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Advanced Micro Devices offers a complete line of Data Communications
products. Optimized for industry standard protocols, these products allow CPU
hosts to communicate with peripherals. Our Data Communication product family
includes Small Computer System Interface (SCSI) Controllers, Enhanced Serial
Communication Controliers (ESCC), Combination devices containing both SCSI
and SCC blocks, and Interface Line Drivers and Receivers.

AMD's sub-micron CMOS process technology, advanced packaging programs
and continued commitment to industry leading quality and reliability ensures that
you are designing with high-value added ICs.

Remember, our partnership helps you gain and keep the competitive edge.
We are not your competition.

AL
Fred J. Roeder '

Vice President
Standard Products Division
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Interface

Serial
Communication

Controllers (SCC)

Introduction

AMD offers a complete line of Data Communications products
which allow CPU hosts to communicate with peripherals using
various industry standard protocols. AMD’s Data Communica-
tions product family includes Small Computer System Interface

(SCSI) Controllers, Serial Communications Controllers (SCC),”

Combination devices containing both SCC and SCSI blocks, and
Interface Line Drivers and Receivers.

The Am53C94 and Am53C96 High Performance SCSI Controllers

(HPSC) are plug-in replacements for the industry standard 53C94
and 53C96, respectively. The HPSC has a flexible three bus
architecture. It has a 16 bit DMA interface, an 8 bit host data
interface and an 8 bit SCS| data interface. The HPSC is designed
to minimize host intervention by implementing common SCSI
sequences in hardware. An on-chip state machine reduces pro-
tocol overheads by performing the required sequences in re-
sponse to a single command from the host. Many SCSI-2 features
are supported including Selection, Reselection, and Disconnec-
tion commands, which are directly supported.

Due to a popular move towards SCSI, AMD has second-sourced
Western Digital's 33C93A second generation SCSI controller,
enhancing it by fabricating the device on a submicron CMOS
process technology. The 33C93A is the only second sourced
SCSI controller in this category, allowing peripheral and host
system manufacturers to build state-of-the-art systems, at low
cost, while taking advantage of the 33C93A’'s 5MByte/second
synchronous transfer rate.

The 53C80A first generation SCSI device has been improved by
AMD with the addition of enhanced ESD protection and with
proprietary “glitch eating” circuitry on the SCSI bus inputs, which
increases the reliability of systems by filtering out noise Con the
SCSl bus due to inadequate termination and high current swings.

Combination
SCSI/sCC

Small Computer
System Interface
7 (SC8))

The Am8530H is the first generation of the serial communication
controller family. It is designed for the use with the 8- and 16-bit
microprocessors. The SCC is dual-channel and can be software
configured to satisfy a wide variety of serial communication ap-
plications.

The Am85C30 ESCC is a high performance version of the indus-

. try-standard 8530 architecture. AMD's version incorporates en-

hancements which make CPU interfacing much easier, reducing
software overhead, and increasing performance. As a result, the
Am85C30 has become an industry standard serial interface on
engineering workstations and many other high performance
platforms.

The next generation of the SCC family is the Am85C230A. The
Enhanced Serial Communication Controller with LocalTalk sup-
port. The Am85C230A is not only plug compatible to Z85230, it is
a functional superset with LocalTalk enhancements; 4 deep
transmit FIFO extension (total of 8 bytes), sleep mode, quieter Rx
and Tx clock inputs, die revision information and ready signal to
reflect write recovery time.-

The Am85C80 Combination SCSI/SCC Controller is a unique
device which incorporates an Am85C30 SCC and an Am53C80A
SCSIONONE CHIP. This integration allows designers using both
of these I/O functions to save valuable board space, power
consumption, and manufacturing cost. Additionaily, duetoits fully-
static CMOS design, the Am85C80 may be “put to sleep” when
used with battery-powered systems, allowing a power consump-
tion reduction of over 2000X, as compared with using two separate
components.

. AMD is the industry’s leading supplier of standard interface de-

vices including transmission line receivers, line drivers and
backplane tranceivers.
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Data Communication

Data
Communication

Serial N
Communication Interface Cogg\l/ri\gélon SCSI
Controllers
Am8530H Am85C80 Am53C80A
Am85C30 . Am33C93A
Am85C230A* Am53C94*
. Am53C96*
; Am53CF94*
Am53CF96*
Transmission Transmission Transceiver
Line Drivers Line Receivers (Backptane)
Am26L529 Am26LS32 Am26L538
Am26LS30 Am26L532B
Am26LS31 Am26L.S33
Am26L.S34
Part Number Description Part Number Description
Serial Communication Controllers Combination SCSI/SCC
Am8530H Serial Communication Controller Am85C80 CMOS SCSI/SCC Combo Chip
Am85C30 Enhanced Serial Communication Controller
Am85C230A* ‘Enhanced Serial Communication Controller | SCSI
with LocalTalk Support Am53C80A CMOS SCSl Interface Controller
: (NCR Alternate Source)
Interface Am33C93A Enhanced CMOS SCSI Bus Interface
‘ . . Controller (Western Digital Second Source)
Transmission Drivers .
Am53C94* High Performance CMOS SCSI Controller
Am26LS29 Quad RS-423 Line Driver ' (Single-Ended; NCR Alternate Source)
Am26 -422/423 Dri Am53C96* High Performance CMOS SCS! Controller
m26LS30 Quad RS-422 . river (Single-Ended and Differential; NCR
Am26LS31 Quad RS-422 Line Driver Alternate Source)
. Am53CF94* CMOS Fast SCSI-2 Chip (Emulex FAS216
Transmission Line Receivers Alternate Source; NCR Alternate Source)
Am26LS32 Quad RS-422 Line Receiver Am53CF96* CMOS Fast SCSI-2 Chip (Emulex FAS236
Am26LS32B  Quad RS-422/423 Line Receiver Alternate Source; NCR Alternate Source)
Am26LS33 Quad High Vem Line Receiver
Am26LS34 Quad Party Line Receiver
Transceiver (ﬁackplane)
Am26LS38 Quad Differential Backplane Transceiver

* In development
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Am33C93A

Enhanced SCSI-Bus Interface Controller

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Implements full SCSI bus features: arbitration,
disconnect, reconnect, parity generation/checking
on both data ports, soft reset, and synchronous
data transfers

H Synchronous offset selectable from 1 to 12 bytes,
with selectable transfer period up to 5 Mbytes/s

H Compatible with most microprocessors through an
8-bit data bus; supports both multiplexed and non-
multiplexed address/data bus systems. Host bus
data parity checking and generation is an optlonal
feature

B Can be used as a host adapter (SCSI Inmator) or
peripheral adapter (SCSI Target)

B Data transfer options include programmed /O,
single-byte DMA, burst (multibyte) DMA, or direct
bus access (DBA Bus) transfers

Includes 48-mA drivers for direct connection to the
SCSI bus

24 bit transfer counter

Programmable timeout for selection and reselection
“Combination” commands greatly reduce interrupt-
handling responsibilities

B Special “Translate Address” command performs the
Logical- to-Physical address translation

Single +5 V supply

Available in 44-pin chip carrier or 40-pin DIP

Low power CMOS design

GENERAL DESCRIPTION

The Am33C93A is a MOS/VLSI device implemented in
Advanced Micro Devices’ CMOS process. It operates
from a single 5-Volt supply and is available in either a
44-pin chip carrier or a 40-pin dual-in-line package. All
inputs and outputs are TTL compatible.

The Am33C93A is intended for use in systems which
interface to the Small Computer System Interface
(SCSI) Bus. The Am33C93A can operate in both the
initiator (typically, a host computer system) and the
target (typically, a peripheral device) SCSI bus roles.

When used in the host system, the Am33C93A inter-
faces to both the host bus and the SCSI bus. To perform
a SCSI operation, the host processor issues a com-
mand to the Am33C93A to select the desired Target.
The Am33C93A then arbitrates for the SCSI bus and
selects the peripheral unit. If it fails to get the bus
because of a device with higher priority, it continues
trying and notifies the host when it has succeeded by
generating an interrupt. At this point, the Am33C93A is
operating in the initiator role. When the peripheral re-
quests a SCSI command from the host, the Am33C93A
receives the request and generates another interrupt to
the host. The host responds to this interrupt by issuing a

“Transfer Info” command and supplying SCS! com-
mand bytes to the Am33C93A. The Am33C93A trans-
fers the SCSI command to the peripheral, and then
waits for the next bus phase request. This process
continues until all SCSI information including data,
status, and messages have been transferred.

The Am33C93A also offers high-level Select-and-
Transfer commands which eliminate the interrupt han-
dling otherwise required between each SCS! bus
phase.

When the Am33C93A is used in a peripheral system,
the Am33C93A will operate primarily in a Target role. It
interfaces with a local processor and the SCSI bus in
this environment just as it does when used as a host
adapter. The Target-role command set enables the
Am33C93A to request each SCSI bus phase individu-
ally or to sequence the SCSI bus phases automatically
through the use of combination commands.

The Am33C93A has an internal microcontroller, a regis-
ter task file, and SCSI interface logic. This architecture
supports both tight control of the protocol for non-
standard SCSI implementations, as well as a hands-

* free'mode for standard SCS1 applications.

Publication #11853 Rev.B Amendment /0

Issue Date: November 1991
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BLOCK DIAGRAM
SCSi Internal
Bus Bus
ScCsi o o Register File ADDR
Arbitration PLA o - and Stack ] Cntrl. — AD/ALE
l«———— CS
Parity Gen/Checker

Parity Gen/Checker lg _w» RE, WE, D7-DO, DP

SCSI REQ/ACK

Handshake. Logic o uController
[ ¢ DRQ
< > ga;g“g?:'é —>| |e Transfer Counter —
44—
ROM
Program
Cpntroller 11853-003A
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CONNECTION DIAGRAMS '

44-PIN CHIP CARRIER

> (= O] —~ O 10 X |=
Z | = oy
'38 o|2|9 @,‘>’|E|2|E|§
oo OoQmnO
/6 5 4 3 2 1 44 43 42 41 40
SEL []7 ® 39[7] GND
CLK [1s 38[] sp7
pbra [ 9 37| sps
DACK [ ] 10 36[_] (HALT)
oP [ 11 _ 35| SDs
INTRQ [ 12 34[] spa
po []13 33| ] SD3
D1 [] 14 : 32 sb2
D2 (] 15 , 31[] GND
D3 [ 16 ‘ 30| sD1
D4 17 29 sbo
Lw 19 20 21 22 23 24 25 26 27 28._J
OO ot
n W N~ O QQU)UJ w w |a
0O 0 a < 3 5|o|§ |t él%
g-)‘ 118538-001A

Note: Pins in parentheses are for test purposes only, and should be left uinconnected for normal chip operation.

40-PIN DIP
710 [] 1e 401 vce
MSG [] 2 39[] REQ
GND 3 38[] ACK
co 4 37]] ATN
BSY []s 361 MR
SEL [|s 35|07 GND
CLK [} 7 340 sp7
DRa [ 8 33[] SD6
DACK ]9 32%56’5'
INTRQ [] 10 31| sp4
po |11 30{] SD3
D1 ] 12 29| sb2
D2 [} 13 28| ] GND
D3 [J14 . 27[] SDi
D4 {15 26%%
D5 (|16 25|7] SDP
D6 (|17 24|71 ALE
D7 (] 18 23| RE
Ao [ 19 22| WE
GND [] 20 21| cs

118538-002A

Am33C93A 1-5



l"l AMD

ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid combination)
is formed by a combination of:

AM33C93A -20 J

c .
‘ ‘ ‘IV ;— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

P= 40-Pin Plastic DIP (PD 040)

J = 44-Pin Plastic Leaded Chip Carrier
(PL 044)

SPEED OPTION
-16 =16 MHz
-20 =20 MHz

— DEVICE NUMBER/DESCRIPTION
Am33C93A

Valid Combinations

Valid Combinations : :
Valid Combinations list configurations planned to be supported in volume for this

AMB33C93A-16 JC PG device. Consult the local AMD sales office to confirm availability of specific valid
AM33CS3A-20 » combmathns, to check gn newly released combinations.

1-6 Am33C93A
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PIN DESCRIPTIONS

Processor/DMA Interface

Name

/{e)

Function

ALE

(DRQ)

D7-Do
DP

l[e]

le}

lle]

. O

Vo
1o

8-20 MHz square wave clock.

Reset is an active-low input which forces the Am33C93A into an idle state. All SCSI signals are
forced to the negated state.

Interrupt Request to external microprocessor indicates a command completion/termination or a
need to service the SCS| interface. Reading the SCSI STATUS register clears this bit.

Read Enable is an active-low input which is used with CSto read a register or with DACK to access
the DATA register in DMA mode. In DBA Bus mode, it is used as an output to read data from a
sector buffer. (TRI-STATE)

Write Enable is an active-low input which is used with CS to write a register or with DACK to access
the DATA register in DMA mode. in DBA Bus mode, it is used as an output to write data to a sector
bufter. (TRI-STATE)

Chip Select is an active-low input which qualifies RE and WE when accessing a register. This sig-
nal must be inactive during a DMA cycle (DACK active in DMA and Burst DMA mode, or DRQ
active in DBA Bus mode).

Address pin A0 is used to access the internal registers for non-multiplexed address/data busses
(i.e. the ALE pin is grounded). The address of the desired register is loaded into the ADDRESS
register during a write cycle with A0=0. The selected register is then accessed when A0=1.

Address Latch Enable is used for multiplexed address/data busses to load the address of the
desired Am33C93A register from the data bus. If indirect addressing is to be used, the ALE pin
should be grounded. See the description of the ADDRESS register for a complete discussion of
direct and indirect addressing.

DMA acknowledge input used for interfacing to an external DMA controller '(e.g. 8237). When
DACK is low, all bus transfers are to/from the DATA register regardless of the contents of the

ADDRESS register. In DBA Bus mode, this pin functions as a RAM chip select output to allow the
Am33C93A to access a sector buffer. RE and WE are outputs when RCS (RAM Chip Select) is

active. Since this pin can be an open drain output, a pullup resistor may be required when
operating in DBA Bus mode. .

Data request is an output when interfacing to an external DMA controller, and an input when in
DBA Bus mode. When used with an external DMA controller, DRQ and DACK form the handshake
for the data-byte transfers. In Burst mode, DRQ remains low as long as there is data to transfer. In
DBA Bus mode, the Am33C93A performs burst transfers while DRQ is high, and when DRQ is low,
data transfers are inhibited, RCS is false, and the RE and WE outputs are disabled. Since this pin
can be an open drain output, a pullup resistor may be required when operating in DMA or Burst
mode. '

Processor data bus.

Data Parity, used only for checking/generating parity during data transfers.

SCSI Interface

i

Name Vo Function

ATN /(o] ATN is an output in the initiator role and an input. in the target role. It is used to indicate the
ATTENTION condition. :

ACK o ACK is an output in the initiator role and an input in the target role. It is used to indicate an
acknowledgement for a REQ/ACK data transfer handshake.

MSG 1o MSG is an input in the initiator role and an output in the target role. It is asserted during a
MESSAGE phase. '

C/D Vo T/D is an input in the initiator role and an output in the target role. It is used to indicate whether
CONTROL or DATA information is on the SCSI data bus.

REQ 110 REQ s an input in the initiator role and an output in the target role. It indicates a request for a REQ/

ACK data transfer.

Am33C93A - 1-7



n AMD

SCSI Interface (Cont.)
Name /o Function
70 1o 170 is an input in the initiator role and an output in the target role. It controls the direction of data
movement on the SCSI data bus with respect to an Initiator.
SD0-SD7 l[e] SCSl data bus.
SDP 1o SCS| data bus parity signal.
BSY 10} -~ BSY is asserted when the Am33C93A is attempting to arbitrate for the SCSI bus or when
connected as a Target.
SELC o SEL is asserted when the Am33C93A is attempting to select or reselect another SCSI device.

Note: All pins have open-drain output drivers.

Am33C93A-REGISTERS

Register Map
Address
A0 RIW ) Register Accessed (HEX)
0 ‘R " AUXILIARY STATUS REGISTER ' XX
0 w ‘ ADDRESS REGISTER XX
1 R/W OWN ID REGISTER ; /CDB SIZE 00
1 RW . ~ . CONTROL REGISTER , 01
1 RW " TIMEOUT PERIOD REGISTER 02
1 RW TOTAL SECTORS REGISTER /CDB 18T 03
1 RW TOTAL HEADS REGISTER /CDB 2ND 04
1 RW TOTAL CYLINDERS REGISTER (MSB) /CDB’ 3RD 05
1 R/W TOTAL CYLINDERS REGISTER (LSB) /CDB- 4TH 08
1 RW LOGICAL ADDRESS (MSB) /CDB 5TH 07
1 R/W LOGICAL ADDRESS (2ND) - /CDB' 6TH 08
1 R/W - LOGICAL ADDRESS (3RD) ' /CDB 7TH 09
1 RW LOGICAL ADDRESS (LSB) /CDB 8TH 0A
1 RW ~ SECTOR NUMBER REGISTER : /CDB 9TH 0B
1 RW HEAD NUMBER REGISTER /CDB 10TH oc
1 RW CYLINDER NUMBER (MSB) REGISTER /CDB 11TH oD
1 RW CYLINDER NUMBER (LSB) REGISTER /CDB 12TH OE
1 RW : v TARGET LUN REGISTER ‘ OF
1 RW COMMAND PHASE REGISTER ‘ 10
1 RW SYNCHRONOUS TRANSFER REGISTER 1
1 RW TRANSFER COUNT REGISTER (MSB) 12
1 R/W TRANSFER COUNT REGISTER (2ND BYTE) 13
1 RW _ TRANSFER COUNT REGISTER (LSB) 14
1 RW . " DESTINATION ID REGISTER - 15
1 RW SOURCE ID REGISTER 16
1 R - SCSISTATUS ' 17
1 RW COMMAND REGISTER 18
1 RW DATAREGISTER =~ 19
1 R - AUXILIARY STATUS (DIRECT ADDRESSING MODE) " 1F

Notes: 1. All unused bits of a defined register are reserved and must be zero.
Reading an undefined or unavailable register results in an all-ones data bus output.

Register addresses are determined by the ADDRESS register bits AR7 through ARO.

A W D

When using a multiplexed address/data bus with ALE, the A0 pin is ignored and the ADDRESS register is loaded
with ALE. In this mode, the AUXILIARY STATUS register is mapped at hex 1F.

5. See Page 14 for a description of how reset affects the internal registers.

1-8 Am33C93A



AMD a

Register Descriptions
AUXILIARY STATUS REGISTER

(Address Hex 1F)

The AUXILIARY STATUS register is a read-only register STATUS register may be accessed at any time, except

which contains general status information not directly during DMA accesses (DACK asserted in DMA/Burst
associated with the interrupt condition. The AUXILIARY mode or DRQ asserted in DBA bus mode).

7 0
{INT[LcI]|BsY|ciP| o | o |PE[DBR]

DATA BUFFER READY
PARITY ERROR
Not Used
Not Used
COMMAND IN PROGRESS BUSY
LAST COMMAND
IGNORED
INTERRUPT PENDING
11853-004A

Bit Name

Description

0 DBR

4 CIP

5 BSY

6 LCI

7 INT

DATA BUFFER READY is used during programmed I/O to indicate to the processor whether
or not the DATA register is available for reading or writing. During Send or Transfer
commands which transmit data over the SCSI bus, the DBR bit is set when the Am33C93A
is ready to take a byte from the host; the bit is reset when the processor writes the byte to the
DATA register. During Receive or Transfer commands which receive data over the SCSI
bus, the DBR is set when a byte is received; it is reset when the processor reads the byte
from the DATA register.

PARITY ERROR status indicates that even parity was detected on a data byte received
during an information transfer. Parity is checked on data received from the host bus during
transfers out to the SCSI bus and is checked on data received from the SCSI bus during
transfers out to the host bus. Detection of a parity error will set the PE status bit regardless of

‘the state of the HHP or HSP bits in the CONTROL register. The PE bit is cleared when a new

command is issued.

COMMAND IN PROGRESS, when set, indicates that the Am33C93A is interpreting the last
command entered into the COMMAND register and therefore this register is unavailable.
When this bit is reset, a command may be written to the COMMAND register.

BUSY indicates that a Level I command is currently executing and therefore only the
COMMAND register (when CIP = 0), the DATA register, and the AUXILIARY STATUS
register are accessible by the host. A Level Il command may not be written to the
COMMAND register when this bit is one.

LAST COMMAND IGNORED indicates that a command was issued by the host just prior to
or concurrent with a pending interrupt, and therefore the command will be ignored.

INTERRUPT PENDING indicates that the INTRQ pin is asserted. The host should read the

-SCSI STATUS register to clear INTRQ prior to issuing any commands.

Am33C393A 1-9
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ADDRESS REGISTER

(Address XX Hex)

The ADDRESS register is a write-only register which
contains the address of the register to be accessed.
Registers in the Am33C93A may be accessed in‘one of
two ways:

- Direct addressing (multiplexed address/data bus-
- ses). In direct addressing, the falling edge of the

ALE signal is used to latch the address into the.

ADDRESS register. The A0 pin should be con-
nected to ground when using this method. The ALE
is typically then followed by the TS and WE or RE
signals that access the selected register. Also, in
direct addressing, the AUXILIARY STATUS regis-
ter is located at address 1F hex.

Indirect addressing (separate address/data bus-
ses). In indirect addressing, the register access is
performed in two separate cycles. This method is
enabled by attaching ALE to ground. First, the
ADDRESS register is loaded by performing a write
of the desired address to the Am33C93A (WE and
CS asserted) with AQ=0. Then the register is ac-
cessed by asserting CS and WE or RE, with A0=1.
Also, following every access with A0O=1, the AD-
DRESS register will automatically incremént.to
point at the next register, with the exception of the
following locations: AUXILIARY STATUS register,
DATA register, and the COMMAND register. In
indirect addressing, the AUXILIARY STATUS

registeris accessed by performing a read (CSand -

RE asserted) with-A0=0.

. Own ID/CDB Size Register

OWN ID/CDB SIZE REGISTER

(Address 00 Hex)

The OWN ID/CDB SIZE reglster in its first mode, con-
tains both the encoded ID of the Am33C93A on the
SCSI bus and several control bits that are used to
initially configure the device during the “Reset”
command. These bits control ‘advanced feature’
selection, host bus parity enable, and selection of the
divisor for the input clock. in its second mode (when
advanced features are enabled, see p.16), this register
is used during the combination commands to specify
the SCSI CDB size if the command group is unknown to
the Am33C93A. '

In the first mode, this register (as defined below) is
sampled and becomes effective only after a “Reset”
command is issued to the device. This register must be
initialized, and a “Reset” command must then be is-
sued, following a hardware reset to set the SCSl bus ID,
the clock divisor, and the operating modes before any
other commands are issued.

In the second mode, bits 3-0 of this register are used

during the Select-and-Transfer and Wait-for-Select
commands to specify the SCSI Command Descriptor
Block size if it is not a group 0, group 1, or group 5
command. This mode is enabled only when advanced
features are enabled (see p.16).

[Fs1|[Fso] o [enP]EAF[ D2 1D1 ] D0 ]

ID bit 0
1D bit 1
ID bit 2
Enable Advanced Features

Enable Host Parity -
Not Used

FREQUENCY SELECT 0

FREQUENCY SELECT 1

11853-005A

Bit Name

Description .

0-2 IDn
and selection.

3 EAF

SCSI ID Bits 0-2 set the SCSI bus ID number that the Am33C93A will use during arbitration

ENABLE ADVANCED FEATURES, when set to one, causes the Am33C93A to enable

certain advanced teatures (see Page 16). When this bit is zero, those features are disabled.

4 EHP

ENABLE HOST PARITY, when set to one, enables odd parity checking on the host bus; the

PE bit in the AUXILIARY STATUS register will indicate parity errors detected on the host
bus, and the HHP bit in the CONTROL register will be used. When this bit is zero, no
checking is performed on the host bus; the PE bit is not set when a parity error is detected on
the host bus, and the HHP bit must be set to zero. NOTE: Parity is always generated on the
host data parity bit (DP), regardless of the state of this bit.

1-10 Am33C93A
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Bit

Name

Description

6~7

FSn

FREQUENCY SELECT 0-1 select the divisor that is applied to the input clock. The resulting
clock is used for data transfer timing and for SCSI bus arbitration timing. The table below
shows input clock frequency ranges and the corresponding divisors. The correct divisor for
the input clock must be used, or SCSI bus timing specifications may not be met.

INPUT CLOCK
FREQUENCY RESULTING
(MHZ) FS1 FSO DIVISOR

8-10 2
12-15 3
16-20 4

XX Undefined

Note that an 11 MHZ clock rate should not be used, as the
resulting SCSI bus clear delay may violate SCSI specifications.
The formula for computing the maximum SCSI data transfer rate
is:

[ e X =)
- 0O =0

Input Clock Fequency

Maximum SCSI Transfer Rate = [Mbyte/sec}

Clock Divisior

CONTROL REGISTER
(Address 01 Hex)

The CONTROL register is used to enable/disable certain functions, such as response to parity errors and the SCSI
attention condition, interrupt handling, and data transfer modes.

7 0
(DM2]DM1 [DMO|HHP] EDI | IDI | HA |HSP|

HALT on SCSI PARITY ERROR

HALT on ATTENTION

INTERMEDIATE DISCONNECT INT
ENDING DISCONNECT INTERRUPT
HALT on HOST PARITY ERROR .

DMA Mode Select bit 0

DMA Mode Select bit 1

DMA Mcde Select bit 2 11853-006A

Bit

Name

Description

HSP

HA

IDI

The HALT on SCSI PARITY ERROR bit enables the Am33C93A to immediately terminate a
Receive or Transfer command if a parity error is detected on an incoming SCSI data byte. In
the Initiator role, termination due to a SCSI parity error causes the ACK pin to be left in the
active state in order to inhibit any additional data transfers (REQs) by the Target; this
facilitates error handling with the Target. Synchronous data transfers check parity every
4096 bytes, or at the end of the remaining transfer count, whichever is less. Asynchronous
transfers check parity on every byte.

The HALT on ATTENTION bit (in Target mode only) enables the Am33C93A to terminate a
Send or Receive command if the ATN input is asserted. This normally indicates that the
Initiator detected a parity error while receiving data from the Am33C93A. The ATN input is
tested before the start of a data transfer, every 4096 bytes if the transfer count is greaterthan
4096, and after the end of the transfer. These rules apply to both synchronous and
asynchronous transfers.

The INTERMED!ATE DISCONNECT INTERRUPT bit, when set, enables the Am33C93A to
generate an 85H interrupt and complete a Select-and-Transfer command if the Target
disconnects according to the defined SCSI protocol. When this bit is reset, no interrupt is
generated by a valid disconnect. This feature, when used with the Resume Select-and-
Transfer command, provides support for overlapped SCSI operations. IDI is also used to
select execution options in Target mode Combination commands that serve to reduce host
system overhead. (Refer to COMMANDS, p.15 for more details.)
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Description

Bit Name
3 EDI

4 HHP
5-7 DMx

When the ENDING DISCONNECT INTERRUPT bit is set, the 16H interrupt which normally
follows the COMMAND COMPLETE message during the execution of a Select-and-Transfer
command will be suppressed until the Target disconnects from the SCSI bus. EDI is also
used in the Target mode Combination commands to enable chaining between those
commands, resulting i in reduced host system overhead. Referto COMMANDS p.15 for more
detalls

The HALT on HOST PARITY ERROR bit enables the Am33C93A to immediately terminate
a Send or Transfer command if a parity error is detected on an incoming host data byte. Host
parity errors are checked according to the rules for checking SCSI parity errors. However, a
halt on a host parity error will not hold the ACK signal asserted when an error occurs. Host
parity checking is performed at the same intervals as SCSI parity checking.

