0,1,3,6,7) —1.6 mA
loL Output Low Current at Vor<0.4Vv
Peripheral Data Ports
PAO-PA7,PB (0,1,3,6,7) 1.6 mA
IOH Output High Current at
Peripheral Data Ports
PAO-PA7, PB(0,1,3,6,7) —100 uA VOH> 2.4V
PB (011 :316y7) _3.0 mA VOH > 1.5\/
CINP Input Capacitance 10 pF
at PA0O-PA7, PB (0,1,3,6,7)
CouTtp| Output Capacitance 10 pF
at PAO-PA7, PB(0,1,3,6,7)
VIH Input High Voltage Vgs +2.2 Vgcgc +025] V
ViL Input Low Voltage Vgs —0.3/ Vss +0.8 Vv
N Input Leakage Current 2.5 uA Vin =010 5.25V
forf. 10 uA VCC = 0V

This is advance information and NCR reserves the
right to change the specifications without notice.
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D.C. Characteristics (continued)

6518

Symbol Parameter Min. Max Units Test Conditions
ITsI 3-State Input Current 10 uA Vin = 0.4 to 2.4V
Vcc = 5.25V
VOH Output High Voltage
DO0-D7
A0-A12 Vss + 2.4 v ILOAD = —100 uADC
RIW VCC = 4.75V
PAO-PA7,PB(0,1,3,6,7) | VSS + 2.4 v ILOAD =-100 uA
PB(0,1,3,6,7) Vss + 15 v ILOAD = —3mA
VoL Output Low Voltage Vss + 0.4 \ ILOAD = 1.6 mA
VCC = 4.75V
Icc Maximum VccCurrent 70 mA TA = 25°C
ViLC @-lnput Low Voltage 0 0.4 \Y
VIHC @ oInput High Voltage 2.4 Vce + 0.25 v
V|H(RES)| Reset Input High Voltage| Vsg + 2.19 Vece + 0.25 \ Forincreasing ViN
Vss + 1.20 | Vcc + 0.25 \Y Fordecreasing V|N
V|L(RES) | Reset Input Low Voltage | Vgg —0.3 Vss + 1.87 v Forincreasing ViN
Vgs —0.3 Vss + 0.67 v Fordecreasing V|N

This is advance information and NCR reserves the
right to change the specifications without notice.
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A.C. CHARACTERISTICS
Ta = 25°C,Vce = 5.0V = 5%,Vss = 0V
Test
Symbol Parameter Min. Max. Units | Conditions
Tcyc Cycle Time 0.8 100 us
TRP. TFO. | @-Rise, Fall Time 10 ns
PWH® . 0 -Pulse Width 375 62000 ns
TRWS R/W Setup Time 280 ns Loading =
130pF
+1 TTL Load
for DO-D7,
TADS Address Setup Time 280 ns AO-A12, RIW
TACC Memory Read Access Time 410 ns
TACP Data Read Access Time for 375 ns
from Internal Logic
Tpsu Data Stability Time Period 110 ns
THR Data Hold Time-Read 50 ns
THW Data Hold Time-Write 50 ns
TMDS Data Setup Time 240 ns
TRDY Ready Setup Time 130 ns
THA Address Hold Time 50 ns
THRW R/W Hold Time 50 ns
TCMOS Peripheral Data Valid (writing
into CMOS load) 1.6 us
TcpPw Peripheral Data Valid after 0.8 us  |Loading = 30pF
Falling Edge of ¢ o(Writing) +1 TTL Load
for PAQ-PA7,
PB (0,1,3,6,7)
TPCR Peripheral Data Valid after 240 ns
before Rising Edge of f) o(Reading)
TiIC External interrupt setup time 200 ns

This is advance information and NCR reserves the
right to change the specifications without notice.
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TIMING DIAGRAMS
Read Cycle Timing
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Write Cycle Timing
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NCR Microelectronics Division

1635 Aeroplaza Drive
Colorado Springs, Co
Phone: 800/525-2252

Telex: 45 2457 NC
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Special Function Chips

PRODUCT SELECTION GUIDE

PAGE

NCR 5385 Supports ANSI X3T9.2 SCSI Standard. Asynchronous data transfers to 1.5
SCSI Protocol  megabytes/sec. Operates in both initiator and target roles. Supports arbitration,
Controller including reselection. Requires +5V supplyina48PinDIP........................... 479
NCR 8301 Decodes code 39 and interleaved 2 of 5 bi-directional decoding, velocity of 1 to
Bar Code 50 in/sec with 32-character tag buffer. Standalone or peripheral mode with +5V
Processor supply in@d0 Pin DIP .. ... e, 527
NCR 7250 On-chip character ROM with 192 characters. Generates VSYNC, HSYNC, and
CRT Controller VIDEO to interface directly with CRT monitor. Eight screen and six field functions

are under software control. Dot-clocks up to 20 MHz with +5V supply in a 40 Pin

] N 535
NCR 8489 Functionally and pin compatible with SN76489A. Three programmable tone
Sound generators. Programmable white noise generator with 4MHz (max) clock input.
Generator Requires +5V supplyina 16 Pin DIP. ... ... e 555
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mGE 2(3:2‘,? PROTOCOL CONTROLLER

SCSIINTERFACE MPU INTERFACE

*Supports ANSI X3T9.2 SCSI Standard * Versatile MPU Bus Interface

- Asynchronous data transfers to 1.5 MBPS - Memory or /0O mapped MPU interface
- Supports both Initiator and Target roles - DMA or programmed /O transfers

- Parity generation w/optional checking - 24-bit Internal Transfer Counter

- Supports arbitration - Programmable (Re)Selection timeouts
- Controls all bus signals except Reset - Interrupts MPU on all bus conditions

- Doubly-buffered Data Register requiring service

The NCR SCSI Protocol Controller (SPC) is designed to accomodate the Small Computer Systems
Interface (SCSI) as defined by the ANSI X3T9.2 committee. The SPC operates in both the Initiator and
Target roles and can therefore be used in host adapter and control unit designs. This device supports
arbitration, including reselection, and is intended to be used in systems that require either open collector
or differential pair transceivers.

The NCR 5385 SCSI Protocol Controller communicates with the system microprocessor as a peripheral
device. The chip is controlled by reading and writing several internal registers which may be addressed
as standard or memory mapped 1/O. A 24-bit Transfer Counter and the appropriate handshake signals
accommodate large DMA transfers with minimal processor intervention. Since the NCR 5385 interrupts
the MPU when it detects a bus condition that requires servicing, the MPU is freed from polling or con-
trolling any of the SCSI bus signals. '

PIN FUNCTIONAL
CONFIGURATION PIN GROUPING
D DMA _|DREQ-a— C____> SCS| DATA BUS
h CONTROL ~|DACK—#+] W/PARITY
g ~= je—BsY IN
CS—»=
P —»=BSYOUT
2 VF;_RD—’ e—SEL IN
8 REGISTER _| p ‘ [ SEL OUT
h ADDRESSING 1491  ner  [™AN | scsl
= Al—el [ [$PACK CONTROLS
b Ao ol SPC =t REQ W/O RESET
5 Az—m [-=MSG
t»C /D
5 oaTA BUS () /0
: CLK— —=IGS
MASTER _|RST—={ S
P SIGNALS  Jvoo—o | SpeN| BUS GATING
2 GND— —e=ARB
nj - B
h
8 INT 051D, J-ip STRAP .
H I%w
] oo
) 2 X
$3°

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A.
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FUNCTIONAL BLOCK DIAGRAM

ATN ‘-.F
BSYIN —= | -

: : e - orea [ | oREQ
SELIN — s'glGH sl . DACK
SELOUTe—] 2 50 D

IS NTROL] [0G1C
REQ - LOGIC L [—A2
ACK —aomlZ = Al
o
e g {DECODE ft——r———]  |—a
<=0 geq ] o @ INTERNAL Ts 2
MSG e cHANGE & = FD 0RWR s
oD = gw @ REGISTERS la—FRD
- WINARB | W kNES 5] la—
- 3 [Tlee RLH-MT A
PARITY e “—INT
ENE RATOR ' ) &
~ |
89 NSl proRITY J b
SB7 o @ Z|
SBP ‘1 H o9&
b ez b
x g 3 D@-07
- 2 2 (=>00-07
s - ELECT a _
SBEN — S
ARB { 'SOURCE |- S| CLK
_ o - f vCe
5 o SEL. GND
o g mask [BIT RL
D2 —-—2
= PARITY
GENERATOR
CHIP ID
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PIN DESCRIPTION
MICROPROCESSOR INTERFACE SIGNALS

CLK 16 Symmetrical square wave signal which generates internal chip timing.
Maximum frequency is 10 MHz.

RESET 4 When high (1), this signal forces the chip into a reset state. All current
operations are terminated. Internal storage elements are cleared and
self-diagnostics are performed.

DO0-D7 3-1 These signals comprise an active high data bus. It isintended that these
47-43 signals be connected to the microprocessor data bus.

INT 19 This signal is used to interrupt the microprocessor for various bus
conditions that require service. INT is set high for request and cleared
when the chip is reset or the Interrupt Register is read.

WR 30  Write pulse (active low) is used to strobe data from the data bus into an '
internal register which has been selected.

RD 31 Read pulse (active low) is used to read data from an internal register
that has been selected. The contents of the register is strobed onto
the data bus.

CS 21 When low (0), this signal enables reading from or writing to the internal
register which has been selected.

AO0-A3 22,23, 25,26 These signals are used in conjunction with CS, to address all the

internal registers.

DREQ 29 Data request. When high (1), this signal indicates that the internal Data
Register has a byte to transfer (inputting from the SCSI bus) or needs a
byte to transfer (outputting to the SCSI bus). This signal becomes
active only if the DMA mode bit in the Command Registeris on. It is
cleared when DACK becomes active.

DACK 27 Data acknowledge. When low (0), this signal resets DREQ and selects
the Data Register for input or output. DACK acts as a chip select for the
Data Register when in the DMA mode. DACK and CS must never be
active at the same time.
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SCSIINTERFACE SIGNALS

DO -ID2

SB0-SB7, SBP

BSYIN

BSYOUT
SELIN

SELOUT
ATN

ACK

REQ

MSG, C/D, I/O

IGS

TGS

14-12

34-41,33

17

42
18

32

10

1

9,8,7

28

20

15

These active low signals determine the three-bit code of the SCSI bus
ID assigned to the chip. External pullup resistors are required only if
tied to switches or straps. i

Active high data bus. These signals comprise the SCSI data bus and are
intended to be connected to the external SCSI bus transceivers.

When high (1), this signal indicates to the chip that the SCSI BSY signal
is active.

When high (1), the chip is ésserting the BSY signal to the SCSI bus.

When high (1), this signal indicates to the chip that the SCSI SEL signal
is active.

When high (1), the chip is asserting the SEL signal to the SCSI bus.

INITIATOR ROLE: The chip asserts this signal when the microprocessor
requests the attention condition or a parity error has been detected in
a byte received from the SCSI bus.

TARGET ROLE: This signal is an input which indicates the state of the
ATN signal on the SCSI bus.

INITIATOR ROLE: The chip asserts this signal in response to REQ for
a byte transfer on the SCSI bus. .

TARGET ROLE: This signal is an input which, when active, indicates a
response to the REQ signal.

INITIATOR ROLE: This signal is an input which, when active, indicates
that the Target is requesting a byte transfer on the SCSI bus.

TARGET ROLE: Asserted by the chip to request a byte transfer on the
SCSl bus.

INITIATOR ROLE: These signals are inputs which indicate the current
SCSI bus phase. )

TARGET ROLE: The chip drives these signals to indicate the current
bus phase.

Initiator Group Select. When high (1), this signal indicates to the external
SCSI drivers and receivers that the chip is operating in the Initiator
role. Its purpose is to enable the external drivers for ATN and ACK and
the external receivers for REQ, MSG, C/D, and I/0.

Target Group Select. When high (1), this signal indicates to the external
SCSl drivers and receivers that the chip is operating in the Target role.
Its purpose is to enable the external drivers for REQ, MSG, C/D, and I/O
and the external receivers for ATN and ACK.

SCSI data Bus Enable. When low (0), this signal directly enables the
external SCSI data bus drivers.

Arbitration phase. When high (1), this signal enables the external
circuitry to place the ID bit on the SCSI bus for the Arbitration phase.
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POWER SIGNALS
VCC 48 +5Vinput

GND 24 Signal reference input

ELECTRICAL CHARACTERISTICS

OPERATING CONDITIONS
PARAMETER SYMBOL MIN MAX UNITS
Supply Voltage VDD 4.75 5.25 Vbc
Supply Current IDD 300 mA
Ambient Temp. TA 0 70 °C
INPUT SIGNAL REQUIREMENTS
PARAMETER CONDITIONS MIN MAX UNITS
High-level Input, V|H 2.0 5.25 Vbc
Low-level Input, V| -0.3 0.8 Vbc
High-level Input Current, I|H VIH =5.25V 10 MA
Low-level Input Current, lj ViL=0V -10 MA
OUTPUT SIGNAL REQUIREMENTS (Except SBEN , IGS, and TGS)
PARAMETER CONDITIONS MIN MAX UNITS
High-level Output Voltage, VOH VpD=4.75V @ 2.4 — Vbc
IoH = -400 LA
Low-level Output Voltage, VOL VpD=4.75V @ 0.4 voc
loL=2.0mA —_
SBEN, IGS, and TGS SIGNALS
PARAMETER CONDITIONS MIN MAX UNITS
High-level Output Voltage, VOH VDD=4.75V @ 24 —_ - Vbc
I0H = -400A
Low-level Output Voltage, VoL Vpp=4.75V @ 0.4 Vbc
. loL=4.0mA —
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INTERNAL REGISTERS

The NCR SCSI Protocol Controller has a set of internal registers which are used by the microprocessor
to direct the operation of the SCSI bus. These registers are read (written) by activating CS with an ad-
dress on A3-A0 and then issuing a RD/(WR) pulse. They can be made to appear to a microprocessor as
standard 1/O ports or as memory-mapped I/O ports depending on the external circuitry that controls
CS. The following sections describe the operation of these internal registers.

REGISTER SUMMARY

A3 | A2 | A1 | A0 | RIW REGISTER NAME
0[{0j0}| 0 |RW Data Register
o(0}]0{| 1 R/IW Command Register
o[ 0 1 0 | RIW |- Control Register
0|01 1 | RIW Destination ID
0 1 0] 0 |R Auxiliary Status
0|1 0|1 R ID Register
0|1 1 0 |R Interrupt Register
0| 1 1 1 1R Source ID
100 1]R Diagnostic Status
1 1 0| 0 | RW. | Transfer Counter (MSB)
1 1 0|1 |RW Transfer Counter (2nd BYTE)
1 1 1{.0 | RW Transfer Counter (LSB)

1 1 1 1 R/W Reserved for Testability
DATA REGISTER

The Data Register is used to transfer SCSI commands, data, status and message bytes between the.
microprocessor data bus and the SCSI bus. This is an eight-bit register which is doubly-buffered in order
to support maximum throughput. In the non-DMA mode, the microprocessor reads from (writes to) the
Data Register by activating CS with A3-A0 =0000 and issuing a RD/(WR) pulse. A bit has been included
in the Auxiliary Status Register to indicate when the Data Register is full. in the DMA mode, the DMA
logic reads from (writes to) the Data Register by responding to DREQ with DACK and issuing a RD/(WR)
pulse. The SCSI bus reads from or writes to the Data Register when the chip is connected as an Initiator
or Target and the bus is in one of the Information Transfer Phases.

COMMAND REGISTER

The Command Register is an eight-bit register used to give commands to the SCSI chip. The micro-
processor can write to (read from) the Command Register by activating CS with A3-A0 = 0001 and
issuing a WR/(RD) pulse. Writing to the Command Register causes the chip to execute the command
that is written. The Command Register can be read; however, the chip resets the Command Register
when it sets an Interrupt. Therefore, one cannot guarantee that the data in the register will be correct
after loading an interrupting command or enabling selection or reselection. To be safe, a copy of the
last command issued should be stored in the microprocessor’s memory. Immediate commands are not
stored.

The contents of the Command Register are described in a later section.
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CONTROL REGISTER

This eight-bit read/write register is used for enabling certain modes of operation for the SCSI Protocol
Controller. The microprocessor reads from (writes to) the Control Register by actlvatmg CS with A3-A0
=0010 and issuing a RD (WR) pulse. .

L Select Enable
Reselect Enable
Parity Enable
BIT 7-3 Reserved
BIT 2 Parity Enable When the parity enable bit is a “1”, the chip generates and

checks parity on all transfers on the SCSI bus. When the
parity enable bit is a “0”, the chip generates but does not check
parity on bus transfers.

BIT 1 Reselect Enable When this bit.is a ““1”, the chip will respond to any attempt by
aTarget to reselect it. When the bitis a *‘0”, the chip will ignore
all attempts to reselect it.

BIT 0 Select Enable When this bitis a ““1”, the chip will respond to attempt to select
it as a Target. When it is a ““0”, the chip will ignore all selections.

NOTE: After being reset and completing self-diagnostics, the control register will contain all zeros.
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DESTINATION ID REGISTER

The Destination ID Register is an eight-bit register that is used to program the SCSI bus address of the
destination device prior to issuing a Select or Reselect command to the chip. Bits 0-2 specify the address
and bits 3-7 are always zeroes. The ID register is written (read) by activating CS with A3-A0 equal to
“0011” and then pulsing WR (RD).