DMA MODE SELECT bits 2-0 are used to select the DMA mode of operation, which
describes the host bus transfer mode used during Data In or Data Out phases. The following
table describes the different DMA modes, and the state of these bits to select them:

DM2  DM1 DMo DMA Mode Selected

0 0 0 POLLED MODE, or no DMA enabled. All data phase transfers are
performed by polling for DBR in the AUXILIARY STATUS register, and
then writing (reading) the data to (from) the DATA register.

BURST MODE selects a demand-mode DMA interface. In this mode,
the DRQ signal will be active as long as there is data/space in the
internal FIFO to allow_the transfer to continue. The DMA controller
responds by asserting DACK and RE/WE as long as DRQ is active.

DBA BUS MODE is selected when the Am33C93A is connected to a
DBA Bus. This mode also can be called Direct Buffer Access (DBA)
mode. In this mode, the Am33C93A acts as a bus master, and all data
access signals reverse their direction: The DRQ output signal becomes
the DRQ input, which enables the Am33C93A to drive the buffer bus
control signals. The DACK output signal becomes the RCS input, which
is asserted as a chip select for the buffer. The RE and WE inputs become
outputs which drive the read and write functions of the RAM buffer. As
long as the DRQ signal is asserted, transfers will continue in a burst
manner, until the transfer is complete or it decides to pause the transfer
by negating the DRQ signal, one more transfer may occur after this
transition, and then the DACK, RE, and WE signals are negated.

DMA MODE is selected when the Am33C93A is to be used with a DMA
controller in single-byte transfer mode. In this mode, DRQ is asserted
and then negated, and the DMA controller responds by asserting DACK
and WE or RE, for each data byte transferred to/from the Am33C93A.

TIMEOUT PERIOD REGISTER
(Address 02 Hex)

The TIMEOUT PERIOD register is an 8-bit register
containing a preset value which determines the timeout
period for Select and Reselect commands. This value
may be calculated as a function of the input clock fre-
quency and the desired timeout period, as shown in the
following equation:

Tper « Ficlk

register value =
80

Where:
Tper = The desired timeout period in milliseconds;

Ficlk = The input clock frequency at the CLK pin in
MHz (with no divisor applied).

The constant ‘80" scales the units of the equation, as is
based on the internal timeout cycle time. The user
should round the resulting ‘register value’ up to the next
integral value to ensure that the user's minimum timeout
requirement is met.

The timeout period specifies how long the Am33C93A
will wait for a response (indicated by assertion of the
BSY signal) aiter it has begun the selection phase (as-
sert SEL and negate BSY) before terminating the com-
mand. The timeout function can be disabled by loading
the TIMEOUT PERIOD register with zero.

NOTE: The following twelve registers are used exclusively by
the Translate Address and/or “combination” com-
mands. The function of each register is determlned by
the type of command issued.

1-12 Am33C93A
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TOTAL SECTORS-REGISTER/CDB 1ST BYTE
(Address 03 Hex)

Translate Address: The TOTAL SECTORS register
should be set to the total number of sectors per track
prior to issuing a Translate Address command.

Select-and-Transfer: This register should be loaded
with the first byte of the COMMAND DESCRIPTOR
BLOCK before issuing a Select-and-Transfer com-
mand.

Wait-for-Select-and-Receive: The Am33C93A will store
the first byte of the received CDB in this register.

TOTAL HEADS REGISTER/CDB 2ND BYTE
(Address 04 Hex)

Translate Address: This register holds the total number
of heads during a Translate Address command.

Select-and-Transfer: This register should be loaded
with the second byte of the CDB before issuing a
Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the second byte of the received CDB in this register.

TOTAL CYLINDERS REGISTER/CDB 3RD AND 4TH
BYTES

(Address 05, 06 Hex)

Translate Address: This is a 16-bit register which holds
the total number of cylinders.

Select-and-Transfer: This register should be loaded
with the third and fourth bytes of the CDB before issuing
a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the third and fourth bytes of the received CDB in this
register.

LOGICAL ADDRESS REGISTER/CDB 5TH-8TH
BYTES

(Address 06, 07, 08, 09, 0A Hex)

Translate Address: The LOGICAL ADDRESS register
is a 32-bit register which should be loaded with the
logical address to be translated prior to issuing the
Translate Address command.

Select-and-Transfer: For six byte CDBs, only the first
two bytes of this register are loaded with the fifth and
sixth bytes of the CDB. For ten and twelve byte CDBs,
this register is loaded with the fifth, sixth, seventh, and
eighth bytes of the CDB.

Wait-for-Select-and-Receive: The Am33C93A will store
the fifth, sixth, seventh (if any), and eighth (if any) bytes
of the received CDB in this register.

SECTOR NUMBER REGISTER/CDB STH BYTE
(Address 0B Hex)

Translate Address: This register will contain the

resulting sector number following a Translate Address
command.

Select-and-Transfer: This register should be loaded
with the ninth byte of a ten or twelve byte CDB before
issuing a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the ninth byte of a ten or twelve byte received CDB in
this register.

HEAD NUMBER REGISTER/CDB 10TH BYTE
(Address 0C Hex)

Translate Address: The HEAD NUMBER register con-
tains the resulting head number foliowing a Translate
Address command. If automatic compensation for
spare sectors on a disk is to be performed by the
Am33C93A, then the number of spare sectors per cylin-
der must be written into this register before issuing the
Translate Address command. It should be noted that
when compensation is used, the maximum number of
cylinders allowed is 4096, and the maximum number of
heads is 15. An initial value of zero in this register
indicates that no compensation is to be performed.

Selecr-and-Transfef: This register should be loaded
with the tenth byte of a ten or twelve byte CDB before
issuing a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the tenth byte of a ten or twelve byte received CDB in
this register.

CYLINDER NUMBER REGISTER/CDB 11TH AND
12TH BYTES

(Address 0D, OE Hex)

Translate Address: The CYLINDER NUMBER register
is a 16-bit register which contains the resulting cylinder
number following execution of the Translate Address
command. When a Translate Address command involv-
ing automatic compensation for spare sectors is issued
(i.e. the HEAD NUMBER register initially contains a
nonzero value), then this register must be loaded with
total number of sectors per cylinder (total sectors/track »
total heads — total spare sectors/cyl) before issuing the
command.

Select-and-Transfer: This register should be loaded
with the eleventh and twelfth bytes of a twelve byte CDB
before issuing a Select-and-Transfer command.

Wait-for-Select-and-Receive: The Am33C93A will store
the eleventh and twelfth bytes of a twelve byte received
CDB in this register.

Send-Status-and-Command-Complete: The CDB11
register is used to specify the returned status byte to be
sent during a Send-Status-and-Command-Complete
command. The CDB12 register is used to determine the
type of Command-Complete message sent by the
Am33C93A. If bit 0 of the CDB12 register is set to one,

Am33C93A 1-13



a AMD

then a linked Command Complete message will be sent
during command execution. In this case, bit 1 of the
CDB12 register is used as a FLAG bit to determine
whether a 0A hex (FLAG=0) or a 0B hex (FLAG=1)
Linked Command Complete message is sent. If bit 0 is
zero, then a simple Command Complete message (00
hex) is sent.

TARGET LUN REGISTER

(Address OF Hex)

The TARGET LUN register is used to hold both the
Logical Unit Number (LUN) and Target status informa-
tion during various Am33C93A commands and
sequences. During a Select-and-Transfer or Reselect-
and-Transfer command, the contents of this register
(along with the SOURCE ID register) are used to
generate and check the IDENTIFY messages trans-
ferred across the SCSI bus. In addition, the TARGET
LUN register is used to hold the Target Status byte
received during a Select-and-Transfer command.

During Wait-for-Select-and-Receive commands, this
register may hold the image of the Identify message
received from the Initiator. If the TLV bit is zero, there
was no ldentify message received. if the TLV bit is one,
then a valid Identify message was received. The DOK
bit will then indicate whether of not the Initiator has
enabled disconnects.

During Reselect-and-Transfer commands, this register
is used to set the LUN to be used in the Identify mes-
sage sentto the Initiator after Selection phase. The TLV
and DOK bits are not used.

7 0
| TLv[poK]o]oJof TL2] TL1 | TLo]

TARGET LUN bit 0
TARGET LUN bit 1
TARGET LUN bit 2
Not Used

Not Used

Not Used
Disconnects OK
TARGET LUN Valid

11853-007A

In advanced mode, during Select-and-Transfer com-
mands, this register is used to handle reselection by an
unexpected Target. In this case, this register will hold
the logical unit number of the reselecting target The
TLV and DOK bits will be zero.

COMMAND PHASE REGISTER
(Address 10 Hex)

The COMMAND PHASE register is used dunng combi-
nation commands to indicate which phases of these

7 0
foJcpslcps]crafcra|cPz[cPi|cpo|

Command Phase bit 0
Command Phase bit 1
Command Phase bit 2
Command Phase bit 3
Command Phase bit 4
Command Phase bit 5
Command Phase bit 6
Not Used

11853-008A

multi-phase commands have been completed. Thus, if
the command has terminated abnormally, the proces-
sor can read this register to determine the cause of the
termination and how to respond to it. This register is
also used to resume combination commands by loading
this register with a value that indicates the next desired
or expected bus phase, and reissuing the command.
Refer to the description of the specific commands for
details regarding the various command phases and
resume values.

SYNCHRONOUS TRANSFER REGISTER

(Address 11 Hex)

The SYNCHRONOUS TRANSFER register is used to
select between synchronous and asynchronous trans-
fers, and is also used to define the maximum transfer
rate. For information phases other than a “data” transfer
phase, or when the selected offset is zero
(OF3=0F2=0F1=0F0=0), asynchronous transfers will
occur. Values greater than zero define a synchronous
transfer mode and the offset is determined as shown
below. This offset determines the effective FIFO depth
for synchronous data transfers, and is typically deter-
mined by negotiation with the other SCSI device (as

~ defined in the SCSI standard). The Transfer Period

control bits select the minimum transfer period for both
synchronous and asynchronous SCSI transfers and, if
DBA Bus mode is used, the transfer period and the
width of the RE/WE strobes for host transfers. The pe-
riod is defined in terms of the internal clock cycle time;
the frequency of this clock is determined by the divisor
selected in the OWN ID register.

7 0
[o] TP2]TP1 ] TP0[OF3] OF2[ OF1 | OF0]|

OFFSET bit 0

OFFSET bit 1

OFFSET bit 2

OFFSET bit 3 )
TRANSFER PER. bit 0
TRANSFER PER. bit 1
TRANSFER PER. bit 2
Not Used

11853-009A
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Bit Name Description
0-3 OFx The OFFSET bits are used to select the desired offset according to the following:
3 2 1 0 Selected Offset
o 0 0 O 0 (=Asynchronous data phase transfers)
0 0 0 1 1
0 Q 1 0 2
[ 0 1 1 3
o] 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0o 1 9
1 0 1" 0 10
1 0 1 1 11
1 1 0 0 12
1 1 0 1 Undefined
1 1 1 X Undefined
4-6 TPx

following table:

The TRANSFER PERIOD bits are used to select the desired transfer period according to the

SCsl DBA Bus (SCSI REQ/ACK Synchronous Pulse Width
6 5 4 Transfer Period and DBA Bus RE/WE Pulse Width)
0 0 X 8 cycles (4 cycles)
0 1 0 2 " a ")
o 1 1 3 " a- "
1 0 o0 4 " @2 ")
1 0 1 5 " @ ")
1 1 0 6 " 4 ")
1 1 1 7 " 4 ")

The ‘cycle’ referred to above is the period of the internal data transfer clock after the divisor chosen in the OWN ID register is

applied. This period is calculated by the following formula:

DIVISOR (from OWN ID)
2« INPUT CLOCK FREQUENCY (MHz)

CYCLE =

(nsec)

TRANSFER COUNT REGISTER

(Address 12, 13, 14 Hex)

The TRANSFER COUNT register is a 24-bit register
containing a preset value for the internal transfer
counter. This preset value is loaded into the internal
transfer counter when a Send, Receive, or Transfer
command is issued. This counter is used to define
command completion by decrementing as each data
byte is transferred over the SCSI bus and causing a
“successful completion” interrupt when the counter
reaches zero. In Combination commands, this register
specifies the number of bytes to be transferred during a
Data phase. :

The counte‘r function can be disabled by loading the

TRANSFER COUNT register with zeros prior to .

issuing a command or by setting the SINGLE-BYTE
TRANSFER bit in the COMMAND register concurrent

with issuing the command. If the counter is disabled, the -

Send, Receive, or Transfer command will be completed
when a single byte has been transferred.

After the completion of any successful transfer, the
TRANSFER COUNT register will be zero. This includes
commands issued in Single Byte Transfer mode.

When a transfer is interrupted by a halt on error condi-
tion, a SCS! bus phase change, or an abort, the
TRANSFER COUNT register will contain the number of
_bytes NOT successfully transferred to/from the SCSI
bus, including any bytes left in the FIFO (see DATA
register). This FIFO clearing process may cause the
TRANSFER COUNT register to differ with the user's
DMA controller count, because some bytes may have
been transferred into the FIFO, but not to the SCSI bus;
therefore, the TRANSFER COUNT should be used to
determine the actual number of bytes transferred to/
from the SCSI bus.

Am33C93A
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DESTINATION ID REGISTER

(Address 15 Hex)

The DESTINATION ID register contains the encoded
SCSI bus ID of the device which is to be selected or
reselected when a Reselect or Select command is

issued. This register also contains control bits that affect
the operation of certain combination commands.

7 0
[scclopb] o [ o | o [Di2]Di [Dio]

DEST|NATION ID bit 0
DESTINATION ID bit 1
DESTINATION ID bit 2

Not Used
Not Used
Not Used
DATA PHASE DIRECTION ) ’
SELECT COMMAND CHAIN 11853-010A
Bit Name " Description
6 DPD DATA PHASE DIRECTION, when advanced features are enabled (see p.14), is used to
specify the expected direction of the SCSI data phase, when it occurs. This allows the
Am33C93A to verify the direction during Select-and-Transfer commands before beginning
the transfer. When this bit is zero, the expected direction is out (to the Target). When this bit
is one, the expected direction is in (from the Target). An unexpected information phase error
will occur if the direction does not match the setting of this bit.
7 SCC SELECT COMMAND CHAIN is used only when the Reselect-and-Transfer command is

issued with EDI=1. This bit selects which command is chained to when the data transfer is
completed. When this bit is zero, a Send-Status-and-Command-Complete command begins
executing. When this bit is one, a Send-Disconnect-Message command begins executing.

SOURCE ID REGISTER

(Address 16 Hex)

The SOURCE ID register is used to report the SCSI bus ID of the device that has selected or reselected the
Am33C93A. It also contains bits that enable and control response to selection and reselection.
: 0

|ER|Es |psP] o [sivisi2]si]sio]

SOURCE ID bit 0 (read only)
SOURCE ID bit 1 (read only
SOURCE ID bit 2 (read only
SOURCE ID VALID (read only)
Not Used

DESABLE SEL./RESEL. PARITY
ENABLE SELECTION

11853-011A

ENABLE RESELECTION

Bit Name

Description

5 DSP

| 3 SIv

2-0 Six

ENABLE RESELECTION, when set to one, enables the Am33C93A to respond to a
reselection by another device 'on the SCSI bus. When this bit is zero, any reselection is
ignored.

ENABLE SELECTION, when set to one, enables the Am33C93A to respond to a selection
by another device on the SCSI bus. When this bit is zero, any selection is ignored.

DISABLE SELECT PARITY, when set to one, causes the Am33C93A to ignore the bus
parity when responding to selection or reselection. When this bit is zero, any selection or
reselection with a parity error is ignored.

SOURCE ID VALID is set to one after the Am33C93A is selected or reselected if the other
SCS! bus device asserted its own bus 1D bit (in addition to the bus ID bit of the Am33C93A)
during the select/reselect phase. This bit is zero if only the bus ID bit of the Am33C93A was
asserted.

SOURCE ID Bits 2-0 are valid only if the SIV bit is set to one. These bits indicate the SCSI
bus ID of the device that selected or reselected the Am33C93A.

1-16
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SCSI STATUS REGISTER

(Address 17 Hex)

The SCSI STATUS register is a read-only register
which indicated the cause of the most recent INTRQ
assertion. INTRQ is asserted whenever a condition
occurs within the Am33C93A that requires intervention
by the host; for example:

» The Am33C93A has been reset;

« The command completed successfully;
» The bus phase changed;

» An error occurred.

Once INTRQ has been asserted, the contents of this
register will not change until after the SCSI STATUS
register has been read or until the Am33C93A has been
reset.

7 0
[ss7]ss6|ss5]ss4]ss3|ss2|ss1[sso]

SCSI STATUS bit 0
SCSI STATUS bit 1
SCS| STATUS bit 2
SCSI STATUS bit 3
SCSI STATUS bit 4

SCSI STATUS bit 5

SCSI STATUS bit 6

SCSI STATUS bit 7 11853-012A

Bit Name Description

0-3 SSx SCSI STATUS bits 0-3 are status qualifiers whose meaning depends upon which upper
(4-7) status bit is set. i ‘

4-7 SSx SCSI STATUS bits 4-7 define the type of interrupt that occurred. The possible codes are

defined in the following table:

Status Code Group Meaning
0000 XXXX The Am33C93A is in a reset state.
0001 XXXX A Am33C93A command has completed successfully.
0010 XXXX A Am33C93A command has paused or was aborted by an Abort command.
0100 XXXX A Am33C93A command has been terminated prematurely due to an error or
other unexpected condition.
1000 XXXX An event on the SCSI bus requires service.

All other Status Code groups are currently not used and
are reserved for future use.

In the following tables, the ‘STATE’ column indicates
the current state in which the Status Code can occur.
Also, the MCI field refers to the signals that define a
.SCSI bus information transfer phase: MSG, C/D, and
I/0. A bit set to one indicates that the signal is asserted
on the SCSI bus. A zero indicates negation. Whenever
one of these Status Codes occurs, the REQ signal is
asserted on the SCSI bus. The table below summarizes
the meaning of the MCl field:

MCI CODE MEANING
000 Data Out phase
001 Data In phase
010 Command phase
011 Status phase
100 Unspecified Info Out phase
101 Unspecified Info In phase
110 Message Out phase
m ‘ Message In phase

Am22Ma2A
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Reset State Interrupts

Status Code State* . Specific Meaning
0000 0000 DTI Am33C9A3 Reset. The device has been reset, or a Resst command has executed
successfully with no advanced: features enabled The new state of the Am33C93A is
-, disconnected.
‘0000 0001 DTI Am33C93A Reset. The device has successlully completed a Reset command with
advanced features enabled. The new state of the Am33C93A is disconnected.
Successful Completion Interrupts
Status Code State* Specific Meaning

0001 0000 D A Reselect command completed successfully. The new state of the Am33C93A is
connected as a Target.

0001 0001 D A Select command completed successfully. The new state of the Am33C93A is
connected as an Initiator.

0001 0010 — Reserved for future use.

0001 0011 DT A Receive, Send, Reselect-and-Transfer, Wait-for-Select-and-Receive, Send-Status-
and-Command-Complete, or a Send-Disconnect- Message command completed suc-
cessfully (ATN is not asserted).

0001 0100 DT A Receive, Send;. Reselect-and-Transfer, Wait for-Select-and- Recewe Send-Status-
and-Command-Complete, or a Send-Disconnect-Message command completed

. : successfully (ATN is asserted).

0001 0101 DT A Translate Address command completed successfully.

0001 0110 D! A Select-and-Transfer command completed successfully.

0001 o111 — Reserved for future use.

0001 1MCI | A Transfer (non-MESSAGE IN phase) command completed successfully. MC1 defines the
new information type (SCSI bus phase) being requested.

- Paused or Aborted Interrupts

Status Code State* Specific Meaning .

0010 0000 ] A Transfer Info (MESSAGE-IN phase) command has paused with ACK asserted. This
allows the host to examine the message before accepting it.

0010 . 0001 | A Save-Data-Pointer message was received during a Select-and-Transfer command. The
host should save its current data buffer pointer.

0010 0010 D. . A Select or Reselect command was aborted.

0010 0011 T A Receive or Send command has halted by an error or was aborted ('A—Tﬁ is not asserted).

0010 0100 T A Receive or Send command has halted by an error or by assertion of ATN orwas aborted
(ATN is asserted).

o010 0101 — Reserved for future use.

0010 0110 - Reserved for future use.

0010 0111 D The Am33C93A has been reselected during a Select-and-Transfer (wnh IDI=0) by a
Target that does not match the SCSI bus ID loaded into the DESTINATION ID register or
the following Identify message did not match the LUN loaded into the TARGET LUN
register. ACK has been left asserted following the Identify. message, and the bus ID and
LUN of the reselecting Target are available in the SOURCE ID and TARGET. LUN
registers.

0010 1MCI | A Transfer command was aborted. MCI define the new information type (SCSIbus phase)

being requested.

* D = Disconnected
T = Connected as a Target
| = Connected as an Initiator
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Terminated Interrupts

Status Code State* Specific Meaning

0100 0000 DTI An invalid command was issued.

0100 0001 | An unexpected disconnect (SCSI bus free) by the Target caused a command to terminate.
The new state of the Am33C93A is disconnected.

0100 0010 D A timeout occurred during a Select or Reselect command. The state of the Am33C93A is
disconnected.

0100 0011 Tl A'parity error caused a command to terminate (ATN is not asserted). The transfer direction
determines whether it is a SCSl or host parity error.

0100 0100 Tl A parity error caused a command to terminate (ATN is asserted) The transfer direction
determines whether it is a SCSI or host parity error.

0100 0101 DT The Logical Address exceeded the disk boundaries.

0100 0110 D A Target whose SCS! bus device ID does not match the bus ID set in the DESTINATION 1D
register has reselected the Am33C93A during a Select-and-Transfer command (with ID1=0).
This interrupt occurs when the Am33C93A is not in Advanced Mode. The new state of the
Am33C93A is connected as an Initiator.

0100 0111 | An incorrect status byte was received during a Select-and-Transfer command.

0100 1MCI i An unexpected information phase was requested. MCl define the SCSI bus phase which is
requested. This is typically caused by a phase change before the Transfer Count has
reached zero or by an unexpected phase sequence occurring during a Select-and- Transfer
command.

Service Required Interrupts
Status Code  State* Specific Meaning

1000 0000 D The Am33C93A has been reselected. The new state of the Am33C93A is connected as an
Initiator. No Identify message transfer has yet occurred.

1000 0001 D The Am33C93A has been reselected in Advanced Mode. The SCSI bus ID of the Target
may be read from the SOURCE ID register. The Idenhfy message from the Target may be
read from the DATA register. The ACK signal is left asserted. The new state of the
Am33C93A is connected as an Initiator.

1000 0010 D The Am33C93A has been selected (ATN was -not asserted). The new state of the
Am33C93A is connected as a Target.

1000 0011 D The Am33C93A has been selected (ATN was asserted). The new state of the Am33C93A is
connected as a Target.

1000 0100 T The ATN signal has been asserted.

1000 0101 | A disconnect has occurred. The new state of the Am33C93A is disconnected.

1000 0110 — Reserved for future use.

1000 0111 T The Wait-for-Select-and-Receive command has paused because the first byte of the
incoming CDB is not a known command group. The OWN ID register must be loaded with
the CDB length, and the command resumed. The CDB1 register may be examined to
determine the SCSI command group from the opcode. The new state of the Am33C93A is
connected as a Target. (Advanced Mode only)

1000 1MCI | The REQ signal has been asserted following connection or when the Am33C93A is in the

Initiator state and no command is executing. The information phase type should be exam-
ined. MCI define the information phase (SCSI bus-phase) which is being requested.

*D = Disconnected
T = Connected as a Target
| = Connected as an Initiator
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COMMAND REGISTER

(Address 18 Hex)

The COMMAND register is used to issue the
. AM33C93A commands. This register should never be
loaded when the CIP or INT bits (in
AUXILIARYSTATUS) are set to one, and a Level |l
command should never be loaded when the BSY bit is
set to one.

The SINGLE-BYTE TRANSFER (SBT) bit in the
COMMAND register is only used during information
transfer type commands. When‘this bit is set in

conjunction with one of these commands, the transfer
counter is disabled and exactly one byte is to be
transferred, regardless of the value in the TRANSFER
COUNT register. The previous contents of the
TRANSFER COUNT register are not preserved.

Refer to the COMMANDS section for a description of
the commands and their corresponding command
codes.

7 0
[sBT]cce]ccs]cca]cea]ccz|cc1]cco|

COMMAND CODE Bit 0
COMMAND CODE Bit 1
COMMAND CODE Bit 2
COMMAND CODE Bit 3

COMMAND CODE Bit 4

COMMAND CODE Bit 5
COMMAND CODE Bit 6

SINGLE-BYTE TRANSFER

DATA REGISTER

(Address 19 Hex)

The DATA register is used to transfer data bytes be-
tween the host and the SCSI bus during the SCSI
information transfer phases (command, data, status, or
message phase). It may be accessed by the processor
during any type of information phase (simple Level Il
commands) or via the DMA/DBA Bus interface during a
SCSI Data In phase or Data Out phase (simple and
combination Level Il commands).

The DATA register is actually a port for the host inter-
face into the internal twelve byte FIFO of the
Am33C93A. The FIFO is used for all transfers
(synchronous and asynchronous) between the SCSI
bus and the host bus, for both DMA and processor
access transfers. If the Am33C93A is to be halted for
any reason (through ABORT, for example), then data
transfers with this FIFO must continue until an interrupt
occurs. This must be done so that the FIFO is returned
to a ready state for subsequent transfers, and to flush
incoming data to the host bus.

The DATA register is accessed by the processor during
a data phase when the CONTROL register DMA mode
select bits are all reset (=0), and when the DBR bitin the
AUXILIARY STATUS register is true. The processor
writes (reads) the DATA register by loading the
ADDRESS register with a hex value of 19 and asserting
the WE (RE) and CS pins. This access also occurs dur-
ing non-data phases.

When the CONTROL register DMA mode select bits are
set for DMA mode or BURST mode, the DMA interface
is enabled. In this case, the DATA register is written
(read) when the DACK and WE (RE) pins are asserted
in response to the assertion by the Am33C93A of the
DRQ pin. When the DBA Bus is selected by the DMA
mode select bits, the RCS pin functions as an external

11853-013A

butfer chip select and the WE and RE pins become out-
puts, allowing the Am33C93A to automatically transfer
data between its DATA register and the external buffer.
In this mode, bus control can be returned to the external
processor or any other device by negating the DRQ pin.

Reset Conditions

HARDWARE RESET
The following results occur when the Am33C93A is
reset by the assertion of the MR signal:

« The AUXILIARY STATUS register is reset to zero.
The INT bit (and the INTRQ pin) is set to one when
the hardware reset completes.

» The OWN ID register is reset to zero.

+ Advanced mode is disabled.

- The ES, ER, and DSP bits in the SOURCE ID

register are reset to zero.

The SCSI STATUS register is reset to zero.

The internal FIFO, internal transfer counter (not
the host accessible register), offsets, and state
machines are cleared.

The internal clock divider circuit is set to divide by
two.

The following host accessible registers are NOT

. affected by the MR signal:

Registers 01.hex through 15 hex;
SOURCE ID (16 hex) register bits 0-3;
« COMMAND register (18 hex);

Note: The SCSI Soft Reset may be implemented by using the
SCS! bus reset signal to cause a reset of the
Am33C93A (for example, OR the host power on reset
signal with the received SCSI bus reset (RST) signal).
The host may examine the registers that are not af-
fected by the MR signal to recover from the SCSI reset
condition.

1-20
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SOFTWARE RESET

The following results occur when the Am33C93A  « The OWN ID register is iﬁlerpreted and the clock

executes the Software Reset command:

divisor, host parity, and advanced mode are con-

« The DBR bit in the AUXILIARY STATUS register is figured.
reset to zero. The INT bit (and INTRQ pin) is set to » Registers 01 hex through 16 hex are reset to zero.
one when the Reset command is complete. The COMMAND register (18 hex) is also reset to

= All SCSI bus signals are reset to the negated state. zero.

- The internal FIFO, internal transfer counter (notthe  * The SCSI STATUS register is set as commanded
host accessible register), offsets, and state by the EAF bit in the OWN ID register.

machines are cleared.

COMMANDS
Command List

Command
Code Valid
(HEX) Command States Level
00 Reset D,T, |
01 Abort D, T, |
02 Assert ATN | |
03 Negate ACK | |
04 Disconnect Tl |
05 Reselect D 1
06 Select-with-ATN D 1l
07 Select-without-ATN D Il
08 Select-with-ATN and-Transfer D, 1l
09 Select-without-ATN and-Transfer D, I
0A Reselect-and-Receive-Data ) D,T Il
0B Reselect-and-Send-Data : D,T Il
0C Wait-for-Select-and-Receive D, T Il
0D Send-Status-and-Command-Complete T, |
OE Send-Disconnect-Message T Il
OF Set IDI DT, |
10 Receive Command T I
11 Receive Data T ]
12 Receive Message Out T Il
13 Receive Unspecified Info Out T I
14 Send Status T |
15 Send Data T I
16 Send Message In T ]
17 Send Unspecified [nfo In T il
18 Translate Address D,T il
20 Transfer Info | I}
Am33C93A states: Command Levels:

D = Disconnected
T = Connected as a Target
| = Connected as an Initiator

| = Level | command
I = Level Il command
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Am33C93A Command Types

There are two basic types of Am33C93A commands:
Level I and Level II. Level | commands may be issued
while a Level Il command is in progress (indicated by an
AUXILIARY STATUS of BSY=1,CIP=0) and, except for
the “Abort” and “Reset” commands, do not generate an
interrupt upon their completion. Level I command exe-
cution will always result in an interrupt. If a Level Il
command is issued while another Level Il command is
executing, unpredictable results may occur.

There are two types of Level Il commands. ‘Simple’
Level Il commands are associated with a single opera-
tion or phase (for example, selection or information
transfer). ‘Combination’ Level II commands combine
multiple phases into a single Am33C93A command to
minimize interrupt overhead. The Initiator combination
commands ‘expect’ certain SCSI bus phases at certain
times during a sequence. These expected phases are
based on common sequences performed by a Target
on the SCSI bus; any deviation causes an interrupt.
Target combination commands can be chained to-
gether to further minimize interrupt overhead by
creating longer phase sequences.

NOTE: When using command chaining, care must be taken
to ensure that all commands in the chain are initial-
ized prior to issuing the command.

The Am33C93A will be in one of three “states” during
operation: Disconnected, Connected as a Target, or
Connected as an Initiator. Certain commands are valid
only in particular states as indicated in the COMMAND
LIST. An attempt to issue a Level Il command which is
invalid for the present Am33C93A state will cause an
“invalid command” interrupt. Level | commands issued
in invalid states will be ignored.

Advanced Mode Features

The Am33C93A has several new features included
which add new functions to the original 33C93 design.
Some of these features cause the Am33C93A to be
incompatible with the 33C93. These features have been
grouped together under the heading of ‘Advanced
Mode’ features. These features are disabled when the
Am33C93A is reset by the MR signal (hardware reset).
They must be enabled by the host by issuing the ‘Reset’
command with the ‘Enable Advanced Features’ (EAR)
bit set in the OWN ID register. The host can determine if
advanced features have been enabled (thereby
implying that a Am33C93A is installed) by examining
the SCSI STATUS register after issuing the ‘Reset’
command.

The features enabled by this bit are described below.

UNEXPECTED RESELECTION

When in normal (33C93) mode, a reselection when idle
(ER=1) or when disconnected during a Select-and-
Transfer command (and the Target bus ID does not
match the DESTINATION ID register) causes an imme-

diate interrupt after the reselection handshake is
complete. In Advanced Mode, the Am33C93A will
continue to the Message In phase to fetch the Identify
message. If the Am33C93A was idle, the SCSI
STATUS register will be set to 81 hex, and the Identify
message will be inthe DATA register. If the Am33C93A
was executing a Select-and-Transfer command, the
SCSI STATUS register will be set to 27 hex, and the
Identify message will be in the TARGET LUN register.
In either case, the SOURCE ID register will contain the
SCSI bus ID of the reselecting Target, and the ACK
signal remains asserted so that the Identify message
may be rejected.

UNKNOWN SCSI COMMAND GROUPS

When a SCSI Command Descriptor Block is transferred
on the SCSI bus, the command Ilength in bytes is deter-
mined by the group code, which is found in bits 7-5 of
the first command byte, or opcode. Group 0 (opcodes
00 to 1F hex), group 1 (opcodes 20 to 3F hex), and
group 5 (opcodes A0 to BF hex) commands are defined
by the SCSI standard (X3.131-1986) as six, ten, and
twelve byte commands, respectively. All other com-
mand groups are undefined by that standard. In normal
mode, the Am33C93A will assume that these undefined
groups are six byte commands when executing Select-
and-Transfer or Wait-for-Select-and-Receive com-
mands. In Advanced Mode, the following events will
occur:

Select-and-Transfer: When loading the CDB into the
CDB registers prior to issuing the command, the host
also loads the expected command length into the OWN
ID register. The Am33C93A uses this value to make
sure the correct number of bytes are then transferred in
the command phase.

Wait-for-Select-and-Receive: When receiving the CDB
from the Initiator, the Am33C93A will check the first
CDB byte as soon as it is received. If the group is
undefined, an interrupt will occur so that the host can
examine the first command byte in the CDB 1ST regis-
ter, and then load the TOTAL command length into the
OWN ID register. The SCSI STATUS register is set to
87 hex, and the COMMAND PHASE register is set to 31
hex, when this interrupt occurs.

After the interrupt, the Am33C93A will only accept a
Resume Wait-for-Select-and-Receive command, Abort,
Disconnect, or Reset command. All other commands
are invalid; during the interrupt processing, the
Am33C93A will continue to transfer the first six bytes of
the command into its internal FIFO.

DATA PHASE DIRECTION

" During a Select-and-Transfer command in normal

mode, the Data phase direction is determined solely by
the Target; if this direction does not match the direction
expected by the host, the Am33C93A will not detect this
error but expects that the transfer will continue. In

122
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Advanced Mode, the DPD bit in the DESTINATION ID
register is compared with the state of the 1/O signal on
the SCSI bus. If the expected and actual directions do
not match, an interrupt will occur with ‘unexpected
phase’ status in the SCSI STATUS register.

Level | Commands

RESET (00 HEX)

The Reset command performs a similar function to'the
hardware reset caused by asserting the MR pin except
that the OWN ID register is sampled for information
concerning the operating configuration of .the
Am33C933A. The Am33C93A is also initialized as de-
scribed in theRESET CONDITIONS section. The Reset
command may be executed in any Am33C93A state
and will force the Am33C93A into the Disconnected
state, aborting any previously issued command in
progress. Upon completion 'of the Reset command, an
interrupt is generated the SCSI STATUS will be 00 hex
or 01 hex, depending on the contents of the OWN ID
register.

ABORT (01 HEX)

The Abort command is valid in the Dlsconnected and
Connected-as-a-Target states. The Abort command has
different effects depending on the state and the com-
mand that is currently executing, as described below:

Disconnected State: In the Disconnected state, the
Abort command may be used to halt an attempted
Select, Select-and-Transfer, Reselect, or Reselect-and-
Transfer command. If the Abort command is issued
following a Select or Reselect command and the
Am33C93A has won arbitration, the Am33C93A
releases the SCSI bus by removing the Bus 1D bits
while SEL is asserted and checking for a negated BSY
signal. If after at least 200 ps, there is no BSY response,
the Am33C93A goes to a Bus Free condition and gener-
ates a “paused/aborted” interrupt. If there is a response
within this time period, then a “successful completion”
interrupt will result instead. If the Am33C93A has not yet
won arbitration, it immediately aborts the Select or
Reselect command.

Target State: When the Am33C93A is in a Connectéd-
as-a-Target state, the Abort command may be used to
abort Receive, Send, or the data phase portion .of a

Target combination command. When issuing an Abort -

in the Connected-as-a-Target state, the followmg rules
apply:

1.-When a Abort command is issued to abort a Send or
Reselect-and-Send command, the local processor
must not service any data request (DBR, DRQ, etc.)

- from the Am33CS3A until an interrupt from the
Am33C93A occurs. This is required to allow the
FIFO to clear; the Abort processing will not complete
until the FIFO contents are flushed to the SCSI bus.
The Am33C93A removes the data request at an

arbitrary time during the Abort command processing
and the data request is not valid once the Abort
command is written to the COMMAND register.

2. When a Abort command is issued to abort a Receive
or Reselect-and-Receive command, the local proc-
essor must CONTINUE to service any data request

- (DBR, DRQ, etc.) from the Am33C93A until an inter-
rupt from the Am33C93A occurs. This is required to
allow the FIFO to clear; the Abort processing will not
complete until the FIFO contents are flushed to the
local processor.

After the Abort command is processed and the local

- processor has received the interrupt indicating this, the

TRANSFER COUNT register contains the: number of
bytes that were not successfully transferred with the
SCSI bus. The Am33C93A remains in the Connected-
as-a-Target state. The Am33C393A is now ready to re-
ceive any appropriate Target mode command, including
a resume of the command that was aborted.

DISCONNECT (04 HEX)

The Disconnect command may be used in either the
Target or the Initiator connected states. In the Target
role, the Disconnect command is the normal procedure
for disconnecting from the SCSI bus following the infor-
mation transfer phase. In the Initiator role, Disconnect
can be used to release the bus following a timeout
condition. The Disconnect command causes the imme-
diate release of all bus signals and, in Target mode,
returns the SCSI bus to the Bus Free phase.. If the
Disconnect command is issued during an active Level ||
command, the Level 1l command is immediately termi-
nated and the Am33C93A transitions to the Discon-
nected state.

ASSERT ATN (02 HEX)

The Assert ATN command is only valid when Con-
nected as an Initiator. It is normally used to allow the
Initiator to inform a Target that it has a message pend-
ing (The Target is expected to respond by performing a
Message Out Phase).

ATN is automatically negated:

+ Before the last byie of a Transfer Info command
issued in response to the Message Out phase;

« When the Identify message out is transferred to the
Target during a Select-and-Transfer command;

. When a SCSI Bus Free phase occurs.

The Select-with-ATN and-—Select-with-ATN-and-
Transfer commands will cause the Am33C83A to auto-
matically assert ATN prior to the release of SEL provid-
ing the bus arbitration is won.
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NEGATE ACK (03 HEX)
The Negate ACK command causes ACK to be negated.
It may be used in the following situations:

« after successful completion of a Message-In
Transfer Info commands;

- after the Am33C93A has detected a parity error on
any received SCSI information and the HALT on
SCSI PARITY ERROR (HSP) bit is set;

« after unexpected reselection in advanced mode;
and

» after a save-data-pointer message is received
: durlng a select-and-transfer command.

Host parity errors do not affect the ACK signal. For all
other Initiator transfers, ACK negation is automatic.

In the case of a Message-In transfer, incoming mes-
sages may be rejected and the Initiator may indicate its
intent to send either a “MESSAGE REJECT” or a
“MESSAGE PARITY ERROR” Message by issuing the
Assert ATN command prior to issuing the Negate Ack
command. If the incoming message is to be accepted,
only the Negate Ack command should be issued.

During non-Message-In transfers, if the Transfer com-
mand is terminated by a parity error, the Assert ATN
command can again be issued prior to Negate ACK, this
time indicating the Initiator’'s intent to send an
“INITIATOR DETECTED ERROR" Message.

SET IDI (OF HEX)

The Set IDI command is used in the Initiator role to
support overtapped SCSI operations. If a SCSI com-
mand is executing via a Select-and-Transfer command,
then the Set IDI command may be used to set the ID! bit
in the CONTROL register, which then causes an inter-
rupt to occur upon a Target disconnection. This ability
allows the IDI bit to be left reset when the first SCSI
operation is started, which may reduce the number of
Am33C93A interrupts, yet also allows a second
operation to be started when needed without waiting for
the first operation to be completed.

Simple Level Il Commands

SELECT-WITH-ATN (06 HEX)

Select-with-ATN is valid only in the Disconnected state
and when issued will cause the Am33C93A to select a
Target. Before issuing this command, the SCSI'Bus ID
of the Target device should be written into the
DESTINATION ID register. When the Select- with-ATN

command is issued, the Am33C93A begins bus.

arbitration. If the Am33C93A is selected or reselected
by another device during the arbitration, the Select-with-
ATN command is aborted and a “service required”
interrupt (8x hex) is generated.

Should the Am33C93A win the arbitration, SEL and ATN
are asserted, the Target and Initiator Bus IDs are placed
on the SCSI data bus, and then BSY is deasserted. At

this time, a timeout sequence whose length is deter-
mined by the value in the TIMEOUT PERIOD register
begins. If BSY is not asserted by the Target before a
timeout occurs, the Am33C93A" begins its selection
abort sequence (as described in the Abort command
description), and if there .is no Target response the
Select- with-ATN command is terminated and a “ter-
minated” interrupt is generated. If the Target responds
betore the timeout period has elapsed or before the
selection abort sequence is complete, the Am33C93A
negates the SEL signal, putting the Am33C93A in a
Connected-as-an-Initiator state. A “successful comple-
tion” interrupt indicates that the Select-with-ATN com-
mand has been completed successfully.

Ifthe Am33C93A does not win the arbitration or there is
no response from the Target and the timeout feature is
disabled, the Select-with-ATN command can be
aborted with an Abort command. When the Abort
command is successfully executed under these circum-
stances, the Am33C93A is disconnected from the bus
and a “paused/aborted” interrupt is generated.

SELECT-WITHOUT-ATN (07 HEX)

The Select-without-ATN command is identical to the
Select-with-ATN command except that ATN is not set
during the Selection Phase.

RESELECT (05 HEX)

The Reselect command is identical to the Select-
without-ATN command except that the I/O signal is
asserted upon completion of the Arbitration Phase.
Successful completion of the Reselect command
results in the Am33C93A being Connected as a Target.

RECEIVE (10-13 HEX)

There are four Receive commands which are distin-
guished from each other only by the state of three SCSI
interface signals and the type of data that is transferred.
These commands, consisting of the Receive
Command, Receive Data, Receive Message Out, and
Receive Unspecified Info Out commands are valid only
in the Connected-as-a-Target state. The type of the
Receive command selected determines the state of the
/0, C/D, and MSG outputs during the command  ac-
cording to the following chart (1=asserted):

The Receive commands are informationtransferring
commands and are therefore dependent on the SBT bit
in the COMMAND register for.determination of a suc-

Receive Command Type OPCODE MSG C/D 1O .

Receive Command 10 o] 1 0
Receive Data 1 0 0 0
Receive Message Out 12 1 1 0
Receive Unspecified Info Out 13 1 0 0
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cessful completion. In addition to a termination caused
by reset (via either a Reset command being issued or
assertion of the MR pin), a Receive command comple-
tion or termination will occur under any of these condi-
tions: (1) The internal transfer counter is disabled
(SBT=1 or the TRANSFER COUNT register is loaded
with zero) and a single byte has been read from the
DATA register; (2) The counter has decremented to
zero (with SBT=0) indicating that the specified number
of bytes have been transferred; (3) A parity error has
been detected on one of the received data bytes (and
HSP=1); (4) The ATN pin is asserted (and HA=1); (5)
The Abort command is issued; or (6) A Disconnect
command is issued.

When the Receive command is completed as a resuit of
receiving the correct number of bytes, a “successful
completion” interrupt will be generated. If a parity error
has caused termination, a “terminated” interrupt will
instead be generated. In this case, the TRANSFER
COUNT register will contain the number of bytes yet to
be transferred. After any completion or termination of
the Receive commands except those due to a subse-
quent Disconnect command or reset, the Am33C93A is
in the Connected-as-a-Target state.

As data transfer commands, the Receive commands
are dependent on the DMA mode select bits in the
CONTROL register for the DATA register accessing
mode. These bits determine whether the DATA register
accesses will be handled by the processor or through a
DMA/Am interface. When the processor is required to
read the DATA register (i.e. DMA mode select bits=0), it
must monitor the DBR status bit (in AUXILIARY
STATUS) to determine when a byte is available for
reading. During Receive commands, this status bit will
be reset when a byte is read from the DATA register and
set when a byte is loaded into the DATA register via the
SCSI interface. DBR is also reset when a Receive
command is issued.

All information transfers involving other than data infor-
mation are asynchronous. However, if the information
phase involves data transfers, the SYNCHRONOUS
TRANSFER register will be evaluated. In this case, any
selected offset other than zero results in synchronous
transfers. The minimum Transfer Period for both types
of transfers is determined by the transfer penod bits in
this same register.

SEND (1 4-17 HEX)

As inthe case of the Receive commands, there are four
Send commands which are distinguished only by the
state of the 1/O, C/D, and MSG pins and the type of data
that is transferred. The four Send commands, also valid
in the Connected-as-a-Target state only, are the Send
Status, Send Data, Send Message In, and Send
Unspecified info In commands. The SCSI pin states
during the Send commands are determined by the par-
ticular command as follows {asserted=1):

Send Command Type OPCODE MSG C/D IO

Send Status 14 0 1 1
Send Data 15 0 0 1
Send Message In 16 1 1 1
Send Unspecitied Info In 17 1 0 1

The Send commands are also information transferring
commands and as such are also dependent upon the
SBT bit in the COMMAND register for command com-
pletion. In addition to that caused by reset (via either a
Reset command being issued or assertion of the MR
pin}, a Send command completion or termination will
occur under any of these conditions: (1) The internal
transfer counter is disabled (SBT=1 or the TRANSFER
COUNT register is loaded with zero) and a single byte
has been read from the DATA register; (2) The counter
has decremented to zero (with SBT=0) indicating that
the specified number of bytes have been transferred;
(3) A parity error has been detected on one of the data
bytes from the host (and HHP=1); (4) The ATN pin is
asserted (and HA=1); (5) The Abort command is issued;
or (6) A Disconnect command is issued. The
AmM33C93A remains Connected-as-a-Target following
the Send command completion/termination unless the
Disconnect command or reset was used to force a
termination.

During a Send command, DATA register accessing is
controlied by the DMA mode select bits in the
CONTROL register. When these bits are set to the
appropriate mode, loading of the DATA register is ac-
complished by a DMA controller or through the DBA
Bus interface. If the DMA mode select bits are zero, the
processor must poli the AUXILIARY STATUS register
and can write to the DATA register only when the DATA
BUFFER READY bit is set (DBR=1). Send commands

‘cause the DBR bit to be reset every time the processor

loads a byte into the DATA register and set when a byte
is transferred from the DATA register onto the SCSI
data bus. The DBR bit will also be set upon issuing a
Send command.

As in the case of Receive commands, synchronous
transfers will occur only when data transfers are in-
volved and an offset other than zero is selected.

TRANSFER INFO (20 HEX)

The Transfer Info command is valid only when Con-
nected as an Initiator and is used to send and receive
data, command, status, and message information.

The first REQ assertion following connection as an Ini-
tiator results in a “service required” interrupt. The pro-
cessor should examine the SCSI STATUS register to
determine the type and direction of information transter
requested by the Target, and then issue a Transfer Info
command in response. While an Initiator, the
Am33C93A will also generate an interrupt each time the
Target device requests a new type of information trans-
fer phase.
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As in the case of the Send and Receive commands,
when completion of the Transfer Info command de-
pends upon the internal transfer counter, the processor
should load the TRANSFER COUNT register prior to
issuing this command. The DMA mode select bits in the
CONTROL register, the offset and transfer period bits in
the SYNCHRONOUS TRANSFER register, and the
SBT bit in the COMMAND register are used during
Transfer Info commands just as they are during the
Send and Receive commands. However, for processor
access of the DATA register during Transfer Info com-
mands (when the DMA mode select bits are zero or the
bus phase is other than Data phase), behavior of the
DATA BUFFER READY (DBR) status bit is determined
by the direction of information transfer as defined by the
170 pin. When the transfer is from Initiator to Target, the
DBR bit is reset by writing to the DATA register and is
set when the byte is transferred from the DATA register
onto the SCSI data bus. When the transfer is from
Target to Initiator, DBR is set when a byte is received
over the SCSI data bus and transferred into the DATA
register and is reset by reading the DATA register. DBR
is also reset whenever a Transfer Info command is
issued. )

There are several causes of a Transfer Info command
completion/termination in addition to a reset. Just as for
a Send or Receive command, the Transfer Info com-
mand can be terminated by issuing a subsequent Dis-
connect or Abort command. The Abort command will

cause a “paused/aborted” interrupt to be generated af-

ter execution (leaving the Am33C93A in a connected
state), while the Disconnect command causes animme-
diate disconnect and does not generate an interrupt.

A Transfer Info command will either complete or pause
when the specified number of bytes (either a single byte
or multiple bytes as defined by the SINGLE-BYTE
TRANSFER bit in the COMMAND register) has.been
sent or received. The Am33C93A generates a

“successful completion” interrupt only after receiving.

another REQ from the Target during non-Message-In
information phases but generates a “paused/aborted”
interrupt for Message-In phases without waiting for an
additional REQ (Note that when the completed Transfer
Info command was a Message-In transfer phase, the
ACK pin will be left asserted by the Am33C93A in the
last REQ-ACK cycle of the command, and the
processor is required to issue a Negate ACK or an

Assert ATN followed by a Negate ACK command to

accept or reject the message).

If a parity error is detected on a data byte received from
the SCSI bus (and HSP=1) or on a data byte byte
received from the host (and HHP=1), then the
Am33C93A will terminate the command and, for SCSI
parity errors, will leave ACK asserted (to also halt the
Target). In this case a “terminated” interrupt is gener-
ated. Finally, a negation of the BSY: signal (i.e. the Tar-
get suddenly disconnects) or a transition in the 170, C/D,

and/or MSG pins during a Transfer command will also
terminate the.command and generate a “terminated”
interrupt. ‘ .

If a parity error is detected on a received byte but parity
error command termination is disabled (HSP=0 or
HHP=0, as appropriate), the Am33C93A will still set the
PARITY ERROR status bit in the AUXILIARY STATUS
register but will not terminate the command as a result
of this error. o ,

TRANSLATE ADDRESS (18 HEX) ‘

The Translate Address Command performs a logical-
address to physical-address translation. Certain SCSI
commands involve a logical address which may be up
to 32 bits in length. When a command is detected which
requires address translation, the processor can reload
the logical address into the Am33C93A LOGICAL
ADDRESS register and then issue the Translate
Address command to have the Am33C93A do the con-
version. Upon receiving a “successful completion” inter-
rupt, the processor can read the CYLINDER NUMBER,
HEAD NUMBER, and SECTOR NUMBER registers to
extract the logical address. The disk parameters con-
tained in the TOTAL SECTORS, TOTAL HEADS, and
TOTAL CYLINDERS registers must also be valid before
issuing a Translate Address command.

If automatic compensation for spare sectors is to be
performed by the Am33C93A, then the number of spare
sectors per -cylinder and total number of sectors per
cylinder must also be loaded, respectively, into the
HEAD NUMBER and CYLINDER NUMBER registers. A
“terminated” interrupt will occur if any division operation
performed during this command results in an overflow.

Combination Level Il Commands

SELECT-AND-TRANSFER (08 AND 09 HEX)

The Select-and-Transfer commands greatly reduce the
host or local processor interrupt-handling burden by
enabling the Am33C93A’s internal microprocessor to
manage the low-level SCSI protocol, resulting in as few
as one interrupt per SCSI operation. Select-and-:
Transfer commands are used when in an Initiator role,
and typically consist of at least the following SCSI
phases: (1) Selection of a Target device; (2) Sending of
acommand; (3) Reception of status information; and (4) -
Reception of a COMMAND COMPLETE Message.
These commands optionally consist of a Data Transfer
phase and additional Message Transfer phases.

The Am33C93A will update the COMMAND PHASE
register as the Select-and-Transter command
executes. Upon completion or termination of the
command, the local processor can read this register to
determine where the SCSI operation stopped.

The two Select-and-Transfer commands differ from
each other only by:whether or nét the ATN pin is as-
serted during the Selection phase. The ability to assert
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ATN during Selection supports the SCSI Message
Protocol which calls for an IDENTIFY Message Out
phase following the Selection. When executing a Select
W/ATN-and-Transfer commands, the Am33C93A
expects the Target to request a Message Out phase
immediately following selection, whereas for a Select
W/O ATN-and-Transfer command, it expects the Target
to directly enter Command phase. The Select-and-
Transfer commands, moreover, support Group 0
(6-byte CDB), Group 1 (10-byte CDB), and Group 5
(12-byte CDB) SCSI commands. '

When a Select-and-Transfer command is issued, the
Am33C93A arbitrates for the bus and selects a Target
just as during a Select command. If the Target does not
respond before a timeout occurs, the Select-and-
Transfer command halts and a “terminated” interrupt is
generated. Failure to complete the Selection phase is
also indicated by the fact that the COMMAND PHASE
register contains all zeros. If the Selection is successful,
no interrupt is generated, but the COMMAND PHASE
register will be set to a hex 10.

After completing the Selection phase, the Am33C93A
begins an information transfer phase. If ATN has been
asserted (i.e. a Select W/ATN-and-Transfer command
was issued), the Am33C93A expects the Target to
respond with a Message Out phase. If the first
information phase request is other than a Message Qut
request, the Am33C93A will terminate the command
and generate a “terminated” interrupt. However, when
the Target does request a Message Out phase, the
Am33C93A will respond by automatically sending an
IDENTIFY Message. This single byte message is of the
binary form: 1r000ttt, where r=1 if the ENABLE
RESELECTION bit in the SOURCE ID register is equal
to 1, and ttt is the encoded Target LOGICAL UNIT
NUMBER contained in the TARGET LUN register.
Once the IDENTIFY Message has been sent, the
Am33Ca3A will set the COMMAND PHASE register to
hex 20.

Following the Message Out phase (or Selection phase
when ATN was not asserted during Selection), a Com-
mand phase is expected by the Am33C93A. Again, and
throughout the entire Select-and-Transfer command
execution, if the Target requests an unexpected infor-
mation phase type, the Am33C93A terminates the com-
mand and generates a “terminated” interrupt. If the
Command phase is requested in this situation, the
Am33C93A will extract the SCSI command from the
internal COMMAND DESCRIPTOR BLOCK registers
and send the 6-, 10-, or 12-bytes of command
information as determined by its evaluation of the SCSI
command code in the CDB1 register. The COMMAND
PHASE register is set to hex 30 before the first
Command byte is sent and then increments with each
byte transferred, so that for a 12-byte CDB command
the COMMAND PHASE register will contain hex 3C
when all bytes of the CDB have been transferred.

After the Command phase, the Am33C93A expects
either a Data In phase, Data Out phase, Status phase,
or Message In phase. If the Target is requesting a
Message In phase, a pending disconnection is
assumed. The Am33C93A therefore expects to receive
either a Save-Data-Pointer message (hex 02) or a Dis-
connect message (hex 04). If either message is incor-
rect, or if a different message is received, a “terminated”
interrupt will be generated to alert the processor of that
fact and to allow the message to be read fromthe DATA
register. A “terminated” interrupt will aiso be generated
if the Target disconnects before sending the Disconnect
message. When a correct Save-Data-Pointer message
is received, a “paused/aborted” interrupt is generated
and the Select-and-Transfer command terminated to
allow .the processor to save the SCSI data pointer.
However, if a Disconnect message is received, the
COMMAND PHASE register will be updated to hex 42
and command execution continues.