Destination ID

AUXILIARY STATUS REGISTER

The Auxiliary Status Register is an eight-bit read-only register. It contains bits which indicate the status
of the chip’s operational condition. Some of these bits are used to determine the reason for interrupts.
Therefore, the Auxiliary Status Register should always be read prior to reading the Interrupt Register
when servicing interrupts. After the Interrupt Register is read, the Auxiliary Status Register bits needed
to service the interrupt may change.

The Auxiliary Status Register is read by activating CS with A3-A0 = 0100 and then puising RD. The
individual bits of the Auxiliary Status Register are defined below.

76 5§ 43 2 10

Not Used
\—Transfer Counter Zero

L————————Paused

110

CID

MSG

Parity Error

Data Register Full

486



5385

BIT 7 Data Register Full This bit indicates the status of the Data Register and must be

monitored by the microprocessor during non-DMA mode com-
mands that use the Data Register. When the DMA mode bit in the
Command Register is off (0) and the command being executed is
one of Send, Receive or Transfer info commands (refer to Section
5.0 page 19, COMMANDS), data is transferred to (from) the chip
by writing (reading) the Data Register. Data Register Full is set
on (1) when data is written and turned off (0) when data is read.
Therefore, Data Register Full should be on before taking data
from the chip, and off when sending data to the chip.
The Data Register Full bit is always reset (to 0) at the time an
interrupting type command is loaded into the Command
Register. Therefore, when issuing such commands, the Com-
mand Register should be loaded prior to loading the Data
Register and monitoring the Data Register Full flag.

BIT 6 Parity Error When this bit is one, it indicates that the chip has detected a
parity error on a byte of data received across the SCSI bus. It
can be set when the chip is executing one of the Receive
commands or the Transfer Info command (when the transfer is
an input). This bit is reset after the Interrupt Registeris read.

BIT 35 1/0,C/D,MSG These bits indicate the status of the SCSI 1/0O, C/D, and MSG
signals at all times. They define the Information Phase type being
requested by the Target. These signals are significant when
servicing interrupts and the chip is logically connected to the
bus in the Initiator role. An interrupt will occur with any phase
change. This allows the Initiator to prepare for the next phase
of data transfer. These bits are only held while INT is active.
The bits are coded as follows:

1/0 [C/D |MSG | BUS PHASE
0 0 0 | DataOut
0 0 1 | Unspecified Info Out
0 1 0 |Command
0 1 1 Message Out
1 0 0 |(Dataln
1 0 1 | Unspecified Info In
1 1 0 | Status
1 1 1 Message In
BIT 2  Paused When on (1), this bit indicates that the chip has aborted the

command being executed in response to the Pause command.
It is turned off when the interrupting type command code is
loaded into the Command Register.

BIT 1 Transfer Counter Zero This bit is provided to indicate the status of the 24-bit Transfer
Counter. When on (1), it indicates that the Transfer Counter is
equal to zero. It is intended to facilitate interrupt servicing.
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BIT O Not Used

NOTE: The Auxiliary Status Register will contain the following pattern after a Reset and self-diagnos-
tics: 00xxx010.

487



488

ID REGISTER

The ID Register is an eight-bit read-only register that indicates the logical SCSI bus address occupied by
the chip. Bit 0-2 directly reflect the logical inversion of the chip ID input signals ID0-ID2. The ID Register
is active high whereas the ID input signals are active low. The ID Register allows the microprocessor to
read the chip’s SCSI bus address which would normally be strapped in hardware. Bits 3-7 of the ID
Register will always be zeroes. The ID Register is read by activating CS with A3-A0 = 0101 and then
pulsing RD.

,—l—l— Device ID

INTERRUPT REGISTER

The Interrupt Register is an eight-bit read-only register. It is used in conjunction with the Auxiliary Status
Register to determine the reason for an interrupt condition. This register is read by activating CS with
A3-A0 = 0110 and then pulsing RD. When the Interrupt Register is read, it automatically resets itself
(after the read is complete) and enables the chip for a new interrupt condition. Since the Parity Error
bit in the Auxiliary Status Register is reset after a read of the Interrupt Register, and since 1/O, C/D, and
MSG are only held while INT is active, the Auxiliary Status Register should always be read prior to reading
the Interrupt Register.

If a Selected or Reselected interrupt occurs after issuing a command that would normally cause an
interrupt, the chip will ignore the last command issued. This allows the microprocessor to service the
Selected or Reselected interrupt prior to proceeding with the other operation. An example of this
situation is when the microprocessor issues a command to select a Target at about the same time
another Target reselects the chip. If the chip sees the reselection first, the microprocessor will receive
an interrupt for the reselection, and the chip will ignore the Select command, which would now be invalid
since the chip is now logically connected on the SCSI bus to another device.
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Individual interrupt conditions are described below. (Note: that for all cases, an interrupt condition is
on, when the corresponding bit is a one (1), and off when zero (0).)

.

7 6 5 43 2 10

LFunction Complete

Bus Service
Disconnected
Selected

Reselected

(Used for Testability)
Invalid Command

Not Used

BIT 7 Not Used May be either (1) or (0).

BIT 6 Invalid Command When on (1), this bit indicates that the last command loaded
into the Command Register is not valid.

BIT 5 Not Used (Reserved for testability)

B|T 4 Reselected * This interrupt will be on (1) when the chip has been reselected

by another SCSI device. After setting this interrupt, the chip is
logically connected to the bus in an Initiator role and is waiting
for the Target to send REQ or disconnect from the bus.

\

BIT 3 Selected * This interrupt will be on (1) whenever the chip has been selected
by another SCSI device.

After setting this interrupt, the chip is logically connected to
the bus in the Target role and is waiting for a command to be
loaded into the Command Register.

* The chip will become selected (reselected) only if the ID data
byte put on the SCSI bus during the Selection (Reselection)
Phase has good parity and not more than one ID other than the
chip’sown ID ison.
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BIT 2

BIT 1

BIT 0

Disconnected

Bus Service

Function Complete

This interrupt will be set on (1) when the chip is connected to
the bus in the Initiator role and the Target disconnects or when
the chip is executing a Select or Reselect command and the
destination device does not respond before the Transfer Counter
times out.

When the chip is logically connected to the bus in the Initiator
role, this bit will be set on (1) whenever the Target sends a REQ
which the chip cannot automatically handle. This happens when
the first REQ for connection is received or when the chip is
executing a Transfer Info or Transfer Pad command and either
the Transfer Counter is zero or the Target changes the In-
formation Phase type.

A Bus Service interrupt may also be set if a phase change occurs
before REQ is seen. This early notification will allow the Initiator
extra time to prepare for a.phase change in some unbuffered
systems. (Note: that the chip may generate Bus Service
Interrupts for phases that never request transfers. This is not
an error condition, merely transitional status of /0, C/D, and MSG.)

If the chip is logically connected in the Target role, this bit
will be set on (1) whenever the Initiator asserts ATN. When
indicating ATN the Bus Service interrupt may occur by itself,
with a Selected interrupt, or with a Function Complete interrupt.

When this bit is on (1), it indicates that the last interrupting com-
mand has completed. It is the normal successful completion inter-
rupt for Select, Reselect, Send and Receive commands (Refer to
COMMANDS). During any of the Receive commands, it is set on (1)
along with the parity error bit as soon as a parity error is detected. A
Bus Service Interrupt may also occur simultaneously with the Func-
tion Complete if an ATN signal was activated during a Send or a Re-
ceive command.

The Function Complete interrupt is also generated at the end
of a Message In phase for a Transfer Info command. (See
TRANSFER INFO command.)
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SOURCE ID REGISTER

The Source ID Register is an eight-bit read-only register which contains the three-bit encoded ID of the
last device which Selected or Reselected the chip. The following is the format of the Source ID Register.

Source ID
ID Valid

The ID Valid bit indicates that the source device placed its own ID bit on the SCSI bus during the Selection
Phase. The SPC chip has encoded the source ID and placed it in bits 2-0. This information remains
valid until the chip disconnects from the SCSI bus, at this time the ID Valid bit is reset.

SPECIAL

=
(=37
-a
ox
=

Zo
[* 8

491



492

N C[R

DIAGNOSTIC STATUS REGISTER

The Diagnostic Status Register is an eight-bit read-only register which indicates the result of self-
diagnostics and the last diagnostic command issued to the chip. The format of the Diagnostic Status
Register is shown below. ) ’ ‘

7 6 5 4 3 2 10

Self-diagnostic Status

000 Successful Completion

001" Unconditional Branch Fail

010 Data Reg. Full Failed

011 Initial Conditions Incorrect
100 Initial Command Bits Incorrect
101 Diagnostic Flag Failed

110 Data Turnaround Failed

111 Not Used )

Diagnostic Command Status

001 Turnaround Miscompare (Initial)
010 Turnaround Miscompare (Final)
011  Turnaround Good Parity

100 Turnaround Bad Parity

Self-Diagnostic Complete

Bit 7 = 1 indicates that self-diagnostics have been completed. (NOTE: A reset will clear bits 6-3 if
possible). After a reset to the chip, the microprocessor should make sure that the Diagnostic Status
Register contains the following pattern before attempting any commands: 10000000. This code indicates
self-diagnostics are complete and no errors were detected. After a diagnostic command has been
executed, bits 6-3 will contain the resulting status, but bit 7 and bits 2-0 are not affected.

The microprocessor may read the Diagnostic Status Register by activating CS with A3-A0 = 1001 and
issuinga RD pulse.

If an error is detected during self-diagnostics, the proper status is loaded into the Diagnostic Status
Register and the chip halts until a Reset command or a Reset signal is asserted. Refer to the Self-
Diagnostic Status Code Summary for an explanation of the individual codes.

When a diagnostic command is issued to the chip, the chip will attempt to perform the function, load
a status into bits 6-3, and initiate a Function Complete Interrupt.
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SELF-DIAGNOSTIC STATUS CODE SUMMARY

000 - Successful Completion. The chip executed all self-diagnostics following a reset and detected
no errors.
001 - Unconditional Branch Failed. The chip’s internal sequencer attempted an unconditional

branch and failed to reach the desired location.

010 - Data Register Full Failed. The chip attempted to set and reset the Data Register Full status bit
in the Interrupt Register and failed. ‘

011 - Initial Conditions Incorrect. The chip detected one of its internal initial conditions in the
wrong state.

100 - |Initial Command Bits Incorrect. The chip tested bits 6,4,2,1 and 0 of the Command Register
and found at least one was not zero.

101 - Diagnostic Flag Failed. The chip failed in its attempt to set and reset its internal diagnostic flag.

110 - Data Turnaround Failed. During self-diagnostics the chip attempts to flush several bytes of

data through its internal data paths. It also attempts to set and reset the Parity Error bit in the
Interrupt Status Register. This status indicates that one of these operations failed.

TRANSFER COUNTER (THREE EIGHT-BIT COUNTERS)

The Transfer Counter is comprised of three, eight-bit register/counters. It is used by the chip for Send,
Receive and Transfer commands that require more than a single byte of data to be transferred. It may
also be used with Select and Reselect commands to set a timeout for no response. To write to (read from)
the Transfer Counter, CS is activated with A3-A0 selecting a byte and then pulsing WR {RD). The
Transfer Counter is addressed as shown below.

A3 | A2 | A1| A0 | SELECTED BYTE
1 1 0|0 Most Significant Byte
1 1 0] 1 Middle Byte
1]1]1]0 Least Significant Byte

For Send, Receive and Transfer commands with single-byte not specified, the Transfer Counter specifies
to the chip the maximum number of bytes to be sent or received before interrupting. The Transfer
Counter must be loaded prior to issuing the command. When single-byte is specified, the chip neither
uses nor alters the Transfer Counter. To facilitate servicing interrupts for commands that use the

Transfer Counter, a bit is provided in the Auxiliary Status Register to indicate when the Transfer Counter

is zero.

For Select and Reselect commands, the Transfer Counter specifies the number of time intervals (1024
CLK periods) that the chip will wait before automatically aborting the command due to no response
(BSY) from the destination device. The Transfer Counter must be loaded prior to issuing the command.
If the Transfer Counter is loaded with all zeroes, the timeout logic in the chip will be disabled, and the
chip will not automatically abort the command due to no response.
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COMMANDS

This section defines command format, types, codes and operation. Commands are given to the chip by
loading the Command Register.

COMMAND FORMAT

The bits in the Command Register are defined as follows.

76 5§ 4 3 2 10

LT T T ] __Command Code

00000 Chip Reset

00001 Disconnect

00010 Pause

00011 Set ATN

00100 Message Accepted
00101 Chip Disabled

01000 Select w/ATN

01001 - Select w/o ATN

01010 Reselect

01011 Diagnostic Data Turnaround
01100 Receive Command

01101 Receive Data

01110 Receive Message Out

01111 Received Unspecified Info Out
10000 Send Status

10001 * Send Data

10010 Send Message In

10011 Send Unspecified Info In
10100 Transfer Info

10101 Transfer Pad

Reserved (MUST BE A ZERO)

Single Byte Transfer

DMA Mode

494
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BIT 7 DMA Mode This bit is applicable only for commands that use the Data
Register. When this bit is on (1), it indicates that data will be
transferred to (from) the Data Register using the DMA signals
DREQ and DACK. When it is off (0), the microprocessor must
monitor the state of the Data Register Full flag in the Auxiliary
Status Register. Data is then transferred by using the appropriate
input/output command.

BIT 6 Single Byte Transfer When on (1), this bit indicates that only one byte of datais to be
transferred for this command. The Transfer Counter will not be
used or altered by the chip. Therefore, for common single byte
message and status transfers, the Transfer Counter does not
need to be loaded prior to issuing a command with this bit set.
When this bit is off (0). the Transfer Counter is used by the chip
to determine the length of the transfer for the command.

.BIT 5 Reserved This bit is not used and should always be programmed off (0).
BIT 4-0 Command Code These bits are used to specify the command to be executed.
COMMAND TYPES

There are two types of commands; Immediate and Interrupting. All of the Immediate commands, except for
pause, cause immediate results within three clock cycles from the time the Command Register is loaded. The
Pause command is explained in a later section. Interrupting commands do not result in immediate action. Their
completion is always flagged by an interrupt.

Command codes 00000-00111 specify Immediate commands. Immediate commands that are listed as
reserved, will be ignored if issued to the SPC chip. Command codes 01000-10101 specify Interrupting
commands. When one of these codes is loaded into the Command Register, a second Interrupting com-
mand code should not be loaded until after the interrupt has occurred for the first command. However,
an Immediate type command may be loaded before the interrupt for an Interrupting command occurs.
If a reserved Interrupting command code is issued, the chip will respond with an Invalid Command
interrupt.
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INVALID COMMANDS

The user of the chip can be in one of three states at any particular time: Disconnected, connected as an
Initiator, or connected as a Target. Commands are valid only in specified states. If an invalid Immediate
command is issued, the chip will ignore the command. If an Interrupting command is issued in an invalid
state, or areserved Interrupting command code is issued, an Invalid Command interrupt will result. The
exceptions are described below:

The microprocessor must never issue any interrupting type command when the chip is not expecting
such a command. Unpredictable results will occur in this case. The following is a list of user states in
which the chip is not expecting an interrupting command:

1. The chip is currently processing an Interrupting type command and has not yet set the interrupt to
signal the completion.

2. The chipis currently processing an Interrupting type command, a Pause command has been issued
but the Paused bit in the Auxiliary Status Register has not been set.

3. Thechipis connected as an Initiator, but the Target has not yet requested an Information Transfer.

4. The chip has completed a Transfer Info or Transfer Pad command and the Target has not requested
additional information or has not changed the Information Phase.

In user states three and four, described above, the microprocessor must wait for a Bus Service, Dis-
connected, or Function Complete interrupt.

If an interrupting command is illegitimately issued in these states, no interrupt will occur for it, and itis
likely that the current function will be altered.
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COMMAND SUMMARY
Below is a summary that lists all commands. In the table the following abbreviations are used.
INT = INTERRUPTING D = DISCONNECTED | = CONNECTED AS AN INITIATOR
IMM = IMMEDIATE T = CONNECTED AS A TARGET
COMMAND CODE COMMAND TYPE VALID STATES
00000 Chip Reset IMM D,I,T
00001 Disconnect IMM T
00010 Paused IMM D,T
00011 Set ATN IMM |
00100 Message Accepted IMM |
00101 Chip Disable IMM D, T
00110-00111 Reserved ) IMM
01000 Select w/ATN INT D
01001 Select w/o ATN INT D
01010 Reselect INT D
01011 Diagnostic INT D
01100 Receive Command INT T
01101 Receive Data INT T
01110 Receive Message Out INT T
01111 Receive Unspecified Info Out INT T
10000 Send Status INT T
10001 Send Data INT T
10010 Send Message Out INT T
10011 Send Unspecified Info In INT T
10100 Transfer Info INT |
10101 Transfer Pad INT |
10110-11111 Reserved INT
COMMAND DEFINITIONS
CHIP RESET

Chip Reset immediately stops any chip operation and resets all registers, counters, etc. on the chip.
It performs the same operation as the hardware “reset” input.