When the actual Target-disconnection does occur, the
COMMAND PHASE register is updated to hex 43 and if
the IDI bit is set, the Am33C93A terminates the Select-
and-Transfer command by generating an 85H interrupt.
However, if the IDI bit is reset, then instead the
Am33C93A sits in an idle state, waiting for the Target to
reconnect. If a different Target device Reselects the
Am33C93A, a “terminated” interrupt is generated. How-
ever, if the original Target Reselects the Am33C93A, no
interrupt is generated and the COMMAND PHASE
register is set to hex 44.

Following the original Target Reselection, the
Am33C93A expects a Message In phase which should
consist of the Target sending an IDENTIFY Message.
This single-byte message should be of the binary form:
10000ttt, where ttt is the Target LUN. If the data
received by the Am33C93A is different or the Target’
LUN specified in this byte does not match the contents
of the TARGET LUN register, a “terminated” interrupt is
generated and the Message byte may be examined by
the processor. A correct IDENTIFY Message In phase
results in the COMMAND PHASE register being
updated to hex 45.

After the IDENTIFY Message is received from the
Target or immediately after the Command Out phase
{when there is no disconnection), a Data In phase, Data
Out phase, or Status phase should occur. If the
TRANSFER COUNT register contains any non-zero
value, then the Am33C93A will expect a Data Transfer
phase. If Advanced Features are enabled, then the
DPD bit will be examined to verify the correct data
direction. If the data direction is incorrect, then a “termi-
nated” interrupt is generated. In this phase, the
Am33C93A will use the TRANSFER COUNT register to
determine the number of bytes to be transferred, and all
host-side DATA register accesses will be accomplished

. via the method selected by the DMA mode select bits in

the CONTROL register. When the internal counter

Am33C93A
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reaches zero, the Data Transfer phase is complete and
the COMMAND PHASE register is set to hex 46.

Note that any number of disconnection/reconnection
cycles may occur during the Data Transfer phase so
long as they are accomplished according to the defined
message protocol. The COMMAND PHASE register will
cycle through the disconnect phases (41—45) with each
disconnection and subsequent reconnection until all of
the data has been transferred and the Data Transfer
phase is complete.

A Status phase is expected by the Am33C93A following
the Data Transfer phase (or instead of the Data
Transfer phase when the TRANSFER COUNT register
contains a value of zero). At the start of the Status
phase, the COMMAND PHASE register is loaded with
hex 47. Upon completion of the Status phase, the
COMMAND PHASE register will be updated to hex 50,
and the received status byte is stored in the TARGET
LUN register where it can be read upon completion of
the command.

Following completion of the status-byte transfer, a Mes-
sage In phase is expected. The Am33C93A expects the
Target to send a COMMAND COMPLETE Message
(hex 00) to indicate that the SCSI command operation
has been completed. After the Am33C93A receives this
COMMAND COMPLETE Message, the COMMAND
PHASE register advances to hex 60, and if the EDI bit is
reset, a “successful completion” interrupt is generated.
The processor should then read the TARGET LUN
register to examine the Target status. An additional
interrupt will then occur when the SCSI bus goes to the
Bus Free state, or when another REQ is asserted to
begin an information transfer phase (as in SCS! linked
commands). If the EDI bit is set, the “successful com-
pletion” interrupt will be suppressed untll the Target
disconnects from the SCSI bus.

At any time during execution of the Select-and-Transfer
* commands, an abnormal or unexpected condition will
cause the Am33C93A to terminate the command, set
the appropriate status qualifiers, and generate a “termi-
nated” interrupt. If the termination occurred during an
information transfer phase, the Am33C93A will be leftin
a Connected-as-an-Initiator state (unless termination
was due to a sudden Target disconnection). Command
termination during any other phase will result in the
Am33C93A being in a Disconnected state. Transfer
commands may be used to handle the exception by
transferring messages with the Target.

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Select-and-Transfer commands, and their meanings
relative to command termination:

Command
- Phase Meaning
00 No SCSI bus device has been selected. The

Am33C93A is in the disconnected state.

10 The Target has been selected. The
Am33C93A is now in the connected as an
Initiator state.

20 An Identify message has been sent to the
Target.

30 Command phase has started, no bytes
transferred.

3x Command phase, x bytes have been
transferred.

41 Save-Data-Pointer message received.

42 Disconnect message received, bus not free.

43 Target has disconnected (SCSI bus free)
following a successful transfer of a Disconnect
message. The Am33C93A is now in the
disconnected state.

44 The Am33C93A has been reselected by the
Target whose SCSI bus ID matches the value
in the DESTINATION ID register. The
Am33C93A is now in the connected as an
Initiator state.

45 The Am33C93A has received an Identify mes-
sage from the Target whose Logical Unit
Number matches the value in the TARGET
LUN register. ’

46 The number of bytes specified in the
TRANSFER COUNT register have been trans-
ferred to/from the Target during a Data Out/In
phase.

47 The Target has begun a Receive Status phase.
50 The Am33C93A has successfully received a

Status byte from the Target and stored it in the
TARGET LUN register.

60 The Am33C93A has successfully received a
Command Complete message from the Tar-
get.

A “Resume Select-and-Transfer” command is assumed
whenever a normal “Select-and-Transfer” command is
issued while the Am33C93A is in the Connected-
Initiator state. When the "Resume” is issued, the
Am33C93A examines the COMMAND PHASE register
to determine where to restart the Select-and-Transfer
command execution. This feature, in conjunction with
the INTERMEDIATE DISCONNECT INTERRUPT
enabled, allows support of multi-threaded or overlapped
1/0 on the SCSI bus.

The following table briefly describes the valid settings of
the COMMAND PHASE register when resuminga Se-
lect-and-Transfer command:
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Command
Phase Meaning

10 Resume after Target selection is complete.

20 Resume after Identify message out. Command
phase is expected; an implied Negate ACK
occurs.

30 Resume when Command phase has begun
(REQ asserted).

a4 Resume after Command phase or after Save-
Data-Pointer message. Data, Status, or
Message In phases are expected. An implied
Negate ACK occurs.

42 Resume to complete Disconnect Message In;
an implied Negate ACK occurs.

44 Resume after reselection by a Target.

45 Resume to transfer more data in a data trans-

fer phase. May expect Status or Message In as
well. An implied Negate ACK occurs.

46 Resume after the data phase has been
completed, expecting Status phaseora Save-
Data-Pointer/Disconnect Message In phase.
An implied Negate ACK does NOT occur.

50 Resume to complete a Status phase; an
implied Negate ACK occurs.

60 Resume to complete a Command Complete
message from the Target; an implied Negate
ACK occurs.

RESELECT-AND-TRANSFER (0A AND 0B HEX)

The Reselect-and-Transfer commands include the
Reselect-and-Receive-Data and the Reselect-and-
Send-Data commands. These commands cause the
Am33C93A to execute certain common SCSI bus
phase sequences as a Target following a Reselection
phase. These phases are determined by which
command is sent, and the setting of two bits: the EDI bit
in the CONTROL register; and the SCC bit in the
DESTINATION ID register. The SCSI bus phase
sequences are summarized below. Refer to the com-
mand descriptions of the Send-Status-and-Command-
Complete and Send-Disconnect-Message commands
for details on those sequences.

1. Reselect-and-Receive command, EDI=0, and
SCC=don't care:
 Reselection phase;
« Send Idéntify Message In;
» Receive Data Out phase;
» Completion interrupt.

2. Reselect-and-Send command, EDI=0, and ‘
SCC=don't care:

* Reselection phase;

« Send Identify Message In;
« Send Data In phase;

« Completion interrupt.

3. Reselect-and-Receive command, EDI=1, and
SCC=0:

» Reselection phase;
-+ Send Identify Message In;
» Receive Data Out phase; .
» Chain to Send-Status-and-Command Complete;
4. Reselect-and-Send command, EDI=1, and SCC=0:
» Reselection phase;
« Send Identify Message In;
+ Send Data In phase;
+ Chain to Send-Status-and-Command-Complete;

5. Reselect-and-Receive command, EDI=1, and
SCC=1:

+ Reselection phase;
» Send Identify Message In;
 Receive Data Out phase;
= Chain to Send-Disconnect-Message;
6. Reselect-and-Send command, EDI=1, and SCC=1:
« Reselection phase;
+ Send Identify Message In;
» Send Data In phase;
+ Chain to Send-Disconnect-Message.

If the reselection attempt times out during a Reselect-
and-Transfer command, ATN is asserted and HA=1, or
if a parity error is detected on a incoming data byte (and
HSP=1 or HHP=1, depending on data direction), the
command will be terminated and the appropriate status
will be set. In this case, the COMMAND PHASE register
should be evaluated to determine the last successfuily
completed phase. If none of these conditions occurs, all
phases complete normally, and if EDI=0, then a “suc-
cessful completion” interrupt would be generated at this
point. However, if EDI=1, no interrupt is generated and
command chain occurs (as described above).

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Reselect-and-Transfer commands, and their meanings
relative to command termination. See other command
descriptions for additional values that can occur when
command chaining is used.

Command
Phase Meaning
00 No SCSI bus device has been reselected. The

Am33C93A is in the disconnected state.

10 The Am33C93A has successfully reselected
the Initiator. The Am33C93A is now in the
connected as a Target state.

20 The Identify message has been successfully
sent to the Initiator.

46 The requested data transfer has been com-
pleted.

Am33C93A
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A “Resume Reselect-and-Transfer” command is as-
sumed whenever a normal “Reselect-and-Transfer”
command is issued while the Am33C93A is in the
Connected-as-a-Target state. When the “Resume” is
issued, the Am33C93A examines the COMMAND
PHASE register to determine where to restart the
Reselect-and-Transfer command execution. This
feature, in conjunction with the capability to chain to
other combination commands, allows longer SCSI bus
sequences to be executed by a single command.

The following table briefly describes the meaning of the
COMMAND PHASE register when resuming a
Reselect-and-Transfer command:

Command
Phase Meaning
10 Resume after Initiator reselection is cdmplete;
start with Identify Message Out.
20 Resume after Identify message out; start with

data transfer phase. It TRANSFER COUNT is
zero, no data transfer phase occurs. In either
case, a chain to another combination com-
mand can occur if enabled.

WAIT-FOR-SELECT-AND-RECEIVE (0C HEX)

The Wait-for-Select-and-Receive causes the
Am33C93A to idle until it is selected by an Initiator, at
which time the Am33C93A will enter the Target mode
and message and command information will
automatically be requested. As an option, the
Am33C93A may be programmed to disconnect when a
SCSI read command is received while executing a
Wait-for-Select-and-Receive command. Use of this
command therefore eliminates the interrupts which
normally occur after selection and after each
subsequent SCS! bus phase, and results in very short
bus-connect time during SCSI read commands.

It ATN was asserted by the Initiator during the selection
phase, the Am33C93A will first execute an implied
“Receive Message Out” command to get the Identify
message from the Initiator, before continuing on with
the implied “Receive Command” to receive the SCSI
command information. The SCSI command information
(CDB) will be stored in the CDB registers (hex
addresses 03 to OE), and if a valid IDENTIFY message
is received, it will be saved in the TARGET:LUN register
(hex address OF). The number of command bytes
requested by the Am33C93A is determined by the SCSI
group code in the first byte of the CDB.

After the Am33C93A is selected and receives all valid
command and message information, a “successful
completion” interrupt will normally be generated to allow
the local processor to read out and interpret the SCSI
CDB. However, by setting the EDI bit prior to issuing a
Wait-for-Select-and-Receive command, the
Am33C93A is enabled to perform an automatic
disconnect when a SCS! read command is received.
Therefore, when EDI=1 and the 1st CDB byte received

contains a 6-, 10-, or 12-byte read command code, then
the Am33C93A will temporarily suppress the interrupt
and chain to begin execution of a Send-Disconnect-
Message command. An interrupt will then be generated
after completion of this command, which normally would
indicate a transition to the bus free condition. Refer to
the Send-Disconnect-Message command description
for more details.

If during execution the message or command informa-
tion received from the Initiator is invalid, the implied
receive command will be terminated and the appropri-
ate status reported. In this case, the COMMAND
PHASE register should be read to determine which
phase of the Wait-for-Select-and-Receive command
was last completed before the error condition occurred.
A COMMAND PHASE hex value of hex 10 indicates
that the Am33C93A was successfully selected. A hex
value of 20 indicates that a message was received from
the Initiator, and when the Am33C93A begins receiving
command bytes, the COMMAND PHASE is set to hex
30 and increments with each byte received (o a
maximum of 3C for a 12-byte CDB command).

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Wait-for-Select-and-Receive command, and their
meanings relative to command termination. See other
command descriptions for additional values that can
occur when command chaining is used.

Command

Phase ~ Meaning

00 The Am33C93A has not been selected. The -
Am33C93A is in the disconnected state.

10 The Am33C93A has been successfully
selected by the Initiator. The Am33C93A is
now in the connected as a Target state.

20 The Identify message has been successfully
received from the Initiator. o

30 The Am33C93A has begun command phase
by setting the SCSI bus phase signals and
asserting REQ.

31 The Am33C93A has transferred one
command byte from the Initiator. The SCSI
STATUS may indicate the need for the host to
load the command size into the OWN ID
register.

3x The Am33C93A has transferred x command
bytes from the Initiator.

A “Resume Wait-for-Select-and-Receive” command is
assumed whenever a normal “Wait-for-Select-and-
Receive” command is issued while the Am33C93Ais in
the Connected-as-a-Target state. When the “Resume”
is issued, the Am33C93A examines the COMMAND
PHASE register to determine where to restart the Wait-
for-Select-and-Receive command execution. This
feature, in conjunction with the capability to chain to
other combination commands, allows longer SCS! bus
sequences to be executed by a single command.
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The following table briefly describes the meaning of the
COMMAND PHASE register when resuming a Wait-for-
Select-and-Receive command:

Command
Phase Meaning

10 Resume after selection by the Initiator is com-
plete; start with Identify Message Out if ATN is
asserted, otherwise, start with command
phase.

20 Resume after a message out; check the re-
ceived message in the TARGET LUN register

* for a valid Identify message. .

30 Resume after Identify message out. Start with
command phase.

31 Resume after the Am33C93A has transferred 1

command byte from the Initiator. This resume
point is used only when an unknown group
code has been detected in Advanced Mode,
and the command size has been loaded into
the OWN ID register.

SEND-STATUS-AND-COMMAND-COMPLETE

(0D HEX)

The Send-Status-and-Command-Complete command
is valid in the Target role, and is used to complete a
SCSI operation by transferring the appropriate status
information to the Initiator prior to disconnection from
the SCSI bus. This command also supports linked SCSI
operations by optionally allowing a linked command-
complete message to be sent after the status is

transferred. Linked command complete messages are

controlled by the CDB12 register with bits that corre-

spond to the standard linked command control'bits in" .

the CDB. .

Before a Send-Status-and-Command-Complete com-
mand is issued, the CDB11 register must be loaded with
a status byte which will then be transferred across the
SCSI bus. Also, the link control bits from the current
CDB must be loaded into the CDB12 register to ensure
that the correct sequence occurs. Note that the bits
used by the Am33C93A are identical in meaning to the
SCSil standard link control bits. The host processor may
simply load the control byte from the current SCS! com-
mand into CDB12 to get the correct function. As the
command execution progresses, the COMMAND
PHASE register will be updated to indicate the last
phase completed.

The possible sequences caused by this command are
as follows:

1. CDB12 bit0=0, bit1=don't care: The status byte in
CDB11 is sent, followed by a Command Complete
message (00 hex). A “successful completion”
interrupt now occurs. '

2. CDB12 bit0=1, bit1=0: The status byte in CDB11 is
sent, followed by a Linked Command Complete
message (OA hex). A chain to the command fetch

portion of Wait-for-Select-and-Receive then occurs
to fetch the next CDB from the Initiator. Am33C93A
command execution proceeds as described for that
command.

3. CDB12 bit0=1, bit1=1: The status byte in CDB11 is
sent, followed by a Linked Command Complete with
Flag message (0B hex). A chain to the command
fetch portion of Wait-for-Select-and-Receive then
occurs to fetch the next CDB from the Initiator.
Am33C93A command execution proceeds as .de-
scribed for that command.

A Send-Status-and-Command-Complete command
may be terminated by ATN asserted when HA=1, or
when a Disconnect or Reset command is issued.

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Send-Status-and-Command-Complete command, and
their meanings relative to command termination. See
other command descriptions for additional values that
can occur when command chaining is used.

Command
Phase Meaning

00 No operation occurred; typically, ATN was
found to be asserted.

50 Status phase transfer completed.

60 Command Complete message transfer com-
pleted.

61 Linked Command Complete message transfer
completed.

A “Resume Send-Status-and-Command-Complete”
command is assumed whenever a normal “Send-
Status-and-Command-Complete” command is issued
while the Am33C93A is in the Connected-as-a-Target
state. When the “Resume” is issued, the Am33C93A
examines the COMMAND PHASE register to determine
where to restart the Send-Status-and-Command-
Complete command execution. This feature, in
conjunction with the capability to chain to other combi-
nation commands, allows longer SCSI bus sequences
to be executed by a single command.

The following table briefly describes the meaning of the
COMMAND PHASE register when resuming a Send-
Status-and-Command-Complete command:

Command
Phase Meaning
50 Resume after status phase. Start with

command complete message. May chain to
command fetch if commanded to do so.

SEND-DISCONNECT-MESSAGE (0E HEX)

The Send-Disconnect-Message command is a Target-
role command which may be used to disconnect from
the SCSI bus at any time during a SCSI command

Am22NQ%A 4.4
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sequence. This command consists of sending a Discon-
nect message byte, tollowed by physical disconnection
from the bus {SCSI bus free). An interrupt is generated
_only after transition to bus free occurs. As an option, a
Save-Data-Pointer message will automatically be sent
before the Disconnect message whenever the ID! bit is
set prior to issuing this command. '

The COMMAND PHASE register is updated during
execution of the Send-Disconnect-Message command
to indicate bus phase status. After a Save-Data-Pointer
message is sent, the COMMAND PHASE will be set to
41H. After the Disconnect message transfer, this regis-
ter will be updated to 42H, and after disconnection the
COMMAND PHASE register will contain a 43H.

A Send-Disconnect-Message command may be termi-
nated by ATN asserted when HA=1, or when a Discon-
nect or Reset command is issued.

The following table summarizes the possible values that
the COMMAND PHASE register can take during the
Send-Disconnect-Message, and their meanings relative
to command termination. See other command descrip-
tions for additional values that can occur when
command chaining is used.

Command
Phase Meaning

00 No operation occurred; typically, ATN was
found to be asserted.

a1 The Save-Data-Pointer message was trans-
ferred.

42 The Disconnect message was transferred.

43 The bus free state occurred after the Discon-

. nect message was transferred. The

Am33C93A is now.in the disconnected state.

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to GND -

Operating temperature
Storage temperature
Power dissipation

Input Static Discharge Protection

~05Vto+7.0V
0to70deg. C
~5510 +125 deg. C
400 mW

2KV

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolutely
maximum ratings for extended periods may affect device

reliability.

DC OPERATING CHARACTERISTICS

Ta=01070°C,VCC=+5V+0.25V,GND =0V

Min Max

. Symbol Characteristic Units Conditions
liL Input Leakage 10 A VIN =. 4to VCC
oL SCSI Output Leakage (Inactive) 50 RA VOUT = .5to VCC
IoL2 Output Leakage (Tri-State) 10 pA VOUT = .4 1o VCC
VIH  Input High Voltage 20 . v
ViL Input Low Voltage . 08 \"
VIHYS Schmitt Trigger Input 0.2 : \
Hysteresis (All SCSI Pins)
VOH Output High Voltage 24 \' 10 = ~400 pA
VOL1 SCSI Output Low Voltage - 05 \ IO = 48.0 mA
voL2 Output Low Voltage (All Others) 0.4 Vv 10=4.0mA
ICC Supply Current 20 mA Ta =+25°C
1.2 AmAaarala
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SWITCHING TEST CIRCUIT

From output
under test

Pins of the Device ) *C, I l,
INTRQ, RE, WE . 100 pF 4mA 400 pA
Do-D7, DP 100 pF 4mA 400 pA
DACK, DRQ 100 pF 4mA —
SD0-SD7, SDP .

BSY, SEL, /0, C/D 100 pF 20 mA —

MSG, ATN, REQ, ACK

* Actual capacitance may vary £20%.

SWITCHING TEST WAVEFORM

.BVS\'

All the Open Drains

All Other Pins

-[.SV

15V K

X sV

Am33C93A
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TIMING CHARACTERISTICS Where:

Timing characteristics are valid over the entire operat- ) . .

ing temperature (0 to 70°C) and voltage (4.75105.25 V) . Tcyc is the internal clock cycle time;

ranges, and are referenced to and from a low voltage of Tckin is the period of the clock at the CLK input;
0.8 volts and a high voltage of 2.0 Volts. All outputs are
assumed to have a load capacitance of 50 picofarads. DIVISOR is the clock divisor selected in the OWN ID
register.

Many of the timing parameters that follow are defined in ‘ .
terms of an internal clock cycle time that is determined For example, with a 16 MHz clock input to the Am33C93A,
by the input clock and the clock divisor selected in the the clock divisor selected would be 4. Therefore, the value
OWN ID register. This cycle time is calculated as of Tcyc would be: '

follows:
625ns+4
Tckin « DIVISOR Teyc=—""— =125ns
Teye= ——————— 2
2
Processor/DMA Interface
CLK
Symbol Characteristic Min Max Units
tep Clock Period 16 MHz 62.5 125 : ns
20 MHz 50.0 " ns
\
toy Clock High 16 MHz 28.0 : ns
, - 20 MHz 20.0 . ns
to, - Clock Low 16 MHz 28.0 . ns.
20 MHz 20.0 ns
tcp >

CLK 24V [ ‘ \ / \_

e——— t CH ——p{ [¢———!CL——»

11853-013A
MR
Symbol Characteristic Min Max Units
tyn MR Pulse Width 1 us

MR\ L

i« t MR —————»

11853-014A
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Ao

WE

Do-D7

tAVRL —
A0

Do-D7

PROCESSOR WRITE—INDIRECT ADDRESSING MODE

Symbol Characteristic Min Max Units
tawe A0 Valid to WE Low 0 ns
torwL CS Low to WE Low 0 ns
twe WE Pulse Width 120 - ns
towwn Data Valid to WE High 70 ns
taia WE High to A0 Invalid ns
e WE High to CS High ns
twror WE High to Data Invalid ns
twhwe WE High to WE or RE Low 100 ns

f tAavwL —>|

<—¥t WHAI

__{—»—- tcLwL

et WHCHh

< tWE

X

P 1WHWL—1-
2
/

lg— t DVWH—><—% t WHDI

11853-015A

PROCESSOR READ—INDIRECT ADDRESSING MODE

Symbol Characteristic Min Max Units
tavaL A0 Valid to RE Low 0 - ns
telnL CS Low to RE Low 0 ns
toe RE Pulse Width 180 10000 ns
taov ﬁ Low to ?fia Valid 180 ns
toncn RE High to CS High 0 ns
tarol RE High to Data Invalid 10 40 ns
- RE High to RE or WE Low 100 ns
t RE High to A0 Invalid 0 ns

RHAI

< ;k t RHAI

‘{——v— tCLRL

<t RHCH ;L_\—

¢— t RE

\

A 4

< t RHRL —1_‘
'
/

‘ t RHDI

11853-016A

Am33C93A
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PROCESSOR WRITE—DIRECT ADDRESSING MODE

Symbol Characteristic Min Max Units
taval ADDR Valid to ALE Low 40 ns
taLal ALE Low to ADDR Invalid 0 ns
taw ALE Low to WE Low 20 ns
tewe CS Low to WE Low 0 ns
twe WE Pulse Width 120 ns
tovwn Data Valid to WE High 70 ns
Yrcn WE High to CS High 0 ns
L. WE High to Data Invalid 0 ns
L~ WE High to WE or RE Low 100 ns
ALE Sr
»—t CLWL t WHCH
S T\ ‘_"fj__\_
et ALWL— P t WE P tWHWL——l—
e LAVAL | tALAI \ /
t DVWH t WHDI
. 11853017A
PROCESSOR READ—DIRECT ADDRESSING MODE
Symbol Characteristic Min Max Units
tavaL ADDR Valid to ALE Low 40 ns
taar ALE Low to ADDR Invalid 0 ns
talnL ALE Low to RE Low 30 ns
iR CS Low to RE Low 0 ns
tae RE Pulse Width 180 10000 ns
taLov RE Low to Data Valid 180 ns
tameH RE High to CS High 0 ns
tanoi RE High to Data Invalid 10 40 ns
taaL RE High to RE or WE Low 100 ' ns
AE T\
< »— 1 CLRL —t RHCH
cs T\ ; \
! ALRL—»¢————— tRE——»+—— ' RHRL
RE X 7 ;L
tAvAL | tALAl P repsym— v ¢ RHDI

11853-018A
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DMA WRITE
Symbol Characteristic Min Max Units
toLwL DACK Low to WE Low 0 ns
toLan DACK, WE Low to DRQ High 75 ns
(. WE Pulse Width 50 ns
tvmwe WE High to WE Low 100 ns
tovwn Data Valid to WE High 25 ns
twron @ High to DACK High 0 ns
twhol WE High to DATA Invalid 5 : ns
tonaL DACK High to DRQ Low 0 ns
<—>—t DLQH
DRQ (OUT) \ -
: / ! WHDH . 3
DLWL—¢ > >l > ——p]
L WA DHQL

DAGR(N) ) | 7 \ ‘

e WHWL— ™

e X‘——ZLWHDl \‘—-——

o007 SXRXXRXCRXH YRR KRR

NOTE: External load on DRQ & DACK is assumed to be 1K Q. 11853-019A
DMA READ
Symbol Characteristic Min Max Units
tome DACK Low to RE Low 0 ns
toan DACK, RE Low to DRQ High 75 ns
two RE Pulse Width 80 ns
tanAL ? High to RE Low 100 ns
Loy _RE Low to Data Valid 70 ns
tomoH RE High to DACK High 0 ns
tanoi RE High to DATA Invalid 5 40 ns
tonaL DACK High to DRQ Low 0 ns
taoL DRQ High to DRQ Low 100 ns
, +—— ! p oH
DRQ(OUT) ~ \ J<——— tRuDL ___;f
'DLRL —> t RHDH [+—>}«— t DHQL
DACK (IN) 5 7 \ ,
+— tpp b tRHRL———>]
RE \ , ya , ‘

t RLDV tRHDI
DO-D7

NOTE: External load on DRQ & DACK is assumed to be 1K Q.