DISCONNECT

Upon receipt of this command, the chip immediately releases all SCSI bus signals and returns to a
Disconnected idle state. For the Target role, this is the normal method of disconnecting from the bus
when a transfer is complete. For the Initiator role, Disconnect may be used to release the bus signals
as aresult of a timeout condition. In this case, the chip ignores the Target and is left in the Disconnected
state. For the Disconnected state, it is not valid to issue a Disconnect command. If issued, the chip will
ignore this command.
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PAUSE

Pause is an Immediate command that is valid in the Disconnected state or when logically connected to
the bus as a Target device. Pause is not valid when connected as an Initiator.

When connected as a Target, the Pause command provides a means of halting a Send or Receive com-
mand without having to wait for the transfer to complete. When Pause is issued, it immediately sets a
flag.in the chip. Within one byte transfer cycle, the chip recognizes the flag, aborts the Send or Receive
operation, and then sets the Paused status bit in the Auxiliary Status Register. At this time, the chip is
still connected to the bus in the Target role, and it is waiting for another command.

The Pause command stops the Send or Receive command in an orderly manner leaving the Transfer
Counter in a valid state that indicates the remaining number of bytes to be transferred. Aiso no REQ or
ACK is asserted on the bus and no data is left in the chip waiting to be transferred. An operation that is
paused may be resumed, if desired, simply by reloading the original command into the Command
Register. (Note: after issuing the Pause while executing Send or Receive, it is necessary to continue
transferring data with the chip (due to double-buffering) until the Paused status bit is set or an interrupt
occurs.)

When in the disconnected state, Pause may be issued to abort a Select or Reselect command. After a
Select or Reselect command is issued and before an interrupt occurs, a Pause command may be issued
to abort the operation. The Pause command immediately sets an internal flag. If the chip has not yet won
arbitration, it sets the Paused bit in the Auxiliary Status Register and waits in the disconnected state for
another command. If the chip has won arbitration, it releases the bus by dropping the two ID bits with
SELOUT on for a minimum of 100 us, checks for no BSYIN, and then releases the bus. After this pro-
cedure, it sets the Paused bit in the Auxiliary Status Register and waits for another command in the
Disconnected state.

Since Pause is an Immediate command, it does not cause an interrupt. As previously noted, the chip
sets the Paused status bit to indicate that is has been executed. If an interrupt-causing event occurs
before the chip sees the pause flag set, the chip will set the interrupt. In this case, the Paused status bit
is not set by the chip either before or after the interrupt. In all cases, an interrupt-causing event will
take precedence over Pause. For example, in the Target role if ATN is on when Pause is issued, a Bus
Service interrupt will occur and the Paused status bit will not be set.

If the Pause command is issued when the chip is Disconnected, the Paused status bit will be set by the
chip, provided it has not already detected a Selection or Reselection. '

SETATN

The Set ATN command causes ATN to be asserted immediately if the chip is connected as an Initiator.
Thiscommand is invalid and ignored if issued when the chip is Disconnected or is operating in a Target
role. The ATN signal is de-asserted in a Message Out phase when the transfer count becomes zero or
one byte has been transferred (in a one-byte transfer command) during the execution of a Transfer Info
command. :

The chip automatically sets'ATN in two cases:
1. If aSelect w/ATN command is issued and arbitration is won.

2. If aparity error is detected on an input byte during execution of a Transfer Info command.
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MESSAGE ACCEPTED

The Message Accepted command is an Immediate command that is valid only when connected as an Initiator.
It is used after a Transfer Info or Pad command (See TRANSFER INFO and TRANSFER PAD) to indicate to the
chip that ACK can be de-asserted for the last byte.

When an Initiator receives a message, a Transfer command is used. If the transfer is an input (/0 = 1) and
the information is a message (MSG = 1, C/D = 1), the chip interrupts after receiving the last byte with
a Function Complete interrupt. For this one special case, the chip also leaves ACK asserted on the bus.
By interrupting and leaving ACK asserted, the chip gives the microprocessor a chance to interpret the
message and set ATN, prior to ACK being de-asserted. This allows the chip to properly request a Message
Out phase if the Initiator wants to send a “Reject Message” to the Target.

Message Accepted must always be issued after a Transfer Info for a Message In phase, whether or not
Set ATN is issued, in order to have the chip de-assert ACK. If the Initiator wants to reject the message,
Set ATN would be issued first followed by Message Accepted. If the message is not to be rejected, only
Message Accepted is issued. (Note: until Message Accepted is issued, the Target will not send
another REQ since ACK is still asserted.)

CHIP DISABLE

Chip Disable immediately stops all chip operations and logically disconnects it from the circuit. All out-
puts will be placed in a high impedance state and the chip will not respond to any commands (other than
chip reset). The chip will also not respond to any activity on the SCSI bus. The only way to exit this
condition is to activate the “reset” input or issue a Reset command.

SELECT w/ATN

This command causes the chip to attempt to select a Target. It may only be used if the microprocessor
is in the Disconnected state. Any attempt to issue this command in another state will result in an Invalid
Command interrupt. Before issuing this command, the microprocessor must load the Transfer Counter
for a timeout on the Target’s response. This value is computed according to the following formula:

Transfer Counter = Desired Timeout/ (1024 x Clock Period)

If the Transfer Counter is loaded with the value zero, the chip will wait indefinitely for a response from the
Target being selected. ‘ :

The microprocessor must also load the Destination ID Register with the three-bit code of the Target to be
selected before issuing the Select w/ATN command.

When the chip detects the Select w/ATN command, it begins by attempting to arbitrate for control of the
SCSI bus. If, at any time during arbitration the chip becomes selected or reselected, the Select w/ATN
is aborted and forgotten and the chip will interrupt with one of the following conditions:

1. Selected
2. Selected and Bus Service
3. Reselected
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If arbitration is won, the chip places the SCSI bus in the Selection phase with ATN asserted, and uses
the Destination ID Register to identify the desired Target. At the same time, the chip begins a timer based
on the value computed above. If the Target does not respond within the timeout period, the chip will
disconnect from the bus and interrupt with the Disconnected flag set in the Interrupt Register. (Note:
The microprocessor should never monitor the Transfer Counter Zero flag in the Auxiliary Status Register
to determine when a timeout has occurred.) If the Target responds within the allotted time, the chip will
interrupt with a Function Complete status. Control of the SCSI bus then belongs to the selected Target
and after the interrupt status has been read, another interrupt may occur indicating either that the Target
has disconnected or is requesting a transfer.

If the timeout is disabled and the Target does not respond, or if arbitration is not won, the only way to
abort the Select w/ATN command is to issue the Pause command. After the Pause command is issued,
it is still possible that the Function Complete or Disconnect interrupts may occur. This happens if one
of the interrupts get set before the chip detects the Pause command, or if the Target responds while the
chip is sequencing off the SCSI bus in a timeout condition. If the chip does not set either interrupt, it will
set the Paused bit in the Auxiliary Status Register. If the microprocessor detects this bit after issuing the
Pause command, then it is assured that the chip aborted the Select w/ATN command and no connection
exists.

SELECT w/0 ATN

The Select w/o ATN is identical to the Select w/ATN command except that the ATN S|gnal is not asserted
during the Selectlon phase.

RESELECT

This command causes the chip to attempt to reselect an Initiator. It may only be used if the micro-
processor is in the Disconnected state. Any attempt to issue this command in another state will result
in an Invalid Command interrupt. Before issuing this command, the microprocessor must load the
Transfer Counter for a timeout on the Initiator’s response This value is computed accordmg to the fol-
lowing formula:

Transfer Counter = Desired Timeout/ (1024 x Clock Period)

If the Transfer Counter'is loaded with the value zero, the chip will wait indefinitely for a response from the
Initiator being reselected.

The microprocessor must also load the Destination ID Register with the three-bit code of the Initiator to
be reselected before issuing the Reselect command.

When the chip detects the Reselect command, it beglns by attempting to arbitrate for control of the
SCSI bus. If, at any time during arbitration, the chip becomes selected or reselected, the Reselect |s
aborted and forgotten and the chip wnl mterrupl with one of the followmg conditions:

1. Selected
2. Selected and Bus Service
3. Reselected
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If arbitration is won, the chip places the SCSI bus in the Reselection phase using the Destination ID
Register to identify the desired Initiator. At the same time, the chip begins a timer based on the value
computed above. If the Initiator does not respond within the timeout period, the chip will disconnect
from the bus and interrupt with the Disconnected flag set in the Interrupt Register. (Note: The micro-
processor should never monitor the Transfer Counter Zero flag in the Auxiliary Status Register to
determine when a timeout has occurred.) If the Initiator responds within the allotted time, the chip will
interrupt with a Function Complete status. The chip (acting as the Target) is then in control of the SCSI
bus, and waits for the Interrupt Register to be read by the microprocessor. After it has been read, the chip
waits for a command from the microprocessor or ATN from the Initiator. If the ATN occurs, the chip
will set the Bus Service interrupt. This interrupt may happen immediately after a command has been
issued due to internal timing. In this case, the chip waits for the Interrupt Register to be read and the
command is ignored. The chip then waits for a new command.

If the timeout is disabled and the Initiator does not respond, or if arbitration is not won, the only way to
abort the Reselect command is to issue the Pause command. After the. Pause command is issued, it is
still possible that the Function Complete or Disconnected interrupts may occur. This happens if one
of the interrupts get set before the chip detects the Pause command, or if the Initiator responds while
the chip is sequencing off the SCSI bus in a timeout condition. If the chip does not set either interrupt,
it will set the Paused bit in the Auxiliary Status Register. If the microprocessor detects this bit after
issuing the Pause command, then it is assured that the chip aborted the Reselect command and no
connection exists.

DIAGNOSTIC (DATA TURNAROUND)

This Interrupting command causes the chip to attempt to turn a data byte around through its internal
data paths. When the command is loaded into the Command Register the Data Register Full bit is reset.
The microprocessor then writes one byte into the Data Register. The chip moves the byte to another
register and compares the contents of the Data Register. The byte is then moved to a third register (the
SCSI output register) and good parity is generated if bit 6 of the command is off (0); bad parity is generated
if bit 6 is on (1). Finally, the chip moves the byte back to the Data Register and compares it with the con-
tents of the second register. Based on these comparisons and parity checking, the chip stores a result
into the Diagnostic Status Register and sets the Function Complete interrupt. After reading the Interrupt
Register, the microprocessor should make sure the Data Register Full bit is on (1) and read the contents
of the Data Register. If the Data Register Full bit is not on (0), then an error has occurred. The following
is a list of codes which are loaded into bits 6-3 of the Diagnostic Status Register as a result of this
command. )

BIT 6543 RESULT
0001 Data Miscompare (INITIAL)
0010 Data Miscompare (FINAL)
0011 Good Parity Detected
0100 Bad Parity Detected
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RECEIVE COMMANDS

The Receive commands are Interrupting commands that are valid only when connected as a Target device.
They are used by the Target to receive commands, data, and message information from an Initiator.

The Receive commands transfer data; therefore, the Single Byte Transfer and DMA mode bits in the
Command Register are valid for these commands. If the Single Byte Transfer bit is off (0), the Transfer
Counter must be loaded before a Receive command is issued to the chip. In this case, the chip uses
the Transfer Counter to determine the number of bytes to receive.

When a Receive command is issued, the chip immediately resets the Data Register Full bit in the

Auxiliary Status Register. The chip then drives the I/0, C/D, and MSG outputs for the proper information
phase as follows.

COMMAND NAME 110 CI/D MSG

Receive Command

Receive Data

Receive Message Out
Receive Unspecified Info Out

[eNeNoNeo]
[ P U o RN
- = 00

The chip then proceeds to request and receive the specified number of information bytes. The DMA
mode bit in the Command Register determines how the chip transfers these bytes from its Data Register
to the microprocessor.

When a Receive command is terminated, the chip generates an interrupt. The following two events
can cause termination:

1. The operation completes succes)fuliy, the Transfer Counter is zero. This event results in a Function
Complete interrupt with the Parity Error bit in the Auxiliary Status Register off (0). If the Initiator
activated ATN dunng the operation, the Bus Service interrupt will also be on.

2. A Parity Error occurs. The last byte transferred is the byte that caused the error. This event causes
a Function Complete interrupt with the Parity Error bit in the Auxiliary Status Register on (1). If the
Initiator activated ATN during the operation, the Bus Service interrupt will also be on.

After any of the interrupts, the chip is always left in the connected Target state. The Transfer Counter
indicates the number of bytes remaining to be transferred (zero if completed successfully, and the Data
Register is empty (the last byte received is sent to the microprocessor). Also, ACK and REQ are inactive
on the bus. :

(Note: if a Bus Service interrupt alone occurs after issuing a Send command, the Initiator activated
ATN before the chip began executing the command. In this case, the command is ignored by the chip.)

A Receive command may be stopped prior to an interrupt causing event by issuing a Pause command. Opera-
tion of the Pause command is explained in an earlier section. In the event the Initiator does not respond, or
stops responding, the chip is left in a state where it cannot respond to a Pause command. For this case, a Dis-
connect command can be used to abort the command and the connection. The Disconnect command is ex-
plained in an earlier section. '
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SEND COMMANDS

The Send commands are Interrupting commands that are valid only when connected to the bus in the
Target role. They are used by a Target to send status, data, and message information to an Initiator.

The Send commands transfer data, and therefore, the Single Byte Transfer and DMA mode bits in the
Command Register are valid for these commands. If the Single Byte Transfer bit is off (0), the Transfer
Counter must be loaded before a Send command is issued to the chip. In this case, the chip uses the
Transfer Counter to determine the number of bytes to send.

When a Send command is issued, the chip immediately resets the Data Register Full bit in the Auxiliary
Status Register. Therefore, the first byte of data for the transfer cannot be put into the Data Register until
aftera Send command is loaded into the Command Register.

In executing a Send command, the chip drives the 1/0, C/D, and MSG outputs for the proper information
phase. These lines are logically driven for each Send command as shown below.

COMMAND NAME [[o] C/ID MSG
Send Status 1 1 0
Send Data 1 0 0
Send Message In 1 1 1
Send Unspecified Info In 1 0 1

After resetting Data Register Full and driving 1/0, C/D, and MSG, the chip then proceeds to monitor
Data Register Full, take the data from the Data Register, and send it to the Initiator. The DMA mode bit
in the Command Register specifies how the data is loaded into the chip.

After interrupting, the chip is left in the connected Target state, and ACK and REQ are inactive on the
bus. When the transfer is complete, the chip interrupts with a Function Complete Interrupt. If the
Initiator activated ATN during the transfer, a Bus Service interrupt will also be set by the chip.

(Note: if a Bus Service interrupt alone occurs after issuing a Send command, the Initiator activated ATN
before the chip began executing the command. In this case, the command is ignored by the chip.)

A Send command may be stopped prior to an interrupt causing event by issuing a Pause command. Operation
of the Pause command is explained in an earlier section. In the event the Initiator does not, or stops respond-
ing, the chip is left in a state where it cannot respond to a Pause command. For this case, a Disconnect com-
mand can be used to abort the command and the connection. The Disconnect command is explained in an
earlier section.
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TRANSFER INFO

The Transfer Info command is an Interrupting command that is valid only when connected to the bus
in the Initiator role. It is used by the Initiator for all information transfers across the SCSI bus.

A Transfer Info command is issued by an Initiator in response to a Bus Service interrupt. The Bus Service inter-
rupt, as explained in a previous section, is received by the connected Initiator upon the following conditions:
receiving the first REQ from a Target, a previous command has completed and the Target changes phases, the
Target changes phases before termination, or when a previous command has compieted and the Target is re-
questing more information. It is not valid to issue a Transfer Info command without having a Bus Service inter-
rupt, because the Target requests and controls all transfers. The chip will only permit one Transfer Info or
Transfer Pad per Bus Service interrupt.

After an Initiator receives a Bus Service interrupt, and prior to issuing a Transfer Info command, the /0,
C/D, and MSG bits from the Auxiliary Status Register (read prior to reading the Interrupt) should be ex-
amined to determine the type of information phase and the direction of transfer requested by the
Target. The Initiator then prepares for the transfer. If the Single Byte Transfer bit is not going to be set
in the Command Register, the Transfer Counter must be loaded prior to issuing the Transfer Info com-
mand. This is done in order to specify to the chip the maximum number of bytes to be transferred.

When a Transfer Info is issued, the chip immediately resets the Data Register Full bit in the Auxiliary
Status Register. For this reason, the first byte of data for an output operation cannot be loaded into the
Data Register until after the command is loaded into the Command Register. The chip then proceeds
with the transfer, expecting data to be read from (input), or written to (output), its Data Register as in-
dicated by the DMA Mode bit in the Command Register. The chip automatically detects the direction of
the transfer from the 1/0 bit which is stored in the Auxiliary Status Register.

The chip continues a transfer until an interrupt causing event occurs. The following four events will
cause the chip to terminate and interrupt.

1. The maximum number of bytes specified have been transferred and the Target activated REQ or
the Information Phase changed. This event results in a Bus Service Interrupt. Either single byte
transfer was specified or the Transfer Counter is zero as indicated by a bit in the Auxiliary Status
Register. The Target may or may not have changed the information phase type. The 1/0, C/D, and
MSG bits in the Auxiliary Status Register need to be examined at the time of the interrupt to determine
what phase the Target is requesting. ' '

(Note: due to early notification 6f the phase change, a phase may be selected spuriously and not
transfer any data. The microprocessor should not consider this an error condition.)