11853-020A
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DIRECT BUFFER ACCESS WRITE

Symbol Characteristic Min Max Units
Maust DRQ High to RCS Low 0 o ns
teLwy RCS Low to WE Valid 0 20 ns
two WE Pulse Width Teyc-20 ns
twiov WE Low to Data Valid 50 ns
twol WE High to Data Invalid 20 ns
tamwe WE High to WE Low Teye-20 ns
toush DRQ Low to RCS High 8*Tcyc 10*Teye ns
tsuwi RCS High to WE Invalid 0 100 ns
tsiwe RCS Low to WE Low 60 ns
tawe DRQ Low to WE Low (1) 0 ns
t QHSL tQLSH —»
‘DRQ (IN) L tslwL
t SLWY —j¢—> tQLwL > t SHWI—+—>
'RCS (OUT) \ f
e——1t WO —ret—— t WHWL—>

WE OUT) ——  \ -\ L—/_l_

tWLDV — t WHDI
Do-D7

DIRECT BUFFER ACCESS READ

11853-021A

Symbol Characteristic Min Max Units
tonsL DRQ High to _ECS Low 0 ns
tsipy RCS Low to RE Valid 0 20 ns
tro BRE Pulse Width Teyc-20 ns
tovan Data Valid to RE High 10 ns
tauo: RE High to Data Invalid 10 ns
tanmL RE High to RE Low Teyc-20 . ns
tasu DRQ Low to _RES High 8*Tcyc 10*Tcyc ns

| S RCS High lo_Ff Invalid : 100 ns
tope RCS Low to RE Low 60 ns
taLmL DRQ Low to RE Low (1) 0 ns
tQHSL—T*» l«—— tQLSH —»]

DRQ(IN) A tSLRL N
tSLRV — ¢ YQLRL > t SHR| —T*—>
RCS (OUT) §r _ ]L
—— tRo — ¢ tRHRL— ™

REouT) ——— T\ 7

L__/'__I_

t DVRH

o007 KRRRXIK

»— tRHDI

11853-022A
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BURST DMA WRITE
Symbol - Characteristic ~Min - Max " Units
oL DACK Low to WE Low 0 ns
twian WE Low to DRQ High 75 ns
twa WE Pulse Width 50 ns
L WE High to WE Low 80 ns
tovwn Data Valid to WE High 25 ‘ ns
tyhoH WE High to DACK High 0 ns
twhoi WE High to Data Invalid - 5 ns

- [t WLQH
DRA (OUT)  \ ‘

t DLWL pla— t WR—] ' t WHDH ] >
[ r—
DACK (IN) §r / \ /
lt—-t WHWL —P
wE T\ — \ 7

. tDVWH t WHDI )
Do-D7 : '

11853-023A

BURST DMA READ
Symbol! Characteristic Min Max Units
LR D_ACK Low to RE Low 0 ns
toian RE Low to DRQ High : 75 ns
tap RE Puise Width 80 ’ ns
S~ REHighto RELow - 80 ns
taov RE Low to Data Valid : 50 ns
tanoH RE High to DACK High 0 ns
toroi RE High to Data Invalid : 5 40 ns

[<— tRLQH —*]

DRA (OUT) _\ : Vi

tDLRL b tRD —*™ tRHDH — ’
DACK (IN) S _ / \

+— 'RHRL —™ ‘
RE &:+] X/
tRLDV — tRHDI

00-67 XXX OXKX R

11853-024A
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INTRQ _
Symbol Characteristic Min Max - Units
tae INTRQ High to RE Low 0 ns
ta RE Pulse Width 180 ns
taniL RE High to INTRQ Low 0 100 ns
Y INTRQ Low to INTRQ High 100 ns
LIHRL <4— tRHIL tILIH
INTRQ
¢ lR| ——
RE \ 7
11853-025A
SCSI Interface
ARBITRATION
Symbol Characteristic Min Max Units
-~ BSY, SEL In High to BSY Qut Low  12*Tcyc  6*Tcyc ns
oo BSY Out Low to BUS ID Out -50 50 ns
tost BSY Out Low to SEL Out Low 2.2 us
|¢——— tBHBL > tBLSL >
BSY 7 \ '
ﬁ— tBLIO —»|
SEL -
~
DBY — — — — — — — — — — — — —
Igoup — — — — — — — — — — — = — — — — — —_— — — — —
Tgloup — — — — — — — —_— e - — - —

NOTE: Taroup = signals driven by a Target = /O, C/D, MSG, REQ

Igroup = signals driven by an Initiator = ATN, ACK
. 11853-026A
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SELECTING A TARGET (AS AN INITIATOR)

Symbol Characteristic Min Max Units
ts 00 SEL Out Low to “OR-ED” ID Out 1.2 us
tovao “OR-ED” ID Out Valid to ACK, ATN Out 100 ns
taonH ACK, ATN Out Valid to BSY Qut High 100 ns
tanay BSY Out High to BSY In Low Valid 400 ns
tarsH BSY In Low to SEL Out High 100 ns

B X

tBHBV > tBLSH —*
SEL \ 7‘
[ tSLOO —>]
DBX — — — — = — (
tOVAO —1% »e »— t AOBH
AN = = — — — — — — —
ACK — — — — — — — — — /
Tgroup == — — — — — — — —_ —_— —_— —_— — — — — — — — = -

NOTE: Tgroup = signals driven by a Target = 170, C/D, MSG, REQ
RESPONSE TO SELECTION (AS A TARGET) k

11853-027A

Symbol Characteristic Min  Max Units
b a1 SEL In Low to BSY In High 0 ns
tysn “OR-ED” ID Valid In to BSY In High 0 ns
tousL SEC Low, ID Valid, BSY Highto BSYLow 0.4 200  us
teon BSY Out Low to “OR-ED” ID Invalid In 0 ns
taLsh BSY Out Low to SEL In High 0 ns
tavsH ATN Valid In to SEL In High 0 ns
tsno SEL In High to Tgroup Out 100 ns
[<—t SLBH -]
R
[¢——— t BHBL—»¢—— 1 BLSH—¥]
SEL T\ Vi
HIVBH —f¢——» 1BLOI —a———
7 - — < i ettt
fe—tAVSH—>]
ATN — — — — — — — — — — — {
ACK — — o e e e e o
<+—»—tSHIO
Tgiloup — — — — — — — — — — — — — —_ — = = - M—

NOTE: Tgroup = signals driven by a Target = /O, C/D, MSG, REQ

11853-028A

Am33C93A
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RESELECTING AN INITIATOR (AS A TARGET)

Symbol . Characteristic Min Max Units
ts00 SEL Out Low to “OR-ED” ID Out 1.2 ps
tovo “OR-ED” ID Out Valid to /O & Tgroup Out Valid 100 ns
toon /0 & Tgroup Out Valid to BSY Out High . 100 ns
tonay BSY Out High to BSY In Low Valid . 400 ns
toon BSY In Low to SEL Out High 100 ns
. " tBHBY—* >
BSY ‘ ]c \
[¢—— 1SL00 —> tBLSH——
SEL -\ ]C
DBX — — — == — — — (
tovio —= >l »— t|0BH
O - - — ——— = = =
lgroup — — — — — — — — 7/
Tgroup — — — — = — — — — — — —_—— — — — — — = = =
NOTE: Tgroup = signals driven by a Target = C/D, MSG, REQ
Igroup = signals driven by an Initiator = ATN, ACK
11853-029A
RESPONSE TO RESELECTION (AS AN INITIATOR)
Symbol Characteristic Min Max Units
ts an SEL In Low to BSY In High 0 ns
tven “OR-ED" ID Valid In to BSY In High 0 ns
tien 170 In Low to BSY In High 0 ns
tanno SEL Low , ID Valid , BSY High to Igroup Out 100 ns
toveL Igroup Valid Out to BSY Out Low 100 ns
tanaL BSY InHighto BSY OutLow 04 200 ps
taior BSY Out Low to “OR-ED” ID Invalid In 0 ns
taisH BSY Out Low to SEL In High 0 ns
toren SEL In High to BSY Out High 0 ns
le— t SLBH ¥
BV -7 \ £
o UBHBL ><—BLSH I SHBH
SEL \ ‘ ' o

UIVBH —e———» ~ 1BLOI —{e———]

ULBH — > {BAHO——>

(e——tjvBH —

Tgroup = signals driven by a Target = C/D, MSG, REQ
Igroup = signals driven by an Initiator = ATN, ACK

*** BSY will still be driven by the reselecting target.

11853-030A
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O

AMD
RECEIVE ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR)
Symbol Characteristic ‘ © Min Max Units
tsype SEL In High to Phase Change In 0 ns
tior O In Low to Data Bus TRISTATE 0 125 ns
tochL Phase Change In to REQ In Low 400 ns
tovaL Data Valid In to REQ In Low 0 ns
touaL REQ In Low to ACK Out Low 0 175 ns
taor ACK Out Low to Data Invalid In 0 ns
taLrH ACK Out Low to REQ In High 0 ns
tonan REQ In High to ACK Out High 0 175 ns
tanpc ACK Out High to Phase Change In 0 ns
t sHPC je—>— t DVRL
¢——%L tiDT UALDI. | [« >t AHPC
N t PCRL >
X £
t RLAL—e——»pf« UALRH
\ N
x tRHAH [—-
A

NOTE: Phase = signals that define the bus phase C/D, MSG

11853-031A

Am33C93A -
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SEND ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET)

Symbol Characteristic Min. Max . Units
teype SEL In High to Phase Change Out 100 ns
tioo 170 Out Low to Data Out © 800 ns
tovaL Data Qut Validto REQ OutLow - 55 ns
tocaL Phase Change Out to REQ Out Low 500 - i ns
taa REQ Out Low to ACK In Low 0. ns
L ACK In Low to REQ Out High 0 175 ns
tol ACK In Low to Data Out Invalid 0 ns
taran REQ Out High to ACK In High 0 ns
tanpc ACK In High to Phase Change Out 100 . ns
L ACK In High to REQ Out Low 0 175 ns

= _J

DBx
, - t SHPC -
e« L po—> ALDI

8] \ tDVRL /o
«————— t PCR——] '

A i

A

Phase : )(
REQ | - \ 7

t ALRH—j=

t AHPC

I
— t AHRL "]

11853-032A

Y

_ t RLAL:
ACK - , \

4

>

~A

L

ATN NOTE: Phase = signals that define the bus phase C/D, MSG
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REQ

ACK

ATN

SEND ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
tsppc SEL In High to Phase Change In 0 ns
thoo 1/0 In High to Data Out 0 ns
tocaL Phase Change In to REQ In Low 400 ns
taad REQ In Low to ACK Out Low 0 175 ns
tovaL Data Out Valid to ACK Out Low 55 ns
tairn ACK Out Low to REQ In High 0 ns
tonan REQ In High to ACK Out High 0 175 ns
tanot ACK In High to Data Out Invalid 0 ns
tanpc ACK Out High to Phase ChangeIn 0 ns

| TIHDO |

N7

A

tpval—"

t AHD!

t PCRL:

N
N

tALRH

t RLAL

t RHAH r

A 4

A/

NOTE: Phase = signals that define the bus phase C/D, MSG

11853-033A

t AHPC .

Am33C93A
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RECEIVE ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET)

Symbol - Characteristic - Min Max Units
tsnpe SEL In High to Phase Change Out  * 100 : ns
Lot 170 Out High to Data Bus TRISTATE 0 ns
tochL Phase Change to REQ Out Low 500 : ns
taiaL REQ Out Low to ACK In Low 0 ' ns
tovaL Data In Valid to ACK In Low 5 ns
L ACK In Low to REQ Out High 0 175 ns
trunl REQ Out High to Data In Invalid 0 ns
taHAn REQ Out High to ACK In High 0 ns
tapc ACK In High to Phase Change Out 0 ns
tamL ACK In High to REQ Out Low 0 175 ns
SEL _7
< »—1t |HDT < »— t DVAL : '
BBx XARXIK— — = = - X w
< »-—t SHPC . t RHDI
2 i 1 ¥
+———— t pCR——»] :
Phase 1/( )(
REQ S 7 t AHPC S‘c_
t ALRH—= » « >
' LRLAL g TRHAH, |
ACK / J
' ‘ o <— t AHRL

ATN

NOTE: Phase = signals that define the bus phase C/D, MSG
11853-034A
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Phase

RECEIVE SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
tovhL Data Valid In to REQ In Low 0 ns
ol REQ In Low to DATA Invalid - 45 ns
tarn REQ In Low to REQ !n High 50 ns
taHAL REQ [n High to REQ In Low 50 ’ ns
taian ACK Out Low to ACK Out High Tecye-10 ns
tanad ACK Out High to ACK Out Low Teyc-25 ns
tanpe ACK Out High to Phase Change 0 ns
Parameters tg,,,, 1, o, and .., are also applicable and are identical to those in Receive

Asynchronous Information Transfer In (Acting as an Initiator), top of page 37.

bsx X t' A

I | YR

4— ! RLRH »>— ! RHRL

v—] | Sr______/ — t AHPC
AOK \ VAR

N
et AL AH—>e t AHAL

\

L

|

me
m|
QO

Pd
Xl

b
Z

NOTE: Phase = signals that define the bus phase T/D, MSG
11853-035A
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SEND SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET)

Symbol Characteristic Min Max Units
tovaL Data Valid Out to REQ Out Low 55 ns
toon ~ REQ Out Low to Data Invalid ~ 100 ns
toLrm - REQ Out Low to REQ Out High Teye-10 ns
LR REQ Out High to REQ Out Low Teyc-25 ns
tasan ACK In Low to ACK In High 50 ns
tanaL ACK In High to ACK In Low 50 ns
tanrc ACK In High to Phase Change Out 0 ns

Parameters tg,,, U, o @Nd tsop, are also applicable and are identical to those in Receive

Asynchronous Information Transfer In (Acting as a Target), bottom of page 37.

DBx %( ' X
le——>1—1 pVAL
— E—

Phase J{
— tRLRH —¥ t RHRL )
REQ _\: / <

RGK \ / \ 7

[t ALAH—> t AHAL

A

t AHPC

A

ATN
NOTE: Phase = signals that define the bus phase C/D, MSG
11853-036A
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" SEND SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR)

Symbol Characteristic Min Max Units
tovaL Data Valid Out to ACK Out Low 55 ns
taos - ACK Out Low to Data Invalid 100 ns
L _F@ In Low to @In High 50 ns
oAl @ In High to REQ_In Low 50 ns
taan f\ﬁ Out Low to /ﬂ Out High Teye-10 ns
tanaL ﬂ Out High to ACK Out Low Teyc-25 : ns
taupc ACK Out High to Phase Change In 0 ns

Parameters tg pe, tyno @0d ., are also applicable and are identical to those in Send

Asynchronous Information Transfer In (Acting as a Target), bottom of page 39 and 40.

tDVAL—>14— t ALDI

i

P

Phase

+—tRLRH tRLRL

REQ Sc f__\c / — t AHPC

o | \ 4\
tALAH —f———>1—t AHAL

ATN
NOTE: Phase = signals that define the bus phase C/D, MSG
11853-037A

RECEIVE SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET)

Symbol Characteristic Min Max Units
tovaL Data Valid In to ACK In Low 0 ns
taor 59_5 In Low to Dﬂnvalid .45 ns
tairn EQ_ Out Low to R_ES)_Out High Teyc-10 _ ns
tonmL REQ Out High to REQ Out Low Teyc-25 ns
taan ACK In Low to AC_KIn High 50 ns
tanaL f\E_IS In High to ACK In Low 50 ns
tanrc ACK In High to Phase Change Out 0 ns

Parameters t, , t,,, andt_, are also applicable and are identical to those in Send
Synchronous Information Transfer Out (Acting as an Initiator), top of this page.

o= X X X
{DVAL—> 14—t ALDI

iio N
Phase
REQ c / >~ AHPC
J— _*
AGK \ / \ /
le— tALAH —te——>1t AHAL
AT_N 11853-038A

NOTE: Phase = signals that define the bus phase C/D, MSG
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ARBITRATION TO BUS FREE

Symbol Characteristic Min Max ~ Units

ty o SEL In Low _ o

) to BSY High , Data TRI-STATE 8'Tcyc +75 ns
. . —_—
BSY \ 7

4— t.SLBH—™

SEL ‘ \L. :

@—_—( v | )____

11853-039A

SELECTION (AS AN INITIATOR) OR RESELECTION (AS A TARGET) TO BUS FREE

(SELECTION TIMEOUT)
Symbol Characteristic” Min _ Max Units
tranc Timeout or Abort to Data Bus Cleared 0 ns
tocsu Data Bus Cleared to SEL Out High 200 us
tsuor SEL Out High to Data Bus TRISTATE 800 ns
Yo SEL Out High to CNTL TRISTATE - 800 ns

SEL
. ’[ »—t SHDT
_ — : tpc
DBx xr SH 74—_ ———————
T ol »—1t SHIH
group or -
Igroup ) )‘ _______

NOTE: Tgroup = signals driven by a Target = I/T) JD. MSG, REQ

Igroup = signals driven by an Initiator = ATN, ACK
11853-040A
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CONNECTED-AS-AN-INITIATOR TO BUS FREE

Symbol Characteristic Min Max Units
tanor BSY In High to Data Bus TRISTATE 8'Tcyc +75ns  ns
tonar BSY In High to Igroup TRISTATE 8'Tcyc +75ns  ns
Bsv /
(<—t BHDT |
DBx -——-— - - -
<4— tBHGT

CONNECTED-AS-A-TARGET TO BUS FREE

11853-041A

Symbol Characteristic Min Max Units
tanor BSY Out High to Data Bus TRISTATE 8'Tcyc +75ns  ns
tanar BSY Out High to Tgroup TRISTATE 8'Tcyc +75ns  ns
BSY Vi
o le—t BHDT
- Y
r4— t BHGT

Tgroup —(

)_

11853-042A

Am33C93A
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Am53C80A

SCSI Interface Controller

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
SCSIl Interface

B Asynchronous Interface to 4 megabytes per
second

Supports Initiator and Target roles

Parity generation with optional checking
Supports arbitration

Direct control of all bus signals
High-current outputs drive SCSI bus directly

CPU Interface

B Memory or I/O-mapped interface
DMA or programmed /0

Normal or Block mode DMA
Optionai CPU interrupts

GENERAL DESCRIPTION

The Am53C80A Small Computer Systems Interface
(SCSI) Controlleris a CMOS device designed to accom-
modate the SCSI as defined by the ANSI X3T9.2 com-
mittee. The Am53C80A operates in both the Initiator
and Target roles and can, therefore, be used in host
adapter, host port, and formatter designs. This device
supports Arbitration, including Reselection. Special
high-current open-collector output drivers, capable of
sinking 48 mA at 0.5 V, allow for direct connection to the
SCSI Bus.

The Am53C80A communicates with the system micro-
processor as a peripheral device. The chip is controlled
by reading and writing several internal registers which
may be addressed as standard or memory-mapped //O.
Minimal processor intervention is required for DMA
transfers because the Am53C80A controls the neces-
sary handshake signals. The Am53C80A interrupts the
CPUwhen it detects a bus condition that requires atten-
tion. Normal and Block mode DMA is provided to match
many popular DMA controllers.

1-62
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BLOCK DIAGRAM

loroma BP. oo i
DRQ, IRQ  EOP,

| PRQ. TS, I0R, i
| ReApy DACK cPu oW |

INTERFACE

: Ao, A1, A2 Do-D7 I
= I .

Reset Parity|

or Interrupt
EOP, DRQ Register
IRQ

Address
Decoding
Logic

Mode
Register

Register

Current

DMA
Control

Parity
Checking

Initiator Target Select Current .
Command Sgglesus ‘1| Command Enable SCSI data D?;a Ql:tput
Register Registor Register Register Register egister

Arbitration
Logic

Bus Phase | | Identification Parity
Comparison| | Comparison

Generator

(StartDMA 1
send, start
DMA target
receive, start
DMA initiator
receive)

TN, ACK, 75, CID SCSI BUS INTERFACE  DBF, DBo - DBy {
FST WG, REQ ]
10665B-001A
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CONNECTION DIAGRAMS
Top View
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Pin 1 is marked for orientation.
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

Am53C80A P c

_I-——— OPTIONAL PROCESSING

Blank = Standard processing

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

P = 48-Pin Plastic DIP (PD 048)

J = 44-Pin Plastic Leaded Chip
Carrier (PL 044)

SPEED OPTION
Not Applicable

DEVICE NUMBER/DESCRIPTION
Am53C80A
SCSI Interface Controller

Valid Combinations Valid Combinations

Valid Combinations list configurations planned to be
AmS3CBOA ] PC. JC supported in volume for this device. Consult the lo-
cal AMD sales office to confirm availability of specific
valid combinations or to check on newly released
combinations.
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PIN DESCRIPTION
Microprocessor Interface Signals
Aoc-A2

Address Lines (Input)

These signals are used with CS, 1 OW'to address
all internal registers.

Cs
Chip Select (Input, Active Low)

CS enables a read or write of the internal register
selected by Ao—A2.

DACK
DMA Acknowledge (Input, Active Low)

DACK resets DRQ and selects the data register for input
or output data transfers.

DRQ
DMA Request (Output)

DRQ indicates that the data register is ready to be read
orwritten. DRQ occurs only if DMA mode is TRUE inthe
Command Register. DRQ is cleared by DACK.

Do — D~
Data Lines (Input/Output; Three-State, Active HIGH)

Bidirectional microprocessor data bus lines.

EOP

End of Process (Input, Active Low)

EOP is used to terminate a DMA transfer. If asserted
during a DMA cycle, the current byte will be transferred,
but no additional bytes will be requested.

IOR
/0 Read (Input, Active LOW)

TORis usedto aread asninternal register selected by CS
and Ao~ A2. It also selects the Input Data Register when
used with DACK.

IOW
1/O Write (Input, Active LOW)

IOW is used to write an internal register selected by CS
and Ao — Az. It also selects the Output Data Register
when used with DACK.

IRQ
Interrupt Request (Output)

IRQ alerts a microprocessor of an error condition or an
event completion.

READY
Ready (Output)

READY canbe used to control the speed of Block mode
DMA transfers. This signal goes active to indicate the
chip is ready to send/receive data and remains FALSE
after atransfer until the last byte is sent or untiithe DMA
MODE bit is reset.

RESET
Reset (Iinput, Active Low)

RESET clears all the SCSI controller registers. It does
not force the SCSI RST signal to the active state.

Power Signals

Voo
+5-Volt Power Supply

GND
Ground

SCSil Interface Signals

The following signals are all bidirectional, active-Low,
open-collector signals. With 48-mA sink capability, all
pins interface directly with the SCSI Bus.

ACK ,
Acknowledge (input/Output; Open Collector,
Active Low)

Driven by an Initiator, ACK indicates an acknowledg-
ment for a REQ/ACK data-transfer handshake. In the
Target role, ACK is received as a response to the REQ
signal.

ATN
Attention (Input/Output; Open Collector,
Active Low)

Driven by an Initiator, ATN indicates an Attention condi-
tion. This signal is received in the Target role.

BSY ,
Busy (Input/Output; Open Collector, Active Low)

This signal indicates that the SCSI Bus is being used
and can be driven by both the Initiator and the Target
device.

C/D
Control/Data (Input/Output; Open Collector,
Active Low) -

A signal driven by the Target, C/D indicates Control or
Data information is on the Data Bus. This signal is re-
ceived by the Initiator.

70
Input/Output (Input/Output; Open Collector,
Active Low)

70 is a signal driven by a Target which controls the di-
rection of data movement on the SCS! Bus. TRUE indi-
cates input to the intitiator. This signal is also used to
distinguish between Selection and Reselection phases.
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MSG

Message (Input/Output; Open Collector, Active
Low) .

MSGis a signal driven by the Target duringthe Message
‘phase. This signal is received by the Initiator.

REQ

Request (Input/Output; Open Collector, Active Low)
Driven by a Target, REQ indicates a request for a REQ/
ACK data-transfer handshake. This signal is received
by the Initiator.

RST :

SCSI Bus RESET (lnputhutput Open Collector,
Active Low)

The RST Signal indicates an SCSI Bus RESET condi-
tion. Aninternal 30 pA pull up transistor is built-in to pre-
vent spurious interrupts.

DB«DB7, DBP

Data Bits, Parity Bit (Input/Output; Open Collector,
Active Low)

These eight data bits (DBo—DB?), plus a parity bit (DBF)
formthe Data Bus. DBy is the most significant bit (MSB)
and hasthe highest priority during the Arbitration phase.
Data parity is odd. Parity is always generated and op-
tionally checked. Parity is not valid durmg Arbitration.

SEL
Select (Input/Output; Open Collector, Active Low)

SEL is used by an Initiator to select a Target, orby a Tar-
get to reselect an Initiator.
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FUNCTIONAL DESCRIPTION
General

The Am53C80A Small Computer Systems Interface |

(SCSI) device appears as a set of eight registers to the
controlling CPU. By reading and writing the appropriate
registers, the CPU may initiate any SCSI Bus activity or
may sample and assert any signal on the SCS! Bus.
This allows the user to implement all or portions of the
SCSI protocol in software. These registers are read
{written) by activating CSwith an address on Ac—-A2 and
thenissuing anIOR (IOW) pulse. This section describes
the operation of the internal registers.

Table 1. Register Summary

Address

Az2| A1] Ao} R/W Register Name
R Current SCSI Data
W Output Data
R/W Initiator Command
R/W Mode

RW Target Command

-t e a1 a0 0000
- =4 24 2 0000 —=—=2000
-2 00—+ —+200—=-0—=200

R Current SCSI Bus Status
w Select Enable

R Bus and Status

w Start DMA Send

R Input Data

W Start DMA Target Hecelve
R Reset Parity/Interrupts

W

Start DMA Initiator Receive

Data Registers

The data registers are used to transfer SCSI com-
mands, data, status, and message bytes between the
microprocessor Data Bus- and the SCSI Bus. The
Am53C80A does not interpret any information that
passes through the data registers. The data registers
consist of the transparent Current SCSI Data Register,
the Output Data Register, and the Input Data Register.

Current SCSI Data Register—Address 0
(Read Only)

The Current SCSI Data Reglster is a read-only register
that allows the microprocessor to read the active SCSI
Data Bus. This is accomplished by activating CSwith an
address on A>—Ao of 000 and issuing an IOR pulse: If
parity checking is enabled, the SCSI Bus parity is
checked at the beginning of the read cycle. This register
is used during a programmed I/O data read or during Ar-
bitration to check for higher priority arbitrating devices.
Parity is not guaranteed valid during Arbitration.

Figure 1. Current SCSI Data Register

Output Data Register—Address 0 (Write Only)

The Output Data Register is a write-only register that is
usedto send datato the SCSIBus. This is accomplished
by either using a normal CPU write, or under DMA con-
trol, by using IOW and DACK. This register is also used
to assert the proper ID bits or the SCSI Bus during the
Arbitration and Selection phases.

7 6 5 4 3 2 1 0

_§7 _BG ‘_BS —D_B-4 —Dﬁg iﬁz DBy DBy

Figure 2. Output Data Register

Input Data Register—Address 6 (Read Only)

The Input Data Register is a read-only register that is
used to read latched data from the SCSI Bus. Data is
latched either during a DMA Target receive operation
when ACK goes active or during a DMA Initiator receive
when REQ goes active. The DMA Mode bit (port 2, bit 1)
must be set before data can be latched in the Input Data
Register. This register may be read under DMA contro}
using IOR and DACK. Parity is optionally checked when
the Input Data Register is loaded.

Figure 3. Input Data Register
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Initiator Command Register—Address 1
(Read/Write)

The Initiator Command Register is a read/write register
that is used to assert certain SCSI Bus signals, to moni-
tor those signals, and to monitor the progress of bus ar-
bitration. Many of these bits are significant only when
being used as Initiators; however, most can be used
during Target role operation.

7 6 5 4. 3 2 1 0

\ssel LA Assert Assert Assert Assert Assert

ST - ACK B Y 'SEL AIN Data
Bus

Assert AIP

Figure 4-1.
Initiator Command Register—Register Read

7 6 5 4 3 2 1 0

0
Assert Test Diff Assert Assert Assert Assert Assert
AST Mode Enbl ACK BSY SEL ATN %ata
us

Flgure 4-2,
Initiator Command Register—Register Write

The following describes the 6peration of all bits in the
Initiator Command Register.

Bit 7—Assert RST

Whenever a one is written to bit 7 of the Initiator Com-
mand Register, the RST signal is asserted on the SCSI
Bus. The RST signal will remain asserted until this bit is
reset or until an external RESET occurs. After this bit is
set (1), IRQgoes active and all internal logic and control
registers are reset (except for the interrupt latch and the
Assert RST bit). Writing a zero to bit 7 of the Initiator
Command Register de-asserts the RST signal. Reading
this register simply reflects the status of this bit.

Bit 6—AIP (Arbitration in Progress) (Read Bit)

This bit is used to determine if Arbitration is in progress.
For this bit to be active, the Arbitrate bit (port 2, bit 0)
must have been set previously. It indicates that a Bus-
Free condition has been detected and that the chip has
asserted BSY and the contents of the Output Data Reg-
ister (port 0) onto the SCSI Bus. AIP will remain active
until the Arbitrate bit is reset.

Bit 6—Test Mode (Write Bit)

This bit may be written during a test environment to
disable all output drivers, effectively removing the
Amb3C80A from the circuit. Resetting this bit returns
the part to normal operation.

Bit 5—LA (Lost Arbitration) (Read Bit)

This bit, when active, indicates that the Am53C80A de-
tected a Bus-Free condition, arbitrated foruse of the bus
by asserting BSY andits ID on the Data Bus, and lost Ar-

bitration due to SEL being asserted by another bus de-
vice. For this bit to be active, the Arbitrate bit (port 2,
bit 0) must be active.

Bit 5—Diff Enbl (Differential Enable) (Write Bit)

This bit should be written with a zero for proper
operatlon

Bit 4—Assert ACK

This bit is used by the bus initiator to assert ACK on the
SCSI Bus. In order to assert ACK, the Targetmode bit
(port 2, bit 6) must be False. Writing a zero to this bit re-
sets ACK on the SCSI Bus. Reading this register simply
reflects the status of this bit.

Bit 3—Assert BSY

Writing a one (1) into this bit position asserts BS BSY onto
the SCSI Bus. Conversely, azeroresets the BSVsignal.
Asserting BSY indicates a successful selection or
reselection and resetting this bit creates a Bus-Discon-
nect condition. Reading this register simply reflects the
status of this bit.

Bit 2—Assert SEL

Writing a one (1) into this bit position asserts SEL onto
the SCSI Bus. SEL is normally asserted after Arbitra-
tion has been successfully completed. SEL may be de-
asserted by resetting this bit to a zero. A read of this
register simply reflects the status of this bit.

Bit 1—Assert ATN

ATN may be asserted on the SCSI Bus by setting this bit
to aone (1) if the Targetmode bit (port 2, bit 6) is False.
ATN is normally asserted by the initiator to request a
Message Out bus phase Note that since Assert SEL
and Assert ATN are in the same register, a: select with
ATN may be implemented with one CPU write. ATN may
be de-asserted by resetting this bit to zero. Aread of this
register sumply reflects the status of this bit.

Bit O—Assert Data Bus

The Assert Data Bus bit, when set, allows the contents
of the Output Data Register to be enabled as chip out-
puts on the signals DBo—DBz. Parity is also generated
and asserted on DBP. :

When connected as an initiator, the outputs are only
enabled if the Tar _getmode bit (port 2, bit 6) is False, the
received signal /O is False, and the phase signals (C/D,
170, and MSG) match the contents of the Assert C/D,
Assert . 1/O, and Assert MSG in the Target Command
Register.

This bit should also be set during DMA send operations.

Mode Register—Address 2 (Read/Write)

The Mode Register is used to control the operation of
the chip. This register determines whether the
Am53C80A operates as an Initiator or a Target, whether
DMA transfers are being used, whether parity is
checked, and whether interrupts are generated on
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various external conditions. This register may be read to
check the value of these internal control bits. Figure 5
describes the operation of these control bits.

7 6 5 4 3 2 1 0

Block Target Enb! Enbl Enbl Monitor DMA Arbi-
Mode Mode Parity Parity EOP Busy Mode trate
DMA Check- Inter- Inter-

ing rupt rupt

_ Flgure 5. Mode Register

Bit 7—Block Mode DMA

The Block Mode DMA bit controls the characteristics of
the DMA DRQ-DACK handshake. When this bit is reset
(0) and the DMA Mode bit is active (1), the DMA hand-
shake uses the normal interlocked handshake, and the
rising edge of DACK indicates the end of each byte be-
ing transferred. In block mode operations, Block Mode
DMA bit set (1), and DMA Mode bit set (1), the end of
TOR or TOW signifies the end of each byte transterred
and DACK is allowed to remain active throughout the
DMA operation. Ready can then be used to request the
next transfer.

Bit 6—Targetmode

The Targetmode bit allows the Am53C80A to operate as
either an SCSI Bus Initiator, bit reset (0), or as an SCSI
Bus Target device, bit set (1). In order for the signals
ATN and ACK to be asserted on the SCSI Bus, the Tar-
getmode bit must be _reset (0). In order for the signals
C/D, 170, MSG, and REQ to be asserted on the SCSI
Bus, the Targetmode bit must be set (1).

Bit 5—Enable Parity Checking

The Enable Parity Checking bit determines whether par-
ity errors will be ignored or saved in the parity error latch.
If this bit is reset (0), parity will be ignored. Conversely, if
this bit is set (1), parity errors will be saved.

Bit 4—Enable Parity Interrupt

The Enable Parity Interrupt bit, when set (1), will cause
an interrupt (IRQ) to occur if a parity error is detected. A
parity interrupt will only be generated if the Enable Parity
Checking bit (bit 5) is also enabled (1). -

Bit 3—Enable EOP Interrupt.

The Enable EOP Interrupt bit, when set (1), causes an
interrupt to occur when the EOP (End of Process) signal
is received from the DMA controller logic.

Bit 2—Monitor Busy

The Monitor Busy bit, when True (1), causes an interrupt
to be generated for an unexpected loss of BSY. When
the interrupt is generated due to loss of BSY, the lower
six bits of the Initiator Command Register are reset (0)
and all signals are removed from the SCSI Bus.

Bit 1—DMA Mode

The DMA Mode bit is normally used to enable a DMA
transfer and must be set (1) prior to writing ports 5
through 7. Ports 5 through 7 are used to start DMA trans-
fers. The Targetmode bit (port 2, bit 6) must be consis-
tent with writes to port 6 and 7 [i.e., set (1) for a write to
port 6 and reset (0) for a write to port 7). The control bit
Assert Data Bus (port 1, bit 0) must be True (1) for all
DMA send operations. In the DMA mode, REQ and ACK
are automatically controlled.

The DMA Mode bit is not reset upon the receipt of an
EOP signal. Any DMA transfer may be stopped by writ-
ing a zero into this bit location; however, care must be
taken not to cause CS and DACK to be active simultane-
ously.

Bit 0—Arbitrate

The Arbitrate bit is set (1) to start the Arbitration process.
Prior to setting this bit, the Output Data Register should
contain the proper SCSI device ID value. Only one data
bit should be active for SCSI Bus Arbitration. The
Am53C80A will wait for a Bus-Free condition before en-
tering the Arbitration phase. The results of the Arbitra-
tion phase may be determined by reading the status bits
LA and AIP (port 1, bits 5 and 6, respectively).

Target Command Reglster—Address 3
(Read/Write)

When connected as a target device, the Target Com-
mand Register allows the CPU to control the SCSI Bus
Information Transfer phase and/or to assert REQ simply
by writing this register. The Targetmode bit (port 2, bit 6)
must be True (1) for bus assertion to occur. The SCSI
Bus phases are described in Table 2.

Table 2. SCSI Information Transfer Phases

Assert | Assert | Assert
Bus Phase 7O | .CD MSG
Data Out 0 0 0
Unspecified 0 0 1
Command 0 1 o]
Message Out 1] 1 1
Data In 1 0 0
Unspecified 1 0 1
Status 1 1 0
Message In 1 1 1

When connected as an Initiator with DMA Mode True, if
the phase lines (7O, C/D, and MSG) do not match the

.phase bits in the Target Command Register, a phase-

mismatch interrupt is generated when REQ goes active.

In order to send data as an Initiator, the Assert 10, As-
sert C/D, and Assert MSG bits must match the corre-
sponding bits in the Current SCSI Bus Status Register
(port 4). The Assert REQ bit (bit 3) has no meaning when
operating as an Initiator.
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7 6 5 4 3 2 1 0

Last X X X  Assert Assert Aﬂrt Ass_ert
gm REQ MSG TD 1O

Figure 6. Target Command Register

The Am53C80A uses bit 7 of this register to determine
when the last byte of a DMA transfer is sent to the SCSI
Bus. This flag is necessary since the end of DMA bit in
the Bus and Status Register only reflects when the last
byte was received from the DMA. :

Current SCSI Bus Status Register—
Address 4 (Read Only)

The Current SCSI Bus Status Register is a read-only
register that is used to monitor seven SCSI Bus control
signals plus the Data Bus parity bit. For example, an In-
itiator device can use this register to determine the cur-
rent bus phase and to poll REQ for pending data
transfers. This register may also be used to determine
why a particular interrupt occurred. Figure 7 describes
the Current SCSI Bus Status Register.

7 6 &5 4 3 2 1 0

RST BSY REQ MSG. CTD T El BP

—

Figure 7. Current SCSI Bus Status Register

Select Enable Reglster—Address 4
(Write Only) .

The Select Enable Register is a write-only register
which is used as a mask to monitor a signal ID during a
selection attempt. The simultaneous occurrence of the
correct ID bit, BSY False, and SEL True will cause an in-
terrupt. This interrupt can be disabled by resetting all
bits in this register. If the Enable Parity Checking bit
(port 2, bit 5) is active (1), parity will be checked during
selection.

Figure 8. Select Enable Register

Bus and Status Reglster—Address 5
(Read Only)

The Bus and Status Register is a read-only register that
can be used to monitor the remaining SCSI contro}
signals not found in the Current SCS! Bus Status Reg-
ister (ATN and ACK), as well as six other status bits. In-
dividual descriptions of each bit of the Bus and Status
Register follow.

7 6 5 4 3 2 1 0

End DMA Parity Inter- Phase Busy ATN ACK
of Re- Error rupt Match Error
DMA quest Re-

quest

Active

Figure 9. Bus and Status Register

Bit 7—End of DMA Transfer

The End of DMA Transfer bit is set if EOP, DACK, and
either TOR or [OW are are simultaneously active for at least
100 ns. Since the EOP signal can occur during the last
byte sent to the Output Data Register (port 0), the REQ
and ACK signals should be monitored to ensure thatthe
last byte has been transferred. This bit is reset when the
DMA Mode bit is reset (0) in the Mode Register (port 2).

Bit 6—DMA Request

The DMA Request bit allows the CPU to sample the out-
put pin DRQ. DRQ canbe cleared by asserting DACKor .
by resetting the DMA Mode bit (bit 1) inthe Mode Regis-
ter (port 2). The DRQ signal does not reset when a
phase-mismatch interrupt occurs. -

Bit 5—Parity Error

Thisbit s setif a parity error occurs during a data receive
or adevice selection. The Parity Error bit can only be set
(1).if the Enable Parity Check bit (port 2, bit 5) is active
(1). This bit may be cleared by reading the Reset Parity/
Interrupt Register (port 7).

Bit 4—Interrupt Request Active

This bit is set if an enabled interrupt condition occurs. It
reflects the current state of the IRQ output and can be
cleared by reading the Reset Parity/Interrupt Register
(port 7).

Bit 3—Phase Match

The SCSI signals, MSG, C/D, and /O, represent the
current Information Transfer phase. The Phase Match
bit indicates whether the current SCS! Bus phase
matches the lower 3 bits of the Target Command Regis-
ter. Phase Match is continuously updated and is only
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significant when operating as a Bus Initiator. A phase
match s required for data transfers to occur on the SCSI
Bus.

Bit 2—Busy Error

The Busy Error bit is active if an unexpected loss of the
BSY signal has occurred. This latch is set whenever the
Monitor Busy bit (port 2, bit 2} is True and BSVYis False.
An unexpected loss of BSY will disable any SCSI out-
puts and will reset the DMA Mode bit (port 2, bit 1).

Bit 1—ATN

This bit reflects the condition of the SCSI Bus control
signal ATN. This signal is normally monitored by the
Target device.

Bit 0—ACK

This bit reflects the condition of the SCSI Bus control
signal ACK. This signal is normally momtored by the
Target device.

DMA Registers

Three write-only registers are used to initiate all DMA
activity. They are Start DMA Send (port 5), Start DMA
Target Receive (port 6), and Start DMA Initiator Receive
(port 7). Simply writing these registers starts the DMA
transfers. Data presented to the Am53C80A on signals
Do—-D- during the register write is meaningless and has
no effect on the operation. Prior to writing these regis-
ters, the Block Mode DMA bit (bit 7), the DMA Mode bit
(bit 1) and the Targetmode bit (bit 6) in the Mode Regis-
ter (port 2) must be appropriately set. The individual reg-
isters are briefly described as follows.

Start DMA Send—Address 5 (Write Only)

This register is written to initiate a DMA send, from the
DMA to the SCSI Bus, for either Initiator or Target role
operations. The DMA Mode bit (port 2, bit 1) must be set
prior to writing this register.

Start DMA Target Receive—Address 6 (Write Only)

This register is written to initiate a DMA receive—from
the SCSI Bus to the DMA—for Target operation only.
The DMA Mode bit (bit 1) and the Targetmode bit (bit 6)
inthe Mode Register (port 2) must bothbe set (1) priorto
writing this register.

Start DMA Initiator Receive—Address 7
(Write Only)

This register is written to initiate a DMA receive—from
the SCSI Bus to the DMA, for Initiator operation only.
The DMA Mode bit (bit 6) must be False (0) inthe Mode
Register (port 2) prior to writing this register.

Reset Parity/Interrupt—Address 7 (Read Only)

Reading this register resets the Parity Error bit (bit 5),
the Interrupt Request bit (bit 4), and the Busy Error bit
(bit 2) in the Bus and Status Register (port 5).

On-Chip SCSI Hardware Support

The Am53C80A is easy to use because of its simple ar-
chitecture. The chip allows direct control and monitoring
of the SCSI Bus by providing a latch for each signal.
However, portions of the protocol define timings that are
much too quick for traditional microprocessors to con-
trol. Therefore, hardware support has been provided for
DMA transfers, bus arbitration, phase-change monitor-
ing, bus disconnection, bus reset, parity generation,
parity checking, and device selection/reselection.

Arbitration is accomplished using a Bus-Free filter to
continuously monitor BSY. If BSY remains inactive for at
least 400 ns, then the SCSI Bus is considered free and
Arbitration may begin. Arbitration will begin if the bus is
free, SEL is inactive, and the Arbitration bit (port 2, bit 0)
is active. Once arbitration has begun (BSY asserted), an
arbitration delay of 2.2 ps must elapse before the Data
Bus can be examined to determine if Arbitration has
been won. This delay must be implemented in the con-
trolling software driver.

The Am53C80A has no clock. Delays such as bus-free
delay, bus-set delay, and bus-settle delay are imple-
mented using gate delays. These delays may ditfer be-
tween devices because of inherent process variations,
but are well within the proposed ANSI X3T9.2
specification.

Interrupts

The Am53C80A provides an interrupt output (IRQ) to in-
dicate a task completion or an abnormal bus occur-
rence. The use of interrupts is optional and may be
disabled by resetting the appropriate bits in the Mode
Register (port 2) or the Select Enable Register (port 4).

When an interrupt occurs, the Bus and Status Register
and the Current SCSI Bus Status Register must be read
to determine which condition created the interrupt. IRQ
canbe reset simply by reading the Reset Parity/Interrupt
Register (port 7) or by an external chip reset (RESET
active for 200 ns).

Assuming the Am53C80A has been properly initialized,
an interrupt will be generated if the chip is selected or
reselected, if an EOP signal occurs during a DMA trans-
fer, if an SCSI Bus reset occurs, if a parity error ocours
during a data transfer, if a bus phase mismatch occurs,
or if an SCSI Bus disconnection occurs.

Selectlon/Réselectlon

The Am53C80A can generate a select interrupt if SELis
True (1), its device ID is True (1), and BSY is False for at
least a bus-settle delay (400 ns). If 7O is active, this
shouldbe considered areselectinterrupt. The correct ID
bit is determined by a match in the Select Enable Regis-
ter (port 4). Only a single bit match is required to gener-
ate an interrupt. This interrupt may be disabled by
writing zeros into all bits of the Select Enable Register.
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If parity is supported, parity should also be good during
the selection phase. Therefore, if the Enable Parity bit
(port 2, bit 5) is active, then the Parity Error bit should be
checked to ensure that a proper selection has occurred.
The Enable Parity Interrupt bit need not be set for this
interrupt to be generated.

The proposed SCSI specification also requires that no
more than two device IDs be active during the selection
process. To ensure this, the Current SCSI Data Register
(port 0) should be read.

The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4) are
displayed in Figures 10 and 11, respectively.

7 6 5 4 3 2 1

o

0 0 0 1 X 0 X 0

7 6 5 4 3 2 1 0
1 0 0 1 0 o] 0 X
End DMA Parity Inter- Phase Busy ATN ACK

of Re- Error rupt Match Error
DMA quest Re-

quest

Active

Figure 12, Bus and Status Reglster

7 6 5. 4 3 2 1 0

o]l 1] x| x| x| x| o] x

RST BSY REQ MSG CD T El BP

I

Figure 13. Current SCSI Bus Status Register

>
X

End DMA Parity Inter- Phase Busy ATN
of Re- Error rupt Match Error
DMA  quest Re-

quest

Active

Figure 10. Bus and Status Register

7 6 5 4 3 2 1 0

0 0 0 X X X 1 X

RST BSY REQ MSG CD TO EL DB

Ol

Figure 11. Current SCSI Bus Status Register

End of Process (EOP) Interrupt

An End of Process (EOP) signal which occurs during a
DMA transfer (DMA Mode True) will set the End of DMA
Status bit (port 5, bit 7) and will optionally generate an
interrupt if the Enable EOP Interrupt bit (port 2, bit 3) is
True. The EOP pulse will not be recognized { (End Of
DMA bit set) unless EOP, DACK, and either IOR or TOW
are concurrently active for at least 100 ns. DMA trans-
fers can still occur if EOP was not asserted at the correct
time. This interrupt can be disabled by resetting the En-
able EOP Interrupt bit.

The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4) for
this interrupt are shown in Figures 12 and 13,
respectively.

The End of DMA bit is used to determine when a block
transfer is complete. Receive operations are complete
when there is no data left in the chip and no additional
handshakes occurring. The only exception to this is re-
ceiving data as an Initiator when the Target opts to send
additional data for the same phase. In this case, REQ
goes active and the new datais presentinthe Input Data
Register. Since a phase-mismatch interrupt will not oc-
cur, REQ and ACK need to be sampledto determine that
the Target is attempting to send more data.

For send operations, the End of DMA bit is set when the
DMA finishes its transfer, but the SCSI transfer may still
be in progress. If connected as a Target, REQ and ACK
should be sampled until both are False. If connected as
an Initiator, a phase change interrupt can be used to sig-
nal the completion of the previous phase. It is possible
for the Target to request additional data for the same
phase. In this case, a phase change will not occur and
both REQ and ACK must be sampled to determine when
the last byte was transferred.

SCSI Bus Reset

The Am53C80A generates an interrupt when the RST
signal transitions to True. The device releases all bus
signals within a bus-clear delay (800 ns) of this transi-
tion. This interrupt also occurs after setting the Assert
RST bit (port 1, bit 7). This interrupt cannot be disabled.
(Note: RSTis not latched in bit 7 of the Current SCS1 Bus
Status Register and may not be active when this port is
read. For this case, the Bus Reset interrupt may be de- -
termined by default.)
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The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register {port 4)
are displayed in Figures 14 and 15, respectively.

7 6 5 4 3 2 1

0
0 X 0 1 X 0 X X

End DMA Parity Inter- Phase Busy ATN ACK

of Re- Ermor rupt Match Error
DMA quest e-

quest

Active

Figure 14. Bus and Status Register

7 6 5 4 3 2 1 0

X X X X X X X X

ST BSY REQ MSG CD 1O EL DBP

Figure 15. Current SCSI Bus Status Register

Parity Error

Aninterrupt is generated for a received parity error if the
Enable Parity Check (bit 5) and the Enable Parity Inter-
rupt (bit 4) bits are set (1) in the Mode Register (port 2).
Parity is checked during a read of the Current SCSI Data
Register (port 0) and during a DMA receive operation. A
parity error canbe detected without generating aninter-
rupt by disabling the Enable Parity Interrupt bit and
checking the Parity Error flag (port 5, bit 5). -

The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4) are
displayed in Figures 16 and 17, respectively.

corresponding bits in the Target Command Register:
Assert /O (bit 0), Assert C/D (bit 1), and Assert MSG (bit
2). The comparison occurs continually and is reflected in
the Phase Match bit (bit 3) of the Bus and Status Regis-
ter (port 5). If the DMA Mode bit (port 2, bit 1) is active
and a phase mismatch occurs when REQ changes from
False to True, an interrupt (IRQ) is generated.

A phase mismatch prevents the recognition of REQ and
removes the chip from the bus during an initiator send
operation [DBo~DB7 and DBP will not be driven even
though the Assert Data Bus bit (port 1, bit 0) is active].
This interrupt is only significant when connected as an
initiator and may be disabled by resetting the DMA
Mode bit. (Note: 1t is possible for this interrupt to occur

" when connected as a Target if another device is driving

the phase lines to a different state.)

The proper values for the Bus and Status Register (port
5) andthe Current SCSI Bus Status Register (port 4) are
displayed in Figures 18 and 18, respectively.

7 6 5 4 3 2 1 0

0 0 0 1 0 0 X 0

End DMA Parity Inter- Phase Busy ATN ACK
of Re- Error rupt Match Error
DMA quest Re-

quest

Active

Figure 18. Bus and Status Register

7 6 5 4 3 2 1 0

0 1 X X X X 0 X

7 6 5 4 3 2 1

o

0 X 1 1 1 0 X X

End DMA Parity Inter- Phase Busy ATN
of Re- Error rupt Match Error
DMA quest Re-

quest

Active

Figure 16. Bus and Status Register

>
Xi

7 6 5 4 3 2 1 0

0 1 X X X X 0 X

RST BSY .REQ MSG CD 7O ©SEL DB

°

Figure 17. Current SCSI Bus Status Register

Bus Phase Mismatch

The SCSI phase lines are composed of the signals 170,
C/D, and MSG. These signals are compared with the

RST BSY REQ MSG TD 1O EL DBP

Figure 19. Current SCSI Bus Status Register

Loss of BSY

If the Monitor Busy bit (bit 2) inthe Mode Register (port
2) is active, an interrupt will be generated if the BSY sig-
nal goes False for at least a bus-settle delay (400 ns).
This interrupt may be disabled by resetting the Monitor
Busy bit. Register values are displayed in Figures 20
and 21.

7 6 5 4 3 2 1 0

0 0 0 1 X 1 0 0

End DMA Parity Inter- Phase Busy ATN ACK
of Re-  Eror rupt Match Error ‘
DMA quest Re-

quest

Active

Figure 20. Bus and Status Register
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RST BSY REQ MSG CD 11O EL BP

Figure 21, Current SCSI Bus Status Register

Reset Conditions

Three possible reset situations exist with the
Am53‘C80A.

Hardware Chip Reset

When the signal RST is active for at least 200 ns, the
Am53CB80A device is re-initialized and all internal logic
and control registers of SCSI are cleared. This is a chip
reset only and does not create an SCSI1 Bus-Reset con-
dition.

SCSI Bus Reset (RST) Received

When an SCSI RST signal is received, an IRQ imerrupt
is generated and a SCS! chip reset is performed. Allin-
ternal logic and registers are cleared, exceptforthe IRQ
interrupt latch and the Assent RST bit (bit 7) in n the Initia-
tor Command Register (port 1). (Note: The RST signal
may be sampled by reading the Current SCSI Bus
Status Register (port 4); however, this signal is not
latched and may not be present when this port is read.)

SCSI Bus Reset (RST) Issued

If the CPU sets the Assert RST bit (bit 7) in the Initiator
Command Register (port 1), the RST signal goes active
on the SCSI Bus and an internal reset is performed.
Again, allinternal logic and registers are cleared except
forthe IRQ interrupt latch and the Assert RST bit (bit 7) in
the Initiator Command Register (port 1). The RST signal
will continue to be active until the Assert RST bit is reset
or until a hardware reset occurs.

Data Transfers

Data may be transferred between SCSI Bus devices in
one of four modes: (1) Programmed 1/0, (2) Normal
DMA, (3) Block Mode DMA, or (4) Pseudo DMA. The fol-
lowing sections describe these modes in detail. (Note:
For all data transfer operations, DACK and CS should
never be active simultaneously.)

Programmed I/O Transfers

Programmed I/0 is the most primitive form of data trans-
fer. The REQ and ACK handshake signals are individu-
ally monitored and asserted by reading and writing the
appropriate register bits. This type of transfer is nor-
mally used when transferring small blocks of data, such
as command blocks or message and status bytes.

An Initiator send operation would begin by setting the
C/D, V0, and MSG bits inthe Target Command Register
tothe correct state so that a phase match exists. In addi-

tion to the phase match condition, it is necessary for the
Assert Data Bus bit (port 1, bit 0) to be True and the
received 1/O signal to be False for the Am53CB80A to
send data.

For each transfer, the data is loaded into the Output
Data Register (port 0). The CPU then waits for the REQ
bit (port 4, bit 5) to become active. Once REQ goes ac-
tive, the Phase Match bit (port 5, bit 3) is checked and
the Assert ACK bit (port 1, bit 4) is set. The REQ bit is
sampled until it becomes False and the CPU resets the
Assert ACK bit to complete the transfer.

Normal DMA Mode

DMA transfers are normally used for large block trans-
fers. The SCSI chip outputs a DMA request (DRQ)
whenever it is ready for a byte transfer. External DMA
logic uses this DRQ signal to generate DACK and an
TOR or anTOW gulse to the Am53C80A. DRQ goes inac-
tive when DACK is asserted, and DACK goes inactive
some time after the minimum read or write pulse width.
This process is repeated for every byte. For this mode,
DACK should not be allowed to cycle unless a transferis
taking place.

Block Mode DMA

Some popular DMA controllers such as the Am9517A
provide a Block Mode DMA transfer. This type of trans-
fer allows the DMA controller to transfer blocks of data
without relinquishing the use of the Data Bus to the CPU
after each byte is transferred; thus, faster transfer rates
are achieved by eliminating the repetitive access and
release of the CPU Bus.

If the Block Mode DMA bit (port 2, bit 7) is active, the
Am53C80A will begin the transfer by asserting DRQ.
The DMA controller then asserts DACK for the remain-
derof the block transfer. DRQ goes inactive 1orthe dura-
tion of the transfer.

Non-Block Mode DMA transfers end when DACK goes
False, whereas Block mode transfers end when IOR or
IOW becomes inactive. Since this is the case, DMA
transfers may be started sooner in a Block Mode
transfer.

To obtain optimum performance in Block Mode opera-
tion, the DMA logic may optionally use the normal DMA
mode interlocking handshake. READY is still available
to throttle the DMA transfer, but DRQ is 30 to 40 ns
faster than READY and may be used to start the cycle
sooner.

The methods described under “Halting a DMA Opera-
tion” apply for all DMA operations.

Pseudo DMA Mode

To avoid the tedium of monitoring and asserting the re-
quest/acknowledge handshake signals for programmed
I/Otransfers, the system may be designed to implement
apseudo DMA mode. This mode is implemented by pro-
gramming the Am53C80A to operate in the DMA mode,
but using the CPU to emulate the DMA handshake.
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DRQ may be detected by polling the DMA Request bit
(bit 6) in the Bus and Status Register (port 5), by sam-
pling the signal through an external pont, or by usingiitto
generate a CPU interrupt. Once DRQ is detected, the
CPU canperform aread or write data transfer. This CPU
read/write is externally decoded to generate the appro-
priate DACK and IOR or IOW signals.

Oiten, external decoding logic is necessary to generate
the Am53C80A CSsignal. This same logic may be used
to generate DACK at no extra system cost and provide
anincreased performance inprogrammed I/O transfers.