2. The Target changes the information phase type before the maximum number of bytes are transferred.
This event also causes a Bus Service interrupt. The new information phase may be determined by
examining the 1/0, C/D, and MSG bits in the Auxiliary Status Register. The Transfer Counter may be
read at the time of the interrupt to determine the number of bytes remaining to be transferred. When
this interrupt occurs for an output transfer, the chip may take one more byte from the microprocessor
than it transfers, because of pre-fetching. However, the Transfer Counter still reflects the number
of bytes remaining to be transferred.
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3. The Target releases the bus by dropping BSY. This event results in a Disconnected interrupt.
Following this interrupt, the chip is no longer in the Initiator role. It now remains in the Disconnected
state.

4. The last byte of a Message Input phase has been received. This event results in a Function Complete
interrupt. For this case, ACK is left active on the bus to allow the microprocessor to Set ATN for the
purpose of rejecting the message. After this interrupt is received and a Set ATN is issued (if desired),
a Message Accepted must be issued to turn off ACK for the last byte of the Message In phase.

For input transfers (/0 = 1), the chip checks parity for each byte received if the Parity Enable bit in the
Control Register is on. When checking parity and the parity error occurs, the chip activates ATN prior to
deactivating ACK for the byte that causes the error. It also turns on the Parity Error bit in the Auxiliary
Status Register. The parity error, however, does not result in an interrupt. The chip waits for one of the
four events listed above before interrupting. Therefore, the Parity Error bit should be examined when
servicing any interrupt after issuing Transfer Info command for an input transfer.

If ATN is asserted by the chip, either because of a parity error or because a SET ATN command is issued,
the ATN will remain asserted .until the end of the connection, or until a Message Out is transferred.
Therefore, during each cycle of a Transfer Info operation for output, the chip checks for a message phase
(C/ID = 1, MSG = 1) and also either a single byte transfer or the Transfer Counter set at zero. If these
conditions exist, the chip turns off ATN prior to activating ACK for the last byte of the message.

As previously stated, a Transfer Info normally terminates with an interrupt. If a Transfer Info command
must be aborted, possibly because of a timeout violation, either a Chip Reset or a Disconnect command
can be used. It is noted, however, that although these commands will force the chip into a disconnected
state, the Target device is left on the bus. A SCSI bus reset, which is not a chip function, is the only way
an Initiator can force a Target to disconnect.

TRANSFER PAD

The Transfer Pad command is an Interrupting command that is valid only when connected to the bus as
an Initiator. It is similiar to the Transfer Info command except that the data transfer between the chip
and the microprocessor bus will be different.

Transfer Pad can be used by an Initiator to continue handshaking with a Target without giving data to,
or taking data from, the chip. This may be useful if the Target requests an invalid Information Transfer
Phase. The chip operates in the same manner as it does for a Transfer Info command, except that for
output transfers it takes only one byte of data from the microprocessor and sends the same byte repeat-
edly until the transfer terminates. For input transfers, it accepts data from the SCSI| bus but does not
check parity or send it to the microprocessor. Though data is not exchanged with the microprocessor
bus, the Transfer Counter is still used by the chip so that a maximum number of pad bytes can be specified.

Protocol for using a Transfer Pad command is the same as the Transfer Info except that the DMA Mode
bit has significance only for output transfers. The Transfer Pad terminates because of the same four
events that cause a Transfer Info command to terminate. Also, similar to the Transfer Info command,
Chip Reset and Disconnect can be used to abort the command.
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BUS INITIATED FUNCTIONS

SELECTION

If the Select Enable bit in the Control Register is on, the chip may be selected by another SCSI device to
be a TARGET for an I/O operation. Selection occurs in the chip only if all the following conditions exist:
SELOUT = 0,BSYIN = 0, SELIN = 1,1/0 = 0, the chip’s ID bit is asserted by the selecting device on the
data bus, no more than one other ID bit (the Initiator’s) is asserted on the data bus and data bus parity
is good.

When all of these conditions exist, the chip is selected. It then encodes the Initiator’s ID and loads it
into bits 2-0 of the Source ID Register. The chip also detects whether or not the Initiator asserted its ID
during selection, and either sets or resets the ID Valid bit in the Source ID Register.

The chip then asserts BSYOUT, waits for SELIN to turn off, and proceeds to take one of the following
actions as a result of being selected:

1. If ATN is not asserted by the Initiator during selection, the chip generates a Selected |nterrupt
indicating that the chip is connected as a Target.

2. If ATN is asserted, the chip simultaneously generates Selected, and Bus Service interrupts, indicating
that the chip is connected as a Target and ATN is asserted.

RESELECTION

If the Reselect Enable bit in the Control Register is on, the chip may be reselected by a SCSI Target
device. Reselection occurs only if SELOUT = 0, SELIN = 1, BSYIN = 0, /0 = 1, the chip’s ID bit and the
Target’s ID bit are asserted on the data bus, no other ID bits are asserted, and data bus parity is good.

When all of these conditions exist, the chip is reselected. It then encodes the Target’s ID and loads it into
the Source ID Register. The chip also sets the ID Valid bit in the Source ID Register.

The chip then asserts BSYOUT and waits for SELIN to be released by the Target. When the chip
detects SELIN = 0, it de-asserts BSYOUT and then generates a Reselected interrupt.

Reselection is now complete and the chip is in the connected Initiator state. -
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INITIALIZATION

The SCSI device may be initialized by asserting RST for a period of at least 100ns, or by issuing a Chip
Reset command to the device. The NCR 5385 will respond to the RST pulse or the Chip Reset command,
by immediately disconnecting from the SCSI bus, initializing all storage elements and executing an in-
ternal self-diagnostic program. The self-diagnostic is explained in a previous section (See page 17,
Diagnostic Status Register). The following table lists the status of all registers after the initialization
procedure.

REGISTER INITIALIZATION

76543210
DataRegister ...t X X X X X X X X
CommandRegister................cooiiiit 0000O0O0CO0O
ControlRegister.................oooiiiiiiit 0000O0OO0OCO0O
Destination IDRegister ..................ooouit 000000O0CO
Auxiliary Status Register........................ 00xxx010
IDRegister...............ccciiiiit...c. 00000 x X X
Interrupt Register.................oooiiiil 0000O0O0O0O
SourceRegister ...t 00000111
Diagnostic Status Register...................... 1 X XXX XXX
TransferCounter(MSB) ...t 00000O0O00O
TransferCounter(2nd) ..., 0000O0O0O0O
Transfer Counter(LSB)..........cccvviiiiiinnn... 00000O0O0O

x = Unknown

The controlling processor should loop on reading the Diagnostic Status Register until the Self-Diagnostic
Complete bit (bit 7) is on (1). This should take approximately 350 clock cycles after reset occurs. The pro-
cessor should then check the remaining bits in this register for all zeroes (no errors), and then load the
Control Register enabling the proper bits to begin operation. The SCSI Protocol Controller is now
connected to the SCSI bus in a disconnected state. It is ready to receive commands from the controlling
processor or respond to (re) selection attempts.
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EXTERNAL CHIP TIMING

Timing requirements must be over the operating temperature (0-70°C) and voltage (4.75 to 5.25V) ranges.
Loading for all output signals, except .SBEN, is assumed to be four low-power Schottky inputs, including

50 pF capacitance. Loading for SBEN is assumed to be ten low-power Schottky inputs, including
100 pF capacitance.

MICROPROCESSOR INTERFACE

CLK ,
NAME DESCRIPTION MIN MAX UNITS
tcp Clock Period 100 200 ns
tCH Clock High .45 tcp .55 tcp
tcL Clock Low 45 tcp .55 top

tce

CLK

508
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RESET
NAME DESCRIPTION MIN TYP MAX UNITS
tRST Reset Pulse Width 100 ns

r—— TRST————3n¢
RST J \

MPU WRITE
NAME DESCRIPTION MIN TYP | MAX | UNITS
tASwW Address Set-up Time 0 ns
twR WR Pulse Width 95 ns
tbw Data-to WR High 50 ns
tAHW Address Hold Time 0 ns
tDHW DataHoldTime _ 20 ns
twey WR Off to WR or RD On 125 ns

DACK
TS, A0-A3 _)){‘ X
. tAswt t wh e t AHW )
WR ‘L = twcv—g\—
D0-D7 )Z >(
’ F tow tDHW

»n
a
x
o
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MPU READ
NAME DESCRIPTION MIN | TYP | MAX | UNITS
tASR Address Set-up Time to RD 0 ns
tRD RD Puise Width 125 ns
tpR RD to Data 90 ns
tAHR Address Hold Time 0 ns
tDHR Data Hold Time 10 ns
tRCY RD Off to WR or RD On 125 ns
DACK
CS, A0-A3 ____K X
- t ASR'&- . <t AHRBl
RD RO .
\ ’Vc— Iﬁcv—é]\-——
DO-D7 }
A K_
e tor—— —>| t DHRlE——
DMA WRITE
NAME DESCRIPTION MIN | TYP | MAX [UNITS
tbcraL DACK to DREQ Low 0 40 ns
tpcw DACK to WR 0 ns
twR WR Pulse Width 95 ns
twbpC WR High to DACK High 0 ns
tDHW Data Hold Time 20 ns
tpw Data to WR High 50 ns
cs
orea —/ X
l.DCRQL—-Bl
DACK \l /
be— toow—x —>{ tWOC je—
W—R twr R
DO-D7 A &
tow—> ke—al  tonw
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DMA READ
NAME DESCRIPTION MIN | TYP | MAX |UNITS
tDCRQL DACK to DREQ Low 0 40 ns
tDCR DACKto RD 0 ns
tRD RD Pulse Width 95 ns
tRDC RD High to DACK High 0 ns
tDHR Data Hold Time 10 ns
tDR RD to Data 80 ns
DREQ / Y
t DCRQL ——2>{
DACK - yle-
_ tocr —> tRDC
RD —;{\ trRD W
DO0-D7 ):
p=—— t DR— 4 t DHR b&—
CS
INTERRUPT
NAME DESCRIPTION MIN | TYP | MAX |UNITS
tiR INT to RD 0 ns
tRD RD Pulse Width 95 ns
tRi RD High to INT Low 125 ns
ticy INT Off to INT On 125 ns

INT _46 IR . m&ﬁ/—
ﬁ_b t ;J"T’ tRD———j(le-t t
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SCSIINTERFACE

SELECTION (INITIATOR)
NAME DESCRIPTION MIN | TYP | MAX |UNITS
tBF Bus Free 85 ns
tBFA Bus Free to ARB high 100 800 ns
tsLA SELIN Active to ARB low & ID bit Disabled 40 ns
tBFBO Bus Free to BSYOUT 100 800 ns
tBCD Bus Clear Delay 225 ns
taD Arbitration delay 2.0 us
tpc Priority check to SELOUT 0 ns
tBID BSYOUT high to ID bit high 100 ns
tBFID Bus Free to ID high 900 ns
tapv Arbitration Data Valid to Priority Check 0 ns
ts) SELOUT to IGS & SBEN 950 ns
tAH IGS high to ATN high 85 ns
tiDBL Target ID & ATN high to BSYOUT low 100 | ns
tBOBI BSYOUT low to BSYIN low 0 450 ns
tBSL BSYIN high to SELOUT low 100 ns
tpID SBEN active to Bus enabled 85 ns

NOTES:

1. The chip ensures that the bus remains free (BSYIN and SELIN inactive) for tgp before
attempting arbitration.

2. If SELIN becomes active at any time during arbitration, the chip must deassert BSYOUT
within tgcp.

3. The chip waits (top), and then checks to see if arbitration is won (tpg). The chip then
asserts SELOUT if arbitration is won.

4. One of the data bits is assigned as an ID bit by the 1D0-ID2 signals. During Bus Free,
the chip places all of the data bits, including ID, in a high impedance state. During
arbitration the chip enables its ID bit and drives it high, but the remainder of the data
bits remain in the high impedance state for reading.
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ARB

BSYIN

BSYOUT

SELIN

SELOUT

t BID -3
SB(ID) / (INPUT)
@) f=— teFD

J<—tBFa

I

= tBF

\<— tsLa

- |<— t BBl

AN

j<- tBFBO >

/

> f=tipBL

-

t BSL-H

YL
UL

SBO0-7, SBP (INPUT) vmnunpu‘r% TARGET ID (OUTPUT) )
(Except ID) t ADv e le— ts1 S tian

IGS

TGS —> I<— toin

ACK (INPUT) /N urrur
ATN (INPUT) j—( (OUTPUT)
SBEN

.-
N
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SELECTION (TARGET)
NAME DESCRIPTION MIN | TYP | MAX |UNITS
tsBl SELIN high to BSYIN low 50 ns
tipBI ID’s valid to BSYIN low 0 ns
tioBl 110 low to BSYIN low 0 ns
tBIBO BSYIN low to BSYOUT high 0 2.0 us
tBODH BSYOUT high Data Hold 0 ns
tBOSH BSYOUT high SELIN Hold 0 ns
tas| ATN high to SELIN low 0 ns
tsig SELIN low to Phase signals Enabled 0 ns
tgT Phase signals enabled to TGS High 85 ns
tpBD SBEN low to Data Bus Enabled 85 ns
ARB
BSYIN \__ /
e<— t SB;i—=>> t BIBO f=—
BSYOUT
b= t BOSH~-2>»{
SELIN
—>{ tiosl =— > t BODH f==—
SB0-7, SBP INTIATOR S (INPUT) ></ // NeuT // /b—(
—=> t sig
TGS /
IGS ] l(t—m
ﬂ‘ t o8Bl j=—
110 (INPUT) K output
I<t A1
ATN /
CID.MSG 7777 TTTTTTTTT w7 7177 T 777770~ ovrent
SREN —=) toeo [S—
SBEN
|
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RESELECTION (INITIATOR)

NAME DESCRIPTION MIN | TYP | MAX |UNITS
tsBI SELIN high to BSYIN low 50 ns
tipBI ID’s valid to BSYIN low 0 ns
tioBI 1/0 high to BSYIN low 0 ns
tBIBO BSYIN low to BSYOUT high1 0 2.0 S
tBODH BSYOUT high Data Hold 0 ns
tBOSH BSYOUT high SELIN Hold 0 ns
tBOIH BSYOUT high 1/0 hold 0 ns
tsIBO SELIN low to BSYOUT low 0 ns
tsii SELIN low to IGS high 0 ns
tIAA IGS high to ACK & ATN enabled 85 ns
tipB 1/0 low to SBEN low 0 ns
tpBD SBEN low to Data Bus Enabled 85 ns
ARB

BSYIN  \ /

- tSBI-=> 1t BIBO }e=-

BSYOUT
<t BoSH—3{t sIBO Jr=

SELIN

t 0B > je=- -2t BODH}=—

sB0-7, SBP///// 77X i s wo X7 7/777777X

'é toeo
TGS

= tsn pes
IGS r—:l
->[t |os|l-£— =>4 tBOH j= e << tiAA
110 { Z ( {f Z y
ATN (INPUT) /N (outPun
ACK (INPUT) /\  (OuTPUT)
SBEN
=21 tips IS

SPECIAL

=
Ow
o
OF
=
Zo
(TS
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RESELECTION (TARGET)
NAME DESCRIPTION MIN | TYP | MAX | UNITS
tBF Bus Free 85 ns
tBFA Bus Free to ARB high 100 800 ns
tSLA SELIN active to ARB Low and ID bit Disabled 40 ‘ ns
tBFBO Bus Free to ID high 100 800 ns
tBCD Bus Clear Delay 225 ns
tAD Arbitration delay 2.0 us
{=T¢} Priority check to SELOUT 0 ns
tBID BSYOUT high to ID bit high 100 ns
tBFID Bus Free to ID high 900 ns
tADV Arbitration Data Valid to Priority Check 0 ns
tsg SELOUT to Phase signals Enabled & SBEN Low| 950 ns
tgT Phase Signals Enabled to TGS High 85 ns
tDID SBEN low to Bus Enabled 85 ns
tIDBL Target ID & ATN high to BSYOUT low 100 ns
tBOBI BSYOUT low to BSYIN high 0 450 ns
tBIBO BSYIN high to BSYOUT high 0 2.0 MS
tBsL BSYQUT high to SELOUT low 100 ns
NOTES:

1. The chip ensures that the bus remains free (BSYIN and SELIN inactive) for tBF before
attempting arbitration.

2. |f SELIN becomes active at any time during arbitration, the chip must deassert BSYOUT
within tgcp.

3. The chip waits (taop), and then checks to see if arbitration is won (tpc). The chip then
asserts SELOUT if arbitration is won.

4. One of the data bits is assigned as an ID bit by the TDO0-ID2 signals. During Bus Free,
the chip places all of the data bits, including ID, in a high impedance state. During arb-
itration the chip enables its ID bit and drives it high, but the remainder of the data bits
remain in the high impedance state for reading.




5385

j<— tBFA tsLa
ARB L

@ —> F—tsoal
= tBF
BSYIN “ ijl/w
t BIBO

<= t BFBO —>»

BSYOUT D\ [
\_
<

> teco d ti0BL >y
K --_-1
’

SELIN )
SELOUT = té = = \__
SB(ID) 7/// (anpumy) T (!)UTPUTI) \%
(?E?CZ';";B P SIS S A, &fﬂ’l’/@
TGS
—>{ tso = R— tgr

C/D, MSG, (INPUT) ouTPUT
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SPECIAL
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INFORMATION TRANSFER PHASE INPUT (INITIATOR)

NAME DESCRIPTION MIN | TYP | MAX [UNITS
tDVRH Data Valid to REQ high 0 ns
tgRI Phase Valid to REQ high 100 ns
tRAH REQ high to ACK high 0 ns
tRAL REQ low to ACK low 0 ns
tAA ATN high to ACK low 100 ns
tsg SELIN low to Phase change 0 ns
toH Phase hold from ACK low 20 ns
tADH Data hold from ACK high 0 ns
tARL ACK high to REQ low 35 ns
tiobB 1/0 high to SBEN high 50 ns
tpDzDB Data Bus disable from SBEN high 10 ns
tARH ACK Low to REQ High 35 ns

NOTE 1: If the chip detects a parity error it must assert ATN at least taabefore it de-asserts ACK.

REQ J . \ /
1 RAH
tRaL—>] e
—> le— tovan o [€ taRL It gH [€
ATN £
<t ADH?]
ACK - t ARH—
f=—— t AA
SB0-7, SBPM&E_L VALID DATA (INPUT) XU
SELIN > ! o208
BSYIN ’
IGS
TGS
s tse
- l<— t @R
110
CID W{ AW
|
MSG X AN
—>] }<—t 1008
SBEN \
ARB
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INFORMATION TRANSFER PHASE INPUT (TARGET)

NAME DESCRIPTION MIN TYP | MAX |UNITS
tsg SELIN low to Phase Change 0 ns
tgro Phase Change to REQ out 500 ns
tRAH REQ high to ACK high 35 ns
tARL ACK high to REQ low 0 ns
tDvA Data Valid to ACK high 0 ns
tRAL REQ low to ACK low 35 ns
tARH ACK low to REQ high 0 ns
tRLDH REQ low Data Hold 0 ns
tgHA Phase Hold from ACK low 0 ns
tDBIO SBEN high to I/0 low 0 ns
tpzDB Data Bus disable to SBEN high 0 ns

REQ : : /
t gro > tRAH =— t ARL tRAL—2M tARH h=—
ACK N
ATN LA ///'Z_///// /L1177,
DVA > - t RLDH
s807,58P )| 77 1/
SELIN J
BSYOUT
TGS
> |lg— tsp > je=tgHa
110 A \ 77
C/D \\\\
SN
SBEN ->{| = toso
35,
ARB l<—— t DZDB g g %
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INFORMATION TRANSFER PHASE OUTPUT (INITIATOR)

NAME DESCRIPTION MIN | TYP | MAX | UNITS
toRI Phase Valid to REQ high 100 ns
tRAH REQ high to ACK high 35 ns
tRAL REQ low to ACK low 0 ns
tDVA Data Valid to ACK high 100 ns
tRLDH REQ low Data hold 0 ns
tgH Phase hold from ACK low 20 ns
tARL ACK high to REQ low 0 ns
tiobB 1/0 low to SBEN low 0 ns
tDBE SBEN low to Data Bus Enable 85 ns
tDBA SBEN low to ACK high 185 ns
tRATL REQ High to ATN low 0 ns
tATLA ATN Low to ACK High 25 ns
tARH ACK Low to REQ High 35 ns

NOTE 1: ATN is only de-asserted in this manner during the last byte of a Message Out Phase.

— )<— tRATL

REQ tRAH'——f

@ f<— tARL >

~\

t RAL

taRH —>

ATN

{bva je—

—>

tgH

-

/

ACK e LATLA

—>

tRLDH

=—

s80, sap7ZZZ7ZID)

\
=
X

7777/, S

BSYIN f<— t DBE

TGS

I~ tomi
110 B\

C/D

MSG

4
.

SBEN

ARB

520




INFORMATION TRANSFER PHASE OUTPUT (TARGET)
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—thVR

1< t RAH = IARLL

NAME DESCRIPTION MIN | TYP | MAX |UNITS
tsg SELIN low to Phase Change 0 ns
tiops 1/0 high to SBEN low 500 ns
tDBR SBEN low to REQ out 185 ns
tDVA Data Valid to REQ high 100 ns
tRAH REQ high to ACK high 0 ns
tARL ACK high to REQ low 0 ns
tRAL REQ low to ACK low 0 ns
tARH ACK low to REQ high 0 ns
tgHA Phase hold from ACK low 0 ns
tADH Data hold from ACK low 0 ns
tDBE SBEN low to Data Bus Enabled 85 ns
REQ t bBR /T

traL S t ARH =

ACK
|
ATN AW \\\\\\\\\\\\\'\\\\\\\\\_\;\\\é_\\\\\\\\\\\\\\\\\ﬁ
t ADH
5807, 58P {NERARND— (W e
SELIN N\ —>1 tose l<—
BSYOUT
TGS
> jle—1— tsp = = togHa
110 \
C/D
MSG AN
—> F tioos
SBEN \
ARB
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BUS RELEASE FROM SELECTION (INITIATOR)

NAME DESCRIPTION MIN | TYP | MAX |UNITS
tToD Bus Release Timeout Delay 100 us
tiDoOD IGS & SBEN Turn-off Delay 0 ns
tsoD SELOUT Turn-off Delay 0 ns
tpos Driver Turn-off set-up to IGS & SBEN off 0 ns

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence
shall be aborted since selection has been successful.

BSYIN ® LT T T 7 7 T

BSYOUT

SELIN .

SELOUT : 4[2 -
h<— t1DOD —=>{ t SOD

IGS ke tTop —qtoos f&= ’

SB0-7, SBP (21D's) \ ouT —<:_m__

ATN OuT ¢ IN

ACK —(C_ N

SBEN

ARB
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BUS RELEASE FROM RESELECTION (TARGET)

NAME DESCRIPTION MIN TYP | MAX | UNITS
ttoD Bus Release Timeout Delay 100 us
tpoD TGS & SBEN Turn-off Delay 0 ns
tsob SELOUT Turn-off Delay 0 ns
tpos Driver Turn-off set-up to TGS & SBEN off 0 ns

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence
shall be aborted since reselection has been successful.

BSYIN ®© LTI 77777 77
BSYOUT

SELIN J
SELOUT b=— t TDOD -—9' t sop k

Tes e —— > tbos|e=

SB0-7,5BP QUT(D'S) out (W~
110 out o S
MSG, C/D ouT —C__ N
REQ o —C N
SBEN

ARB

SPECIAL

=
Own
=54
OF
=
Zo
|79
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BUS RELEASE FROM INFORMATION PHASE (INITIATOR)

NAME DESCRIPTION MIN TYP | MAX | UNITS
tipB IGS & SBEN Turn-off Delay from BSYIN off 225 ns
tDos Driver Turn-off set-up to IGS off 0 ns
BSYIN N\
BSYOUT
SELIN
SELOUT
tios
IGS \
SB0-7,SBP___OUTOoRIN o—1—= IN
'9| tpos je=—
ATN our T N
-altnos = :
N\
ACK ourt -~ IN
il tooshe—
SBEN
ARB

524




BUS RELEASE FROM INFORMATION PHASE (TARGET)

5385

NAME DESCRIPTION MIN TYP | MAX |UNITS
tTDB TGS & SBEN Turn-off from BSYOUT off 225 ns
tpos Driver Turn-off set-up to TGS off 0 ns
BSYIN \
BSYOUT ’\
SELIN
SELOUT
=1t TDB —=
TGS N
SB0-7, SBP OUT orIN >————< IN
J—-l t DOS p=—
—>l t DOS je=—
110, C/ID ouT >—-——— IN
MSG —_hl t 0OS le=—
SBEN
ARB

SPECIAL

=
=7
-a
ox
=
Zo
[TH
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1635 Aeroplaza Drive

Colorado Springs, Colorado 80916

Telex: 452-457

Phone: 303/596-5612
800/525-2252
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BAR CODE PROCESSOR

o Recognition of single or multiple codes, o Parallel interface for ASCIl display
mask programmable or microprocessor

o Bidirectional decoding e Good read output

e Scan velocity 1 to 50 in/s (.007 inch bar) e Audio acknowledge output

o 32 character tag buffer e TTL-compatible inputs and outputs

e Serial ASCIl from 300 to 9600 baud o Ease of system design and application

e Stand-alone or peripheral use o Single +5 volt power supply

The NCR 8301 Bar Code Processor is a single chip NMOS circuit in a 40-pin DIP. It is designed expressly for
decoding bar codes. The 8301 decodes Code 39 and Interleaved 2 of 5.

The NCR 8301 provides an asynchronous serial communications port for ease.of system design. A parallel
interface is also available. The NCR 8301 accommodates stand-alone or peripheral bar code reading applications.

PIN FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
A
X1, CLK osc
x1ok ] 1 e 40[Jvss
x2[] 2 3s[Jvee X2 ( ), mg:i? [ VID
cko[] 3 38[Jco cKO
v 4 37[]c1 ‘
RTS/[] 5 36[]c2
pvaL[]| 6 35[7]c3 DVAL Ve USER p—GL
RACK/ ] 7 3a[])c4 RACK <«——o0 \‘__7 FEEDBACK P————>TONE
RSO[] 8 33[]cs sTB — >
RW [ 9 a2[]ce CPU
NC [ 10 a1[dcr RSO «———  pgay VD o—»
E,DACK [ 11 30{]sT8 E DACK «— o N—v < AL
o712 20[VID RW «— E SERIAL , crs
D613 28[]VID PORT XD
D514 27 [JMODE MODE ———»
pa[]1s 26 [ CTS/ RESET ——9
D3[]16 25 [ TONE/
D217 24[]TXD :3,,,
oge po Pnocesson<:> <:> She
Do(}19 22 vcC D0-D7 <:> PORT COMMAND E ‘2’ o
RES/ 20 21 vee PORT »n2 ©
L~
Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 527
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PIN DESCRIPTIONS

The following pin descriptions are for 8301 implemen-
tations in either “stand-alone” or “peripheral” mode.

Symbol Pin No. Type Name and Function

VID 28,29 I VIDEO DATA: Time mod-
ulated bar/space stream
from wand or other scan-
ning device.

GL/ 4 O GOOD READ LAMP: Nor-

mally high, pulls low to indi-
cate a good read.
AUDIO OUTPUT: Normally
high, pulls low to create an
audio tone of good read
(1200 Hz).

SERIAL TRANSMITTER
OUTPUT: Decoded ASCII
tag data.

DATA RECEIVED INPUT:
Acknowledge from host that
correct data was received
over the serial port.

RESET: Master reset input.
Reset must remain active
low for a minimum of eight
cycles after VCC reaches
operating range and the
clock output (CKO) has
stabilized.

CLOCK CRYSTAL: 4 MHz
crystal or 4 MHz TTL clock
input generates 2 MHz
internal clock.

CRYSTAL: Crystal connec-
tion if crystal is used, other-
wise X2 is floated.

CLOCK: 2 MHz internal
clock output.

COMMAND/DATA BUS:
Bi-directional data bus.
Also, in peripheral mode,
used for configuration byte
any time reset is asserted.

REGISTER SELECT: This
output is used to select the
command or data registers
of the peripheral device,
e.g. display.

READ: This pin supplies the
read/write handshake.

TONE/ 25 o

TXD 24 o

DR/ 23 |

RESET/ 20 |

X1,CLK 2 1

X2 1 o

CKO 3 o

D0-D7

12-19  1/O

RSO 8 o

R-W/ 9 (0]

Symbol Pin No. Type Name and Function

RTS/ 5 O REQUEST TO SEND: RS-
232 handshake for data
transmitted by the 8301
BCP.

CLEAR TO SEND: RS-232
handshake for data trans-
mitted by the 8301 BCP. If
not provided by the user,
CTS/ should be tied to
RTS/ or VSS.

MODE SELECT: Selects
8301 operating mode at
power-up or reset by load-
ing the internal command
register from either the data
bus or the command port.

VCC: +5V power supply.
VSS:Power Supply Gnd.

CTS/ 26 |

MODE 27 |

VCC 21,22,39
VSS 40

The following pin function descriptions are for the 8301
operation in “stand-alone” mode.

E 11 O ENABLE: Peripheral device
clock.
Co-C7  31-38 I COMMAND: Input accepts

configuration byte at reset.

The following pin function descriptions are for the 8301
operation in “peripheral” mode.

RACK/ 7 O READ ACKNOWLEDGE:
This active low output iden-
tifies that the BCP has read
the processor port.

O DATA VALID: This outputis
intended to interupt the host
microprocessor when the
BCP has decoded tag data
or status.

DATA ACKNOWLEDGE:
This input informs the BCP
that the host has received
data.

STROBE: This input is used

to notify the BCP that it
should read the data bus.

DVAL 6

DACK 1 |

STB 30 |



DEVICE OPERATION

GENERAL DESCRIPTION

The 8301 bar code processor (BCP) is partitioned
logically into three sections. The first is the Bar Code/
User interface, the second is the CPU interface, and
the third is the Serial Communication interface shown
in Figure 1.

This unit is configured to support both stand-alone and
peripheral modes through the use of an 8-bit CPU. Bar
code tags are decoded in real time, eliminating the
need for an external RAM tag buffer.

Tags containing up to 32 characters of information can
be buffered by the BCP. Once decoded, the ASClII tag
data can be rapidly forwarded to a remote processor at
up to 9600 baud over a serial asynchronous interface.
The same ASCII data can be output on the data bus for
use by a processor.

The state of the MODE input on power-up or reset
determines whether the BCP is in “stand-alone” or
“peripheral” mode. If MODE is low, then stand-alone
mode is selected, otherwise peripheral mode is en-
abled. The internal command register is loaded via the
data bus from the master processor if peripheral mode
is selected. Alternatively, means are provided for
loading the command register from the command port
in stand-alone mode.

The 8301 BCP decodes Code 39 and Interleaved
2-of-5 automatically, without prior code selection.
Other codes can be supported by changing the ROM
algorithm.

PROCESSOR

The Processor section contains an 8-bit microcompu-
ter. The unique OMNICODE (TM) feature allows full
bi-directional decoding of Code 39 and Interleaved 2 of
5. It distinguishes between these bar code standards
without a code switch. The processor also coordinates
all I/0 activity.

WAND INPUT

The wand input section contains edge detection cir-
cuitry and a 16-bit counter which measures pulse du-
ration. The video input accepts a TTL signal and pro-
vides transition detection that initializes the pulse
counter. The value of this count is used in decoding the
bar code. Logic sense of the video input is positive, i.e.
a bar = 1 and a space = 0.

USER FEEDBACK

Visual and audible feedback is provided with the 8301
BCP. A good read will generate a 1.2 KHz signal at the
TONE/ output for a period of 70 msec and will also
cause the GL/ output to be activated. The GL/ and
TONE/outputs will be activated after the complete tag
has been transmitted and host acknowledgement has
been received. The BCP will then be ready to read
another tag.

It should be noted that during data transmission time
and GL/ active time the video input is disabled.

SERIAL PORT

The asynchronous serial I/0O port is used for com-
municating ASCII data from bar code tags to a host
station. The serial port is capable of operating at four
popular baud rates from 300 to 9600 baud.

8301

PROCESSOR PORT

The 8-bit processor port allows the 8301 BCP to act as
a slave processor in the peripheral mode. It provides
bi-directional communication of commands, data, and
status with the master processor.

When used in the stand-alone mode, the processor
port will typically be used to exchange ASCII data with
peripherals using proper handshaking (e.g. display).

SELF TEST

The BCP features a self test mode. Upon reset or
power-up reset, the BCP verifies operation of the CPU,
RAM, ROM and counters. In order to assure the user
that selftest was successful, the “good lamp” and tone
outputs are activated.

PERIPHERAL MODE

INITIALIZATION

If the mode input is active (high) on power-up, the 8301
BCP will assume the peripheral mode of operation. In
the peripheral mode, the 8301 BCP will act as a slave
to the master system processor. (See Figure 3 for
typical configuration.) At initialization the BCP will
need configuration information from the system pro-
cessor. This information is covered in the description
of the command register. Timing Diagram 1 describes
the procedure for writing this command byte to the
BCP for the circuit shown in Figure 3. This timing
diagram also shows how data can be transferred to the
BCP.

STATUS AND DATA TRANSFERS ON
PROCESSOR PORT (Peripheral Mode)

Once a tag has been successfully decoded, the BCP
will assert DVAL, indicating that data is available. The
first byte sent to the processor is the status register.
Status bit 7 is true. Then bit 5 and bit 6 will indicate
which code was scanned, and bits 0-4 will contain the
current message length. On a good read, the decoded
tag data will follow the status byte. Refer to Timing
Diagram 2 for outputting status and data. No check
sum is transmitted over the processor port.In a Code
39 message, asterisks are not transmitted before or
after the message, nor are they counted in the mes-
sage length.

No status is sent to the processor on a bad read. Data
valid is not asserted in this case.

STATUS AND DATA TRANSFERS ON
SERIAL PORT (Peripheral Mode)

Once the status byte has been transferred across the
parallel port, the 8301 BCP will transfer the same
information across the serial link. The communication
will then alternate between parallel and serial trans-
missions until the entire message has been sent. This
assumes that the command register was programmed
for serial and parallel operation. Refer to Timing Dia-
gram 4 for serial timing information.
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Symbol

tADS
tADH
tRWS
tRWH
tsTB
tRACK/
tMDS
tDHW
tDE
tDH
tDVAL
tpsu
tPHR
tDACK
tDSU
tDHR

DLF

XDVAL.

cs1
cs2

DB0-DB7. (‘

11lpack
— o
RW 1A b
2
{s b-
Sl 1 304s,
3 e L Fr ]
€2 6lar b-
€83 4dcaa b-
csa sdaee ve? 20 Lcpn crscf2t DVAL
vrbL 4Kctrs  cLRRQR 7] RACK
[_c25 EAS . OEBR
7405138 yz!‘ ER cES| ’ﬁ
N pS—
AGA7  BO-B7 D0-D7
v \————
'Am2950 CR 8301 BCP

FIGURE 3. TYPICAL PERIPHERAL MODE CONFIGURATION

S8 T o XTI
'ADS e tADH
W 1RWS - ﬁ'awu
‘ N
sro.our \_
— »j[mcx
DACK, XDVAL
IMOS > 'oHW
DBO-DB7

DE  —8 [-'DH-8=
00-07 -

TIMING DIAGRAM 1.
COMMAND/DATA WRITE TO BCP.