Halting a DMA Operation

The EOP signal is not the only way to halt a DMA trans-
fer. A bus phase mismatch or a reset of the DMA Mode
bit (port 2, bit 1) can also terminate a DMA cycle for the
current bus phase.

Using the EOP Signal

It EOP is used, it should be asserted for at least 100 ns
while DACK and IOR or [0\ IOW are smultaneously active.

Note, however, that if IOR or TOW is not active an in-
terrupt will be generated, but the DMA activity will con-
tinue. The EOP signal does not reset the DMA Mode bit.

Since the EOP signal can occur during the e last byte sent
to the Output Data Register (port 0), the REQ and ACK
signals should be monitored to ensure that the last byte
has transferred.

Bus Phase Mismatch Interrupt

A bus phase mismatch interrupt may be usedto halt the
transfer if operating as an Initiator. Using this method
frees the host from maintaining a data length counter
and frees the DMA logic from providing the EOP signal.
If performing an Initiator send operation, the Am53C80A
requires DACK to cycle before ACK goesinactive. Since
phase changes cannot occur if ACK is active, either
DACK must be cycled after the last byte is sent or the
DMA Mode bit must be reset in order to receive the
phase mismatch interrupt.

Resetting the DMA Mode Bit

A DMA operation may be halted at any time simply by
resetting the DMA Mode bit. It is recommended that the
DMA Mode bit be reset after receiving an EOP or bus
phase-mismatch interrupt. The DMA Mode bit must then
be set before writing any of the start DMA registers for
subsequent bus phases.

If resetting the DMA Mode bit is used instead of EOP for
Target role operation, then care must be taken to reset
this bit at the proper time. If receiving data as a Target
device, the DMA Mode bit must be reset once the last
DRQ is received and before DACK is asserted to pre-
vent an additional REQ from occurring. Resetting this bit
causes DRQ to go inactive. However, the last byte re-
ceived remains in the Input Data Register and may be
obtained either by performing a normal CPU read or by
cycling DACK and TOR. In most cases EOP is easier to
use when operating as a Target device.

Flowcharts

Flowcharts are provided (see Figures 22 through 25) as
a guideline to facilitate your firmware development.
Firmware will vary depending on the application and the
level of the SCSI protocol being supported.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65 to +150°C
Supply Voltage on Any Pin

with Respect to Ground -0.5t0+7.0V
Power Dissipation 100 mW

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)
Supply Voltage (Vcc)

0to +70°C
+4.75t0 45.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over operating ranges

Parameter Description Test Conditions I Min. I Max. | Unit
Input Signal Requirements
HIGH-Level, Input Vi 2.0 5.25 \
LOW-Level, Input ViL -0.3 08 \%
HIGH-Level Input Current, I, on:
SCSI Bus Pin except RST V=525V, ViL=0 ' " 50 JA
All Other Pins 10
LOW:-Level Input Current, i, on:
SCSI Bus Pins except RST ViH=5.25V,ViL=0 -50 1A
All Other Pins -10
Output Signal Requirements
HIGH-Level Output on All Pins Voo =4.75 V, lon = -3.0 mA 24 \Y
LOW-Level Output on:
SCSI Bus Pins VoD =4.75 V, low = 48.0 mA 0.5 v
All Other Pins Voo =4.75V, loL = 7.0 mA 05 \Y
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
Must be Will be
Steady Steady
May Will be
Change Changing
fromHtoL fromHtoL
May Will be
Change Changing
fromLtoH fromLto H
\/ V‘V’V \/\/ Don’t Care, Changing,
Any Change State
AVAVAVAVAVA Permitted Unknown
Does Not Center
Apply Line is High-
Impedance
“Off” State
KS000010

SWITCHING CHARACTERISTICS/WAVEFORMS

Ao — A2

o]
=

Do - D7

Name | Parameter Description © | Min. | Max. | unit
T Address Setup to Write Enable* 10 ns
T2 Address Hold from End Write Enable* 0 ns
T3 Write Enable Width* 10 ns
T4 Chip Select Hold from End of TOW 0 ns
T5 Data Setup to End of Write Enable* 10 ns
T6 Data Hold Time from End of [OW 10 ns

*Write Enable is the occurence of TOW and CS.

—— T2

/47/) — /1777777
A

_
— T3 —>te— T4

\ 7,_

TN~ — —XI77777777

10665B-011B
CPU Write Cycle
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. | Max. | Unit
T1 Address Setup to Read Enable* 10 ns
T2 Address Hold from End Read Enable* ns
T3 Chip Select Hold from End of IOR ns
T4 Data Access Time from Read Enable* 40 ns
T5 Data Hold Time from End of IOR 20 ns

*Read Enable is the occurence of TOR and CS.

/11171

/1 -
| \

T2

[«— T3

oy

N

fe—— 15

S

i

CPU Read Cycle

10665B-012A
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. | Max. | Unit
T1 DRQ FALSE from DACK TRUE 35 ns
T2 DACK FALSE to DRQ TRUE 30 ns
T3 Write Enable Width” 40 ns
T4 DACK Hold from End of IOW ns
T5 Data Setup to End of Write Enable* ns
T6 Data Hold Time from End of IOW ns
T7 Width of EOP Pulse (Note 1) 40 ns
T8 ACK TRUE to REQ FALSE 85 ns
T9 REQ from End of DACK (ACK FALSE) 40 ns
T10 ACK TRUE to DRQ TRUE (Target) 90 ns
T11 REQ from End of ACK (DACK FALSE) 30 ns
T12 Data Hold from Write Enable 0 ns
T13 Data Setup to REQ TRUE (Target) 40 ns
*Write Enable is the occurence of TOW and DACK.
Note:
1. EOP, TOW, and DACK must be concurrently TRUE for at least T7 for proper recognition of the
EOP pulse.
DRQ 2 _} —jc—_—
Tt je— T2
DACK 7L
. '-— g —
TOW \ 7
fe— T5 —>te—— T6 —>
w-or [// 111111 IX ) VI
e
EOP /
\ /
ja— T8 —» T9
el — J‘
_____J ——
T11 —»
T10
_ —
ACK Y
fe— T12 ' T13
DBo - DB,
DBP
10665B-013B
DMA Write (Non-Block Mode) Target Send Cycle
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. | Max. | Unit
T1 DRQ FALSE from DACK TRUE 35 ns
T2 DACK FALSE to DRQ TRUE 30 ns
T3 Write Enable Width* 40 ns
T4 DACK Hold from End of TOW 0 ns
T5 Data Setup to End of Write Enable* 10 ns
T6 Data Hold Time from End of TOW 10 ns
T7 Width of EOP Pulse (Note 1) 40 ns
T8 REQ TRUE to ACK TRUE 85 ns
T9 REQ FALSE to DRQ TRUE 45 ns

T10 DACK FALSE to ACK FALSE 45 ns
T11 TOW FALSE to Valid SCSI Data 65 ns
T12 Data Hold from Write Enable 0 ns

*Write Enable is the occurence of IOW and DACK.

Note:

D miilan
ST PUST,

Z XL

—

T2

DRQ
Tt —»]
DACK
—
T3 T4
OW \ N

«—— T6 ——>

//////////)l<—

KL
_ l T7—-£
o g
- 97/

DMA Write (Non-Block Mode) Initiator Send Cycle

10665B-014B
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. [ Max. | Unit
T DRQ FALSE from DACK TRUE 35 ns
T2 DACK FALSE to DRQ TRUE 30 ns
T3 DACK Hold Time from End of IOR 0 ns
T4 Data Access Time from Read Enable* 20 ns
T5 Data Hold Time from End of IOR 0 ns
T6 Width of EOP Pulse (Note 1) 40 ns
17 ACK TRUE to DRQ TRUE 90 ns
T8 DACK FALSE to REQ TRUE (ACK FALSE) 40 ns
T9 ACK TRUE to REQ FALSE 90 ns

T10 ACK FALSE to REQ TRUE (DACK FALSE) 35 ns
T11 Data Setup Time to ACK 10 ns
T12 Data Hold Time from ACK 65 ns

*Read Enable is the occurence of TOR and DACK.

Note:

1. EOP, IOR, and DACK must be concurrently TRUE for at least T6 for proper recognition of the
EOP pulse.

T2

—

N
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SWITCHING CHARACTERISTICS/WAVEFORMS

Do - D7

Name Parameter Description Min. | Max. | Unit

T1 DRQ FALSE from DACK TRUE 35 ns
T2 DACK FALSE to DRQ TRUE 30 ns
T3 DACK Hold Time from End of TOR 0 ns
T4 Data Access Time from Read Enable* 20 ns
T5 Data Hold Time from End of IOR 0 ns
T6 Width of EOP Pulse (Note 1) 40 ns
T7 REQ TRUE to DRQ TRUE 95 ns
T8 DACK FALSE to ACK FALSE (REQ FALSE) 40 ns
T9 REQ TRUE to ACK TRUE 85 ns
T10 REQ FALSE to ACK FALSE (DACK FALSE) 35 ns
T11 Data Setup Time to REQ 10 ns
T12 Data Hold Time from REQ 65 ns

“Read Enable is the occurence of TOR and DACK.

Note:

1. EOP, TOR, and DACK must be concurrently TRUE for at least T6 for proper recognition of the
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. | Max. | Unit
T1 DRQ FALSE from DACK TRUE 35 ns
T2 Write Enable Width* 40 ns
T3 Write Recovery Time 80 ns
T4 Data Setup to End of Write Enable* ns
T5 Data Hold Time from End of [OW 5 ns
T6 Width of EOP Pulse (Note 1) 40 ns
T7 ACK TRUE to REQ FALSE 85 ns
T8 REQ from End of [OW (ACK FALSE) 50 ns
T9 REQ from End of ACK (IOW FALSE) 40 ns

T10 ACK TRUE to READY TRUE 100 | ns
T11 READY TRUE to TOW FALSE 45 ns
T12 TOW FALSE to READY FALSE 20 60 ns
T13 Data Hold to ACK TRUE 0 ns
T14 Data Setup to REQ TRUE 40 ns

*Write Enable is the occurence of IOW and DACK.

Note:

1. EOP, TOW, and DACK must be concurrently TRUE for at least T6 for proper recognition of the

EOP pulse.

DRQ \ _}
— T = \
- ] \
oo ZIITITITITITN | XITZTITIITII
EoP El;: Te — ( ‘
] T8
R To 3
o\ :
«— T10 - T11 T12 »|
oy | ] L_
o - T13 > le T14
R \1777%
DMA Write (Block Mo.de) Target Send Cycle 1oeseB0178
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. | Max. | Unit
T DRQ FALSE from DACK TRUE 35 ns
T2 TOR Recovery Time 80 ns
T3 Data Access Time from Read Enable* 20 ns
T4 Data Hold Time from End of TOR 0 ns
T5 Width of EOP Pulse (Note 1) 40 ns
T6 JOR FALSE to REQ TRUE (ACK FALSE) 45 ns
T7 ACK TRUE to REQ FALSE 90 ns
T8 ACK FALSE to REQ TRUE (TOR FALSE) 35 ns
T9 ACK TRUE to READY TRUE 100 ns
T10 READY TRUE to Valid Data 50 ns
T11 | TOR FALSE to READY FALSE 40 ns
.T12 Data Setup Time to ACK 10 ns
T13 Data Hold Time from ACK 65 ns
*Read Enable is the occurence of TOR and DACK.
Note: o .
1. EOP, TOR, and DACK must be concurrently TRUE for at least T5 for proper recognition of the
EOP pulse.
orc / \
l«—— T{ —»
DACK
N
T2 >
o \. 7t \
e— T3 —» — T4 -]
LTI i
EOP T5
I w4
T6
REQ S
17 e T8
ASK = %}‘
[ T —wiet T10 T11
READY _i_ - P _%
-
e T12 > T13
=g [T T TTTTT7777
DBP
10665B-0188
DMA Read (Block Mode) Target Receive Cycle
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SWITCHING CHARACTERISTICS/WAVEFORMS

Name Parameter Description Min. | Max. | Unit
T1 Minimum Width of Reset 100 ns
T1
RESET Xr /
10665B-019B
Reset
Name Parameter Description Min. [ Max. | Unit
T1 Bus Clear from SEL TRUE 600 ns
T2 Arbitrate Start from BSY FALSE 1200 | 2400 | ns
T3 Bus Clear from BSY FALSE 1100 | ns
RST
SEL /
-
l—— T{ ——»
le—— T2 —»
. Y-
-5/ /[ [/ /[ /[ 111111
ARB / \
T3 ——>
BSY (IN)
10665B-020A

Arbitration

Am53C80A
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SWITCHING TEST CIRCUIT

FROM OUTPUT

UNDER TEST
oV
l loH
10665B-021A
SWITCHING TEST WAVEFORM

2.4 -

2.0 2.0

><: :> TEST POINTS <: ><

0.8 0.8

0.4

10665B-022A
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ADVANCE INFORMATION

Am53C94/Am53C96

High Performance SCSI Controller

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

H Plug compatible with NCR 53C94/53C96
5 MB per second SCSI transfer rate

20 MB per second DMA transfer rate
16-bit DMA Interface plus 2 bits of parity

Flexible bus architecture, supports a three bus
architecture

Single ended SCSI bus supported by Am53C94

Single ended and differential SCS! bus
supported by Am53C96

B Selection of multiplexed or non-multiplexed
address and data bus

H High current drivers (48 mA) for direct
connection to the single ended SCSI bus

B Supports Disconnect and Reselect commands

M Supports burst mode DMA operation with a
threshold of 8

B Supports 3 byte tagged queuing as per the
SCSI-2 specification

R Supports group 2 and 5 command recognition
as per the SCSI-2 specification

B Advanced CMOS process for low power
consumption

H Am53C94 available in 84 pin PLCC package
B Am53C96 available in 100 pin PQFP package

GENERAL DESCRIPTION

The High Performance SCSI Controlier (HPSC) has a
flexible three bus architecture. The HPSC has a 16 bit
DMA interface, an 8 bit host data interface and an 8 bit
SCSldata interface. The HPSC is designed to minimize
host intervention by implementing common SCSI se-
quences in hardware. An on-chip state machine re-
duces protocol overheads by performing the required
sequences in response to a single command from the
host. Selection, Reselection, Information Transfer and
Disconnection commands are directly supported.

The 16 byte internal FIFO further assists in minimizing
host involvement. The FIFO provides a temporary stor-

age for allcommand, data, status and message bytes as
they are transferred between the 16 bit host data bus
and the 8 bit SCSI data bus. During DMA operations the
FIFO acts as abuffer to allow greater latency in the DMA
channel. This permits the DMA channel to be sus-
pended for higher priority operations such as DRAM re-
fresh or reception of an ISDN packet.

Parity on the DMA bus is optional. Parity can either be
generated and checked or it can be simply passed
through. ‘

SYSTEM BLOCK DIAGRAM

4  ADDR
7 9
CPU 16 8 le«—~— SCS| Data
’ Data | Am53C94/96
9
6 [«—~—> SCSI Control
,I
16 DMA
DMA A
16
Memory -

16506A-001A

Publication# 16506 Rev. A

Issue Date: November 1991 product without notice.

Amendmento | This document contains information on a product under development at Advanced Micro Devices, Inc. The information
is intended 10 help you to evaluate this product. AMD reserves the right to change or discontinue work on this proposed 1-85
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SYSTEM BUS MODE DIAGRAMS

BUSMD 1 DMAWR
BUSMD 0 WRls I
, RD
= Am53C94/96 < Address Bus
- A3-0
8 — Bit Data Bus Host Bus
DMA 7-0 Processor :> Controller
DACK DREQ T
DMA
Controller
Bus Mode 0 16506A-002A
. ®
BUSMD 1 BMAWR |
BUSMD 0 Wile |
RD
L Am53C94/96 Address Bus
= A3-0
Host g
Data Bus Processor N :‘S”
DMA 15-0 ontroller
DACK DREQ 16 8
DMA
Controller
16506A-003A
Bus Mode 1
1-86 Am53C94/Am53C96



ADVANCE INFORMATION ' AMDn
SYSTEM BUS MODE DIAGRAMS

Vee

L BUSMD 1

BUSMD 0 R Host
ALE Processor
— 8-Bit Data Bus
= AD 7-0 < >

16-Bit Data Bus

oua 15-0 | (m—

DMA
Controller

16506A-004A

Bus Mode 2

Vee
p

BUSMD 1 WR
BUSMD 0 RD

Host
Processor

Address Bus

NZNZ

< 8-Bit Data Bus

Am53C94/96

16-Bit Data Bus
DMA 15-0 GregEn el e T

DMA
Controller

16506A-005A
Bus Mode 3
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BLOCK DIAGRAM
18 16x9FIFO | ) 18,
— 'z . o e —
DMA 15-0 t———bo (including parity) 9 SCS! Bus
Data [<—/—> Data + Parity
(Single Ended;
DMAP 10— Transceivers 0 scsiB )
4 Parity Logic - us
MA C ! Data + Parity
o ontrol 8 Direction Control
—
AD7-0¢—— Bus
6 Interface
Host Control ——f ~ Unit
Register Main
TS —» MUX Bank Sequencer
BUSMD 1-0 =————i>y 9
Yy je—F—>- SCSI Control
DFMODE —— ) SCSI
OLK —— \ Control L SCSI Control
RESET /8 Direction Control
7 SCsli -
Sequencer
16506A-006A
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CONNECTION DIAGRAM

Am53C94 (Top View)
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17 69 [1AD5
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20 66 [JAD3
21 65 []AD2
22 64 [JAD1
23 63 []ADO
24 62 []VvDD
25 61[]CLK
26 60 [] ALE [A3]
27 591 DMARD [A2]
28 58 [1BHE [A1]
29 57 [1AS0 [A0]
30 56[]CS
31 551RD
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CONNECTION DIAGRAM
Am53C96 (Top View)
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BHE [A1] ] 83 48 3067
DMARD (A2} [ 84 47 vss
ALE [A3] [] 85 46 vss
clk []8s 45 503
DFMODE [ 67 44 Sy
voD [ 88 43 et
NC ] 8 Am53C96 42 ey
ADo [ 90 100-PIN PQFP 4 vss
AD1 [ o1 (Top View) 40 vss
AD2 [] 92 39 NC
AD3 {93 38 VDD
vss [ 94 ’ 37 SOP
vss [] 9 36 507
AD4 {6 3 506
AD5 [ 97 34 -8D5
ADe [ 98 33 5z
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16506A-008A
RELATED AMD PRODUCTS
Part Number Description
Am53C80A 4 MBytes/sec Asynchronous CMOS SCSi Controller
Am33C93A 5 MBytes/sec Async/Synchronous CMOS SCSI Controller
Am85C80 Combination SCSI Controller (Am53C80A) and ESCC (Am85C30)
Am85C30 Enhanced Serial Communications Controller (ESCC)
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LOGIC SYMBOL
le——» SD7-0
DMA 150 <—— «—> SOP
DMAP 10 < — SDC7-0
ALE [A3] ———»] — SDCP
DMARD [A2] ———» > MSG
BHE [A1] ——»] > ©D
ASO [A0) ——»] <> 110
DREQ «—— > AN
DACK ———»] -~ BY
DSEV’V*F" =—  Am53C94/96 %
=) f«——— REQ
W] [ AKX
s l——» BSYC
T —— SELC
BUSMD 10— —— FSTC
“BFMODE — ] — HEQC
LK l . &cke
RESET ———» — ISEL
> 7sEL
Pins available on the Am53C96 only 16506A-009A
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AM53C96 K (%] W

-I-—-— OPTIONAL PROCESSING

Blank = Standard Processing
/W = TapePak

TEMPERATURE RANGE
C = Commercial

PACKAGE TYPE

J = 84-Pin PLCC (PL 084)
K = 100-Pin PQFP (T.B.D.)

SPEED OPTION

DEVICE NUMBER/DESCRIPTION

Am53C94/Am53C96
High Performance SCSI Controller

Valid Combinations : Valid Combinations
Valid Combinations list configurations planned to
AMS53C94 JC be supported in volume for this device. Consult
AM53C96 KC, KCW the local AMD sales office to confirm availability of

specific valid combinations, to check on newly
released combinations, and to obtain additional
data on AMD's standard military grade products.
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PIN DESCRIPTION
Host Interface Signals

DMA 15-0
Data / DMA Bus (Input/Output, Active High,
Internal Pullup)

The configuration of this bus depends on the Bus Mode
1-0 (BUSMD 1-0) inputs. Whenthe device is configured
for single bus operation, the host can access the internal
register set on the lower eight lines and the DMA ac-
cesses can be made to the FIFO using the entire bus.
When using the Byte Mode via the BHE and AQ inputs
the data can be transterred on either the upper or lower
half of the DMA 15-0 bus.

DMAP 1-0
Data/DMA Parity Bus (Input/Output, Active High,
Internal Pullup)

These lines are odd parity for the DMA 15-0 bus.
DMAP 1 is the parity for the upper half of the bus
(DMA 15-8) and DMAP 0 is the parity for the lower half
- of the bus (DMA 7-0).

ALE [A3]
Address Latch Enable [Address 3] (Input,
Active High)

This is a dual function input. When the device is config-
ured for single bus operation this input acts as ALE. As
ALE, this input latches the address onthe AD 7-0 buson
its Low going edge. When the device is configured for
dual bus operation this input acts as A3. As A3, this in-
put is the third bit of the address bus.

DMARD [A2]
DMA Read [Address 2] (Input, Active Low
[Active High])

This is a dual function input. When the device is config-
ured for single bus operation this input acts as DMARD.
As DMARD, this input is the read signal for the DMA
15-0 bus. When the device is configured for dual bus
operation this input acts as A2. As A2, this input is the
second bit of the address bus.

BHE [A1]
Bus High Enable [Address 1] (Input, Active High)

This is a dual function input. When the device is config-
ured for single bus operation this input acts as BHE. As
BHE, this input along with ASO indicates on which lines
the data transfer is to take place. When the device is
configured for dual bus aperation this input acts as A1.
As A1, this input is the first bit of the address bus.

The following is the decoding for the BHE and ASO
inputs:

BHE| ASO Bus Used
1 1 Upper Bus — DMA 15-8, DMAP 1
1 0 Full Bus — DMA 15-0, DMAP 1-0
0 1 Reserved
0 0 Lower Bus - DMA 7-0, DMAP 0
ASO [AQ]

Address Status [Address 0] (Input, Active High)

This is a dual function input. When the device is config-
ured for single bus operation this input acts as AS0. As
ASQO, this input along with BHE indicates on which lines
the data transfer is to take place. When the device is
configured for dual bus operation this input acts as AO0.
As AD, this input is the zeroth bit of the address bus.

DREQ
DMA Request (Output, Active High, Tri-State)

This output signal to the DMA controller will be active
during DMA read and write cycles. During a DMA read
cycle it will be active as long as there is a word (or abyte
in the byte mode) in the FIFO to be transferred to mem-
ory. During a DMA write cycle it will be active as long as
there is an empty space for a word (or a byte in the byte
mode) in the FIFO.

DACK
DMA Acknowledge (Input, Active Low)

This input signal from the DMA controller will be active
during DMA read and write cycles. The DACK signal is
used to access the DMA FIFO only and should never be
active simultaneously with the CS signal, which ac-
cesses the registers only. :

AD 7-0
Host Address Data Bus (Input/Output, Active
High, Internal Pullup)

This bus is used only in the dual bus mode. This bus al-
lows the host processor to access the device’s internal
registers while the DMA bus is transferring data. When
using the multiplexed bus mode, these lines can be
used for address and data. When using a non-mutti-
plexed bus mode these lines can be used for the data
only.

DMAWR
DMA Write (Input, Active Low)

This signal writes the dataon the DMA 15-0 bus into the
internal FIFO when DACK is also active. When in the
single bus mode this signal must be tied to the WR
signal.

Am53C94/Am53C96 1-93
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RD

Read (Input, Active Low)

This signal reads the internal device registers and
places their contents on the data bus, when either CS
signal or DACK signal is active.

WR

Write (Input, Active Low)

This signal writes the internal device registers with the
value present on the data bus, when the CS signal is
also active. .

CS

Chip Select (Input, Active Low)

This signal enables the read and write of the device reg-
isters. CS enables access to any register (including the
FIFO) while the DACK enables access only to the FIFO.
CS and DACK should never be active simultaneously in
the single bus mode, they may however be active simul-
taneously in the dual bus mode provided the CSsignalis
not enabling access to the FIFO.

INT

Interrupt (Output, Active Low, Open Drain)

Thin alcmemal la A vam mamaliablila St ave comd Llam 2o dle e boaas
o Dlyl 1anio a nviirniasnavic i IlUIIU}JI lldg W uic 1ivst

processor. This signal is latched on the output on the
high going edge of the clock. This flag may be cleared
by reading the Interrupt Status Register (ISTAT) or by
performing a device reset (hard or soft). This flag is not
cleared by a SCSI reset.

BUSMD 1-0
Bus Mode (Input, Active High)

These inputs configure the device for single bus or dual
bus operation and the DMA width.

BUSMD1| BUSMDO
1 1

Bus Configuration

Two buses: 8-bit Host Bus &
16-bit DMA Bus
Register Address on A 3-0 &
Data on AD Bus

Two buses: Multiplexed &
byte control

Register Address on AD 3-0
& Data on AD Bus

Single bus: 8-bit Host Bus &
16-bit DMA Bus

Register Address on A 3-0 &
Data on-DMA Bus

Single bus: 8-bit Host Bus &
8-bit DMA Bus

Register Address on A 3-0 &
Data on DMA Bus

DFMODE
Differential Mode (Input, Active Low)

This input is available only onthe Am53C96. This input
configures the SCSI bus to either single ended or differ-
ential. When this input is active, the device operates in
the differential SCSI mode. The SCSI data is available
on the SD 7-0 lines and the high active transceiver en-
ables on the SDC 7-0 outputs. When this input is inac-
tive, the device operates in the single-ended SCSI
mode. The SCSIinput data is available on SD 7-0 lines
and the output data is available on SDC 7-0 lines. Inthe
single-ended SCSI mode, the SD 7-0 and the SDC 7-0
buses can be tied together externally.

CLK

Clock (Input)

Clock input used to generate ali the internal device tim-
ings. The maximum frequency of this input is 25 MHz. A
minimum of 10MHz is required to maintainthe SCSIbus
timings.

RESET

Reset (Input, Active High)

This input when active resets the device. The RESET
input must be active for at least two CLK periods after
the voltage on the power inputs has reached Vcc
minimum.

SCSI Interface Signals

SD 7-0

SCSI Data (Input/Output, Active Low,

Schmitt Trigger)

When the device is_configured in the Single-Ended
SCSI Mode (DFMODE inactive) these pins are defined
asinputs forthe SCSI databus. Whenthe device is con-
figured in the Differential SCSI Mode (DFMODE active)
these pins are defined as a bidirectional SCSI data bus.

SDP
SCSI Data Parity (Input/Output, Active Low,
Schmitt Trigger)

When the device is configured in the Single-Ended

- SCSIMode (DFMODE nactive) this pinis defined as the

input for the SCSI data parity. When the device is con-
figured in the Differential SCSI Mode (DFMODE active)
this pin is defined as bidirectional SCS! data parity.

SDC 7-0

SCSI Data Control (Output, Active Low,

Open Drain)

When the device is configured in the Single-Ended
SCSI Mode (DFMODE inactive) these pins are defined
as outputs for the SCSI data bus. When the device is
configured in the Differential SCSI Mode (DFMODE
active) these pins are defined as direction controls for
the external differential transceivers. In this mode, a

1-94 Am53C94/Am53C96
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signal High state corresponds to an output to the SCSI
bus and a Low state corresponds to an input from the
SCSl bus.

SDCP
SCSI Data Control Parity (Output, Active Low,
Open Drain)

When the device is configured in the Single-Ended
SCSt Mode (DFMODE inagtive) this pin is defined as an
output for the SCSI data parity. Whenthe device is con-
figured in the Differential SCSI Mode (DFMODE active)
this pinis defined as the direction control for the external
differential transceiver. Inthis mode, a signal high state
corresponds to an output to the SCSI bus and a low
state corresponds to an input from the SCSI bus.