TIMING PARAMETERS FOR WRITE AND READ TO BCP

Parameter

Address Set-Up Time
Address Hold Time
R,W/ Set-Up Time
R,W/ Hold Time
STB, DLF Width
RACK/ Width

Data Bus Write Delay
Data Bus Write Hold
Data Enable

Data Hold Time
DVAL Width
Periphral Set-Up Time
Peripheral Hold Time
DACK, XDVAL Width
Data Bus Set-Up
Data Bus Read Time

PERIPHERAL

T - Y

SN

N ———
— DACK

‘osu DHR

) S

tpsy 'PHR

TIMING DIAGRAM 2. PERIPHERAL
STATUS/DATA READ FROM BCP.

Min Max
140

30
140

30

6.5

4.0
150

30
1.0

0

4.0
25

0

0.5

35

10

Units

nsec
nsec
nsec
nsec
usec
usec
nsec
nsec
usec
usec
usec
usec
usec
usec
nsec
nsec



8301

STAND-ALONE MODE sy
INITIALIZATION
The 8301 BCP is “smart” enough to operate as a [ | ry
stand-alone bar code processor. If the MODE input is —LCR G .
active (low) on power-up reset, the BCP will assume F_ e - ce
the stand-alone operating mode. In this mode the con- rﬂ MODE cs3
figuration information will be read from the command ] cs2
port. Figure 4 shows a typical stand-alone configura- - 9 2—}2 ,;',
tion. The BCP supports 6500 and 6800 peripherals in - XD £ £
stand-alone mode. ——=q0R R-W AW
If an ASCII display is attached to the BCP, unique i non A0
characters will be output on the parallel bus to distin- 8301 MOS80
guish detected errors. Specific error types and corre- ~ cowwao g o—mco  BCP oo DBO
sponding display messages are covered in the status ~ mreawa Lo ”g; g; g:;
section. RESISTORS [ 5 alog D3 DB3
The command bytes used to control the display in the o~ o o Do
stand-alone mode are compatible with the Hitachi I s 06 DB6
HD43160A LCD display controller/character 07 DB7
generator. NC ——c7

VviD : i VSS

vID vSS TONE
STATUS AND DATA TRANSFER ON %
PROCESSOR PORT (Stand-Alone Mode) WAND LCD DRIVER

NCR 8301 BAR CODE
PROCESSOR
A typical configuration may contain a display attached
to the parallel port. Timing Diagram 3 provides the
necessary timing for outputting this data.

STATUS AND DATA TRANSFER ON FIGURE 4. TYPICAL STAND-ALONE CONFIGURATION
SERIAL PORT (Stand-Alone Mode)

Serial communications is performed identically in both
the stand-alone and peripheral modes of operation.
Refer to Timing Diagram 4 for serial timing information.

e
Y
E ‘ \k
tAS tH
R-W, RSO !}<
'DDR ‘RH
4 p
DB7 (READ) ZL 7}——
‘bow H
s )
DB0-DB7 (WRITE) ———§ 75___..___
SYMBOL PARAMETER MIN MAX UNITS
e ENABLE pulse width 25 - us
tAS Setup time 25 - us Lz
tH Hold time 25 - us < g o
tRH READ data hold time 10 - ns 2 oF
IDDW  Data delay time (WRITE)-5000 225 ns S 2 i
'DDR Data delay time (READ) 300 ns

TIMING DIAGRAM 3. STAND-ALONE PARALLEL PORT
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SERIAL COMMUNICATIONS

Decoded tag data and status can be passed over the
serial port (TXD) if that data output mode is enabled via
the command byte. Baud rate and parity options are
also determined by the command byte. Baud rates
from 300 to 9600 are supported as described in the
command register section.

Three serial operating modes are available as de-
scribed in the following sections.

STANDARD MODE (status, Data, Checksum)

Characters are transmitted asynchronously, begin-
ning with the status byte. Status and data are not
passed when “bad read” conditions occur. Upon cap-
turing a valid tag, the BCP first attempts to transmit
status. Status includes code type and message length
(1 to 32 characters). Ready to send (RTS/) is activated
and the BCP looks for a clear to send (CTS/) response
from the host station. Upon receipt of CTS/ the BCP
transmits status. The same protocol is followed for
each data character from first to last. See Timing Dia-
gram 4 for timing information.

After the last data character has been passed, a 7-bit
checksum character is transmitted. The checksumis a
straight binary addition without carry over the first 7 bits
of status and data. If the host station computes a
matching checksum, the data received (DR/) input is
asserted to the BCP. Successful completion of this
procedure results in a good lamp and tone output for
the operator. In the event that verification feedback is
not desired, the CTS/ and DR/ inputs can be hard
wired, Bit 7 will be determined by the parity bit written in
the command byte. If the BCP was configured with “no
parity,” then the eighth bit (bit 7) of both the status and
checksum will be set to 1. Data characters will have bit
7 cleared to 0. If parity was selected, all characters
transmitted will have parity in bit 7. Standard mode is
selected by writing a 0 to the communications mode bit
in the command byte.

ASCIl MODE

This serial mode is intended for bar code verifiers and
other applications requiring a local ASCII display or
printer. No status or checksum is transmitted. Straight
ASCII data is sent, and the message is followed by a
carriage return and line feed (0D 0A HEX). As with the
“standard” mode, the parity control bit in the command
byte will determine bit 7. If “no parity” is selected, bit 7
will be cleared to 0. ASCII mode is selected by writing a
1 to the communications mode bit in the command
byte.

TRANSPARENT ASCIl MODE (ASCII Data)

This mode allows the user to pass 7 bit ASCl| data from
the processor port to the serial port when the BCP is in
peripheral mode. Referring to Figure 3, the host pro-
cessor asserts chip select and WR/, and sends a
command byte (bit 7 set to 1) with bits 5 and 6 cleared
to 0 (transparent ASCIl mode). The interface logic
latches the command byte and returns a busy signal to
the host, and passes a STB to the BCP prompting it to
read the command byte. The BCP will not respond until
itis free. If the BCP was in the middle of a transmitting
tag data, it will complete the entire transfer including
checksum if that mode was selected. The BCP will
then interpret the command byte, including baud rate
and parity, and complete the handshake by activating
the RACK/output. The BCP adds parity to serial data
consistent with the command byte. Following trans-
mission of the message(s) the processor should again
transmit an appropriate command byte to the BCP to.
enable bar code reading.

I -l

X
e—wt— ICTR
RTS V
—RTC
'RTD

—

'BAUD

START BO B1 B2 B3 B4 BS B6 B7 STOPSTOP

SYMBOL PARAMETER MIN MAX UNITS
tTx TXD cycle time 126 - ms
IRTC RTS to CTS 0 - us
ICTR CTS to RTS 5.0 - us
tRTD RTS to TXD "~ 5.0 - us
tBAUD  BAUD period 104 33 ms

-~ (9600) (300)

TIMING DIAGRAM 4.  SERIAL COMMUNICATIONS
PORT



STATUS REGISTER

The 8301 BCP contains an 8-bit status register with the
following format:

STATUS FOR GOOD READ
(Serial and Processor Ports)
Read |Bar Code
Bit Type Tag Message Length
1 C1 | CO |ML4|ML3|ML2[ML1[MLO
7 6 5 4 3 2 1 0
Bar Code Type
C1 Co Code Message length ranges
0 0 39 from 1 (i.e. 00000) to 32
0 1| Int2/5 | characters (11111).
1 0 | Reserved
1 1| Reserved

Error Codes and Display Messages

Condition Display Message

Scan Too Fast ¢ ¢ |«
Scan Too Slow )
No Start Char *
No Stop Char —~

#

Too Many Char
Parity Error

)
*
~
L]
#

e ) * ~—

8301
COMMAND REGISTER

The 8301 contains an 8-bit write-only command
register with the following format:

Communications
Data Out Baud Rate

CTRL|{Dt1 | DO [ P1 | PO | CO| B1 | BO
7 6 5 4 3 2 1 0

Parity

If MODE is TRUE (high), indicating peripheral mode,
the command register would then be written via the
data bus. If bit 7 (CTRL) is high, the word is interpreted
as a command byte. In stand-alone mode, the com-
mand byte is loaded via the command port. In stand-
alone mode, bit 7 is ignored.

Specific configuration option codes comprising the
command byte are given in the following tables. One
start bit and two stop bits are assumed for all serial
communication.

Communications Rate Parity Bits
B1 BO (| Baud Rate P1 PO| Parity
0 0 300 0 0| None
0o 1 1200 0 1| Odd
1 0 2400 1 0] None
11 9600 1 1| Even
DB7 = 0

Communications Mode Data Output Mode

Cco Mode D1 DO Mode
0 | Standard (Status 0 0 | Transparent
and Checksum) 0 1 | Serial
1 | ASCIl with CR/LF| |1 0 | Parallel
1 1 | Serial/Parallel

SPECIAL
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ELECTRICAL REQUIREMENTS Preliminary

Notice: This is not a final specification. Some

ABSOLUTE MAXIMUM RATINGS parametric limits are subject to change.
Symbol Parameter Min Max Units
vCC Supply Voltage -0.3 7.0 VDC (To VSS)
VIN Input Voltage -0.3 7.0 VDC (To VSS)
TOP Operating Temperature 0 70 °C
TS Storage Temperature -65 150 °C

D.C. CHARACTERISTICS (TA =0°Cto70°C, VCC = 5V + 5%)

Symbol Parameter Conditions Min Typ Max Units
PD Power Dissipation VOH=HI, 25° C 1000 mw
VIH Input High Voltage All but X2 2.0 VCC VvDC
VIH Input High Voltage X2 Input 4.0 VCC vDC
VIL Input Low Voltage -0.3 0.8 VvDC
IIN Input Leakage (RES/) VIN=0 to VDD -10 . +10 | «ADC
VOH Output High Voltage IOH= -50 uA 2.4 VvCC vDC
VoL Output Low Voltage IOL= 1.6 mA VSS 0.4 vDC
|IOFF Output Leakage DO - D7 10 nADC
CIN Input Capacitance Except X1, X2 10.0 pF
CIN Input Capacitance X1, X2 Only 50.0 pF
COouT Output Capacitance DO - D7 20.0 pF
RL Pullup Resistance Pin 4-11, 23-38 3.0 6.0 115 Ohm
ICC Supply Current VCC to VSS 180 mADC

A.C. CHARACTERISTICS (TA=0°Cto 70° C, VCC = 5V + 5%)

Symbol | Parameter Min Typ Max Units
tcy Clock Period (Ext) 250 ns
tcLA Clock Active (Ext) 115 125 ns
'CR Clock Rise Time 5 ns
CF Clock Fall Time 5 ns
'RST Reset Pulse Width 5% us
1sTB STB, DLF Width 6.5 us
'RACK/ | RACK/ Width 4.0 us
'DE Data Enable ' 1.0 us
tDH Data Hold Time 0 us
IDVAL DVAL Width 4.0 us
tPsu Peripheral Set-Up 2.5 us
tPHR Peripheral Hold Time 0 us
tTx TXD character cycle 1.26 ms
'RTC RTS/ to CTS/ 0 us
ICTR CTS/ to RTS 5.0 us
'RTD RTS to TXD 5.0 us
tBAUD BAUD period 0.104 (9600) 3.3 (300) ms

* After VCC reaches operating range and the clock output (CKO) has stabilized.

IEEI NCR Microelectronics Division
1635 Aeroplaza Drive
Colorado Springs, Colorado 80916
Phone: 303/596-5795
Telex: 45 2457 NCR MICRO CSP
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e Generates VSYNC, HSYNC, and VIDEO to e On-chip character generator (mask programma-
directly interface with a CRT Monitor ble) 192 characters standard, up to 256 op-
e Eight Screen Functions: tional.
—Lines per Page e Directly addresses a 2K x 8 Video RAM
—Screen Blank (VRAM)
—Screen Reverse-Video e Cursor-address under CPU Control
—Video Chop * Hardware Scrolling for full page or
—Split-Screen split-screen viewing
:g:::: Igjrzzle ¢ Transparent Refresh for RAM updates at
DMA speeds

—Timing Format
¢ Six Field Functions:
—Reverse Video

¢ Two Timing Formats (including interlace)
are available

—Highlight e Accepts Dot-Clocks up to 20 MHz
—Field Blink ¢ TTL-Compatible signal pins
—Field Blank ¢ Single +5V Power Supply
—Underline

—Graphics Mode

The NCR 7250 CRT Controlier (CRTC) incorporates character generation, video attributes, video timing, RAM
interface, and control functions on a single chip. The 7250 provides HSYNC, VSYNC, VIDEO, and HIGHLIGHT
(intensity) outputs to directly interface with a raster scan CRT monitor. The character generator produces up to
256 8x12 characters, providing character clarity and variety previously not available in single chip CRT control-
lers. Features include eight Screen Functions, six Field Functions, hardware scrolling, hardware cursor, and
two user-selectable timing formats. The 7250’s direct video RAM (VRAM) addressing and transparent refresh
permit asynchronous data transfers at DMA speeds without cycle stealing or processor interrupts.

CRTC SYSTEM ENVIRONMENT

CONTROL
DpoT ‘
CLOCK - ‘
ADDRESS
VIDEO
RAM
ADDRESS NCR 7250 DATA
/DATA CRT
A" \| conTROLLER [
A Z——
HOST g
PROCESSOR | CONTROL ONITOR ]
) CONTROL ____— | 43,
M ——N\ CAT 28,
L/ MoNIToR H
—\ a E

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A. 535



N[CIR

NCR 7250 CRTC ARCHITECTURE

The architecture of the NCR 7250 includes nine software-display control registers, an Address/Data Bus, a
VRAM data bus, a VRAM address bus (referred to as the Screen Address Bus), as well as a Character-ROM
which holds patterns for 192 characters standard, up to 256 optional.

FUNCTIONAL PIN
BLOCK DIAGRAM CONFIGURATION
RO | Cursor Address CAO 1 A 40 j VDD
R1 | Top-of-Page — VRAM CA1 2 39 RST
R2 | Split-Screen Address —-I— l k ADDRESS :3 ADDRESS CA2 : 8 j WA
R3 | Split-Screen Row — MUX l: 3 j _
R4 | Special Functions Register cas [+ 37[] R
R5 | RAM-Write Register CA4 [: 5 36 j ALEN
R6 | Lower Address Register S
R7 | Upper Address Register éﬁoEm-OH%YL o z—:’E CAS C 6 35 j AD7
R8 | RAM-Read Indicator cre []7 34[] AD6
ADDRESS/ - 4 CA7 [: 8 33 : AD5
o Fry - o []e 2l ] o
DHA I> DATA cre [0 31[ ] AD3
CONTROL MUX
cato [ 1 0[] Ap2
DOTCLK 'I\'/III\I/IDIi% . VDo : 12 29 j AD1
| COUNTERS HeYNG vor []13 28[ ] ADO
FIELD FUNCTION | | COMPARATORS > VSYNC vo2 []14 27 [ ] HSYNC
DECOPER | vos [ |15 26 ] vsvne
> HILITE N
e o oo ol D = i
> VIDEO vos [f17 24 ) OE/50-60
vos |18 23[_] HILITE
vor [ e 22[] vioeo
vss [ 20 21 j DOTCLK

CENTRAL PROCESSING UNIT (CPU) INTERFACE

The CPU interface is composed of an 8-bit Address/Data bus (AD0-AD7), nine software display control regis-
ters, and three bus control lines (RD, WR, ALEN).

At the heart of the CPU interface are the nine software display control registers. These registers enable
the CPU to write/read data to the VRAM, position the cursor, vary the size of the split-screen, or select any of
the special Screen Functions.

The 8-bit multiplexed Address/Data bus and the three bus controls lines are used by the CPU to desig-
nate which of the nine software display control registers is selected. The CPU generates RD and WR to tell the
CRTC that a CPU read or write is occurring. The falling edge of ALEN is used by the CRTC to latch the register
address from the address bus. When ALEN is at a low level, the CPU accesses the addressed register. The
ability to select the addresses of the display control registers is a mask option.
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PIN DESCRIPTION

Pin Name Pin # /o Description

ADO 28 110 Address/Data Bus—Bidirectional bus for interfacing to a multiplexed Address/Data Bus. Used

AD1 29 to program internal registers and transfer data to and from the Video RAM.

AD2 30

AD3 31

AD4 32

AD5 33

AD6 34

AD7 35 .

RD 37 | Bus Read—Control signal generated by the microprocessor. Indicates a CPU read in progress.

WR 38 I Bus Write—Control signal generated by the microprocessor. Indicates a CPU write in progress.

RST 39 I Reset—Control signal which resets all registers to their default conditions, holds VIDEO to
logic 0, but does not affect the generation of VSYNC or HSYNC.

ALEN 36 | Address Latch Enable—Control Signal, the falling edge of which latches the register addresses
from the Address Bus into the CRT. A low level allows CPU access to the CRTC internal regis-
ters.

VIDEO 22 (o] Video—Contains the DOT stream for the selected row of alphanumeric characters. This DOT

stream is modified by various logic conditions (screen and field functions, blank states) which
are activated internally by the CRTC.

HILITE 23 (o] Highlight Intensity—Used with external circuitry to generate an alternate video intensity level.

VSYNC 26 o Vertical Sync—Initiates Vertical retrace in the CRT monitor.

HSYNC 27 o Horizontal Sync—Initiates Horizontal retrace in the CRT monitor.

VDO 12 110 RAM Data Bus—Bidirectional bus upon which data is transferred to and from Video RAM. The

VD1 13 data represent alphanumeric characters intended for display on the monitor screen, and Spe-

vD2 14 cial Field Functions which modify the appearance of the characters which follow.

vD3 15

VD4 16

VD5 17

VD6 18

vD7 19

CAO 1 o RAM Address Bus—Addresses the Video RAM. (Referred to as the Screen Address Bus.)

CA1 2

CA2 3

CA3 4

CA4 5

CA5 6

CA6 7

CA7 8

CA8 9

CA9 10

CA10 11

MWE 25 o Write Enable—-Control signal which tells the VRAM if a write (low level) or a read (high level) is
to be executed.

DOTCLK 21 | Dot Clock—Generated by an external oscillator circuit whose frequency corresponds to the Vi-
deo Dot Rate. It is asynchronous with the microprocessor interface signals. All other timing
signals are derived from this input.

OE/50-60 24 110 | When RST is active, this pin is an input which tells the CRTC which of the two vertical timing
counts to use. If RST is inactive, this pin is an output for enabling the Video RAM.

VDD 40 Power Supply— + 5 VDC, most positive voitage connection.

VSS 20 Power Supply—0 VDC logic ground, most negative connection.

SPECIAL
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SOFTWARE DISPLAY CONTROL REGISTERS

The nine software display control registers of the NCR 7250 are addressable by the system and their addresses
are selected by the user. Eight of the registers, (R0 through R7) are write-only, while R8 is read-only. The RE-
SET default value of each register is all zeros. This state is assumed after RST goes low.

Because RO, R1, and R2 are 11 bits in length, they cannot be loaded directly from the CPU bus. The
Screen Address Registers, R6 and R7, are dual purpose registers. They are used as temporary storage regis-
ters when RO, R1, or R2 is loaded and contain the VRAM address during VRAM read and write operations. To
load an 11 bit register, the 8 lower bits are loaded into R6 and the three upper bits are loaded into R7. The des-
tination register (RO, R1, or R2) is then addressed and a WR command is issued. This WR command causes
the value in R6 and R7 to be transferred to the destination register. The data on the CPU bus at the time of this
WR command is not used.

CURSOR ADDRESS REGISTER (R0)
The cursor is positioned by writing the desired address to RO which is an 11-bit register.

TOP-OF-PAGE REGISTER (R1)

This 11-bit register contains the VRAM address of the character that begins the page in the top left corner of the
CRT monitor.

SPLIT-SCREEN (SS) ADDRESS REGISTER (R2)
R2 contains the 11-bit VRAM address of the character which begins the designated screen address row.

SPLIT-SCREEN (SS) ROW REGISTER (R3)
The 6-bit SS Row Register contains the value of the row at which the split-screen address is first accessed.

SPECIAL FUNCTIONS REGISTER (R4)
R4 is an 8-bit register that provides CPU control of the eight Screen Functions.

RAM-WRITE REGISTER (R5)

R5 is an 8-bit register used to transfer data bytes from the CPU to VRAM. The screen address (contents of R6
and R7) increments by one after each VRAM write.
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LOWER-SCREEN ADDRESS REGISTER (R6)
This 8-bit register comprises the lower 8-bits of the 11-bit Screen Address Bus. This bus addresses VRAM for
CPU transfers. R6 is also used in conjunction with R7 to load Registers RO, R1 and R2.

UPPER-SCREEN ADDRESS REGISTER (R7)

R7 is a 3-bit register containing the upper 3-bits of the 11-bit Screen Address Bus. This bus addresses VRAM
for CPU transfers. R7 is also used in conjunction with R6 to load Registers RO, R1 and R2.

RAM-READ REGISTER (R8)
The 8-bit RAM-Read Register is used to transfer data bytes from VRAM back to the CPU. The screen address
(contents of R6 and R7) increments by one after each VRAM read.

MEMORY
The NCR 7250 CRTC memory information includes the Video RAM interface and the on-chip Character-ROM.

VIDEO RAM INTERFACE

The NCR 7250-VRAM interface is comprised of the Screen Address Bus (CA0-CA10), the VRAM Data Bus
(VD0-VD7), and control signals MWE and OE/50-60. The VRAM is a generic 120ns static 2K x 8 RAM used to
store display information. The 7250 incorporates a double speed memory technique which permits a refresh
access and a CPU access to occur during the time required to display one character. When CPU data is not
being written, the CPU access time is used to update the VRAM read register R8 using the VRAM location
specified by R6 and R7. If R8 is addressed by the CPU and a RD command issued, the value of R8 will be
transferred onto the AD bus and be valid within 120ns. In writing CPU data, CPU data transfers to R5 (RAM
Write Register) are asynchronous with respect to VRAM accesses. In order to resolve the possibility of invalid
data transfer if a VRAM write is initiated at the end of a VRAM access time, two access times are reserved for
the write operation and data is written at both times. At the end of the second VRAM access, indicated by the
second pulse edge of MWE, the Screen Address Register (R6 and R7) increments to the next VRAM location.
In order to allow sufficient time for the VRAM write process to occur, a period of 24 t.,¢ (dot-clks) is required
between CPU WR commands. This translates into data transfer rates in excess of 50¥K bytes/sec for VRAM
when using a standard dot-clk frequency of 17.6MHz.

CHARACTER-READ ONLY MEMORY (CHARACTER-ROM)

The on-chip Character-ROM contains dot patterns to generate text, holding patterns for up to 256 alphanu-
merics. A standard 192 character set is provided in the ROM of each NCR 7250 CRTC. Mask options available
for customized character sets are covered under Character Set Options.

SPECIAL
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EXTERNAL CLOCK (DOTCLK)

DOTCLK is generated by an external clock generator. The NCR 7250 CRTC accepts Dot-Clocks up to 20 MHz.
This Dot Clock provides the basic unit of timing for displaying information on the screen.

SOFTWARE FUNCTIONS

NCR 7250 CRTC software functions include eight Screen Functions and six Field Functions.

SCREEN FUNCTIONS

The Screen Functions available on the NCR 7250 CRTC are enabled/disabled by CPU command to the Special

Functions Register (R4). Changes in R4 are not synchronized with video timing and appear on the screen at the |
time they are written.

SCREEN FUNCTION BIT ASSIGNMENTS

= 25 lines/page
= 13 lines/page (double spaced)

Display Screen
Blank Screen
D

isplay Cursor

lank Cursor

B
= Screen Reverse-Video Off
= Screen Reverse-Video Active

0 = Video Chop Off
1 = Video Chop On

0 = Split-Screen Disabled
1 = Split-Screen Enabled

0 = Field Graphics is Block-style
(when selected)

1 = Field Graphics is Line-style
(when selected)

0
1
0
1
0
1
0
1

0 = Timing Format-2 Selected *
1 = Timing Format-1 Selected

* The standard 7250 uses the Logic Level on pin 24 during RST to select the timing format. Timing
format selection from the special functions register is available as a mask option.
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FIELD FUNCTIONS

Field functions are selected by “control-bytes” which are loaded into VRAM along with display data. Bytes from
VRAM are decoded by the character generator and by the field function control circuitry. Bytes having a value
from 80H to BFH (bits 6 and 7 are 0 and 1 respectively) are detected as control bytes and provide the functions
listed below. The corresponding location in the character ROM is coded as a blank. This permits the field func-
tion control words to be imbedded in the spaces normally occurring between words.

When a control byte is read in during the display process, the attributes selected are handled in three
ways. For attributes which are deselected (a 0 in the the corresponding bit position), the attribute is turned off
immediately and does not appear in the space occupied by the control byte. For attributes which are newly se-
lected, the attribute will appear in the character position following the space occupied by the control byte. For
attributes which were previously selected and again selected by the present control byte, that attribute will ap-
pear in a continuous manner, being displayed in the space occupied by the control byte.

FIELD FUNCTION BIT ASSIGNMENTS

Bit Function
0 0 = Normal, No Reverse Video
1 = Reverse Video with Respect to Screen
1 0 = Normal, No Highlight
1 = Highlight Field with Respect to Screen Intensity
2 0 = Normal, Display Characters
1 = Initiate Field Blank
3 0 = Normal, No Blink
1 = Blink Character Field
4 0 = Normal, No Underline
1 = Underline All Characters within Field
5 0 = Bytes Interpreted as Characters
1 = Bytes Interpreted as Graphics-cells
6 Always 0
7 Always 1

FIELD FUNCTION ENABLED/EXPRESSED/DISABLED EXAMPLE

VRAM ADDRESS: n n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9

. FIELD FIELD
VRAM CONTENTS: | DATA DATA ENABLE DATA DATA DATA ENABLE| DATA DATA DATA

FIELD FUNCTION FIELD FUNCTION
EXPRESSED

CRT MONITOR SCREEN

(7
a
x
o
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GRAPHICS MODE FEATURES

The Graphics capability of the CRTC is a special feature whereby the data bytes coming to the chip from VRAM
cause the on-chip Character-ROM to send out special dot patterns. It allows the user to configure unique bar or
line arrangements on the CRT monitor.

The Graphics Mode is selected by the Field Function logic. The user may choose one of two graphics
styles: block or line. The graphics styles are selected via Bit 6 of the Special Functions Register.

When graphics mode is selected, the attributes selected at that time (blink etc.) are “latched-in” until the
graphics mode deselect code is encountered. This permits the display of 255 different codes. The 256th code
is reserved as the graphics mode deselect code and cannot be displayed. This code is mask programmable.
The default value is C8H. The latching of functions affects only that graphics field. Other graphics field (with
different latched attributes) and text with any combination of attributes can be displayed on the same screen.

In line graphics mode, single horizontal or vertical lines are produced by specifying a respective vertical
or horizontal value which exceeds the values shown below. Spaces are produced by using values greater than
C8H.

EXAMPLES OF BLOCK AND LINE GRAPHICS PATTERNS

MOSAIC GRAPHICS LINE GRAPHICS

Vertical Assignment

ITITIIIITITT
OrANMT OO

CRE K ) OH o
o|loe 0| 1 1H P4
o/®©00 00 oH o
ojo0 00O 3H ®
ojoclee 3 4H ®
o000 5H ®
(B N N N IL N N N ) 6H °®
o/ ®eGo o0 6Go ©
IR g:..z’.....
9H [ ]
8 7 AH [
®
L Horizontal t
Backfilled Column Assignment Backfilled Column
MSB Mosaic Byte LSB MSB Line Byte LSB
0 0 1 1 1 0 0 1 0 0 0 0 0 0 1
8 7 8 5 4 3 1 Horizontal " Vertical
Mosaic Numbers Segment Segment
MASK OPTIONS

(Available Upon Customer Request)
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CHARACTER SET OPTIONS
FIELD FUNCTIONS AND CHARACTER SET SIZE
Because the inclusion of Field Functions means that the corresponding codes in the Character-ROM must be
coded as blanks, there are less than 256 characters available to the user. There is a “trade-off” between the
number of Field Functions and the size of the character set.

The standard NCR 7250 CRTC is equipped with all six Field Functions. If the user desires less than six
functions (i.e., greater than 192 characters), mask options are available that may be changed accordingly.

FIELD FUNCTION/CHARACTER

SET RELATIONSHIPS
Number of Maximum Character
Field Functions Set Size
4 240
5 224
6 192

CUSTOMIZED CHARACTER SETS AND CHARACTER CODES

Character sets can be customized according to the user’s requirements. Any coding for a new character set,
however, should take account of the 9th dot derivations described below.

Backfilled Column—Character codes define eight horizontal dots per scan line of a character cell (usually as a
hex-byte). The CRTC generates nine dots per scan line in driving the video display. The extra column of dots is
derived from the first dot of each character scan line as shown in the following diagrams.

CHARACTER CODE OPTIONS
ASCII OPTION ARABIC OPTION
| 8BITS FROM ROM | 8 BITS FROM ROM
|« FIRST SCAN LINE —»]
}«—— LAST SCAN LINE —>
La-THIS COLUMN IS THIS COLUMN IS
REPEATED HERE REPEATED HERE

Note: Characters in a set are displayed under one of the above options only. The user must specify which option to use when a
character set is customized.

SPECIAL
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BLINK RATES
The number of frame-times counted in deriving the cursor and field blink rates is also a user-selectable option.
BO Cursor Field
1 12.50 3.12
2 6.25 1.56
3 417 1.04
4 3.12 0.781
5 2.50 0.625
6 2.08 0.521
7 1.79 0.446
8 1.88 0.469
CHARACTER CELL EXAMPLE

The size of the character cell can be selected by the user and masked into the NCR 7250 CRTC.

ROM BACKFILL
DATA

000000000
000000000
000000000
lO®@ 0000 0e0
locee@ocoooe0
bOOOOOOﬂO

IeX YoXoX YeXeX l©

fo) YoXeoYoX JoX Jlo}
'ooooooodo
ooooooooo
,ooogooooo
900000000 _

OO0 OOOODO 59 NUMBER OF soan LINES
000000000

NOTE The number of scan lines comprising a row of characters (16 lines maximum),
and the position used for underline (any scan line) are mask programmable.
The character generator produces an 8x12 block; backfill provides the 9th dot.
In formats using more than 12 scan lines, the additional lines can be used for
vertical spacing and underline.

REGISTER OPTIONS

The address of the nine software display control registers are selected by the user and masked mto the NCR
7250 CRTC.

GRAPHICS MODE DESELECT OPTION

The Graphics Mode Deselect Code default value may be changed from >C8 to a user-selected value.
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MONITOR TIMING DIAGRAM

HORIZONTAL
S 1/, %,
- H1
- Ho
H2 - H3 —>»
HSYNC
VERTICAL
VIDEO
} Vo V3 |
(INTERLACED REFRESH) Vi —>-| v2
VSYNC
] |-
(FOR ODD SCAN LINES) - v2
VSYNC

CRTC MONITOR TIMING

(Mask-Programmable: User selects two sets of the following parameters.)

Symbol | Parameter Function
HO Horizontal Scan-time The duration in characters of a full horizontal period.
H1 Horizontal Character Count | The maximum number of characters that may appear on a displayed row of
characters.
H2 Horizontal Front Porch The delay in character-times between the last displayed row character-position, and
the beginning of the HSYNC-pulse.
H3 Horizontal Sync-Width The duration of the HSYNC-pulse in character-times.
Vo Vertical Row Count The maximum number of displayed rows of characters.
Vi Vertical Front Porch The delay in scan-times between the last character-position on the page, and the
beginning of VSYNC.
v2 Vertical Sync-Width The duration of the VSYNC-pulse in scan-times.
V3 Vertical Blank-Time The duration of the VBLANK condition in scan-times. =
SO Character-Cell Height The number of scan-lines used for each row of characters. g Ow
S1 Character Underline The scan-line position of the Field Underline within the character cell. S E %
BO Basic Blink Rate The number of frame-times counted in deriving the cursor and field blink rates. 35 E ©
IX Interlace Offset The number of character-times by which VSYNC (V1) is delayed on alternate frames,
interlace modes.
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STANDARD MONITOR TIMINGS

Two timing formats are available in the Standard NCR 7250 CRTC Controller. Neither format is interlaced.

60 Hz Format 50 Hz Format
Ho 918 D[52 uS] 918 D[52 uS]
H1 720 D 720 D
H1 45d 45d
H3 81D [4.6] 81 D [4.6]
Vo 300 H 300 H
Al 63 D [.07 H] 29,430 D [32 H]
V2 2,745 D [2.99 H] [156] 3H
V3 18,567 D [20.2 H] [1024] 77,317 D [84.2 H] [4,383]

NOTE: D = 1 Dot Clock
H = 1 Horizontal Scan Line Time (HO)

[ ] = Time in uS using 17.6 MHz Dot Clock

The following procedure is used to select either the 50 Hz or 60 Hz timing format:

1. Pulse the RST (pin 39) low for 10ps.
2. OE (pin 24) is held low to select 50 Hz.
OE (pin 24) is held high to select 60 Hz.
It is recommended that a 33K ohm resistor be tied to 0 V or +5 V to select the desired timing format.
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ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM STRESS RATINGS

Voltage on any pin with respect The values listed here are absolute maximums
toground(VSS) ... vovviiniin -03Vto7.0V which if exceeded could cause permanent damage
Power Dissipation .................... 840 W to the device. All voltages are with respect to circuit
Operating Temperature Range ...... 0°C to 70°C ground.

Storage Temperature Range ...-65°C to +150°C

ELECTRICAL CHARACTERISTICS

DC CHARACTERISTICS

Symbol Parameter Min Max Units
VIL Input Voltage, Low Vss-0.3 0.8 \
ViH Input Voltage, High 2.0 VpD \

] Input Leakage Current (V|y = 0 to Vpp) +25 uA
ViLCLK Clock Input Voltage Low Vgs-0.3 0.4 \
VIHCLK Clock Input Voltage High 2.4 Vpp \"
VOH Output Voltage, High (IoH = -50uA) 2.7 \
VoL Output Voltage, Low (gL = 2 mA) 0.5 \
V4 Hi-Z Leakage Current (VA = 0.4 t0 2.4 V) -10 +10 uA
IpD Power Supply Current (Vpp = 5.5 V) 120 mA

Note: All parameters shall be assured over the 0°C to 70°C temperature range and with 4.75<Vpp <5.25V. Logic
“1” is defined as the more positive voltage (V|H4, VOH). Logic “0” is defined as the more negative voltage (VjL,
VoL)- All voltages are with respect to ground (Vgs).

MECHANICAL DATA 40 PIN
PLASTIC DEVICES
- 2.050 |
L __ | (NOM)
T — o 8 .090 R
540 AéP— —(—P— é/
—l— o == pemp— oo .600

+ .003
]
075 l— 011—|/
040 ] L _{ nom
e L [

f i |
| - —_— ] .200 + .050
050 TYP TYP _JL_[_ 140 650
—> 100 + .010 TYP .018 + .006 l + .040 'I
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a
x
o
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MEMORY INTERFACE AND TIMING
PROCESSOR TIMING DIAGRAM

fetLi]

ALEN — b

VA N

tALL -|<—>| fe-tLa—>] |<—~|— tADON

tADOFF -Pl l<- |

ADC-7 — X paaout X
= tRD | tRDH —»It— J
(READ CYCLE) l<_ t|_C_>| | | F=toL
RD ~\! tcc Vs -
R I
ADO-7 X___ADDRESS X DATA IN X A
[ tow WA
(WRITECYCLE) | (Lo H_tDA < tCL:!
WR . ‘cc >y \
- tCH ,I
PROCESSOR BUS TIMINGS
Mnemonic | Parameter Min Max Units
L ALEN Width 100 ns
tALL Address Valid before ALEN 60 ns
tLA Address Hold after ALEN 60 ns
tLe ALEN to Control (RD, WR) 140 ns
tce Control Width, (RD, WR) 350 ns
tRD Active RD to Valid Data 120 ns
tRDH Data Hold from RD 0 ns
toL Control (RD, WR) to ALEN 60 ns
tow Data Valid Before WR 300 ns
WA Data Hold From WR 55 ns
DA Data Valid After WR 100 ns
tADON Address/Data . 50 ns
Non-tri-state after RD

tADOFF Address/Data tri-state 40 70 ns
tCH Time between active pulses 24 Dot Clocks - tcc ns
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VRAM INTERFACE CHARACTERISTICS

In the VRAM timing diagram below, note that the second portion of a character-time is used to read VRAM data
into the RAM-read register, unless a write command is issued. These CPU accesses (read or write) take place
at the address contained in the Screen Address Register. No refresh VRAM accesses occur during blank times.

VRAM TIMING DIAGRAM

DOTCLK = tcyc

CHARACTER TIME X ————I«—-—— CHARACTER X + T——'l
510.6ns
|<- t

AH REF —={<—taHRD ' |
cA0-10__ XREFRESH ADDR AXREG F6&F7 CONTSX REF ADDR A + 1 YREGF6&F7 CONTSX X
SCREEN REFRESH| RAM DATAREG  SCREEN REFRESH | RAMWRITE
(AGG A READ UP DATE RAM READ tAHW —H—]
VD07 X_DAAIN() X DAIAIN@) X DAAIN DATA OUT DATAIN -
. ‘ —= tDSW |
T ASTT et wo tDHW
MWE
\ ~1— tAHw
<— tOEH
tvDON ~— tvDOFF

NOTES: (1) VD 0-7 Multiplexed for CRT OE —/4\—-——

(2) VD 0-7 Multiplexed for F5 Data Register

Last portion of character time will always be used to continuously read data in the Video RAM into the RAM Data Regis-
ter unless it is used as a write. The data read or write is at the RAM location specified in Address Register F6 and F7.
Screen refresh RAM accesses do not occur during blank times.

VRAM INTERFACE TIMINGS

Symbol Parameter Min Max Units

tAHREF Valid Refresh Address Time 4tcyc) 4(tcye) ns

tAHRD Valid Current Screen Address Time 5(tcyc) 5(tcyc) ns

tacc Valid Refresh Address to Valid Data In 150 ns

tAHW Current Screen Address Hold Time After MWE 0 ns

tAS Current Screen Address Setup Time to MWE 20 ns

tvDON Video Data Nontri-state from OE 40 ns

tYDOFF | Video Data Tri-State After OE 5 ns

tpsw Valid Video Data Out Before MWE 50 ns

tDHW Video Data Out Hold Time from MWE 5 ns

twD MWE Width . 100 ns Lz

tOEH OE Hold from MWE 5 ns = 2 4
[T
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Symbol Parameter Min Max Units
tcye DOTCLK Period 50 75 ns
DOTCLK Duty Cycle 45 55 %

tDKR DOTCLK Rise Time 10 ns

tDKF DOTCLK Fall Time 10 ns

Name Address Length Function

Cursor Address FO 11 Bits Contains the VRAM Address of that character which exhibits
the cursor.

Top of Page F1 11 Bits Contains the VRAM Address of that character which begins the
page (i.e. top left corner).

Split Screen Address F2 11 Bits Contains the VRAM Address of the character that begins the
designated split screen row.

Split Screen Row F3 6 Bits Contains the value of vertical counter at which the split screen
address is first accessed.

Special Functions Fa 8 Bits The bits of this register enable various attributes which affect

. the entire displayed screen.

Ram Write, Ram Read F5 8 Bits These two registers transfer bytes between the CPU ) and the
VRAM. They are distinguished by pulsing either the WR or the
RD pins.

Lower Screen Address F6 8 Bits This is the lower portion (stores LSB’s) of the full Screen Ad-
dress Register. It directly addresses the VRAM for CPU trans-
fers. .

Upper Screen Address F7 3 Bits This register contains the upper 3-bits of the Screen Address

‘Register.
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STANDARD CHARACTER SET
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CHARACTER ADDRESS
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CHARACTER ADDRESS
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1635 Aeroplaza Drive
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Telex: 452-457
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mGE gglslﬂD GENERATOR

¢ Functionally and Pin compatible with the SN76489A ¢ Simultaneous multiple sound generation
¢ Programmable white or periodic noise generator ¢ TTL compatible

* Three programmable tone generators * 4 MHZ maximum clock input

e Programmable attenuation values

The NCR 8489 is an NMOS digital sound generator capable of providing applications wth a low cost solution for
noise and sound generation.

ATTENUATOR

PIN FUNCTIONAL
CONFIGURATION PIN GROUPING
N/
p2[]1 16]_Jvee CE e
o1[]2 15[_Jos . NCR 8489 vee
SmE 14 ] ok cPU WE ——> GE?u%gN$OR Rl POWER
READY [ 4 13[ o4 INTERFACE A GND INTERFACE
HEBE 12 ]os CLK B
CE[]s 1| Joe READY <-———
Avoio (17 o Jor7 ‘ APPLICATION
aND [ e o[ ] mESET > AUDIO ¢ \\TERFACE
DATA
BUS Eo'm —
FUNCTIONAL
BLOCK DIAGRAM
CLK WE CE READY DO D1 D2 D3 D4 D5 D6 D7 RST
b U R |
—[ + 16 + 32 | INPUT CONTROL LOGIC J
”"’! +N TONE GENERATOR 1 H +2 | 171 artenuator
j +N TONE GENERATOR 2 H +2 l__:] ATTENUATOR |+ D/A
AUDIO
ouT
] N TONE GENERATOR 3 H 2 I ATTENUATOR I» aZ
1 Qv
=0
oex
T 248 SHIFT RATE &32°
[* 8
| sELECT -—I NOISE GENERATOR

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. This is advance information and NCR reserves the
All Rights Reserved. Printed in the U.S.A. right to change the specifications without notice. 555
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CONTROL REGISTERS

The NCR 8489 Sound Generator has eight (8) internal registers used to control three (3) tone generators and
one (1) noise generator. A three (3) bit data word used to determine the destination control register is contained
in the first byte of data for all data transfers. The internal register designations are as follows:

ADDRESS BITS REGISTER DESTINATION
R2 R1 RO Description
-0 0 0 Tone 1:  Frequency
1 0 0 Tone 1:  Attenuation
) 1 0 Tone 2:  Frequency
1 1 0 Tone 2:  Attenuation
0 0 1 Tone 3: Frequency
1 0 1 Tone 3:  Attenuation
0 1 1 Noise:  Control
1 1 1 Noise:  Attenuation

NOTE: RO is the most significant address bit

TONE GENERATION

The NCR 8489 sound generator has three (3) programmable tone generators, each with separate frequency
synthesis and attenuation sections. The frequency synthesis section requires ten (10) bits of data (FO to F9) to
define half the period of the desired frequency. This data is entered into a ten (10) stage tone counter, which is
decremented at a rate of N/16 where N is the clock input frequency. A signal is produced when this tone
counter decrements to one, which toggles a divide by two counter and reloads the tone counter. Therefore, the
period of the desired frequency is twice the value of the tone generator.

The frequency of each tone generation is calculated using the equation:

f = N(32xn)
N = the clock input frequency
n = a 10 bit binary number [2 < n = 1023]

The divide by two counter is directly connected to a four stage attenuator whose values and bit position

in the data word are shown in the following table:

ATTENUATION CONTROL

DATA VALUE DATA VALUE
A3 A2 A1 A0 dB A3 A2 A1 A0 dB
0 0 0 0 0 0 0 0 1 -16
1 0 0 0 -2 1 0 0 1 -18
0 1 0 0 -4 0 1 0 1 -20
1 1 0 0 -6 1 1 0 1 -22
0 0 1 0 -8 0 0 1 1 -24
1 0 1 0 -10 1 0 1 1 -26
0 1 1 0 -12 0 1 1 1 -28
1 1 1 0 -14 1 1 1 1 OFF

NOTE: A0 is the most significant bit of data
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NOISE GENERATION

The NCR 8489 Sound Generator has two (2) noise sources (periodic and white), which share a common atte-
nuator. These noise sources are shift registers with an exclusive NOR feedback network. One (1) of four (4)
noise generator shift rates, each rate being derived from the input clock, will be controlled by the two (2) NF
bits, as is shown in the Noise Generator Frequency Control Table.

The choice of either periodic or white noise is controlled by the noise feedback control bit FB.

NOISE GENERATOR
FREQUENCY CONTROL NOISE FEEDBACK CONTROL
NF BITS FREQUENCY CONTROL FB CONFIGURATION
NF1 NFO | Shift Rate 0 Periodic Noise
0 0 N/512 1 White Noise
1 0 N/1024
0 1 N/2048
1 1 Tone Generator
#3 Qutput

NOTE: NFO is the least significant bit

DATA TRANSFER

The NCR 8489 Sound Generator is enabled by the CPU by asserting a low logic level to CE. WE strobes the
contents of the data bus to the appropriate control register. Data bus contents must be valid at this time. Data
transfers cannot occur unless CE is true.

Thirty two (32) clock cycles are required by the NCR 8489 to load data into the control register. The
READY output, used as a handshake signal to synchronize the CPU, is asserted to a low logic level imme-
diately following the leading edge of CE. READY assumes a true state via an external pull up resistor once the
data transfer has been completed.
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FORMATS FOR DATA TRANSFER
FREQUENCY UPDATE (DOUBLE BYTE TRANSFER)

.FIRST BYTE SECOND BYTE
Data Register Address Bit 0 . Data Bit 0
F9 F8 F7 F6 R2 R1 RO 1 F5 F4 F3 F2 F1 FO X 0
D7 Do D7 Do

NOISE SOURCE UPDATE (SINGLE BYTE TRANSFER)

Shift Rate Feedback Register Address Bit 0
NF1 NFO FB X R2 R1 RO 1
D7 DO

ATTENUATOR UPDATE (SINGLE BYTE TRANSFER)

Data Register Address Bit 0
A3 A2 A1 A0 R2 R1 RO 1
D7 Do

CPU INTERFACE

Eight (8) data lines (D0-D7) and three (3) control lines (WE, CE, READY) interface the NCR 8489 Sound
Generator to the CPU. Ten (10) bits of data are required by each tone generator in selecting frequency values.
Frequency updates require double byte data transfers. An additional four (4) bits of data are required to select
the attenuation values. Attenuation updates require only single byte data transfers.

Tone generators can be quickly updated by initially sending both bytes of frequency and register data.
This data is followed by the second byte of data for succeeding values only if no other control registers are ac-
cessed at the time of generator updating. This action is accomplished by latching the register address and per-
mitting the continued transfer of data into the same register. This updating feature permits the expedited
modification of the six (6) most significant bits of data needed for frequency sweeps.

OUTPUT CIRCUITRY

The NCR 8489 Sound Generator output circuitry, emulating a conventional op amp summing circuit, sums the
three (3) tone and one (1) noise generator outputs, and will source/sink current to 2 mA. The 0 dB output signal
per generator is nominally a 450 mV square wave in the negative direction from a 2V quiescent level. The out-
put should be capacitatively coupled into the application audio circuit via a filtering network similar to the fol-
lowing:

Sound \J] Ra Ca Vo Application

Generator N\, 1 ' Audio

Output Coupling J_ Amplifier
Rp Cp Filtering
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The UPPER and lower frequency poles for the application are determined from the following equations:
Lower Pole Upper Pole

f= N fo — 1 if: Rg>>Rp, CA>>Cp
27r(RA + RB) CA ZW(RA//RB) CB
Attenuation of the output signal is: Vo = R

\7 Ra + Rp
Typically Rg = 10 RA so that the attenuation can be small while achieving desired filtering.

INTERFACE DEFINITIONS
MICROPROCESSOR INTERFACE

Signal Pin Description
READY 4 OUTPUT: Open collector. READY indicates that data has been read when true (high). |
Data, WR, CS must remain stable while ready is false (low).
WE 5 INPUT: Write Enable WE indicates that data is available to the NCR 8489 when true (low).
CE INPUT: Chip Enable CE indicates that data may be transferred to the NCR 8489.
RST 9 INPUT: Master Reset RST is used for testing purposes only. This pin is a no connect on the
SN 76489A and is internally pulled high.
D7 10 INPUTS: D0-D7 is the data bus through which data is transferred. DO is the most significant
D6 11 data bit. D7 is the least significant data bit.
D5 12
D4 13
D3 15
D2 1
D1 2
Do 3
CLK 14 Input Clock

AUDIO APPLICATION INTERFACE

Signal Pin Description
Audio 7 OUTPUT: Audio signal to application. Refer to Output Circuitry for recommended output
connections.

POWER INTERFACE

Signal Pin Description
VCC 16 Supply Voltage
GND 8 Ground References

SPECIAL
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ELECTRICAL CHARACTERISTICS

OPERATING CONDITIONS
Symbol | Parameter Conditions Min Max Units
Vee Supply Voltage 45 5.5 Vv
lcc Supply Current Outputs Open 40 mA
To Operating 0 +70 °C
Temperature
Ts Storage -65 +150 °C
Temperature
Vimax Absolute To Any Pin 7.0 \
Maximum
INPUT CHARACTERISTICS
Symbol | Parameter Conditions Min Max Units
ViL Input Voltage Low D0-D7, WE, CE, CLK 0.8 v
ViH Input Voltage High D0-D7, WE, CE, CLK 2.0 '
I Input Current Vin=GND->Vgco -10 +10 pA
Cy Input Capacitance 15 pf
OUTPUT CHARACTERISTICS
Symbol | Parameter Conditions Min Max Units
VoL | Output Voltage Low *(READY) loyT = -2mA 0.4 \
AUDIO CHARACTERISTICS
Symbol | Parameter Conditions Typ Max Units
Iso Source Current Over Output -3 mA
Voltage Swing
Iso Sink Current . Over Output 2 mA
Voltage Swing
Voq | Quiescent Output 2.1 Vv
VoM | Maximum Output All Generators at 0dB 2.0 v
. measured from Peak to Peak
Vgw | Signal Swing One Generator at 0dB 450 mv
measured from Peak to Peak
CoL | Capacitance* From Pin 7 to 200 pf
Loading Ground for Stability

*Does not apply to coupling capacitors. It is recommended that capacitors to ground be

isolated by a series resistance of 500 ohms for stability.
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TIMING REQUIREMENTS
Symbol Parameter Conditions Min Max Units
tceR CE READY CL =225pf 150 ns
RL=2K to VCC
CLOCK Frequency Input Transition Time_ .05 4 MHZ
tsy Set up Time Data W.R.T. WE 0 nS
o CE WR.T. WE 0 ns
th Hold Time Data W.R.T. READY 0 nS
DATA TRANSFER TIMING

2 U\
— tcER
READY
th ———

tS'.)-'

WE /—
/——\

‘SUZ

DO-D7 >< FIRST BYTE >k SECOND BYTE ><
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TYPICAL MICROPROCESSOR
INTERFACE SCHEMATIC

DEV. SEL

WAIT

WR

Vce
2K
READY

CPU

D0—D7 8, ﬁ
7r
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NCR Microelectronics Division

1635 Aeroplaza Drive

Colorado Springs, Colorado 80916

Telex: 452-457
Phone: 303/596-5612
800/525-2252
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