MSG

Message (Input/Output, Active Low, Schmitt
Trigger)

This is a bidirectional signal with a 48 mA output driver.
It is an output in the target mode and a Schmitt trigger
input in the initiator mode.

Cc/D
Command/Data (Input/Output, Schmitt Trigger)
This is a bidirectional signal with a 48 mA output driver.

It is an output in the target mode and a Schmitt trigger
input in the initiator mode.

1/0
Input/Output (Input/Output, Schmitt Trigger)
This is a bidirectional signal with a 48 mA output driver.

It is an output in the target mode and a Schmitt trigger
input in the initiator mode.

ATN
Attention (Input/Output, Active Low, Schmitt
Trigger)

This signal is a 48 mA output in the initiator mode and a
Schmitt trigger input in the target mode. This signal will
be asserted when the device detects a parity error or it
can be asserfed via certain commands. In the target
mode this pin is an input.

BSY
Busy (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

SEL
Select (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

RST
Reset (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

REQ
Request (Input, Active Low, Schmitt Trigger)

This is a SCSI input signal with a Schmitt trigger.

ACK
Acknowledge (Input, Active Low, Schmitt Trigger). This
is a SCSI input signal with a Schmitt trigger.

BSYC

Busy Control (Output, Active Low, Open Drain)
ThisisaSCSI output with 48 mA drive. Whenthe device
is__configured in the Single-Ended SCS! Mode
(DFMODE inactive) this pin is defined as a BSY output
for the SCSI bus. When the device is configured in the
Differential SCS! Mode (DFMODE active) this pin is de-
fined as the direction control for the external differential
transceiver. In this mode, a signal High state corre-
spondsto an outputto the SCSIbus and a Low state cor-
responds to an input from the SCSI bus.

SELC

Select Control (Output, Active Low, Open Drain)
This is a SCSI output with 48 mA drive. Whenthe device
is_configured in the Single-Ended SCSI Mode
(DFMODE inactive) this pin is defined as a SEL output
for the SCSI bus. When the device is configured in the
Differential SCSI Mode (DFMODE active) this pin is de-
fined as the direction control for the external differential
transceiver. In this mode, a signal High state corre-
spondsto anoutputto the SCSIbus and a Low state cor-
responds to an input from the SCSI bus.

RSTC

Reset Control (Output, Active Low, Open Drain)
This is a SCS! output with 48 mA drive. The Reset SCSI
command will cause the device to drive RSTC active for
25-40 microseconds, which will depend on the CLK fre-
quency and the conversion factor. When the device is
configured in the Single-Ended SCSI Mode (DFMODE
inactive) this pinis defined as aRST output for the SCSI
bus. When the device is conngured in the Differential
SCS! Mode (DFMODE active) this pin is defined as the
direction control for the external differential transceiver.
In this mode, a signal High state corresponds to an out-
put to the SCS! bus and a Low state corresponds to an
input from the SCSI bus.

REQC

Request Control (Output, Active Low, Open Drain)
This is a SCSI output with 48 mA drive. Th|s signal is
asserted only in the target mode.

ACKC

Acknowledge Control (Output, Active Low,

Open Drain)

This is a SCSI output with 48 mA drive. This signal is
asserted only in the initiator mode.
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ISEL
Initiator Select (Output, Active High)

This signalis available onthe Am53C96 only. ltis active
whenever the device is in the initiator mode. In the dif-
ferential mode this signal is used to enable the initiator
signals ACKC and ATNC and the device also drives
these signals.

TSEL
Target Select (Output, Active High)

This signalis available onthe Am53C96 only. Itis active
whenever the device is in the target mode. In the differ-
ential mode this signal is used to enable the target sig-
nals REQC, MSG, C/D and I/O and the device also
drives these signals.

'FUNCTIONAL DESCRIPTION

Register Map
Address :
(Hex.) | Operation Register

00 Read Current Transfer Count
Register LSB

00 Write Start Transter Count
Register LSB

01 Read Current Transfer Count
Register MSB

01 Write Start Transfer Count
Register MSB

02 | Read/MWrite | FIFC Register

I\ 118yiowe

03 Read/Write | Command Register
04 Read

Status Register

04 Write SCSI Destination ID
Register

05 Read Interrupt Status Register

05 Write SCSI Timeout Register

06 Read Internal State Register

06 Write Synchronous Transfer
Period Register

07 . Read Current FIFO Internal State
Register

07 Write Synchronous Offset

Register
08 Read/Write | Control Register 1
09 Write
0A Write Forced Test Mode Register
0B Read/Write | Control Register 2

oc Read/Write | Control Register 3 Rev. ID
Register

Clock Factor Register

OF Write~ | Data Alignment Register

Not all registers in this device are both readable and
writable. Some read only registers share the same ad-
dress with write only registers. The registers can be ac-
cessed by asserting the CS signal and then asserting
either RD or WR signal depending onthe operation to be
performed. Only the FIFQO Register can be accessed by
asserting either CS or DACK in conjunction with RD and
WR signals or DMARD and DMAWR signals. The regis-
ter address inputs are ignored when DACK is used but
must be valid when CS is used.

1-96
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COMMANDS

The device commands can be broadly divided into two
categories, DMA commands and non-DMA commands.
DMA commands are those which cause data movement
between the host memory and the SCSI bus while non-
DMA commands are those that cause data movement
between the device FIFO and the SCSI bus. The MSB
of the command byte differentiates DMA commands

from non-DMA commands.

Summary of Commands

Command Command
Code (Hex.) Code (Hex.)
Gommand DMA | DMA Command DMA | DMA
Mode | Mode Mode | Mode
Initiator Commands Idle State Commands
Information Transfer 10 .90 Reselect Steps 40 Co
Initiator Command Complete Steps | 11 91 Select without ATN Steps 41 C1
Message Accepted 12 - Select with ATN Steps 42 c2
Transfer Pad Bytes 18 98 Select with ATN and Stop Steps 43 C3
Set ATN 1A - Enable Selection/Reselection 4 | c4
Reset ATN 1B - Disable Selection/Reselection 45
Target Commands Select with ATN3 46 | C6
Send Message 20 AO General Commands
Send Status 21 Al No Operation 00 80
Send Data 22 A2 Clear FIFO 01 81
Disconnect Steps 23 A3 Reset Device 02 82
Terminate Steps 24 A4 Reset SCSI bus 03 83
Target Command Complete Steps 25 A5
Disconnect 27 A7
Receive Meséage 28 A8
Receive Command Steps 29 A9
Receive Data 2A AA
Receive Command Steps 2B AB
Target Abort DMA 04 84
Am53C94/Am53C96 1-97
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INFORMATION

ABSOLUTE MAXIMUM RATINGS

Storage Temperature -55 to +125°C
Ambient Operating Temperature 0to +70°C
Maximum Vcc -05t0+7.0V
DC Voltage Applied to Any Pin  -0.5to (Vcc + 0.3) V
Input Static Discharge Protection 3000 V pin to pin

(Human body model: 100 pF at 1.5 K Ohms)

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta)

Supply Voltage (Vcc)

010 +70°C
+4.75t0 +5.75 V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

1-98 Am53C94/Am53C96.
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DC CHARACTERISTICS over operating range unless otherwise specified

Parameter :
Symbol Parameter Description Pin Names Test Conditions Min. Max. | Unit
lccs Static Supply Current 8.0 mA
lcco Dynamic Supply Current 50 mA
Iy Latch Up Current -100 +100 mA
SCSI Pins
ViH Input High Voltage All SCSI Inputs 2.0 \'
Vi Input Low Voltage All SCSI Inputs 0.8 \"%
ViHsT Input Hysteresis All SCSI Inputs 4.75V<Vcc<5.25 V| 300 mv
VoH Output High Voltage SD 7-0, SDP | lon=-2mA 24 Vce \
VsoL1 SCSI Output Low Voltage | SD 7-0, SDP loL=4 mA Vss 0.4 \'
Vsoz | SCSI Output Low Voltage | SDC 7-0, SDCP, | loL =48 mA Vss 0.5 \"
MSG, C/D, 110,
ATN, RSTC, SELC,
BSYC, ACKC
and REQC
I Input Low Leakage All SCSI Inputs 05V<ViN<27V -10 +10 HA
IIH Input High Leakage All SCSI Inputs 05V<ViN<27V -10 +10 HA
loz High Impedance Leakage | All SCSI Inputs 0V < Vour < Vce -10 +10 A
Bidirectional Pins
ViH -| Input High Voltage DMA 15-0, 2.0 Vec+0.5) V
DMAP 1-0 and
AD 7-0
ViL Input Low Voltage DMA 15-0, Vss—-0.5 0.8 \)
DMAP 1-0 and
AD 7-0
VoH Output High Voltage DMA 15-0, lon=-2 mA 24 Vce \
DMAP 1-0 and
AD 7-0
VoL Output Low Voltage DMA 15-0, loL=4mA Vss 0.4 \"
DMAP 1-0 and
AD 7-0
I Input Low Leakage DMA 15-0, Vin= VL -400 +10 HA
, DMAP 1-0 and
AD 7-0
1 Input High Leakage DMA 15-0, ViN=VH -10 +10 HA
DMAP 1-0 and
AD 7-0
loz High Impedance Leakage { DMA 15-0, - —100 400 pA
DMAP 1-0 and
AD 7-0
Output Pins ‘
VoH Output High Voltage DRQ, ISEL, low=-2 mA 24 Vce \'
TSEL and INT
VoL Output Low Voltage DRQ, ISEL, loL=4 mA 0.4 Vv
TSEL and INT
loz High Impedance Leakage | DRQ, ISEL, 0V < Vour < Vce -10 +10 HA
TSEL and INT
Am53C94/Am53C396 1-99
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ADVANCE INFORMATION

DC CHARACTERISTICS over operating range unless otherwise specified (Continued)

Parameter
Symbol

Parameter Description

Pin Names

Test Conditions

Min.

Max.

Unit

Input Pins

VH

Input High Voltage

A3-0,CS, RD, WR,
DMAWR, CLK,
BUSMD 1-0, DACK,
RESET, and
DFMODE

2.0

Vee + 0.5

ViL

Input Low Voltage

A3-0, CS, RD, WR,
DMAWR, CLK,
BUSMD 1-0, DACK,
RESET, and
DFMODE

Vss + 0.5

0.8

he

Input Low Leakage

A3-0,CS, RD, WR,
DMAWR, CLK,
BUSMD 1-0, DACK,

RESET, and

DFMODE

ViN=ViL

+10

IH

Input High Leakage

A 3-0, CS, RD, WR,

DMAWR, CLK,
BUSMD 1-0, DACK,

RESET, and

DFMODE

ViN=VH

-10

+10

SWITCHING TEST WAVEFORMS

15V

All the open drains
08V

All other pins

16506A-010A

1-100
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Am8530H

Serial Communications Controller

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Fast data rate B Programmable asynchronous modes
~ Up to 8 MHz/2 Mb/s — 5-to 8-bit characters with programmable stop
N Two 0to 2 Mb/s full duplex serial channels bits, clock, break detect and error conditions
~ Each channel has independent oscillator, B Programmable synchronous modes
baud-rate generator, and PLL for clock — SDLC and HDLC and SDLC loop supported
recovery, dramatically reducing external with frame control, zero insertion and deletion,
components abort, and residue handling. CRC-16 and
m Programmable protocols CCITT generator and checkers
~ NRZ, NRZI, and FM data encoding supported B Compatible with non-muitiplexed bus
under program control — The Am8530H interfaces easily to most other
CPUs
BLOCK DIAGRAM
Baud
Rate K ‘ .
Genirator \ <—I Serial Data
__—> Channel <—>} Channel Clocks
A le—> Sync
> WAIT/REQUEST
Internal Channel
Cont{ol A .
Loglc Registers %isc;enla e— | Modem DMA or
onirol L. [ Other Controls
Address f} & S}\atus e
Data <:I> CPU
Bus I/O Internal Bus
Control € 5 ) ! !
Discrete [*—
Ch I —N] Control [*= [ Modem DMA or
Interrupt Irgg:tx:glt aBnne ——v/] & Status |—= [ Other Controls
Control Lines | ~e— Logic Registers B —
et
Serial Data
Baud Rate I N < I
Generator Channel :,"_’l Channel Clocks
B8 <—__—-I—/ B Sync
WAIT/REQUEST
00970F-001

Publication# 00970 Rev. G Amendment/0|
Issue Date: November 1991
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GENERAL DESCRIPTION

The Serial Communications Control (SCC) is a dual-

channel, multi-protocol data communications peripheral
designed for use with 8- and 16-bit microprocessors.
The SCC functions as a serial-to-paraliel, parallel-to-
serial converter/controller. The SCC can be software-
configured to satisfy a wide variety of serial communica-
tions applications. The device contains a variety of
new, sophisticated internal functions, including on-chip
baud rate generators, digital phase-locked loops, and
crystal oscillators, which dramatically reduce the need
for external logic.

The SCC handles asynchronous formats, synchronous
~ byte-oriented protocols, such as IBM® Bisync, and syn-
chronous bit-oriented protocols, such as HDLC and
IBM SDLC. '

This versatile device supports virtually any serial data
transfer application (cassette, diskette, tape drivers,
etc).

The device can generate and check CRC codes in any
synchronous mode and can be programmed to check
data integrity in various modes. The SCC also has facili-
ties formodemcontrols in both channels. In applications
where these controls are not needed, the modem con-
trols can be used for general-purpose 1/O.

The Am8530H is designed for non-multiplexed buses
and is easily interfaced with most other CPUs, such as
8080, Z80, 6800, 68000 and MULTIBUS™,

RELATED AMD PRODUCTS
Part Number Description
Am79C12 Full Duplex 1200 bps Modem

Am7960 Coded Data Transceiver

80186 Highly Integrated 16-Bit Microprocessor
80286/80C286 High-Performance 16-Bit Microprocessor
8080A 8-Bit Microprocessor

Am9517A DMA Controller

Am386™ High-Performance 32-Bit Microprocessor
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CONNECTION DIAGRAMS
Top View
DIPs
ol ye N/ 4 pD
D. 2 39 D,
Ds O 3 38 PDA
D] 4 37 B D
INTO s 36 pRD
IEO O s 35 pWR
Ed 7 3s P AB
INTACK ] 8 33 ACE
+svH o 32 B oic
W/REQAO 10 31 IGND
SYNCAL] 11 Ams8530H 30 [JWREGB
RTxCA [ 12 scc 29 F SYNCB
RxDAO 13 28 [ RTxCB
TRxCAL] 14 27 EF RxDB
TxDAL] 15 26 O TRxCB
DTR/REQA] 16 25 |3 TxDB
RTSACY 17 24 (1 DTR/REQB
CTSAL] 18 23 I RTSB
pcpAd 19 22 ACTSE
PCcLKO 20 21 1 DCDB
00970G-0288
PLCC
EsssssasclE
Ao A rirg
6 5 4 3 2 1 44 43 42 41 40 \
o []7 ® 39[]AB
IEl []s 38[]CE
INTACK [Jo s7[doic
+5V 10 36| ] NC
WREQA [ 11 35[] GND
SYNCA ] 12 34[] WREQB
RTxCA []13 33| ] SYNCB'
RxDA []14 32[ ] RTxCB'
TRxCA []1s 31| ] RxDB
TxDA [ 16 30[] TRxCB
NC []17 29[ ] TxDB
\__18 19 20 21 22 23 24 25 26 27 28
géppgfgppag
DEbRE Bl It B
E 5
00970G-002B

Note: Pin 1 is marked for orientation.
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LOGIC SYMBOL
<—» D; .
«—> D: TxDA|—> Serial
<D, RxDAj¢— J* Data
Data <« D, TRRCAI®—> 1 Channel
Bus <> D; RTXCAl€¢— Clocks
- gz _SYNCAle—>» Channel
<« D W/REQA__,. Controls
<—» Do DTR/REQA]___ for
L =10] RTSA Modem,
Bus Timing .[ CTSA DMA, or
and Reset —»! WR DCDA] Other
Am8530H [
) _ scc TxDB
—>|AB RxDBf—> ]_ Serial
Control 4 —»{ CE [« Data
— TRxCB|
- D/C RTxCBj«—> ]_ Channel
— Clocks
INT SYNCBle—>»
: Channel
Interrupt - —» INTACK W/REQB|—> Controls
—»! |El DTR/REQB|—> for
¢ [EO RISB|—> Modem,
CTSB €~ DMA, or
DCDBje——— J Other
+V GND PCLK 00970G-003

ORDERING INFORMATION

Commodity Products
AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AMBS30H -4 P c

-[——— OPTIONAL PROCESSING

Blank = Standard Processing

TEMPERATURE RANGE
C = Commercial (0 to 70°C)

PACKAGE TYPE

P = 40-Pin Plastic DIP (PD 040)
J = 44-Pin Plastic Leaded Chip Carrier (PL 044)

SPEED OPTION

DEVICE NUMBER/DESCRIPTION 8 - 8MHz

Am8530H
Serial Communications Controller

Valid Combinations Valid Combinations

) Valid Combinations list configurations planned to

Am8530H-4 be supported in volume for this device. Consult

AmB8530H-6 PC,JC the local AMD sales office to confirm availability of

AmB530H-8 specific valid combinations, to check on newly
. released combinations, and to obtain additional

data on AMD’s standard military grade products.
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PIN DESCRIPTION

AB
Channel A/Channel B Select (Input)

This signal selects the channel in which the Read or
Write operation occurs.

CE
Chip Enable (Input; Active Low)

This signal selects the SCC for a Read or Wnle opera-
tion.

CTSA, CTSB
Clear to Send (Inputs; Active Low)

If these pins are programmed as Auto Enables, a Low
on these inputs enables their respective transmitters. If
not programmed as Auto Enables, they may be used as
general-purpose inputs. Both inputs are Schmitt-trigger
buffered to accommodate slow rise-time inputs. The
SCC detects pulses on these inputs and may interrupt
the CPU on both logic level transitions.

D/C

Data/Control Select (Input)

This signal defines the type of information transterred to
or from the SCC. A High means data is transferred; a
Low indicates a command is transferred.

DCDA, DCDB
Data Carrier Detect (Inputs; Active Low)

These pins function as receiver enables if they are pro-
grammed as Auto Enables; otherwise, they may be
used as general-purpose input pins. Both are Schmitt-
trigger butfered to accommodate slow rise-time signals.
The SCC detects pulses onthese pins and may interrupt
the CPU on both logic level transitions.

D7-DO
- Data Bus (Inputs/Outputs; Three State) |

These lines carry data and commands to and from the
SCC.

DTR/REQA, DTR/REQB

Data Terminal Ready/Request

(Outputs; Active Low)

These outputs follow the inverted state programmed
into the DTR bit in WR5. They can also be used as
general-purpose outputs or as Request Lines fora DMA
controller.

GND

Ground

IEI

Interrupt Enable In (Input; Active High)

IEl is used with |IEO to form an interrupt daisy chain
when there is more than one interrupt-driven device. A
High IElindicates that no other higher priority device has
an interrupt under service or is requesting an interrupt.

IEO

Interrupt Enable Out (Output; Active High)

IEO is High only if IEI is High and the CPU is not servic-
ing an SCC interrupt or the SCC is not requesting an
interrupt (interrupt acknowledge cycle only). IEQ is con-

nected to the next lower priority device’s 1EI input and
thus inhibits interrupts from lower priority devices.

INT

Interrupt Request (Output; Active Low,

Open Drain)

This signal is activated when the SCC requests an
interrupt.

INTACK
Interrupt Acknowledge (Input; Active Low)

This signal indicates an active interrupt acknowledge
cycle. During this cycle, the SCC interrupt daisy chain
settles. When RD becomes active, the SCC places an
interrupt vector on the data bus (if IEl is High). INTACK
is latched by the rising edge of PCLK.

PCLK

Clock (Input)

RD

Read (Input; Active Low) _

This signal indicates a Read operation and, when the
SCCis selected, enables the SCC’s bus drivers. During
the Interrupt Acknowledge cycle, this signal gatesthein-
terrupt vector onto the bus if the SCC is the highest pri-
ority device requesting an interrupt.

RTSA, RTSB
Request to Send (Outputs; Active Low)

When the Request to Send (RTS) bit in Write Register 5
is set, the RTS signal goes Low. When the RTS bit is re-
set in the asynchronous mode and Auto Enable is on,
the signal goes High after the transmitter is empty. In
SYNC mode, or in asynchronous mode with Auto En-
able off, the RTS plns strictly follow the inverted state of
the RTS bit. Both pins can be used as general-purpose
outputs.

RTxCA, RTxCB
Receive/Transmit Clocks (Inputs; Active Low)

These pins can be programmed in _several different
modes of operation. in each channel, RTxC may supply
the receive clock, the transmit clock, the clock for the
baud rate generator, or the clock of the digital phase-
locked loop. These pins can also be programmed for
use withthe respective SYNC pins as a crystal oscillator.
The receive clock may be 1, 16, 32, or 64 times the data
rate in asynchronous modes.

RxDA, RxDB
Receive Data (Inputs; Active High)

These input signals receive serial data at standard TTL
levels.

SYNCA, SYNCB
Synchronization (Inputs/Outputs; Active Low)

These pins can act either as inputs, outputs, or part of
the crystal oscillator circuit. In the Asynchronous Re-
ceive mode (crystal oscillator option not selected), these
pins are inputs similar to CTS and DCD. In this mode,
transitions on these lines affect the state of the Sync/

Am8530H 2-7
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Hunt status bits in Read Register 0 but have no other
function.

In External Synchronization mode with the crystal
oscillator not selected, these lines also act as inputs.
In this mode, SYNC must be driven Low two receive
clock cycles after the last bitinthe SYNC characterisre-
ceived. Character assembly begins on the rising edge
of the receive clock immediately preceding the activa-
tion of SYNC.

in the Internal Synchronization mode (Monosync and
Bisync) with the crystal oscillator not selected, these
pins act as outputs and are active only during the part of
the receive clock cycle in which SYNC characters are
recognized. The SYNC condition is not latched, so
these outputs are active each time a SYNC pattern is
recognized (regardless of character boundaries). In
SDLC mode, these pins act as outputs and are valid on
receipt of a flag.

TRxCA, TRxCB
Transmit/Receive Clocks
(Inputs/Outputs; Active Low)

These pins can be_programmed in several different
modes of operation. TRxC may supply the receive clock
orthe transmit clock inthe input mode or supply the out-

it Aftha Adinital nlvnan |f\n|/ A laan tha Arucial nonnllﬁ_
put o nt u-w.u. PaSC «{CCHCT i\ CTP, tnNC CrySias CSCl

tor, the baud rate generator, or the transmit clock in the
output mode.

TxDA, TxDB
Transmit Data (Outputs; Active H\ilgh)

These output signals transmit serial data at standard
TTL levels.

This is the master SCC clock used to synchronize inter-
nal signals. PCLK is not required to have any phase re-
lationship with the master system clock. PCLK is a TTL-
level signal. Maximum transmit rate is '/4 PCLK.

WR

Write (Input; Active Low)

When the SCC is selected, this signal indicates a Write
operation. The coincidence of RD and WRis interpreted
as a reset.

W/REQA, W/REQB

Wait/Request (Outputs; Open drain when
programmed for a Wait function, driven High or Low
when programmed for a Request function)

These dual-purpose outputs may be programmed as
Request lines for a DMA controller or as Wait lines to
synchronize the CPU to the SCC data rate. The reset
state is Wait.

Vee
+ 5-V Power Supply
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ARCHITECTURE

The Am8530H internal structure includes two full-
duplex channels, two baud rate generators, internal
control and interrupt logic, and a bus interface to a non-
multiplexed CPU bus. Associated with each channel are
a number of read and write registers for mode control
and status information, as well as logic necessary to
interface with modems or other external devices
(Figure 1).

The logic for both channels provides formats, synchroni-
zation, and validation for data transferred to and from

the channel interface. The modem control inputs are -

monitored by the controllogic under program control. All
of the modem control signals are general-purpose in na-
ture and can optionally be used for functions other than
modem control.

The register set for each channel includes ten control
(write) registers, two synchronous character (write ) reg-
isters, and four status (read) registers. In addition, each
baud rate generator has two (read/write) registers for
holding the time constant that determines the baud rate.
Finally, associated with the interrupt logic is a write reg-
ister for the interrupt vector accessible through either
channel, a write-only Master Interrupt Control register
and three read registers: one containing the vector with
status information (Channel B only), one containing the
vectorwithout status (A only), and one containing the In-
terrupt Pending bits (A only).

The registers for each channel are designated as fol-
lows:

WR15-WR0—Write Registers 15 through 0.

RR0-RR3, RR10, RR12, RR13, RR15—Read Regis-
ters 0 through 3, 10, 12, 13, 15.

The following table lists the functions assigned to each
read or write register. The SCC contains only one WR2
and WRS9, but they can be accessed by either channel.
All other registers are paired (one for each channel).

Data Path

Thetransmit and receive data path illustratedin Figure 2
is identical for both channels. The receiver has three
8-bit buffer registers in a FIFO arrangement, in addition
to the 8-bit receive shift register. This scheme creates
additional time for the CPU to service aninterrupt atthe
beginning of a block of high-speed data. Incoming data
is routed through one of several paths (data or CRC) de-
pending on the selected mode (the character length in
asynchronous modes also determines the data path).

The transmitter has an 8-bit transmit data buffer register
loaded from the internal data bus and a 20-bit transmit
shift register that can be loaded either from the sync-
character registers or from the transmit data register.
Depending on the operational mode, outgoing data is
routed through one of four main paths before it is trans-
mitted from the Transmit Data output (TxD).

Table 1. Read and Write Register Functions

Read Register Functions

Write Register Functions

RRO Transmit/receive buffer status and external status
RR1 Special receive condition status
RR2 Modified interrupt vector

(Channel B only)

Unmadified interrupt vector

(Channel A only)
RR3 Interrupt pending bits

(Channel A only)
RR8 Receive buffer
RR10  Miscellaneous status
RR12 Lower byte of baud rate generator time constant
RR13  Upper byte of baud rate generator time.constant
RR15  External/status interrupt information

WRO  CRC initialize, initialization commands for the
various modes, shift right/shift left command

WR1  Transmit/receive interrupt and data transfer mode
definition

WR2  Interrupt vector (accessed through either channel)

WR3  Receive parameters and control

WR4  Transmit/receive miscellaneous parameters and
modes

WR5  Transmit parameters and controls

WR6  Sync character or SDLC address field

WR7?7  Sync character or SDLC flag

WR8  Transmit buffer

WR9  Master interrupt control and reset (accessed
through either channel) )

WR10 Miscellaneous transmitter/receiver control bits

WR11 Clock mode control

WR12 Lower byte of baud rate generator time constant

WR13 Upper byte of baud rate generator time constant

WR14 Miscellaneous control bits

WR15 External/Status interrupt control

Am8530H 2-9
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Figure 1. Data Path
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DETAILED DESCRIPTION

The functional capabilities of the SCC can be described
from two different points of view: as a data communica-
tions device, it transmits and receives data in a wide va-
riety of data communications protocols; as a micropro-
cessor peripheral, itinteracts with the CPU and provides
vectored interrupts and handshaking signals.

Data Communications Capabilities

The SCC provides two independent full-duplex chan-
nels programmable for use in any common asynchro-
nous or synchronous data-communication protocol.
Figure 2 and the following description briefly detail these
protocols.

Asynchronous Modes

Transmission and reception can be accomplished inde-
pendently on each channel with five to eight bits per

character, plus optional even or odd parity. The trans- -

mitters can supply one, one-and-a-half or two stop bits
per character and can provide a break output at any
time. The receiver break-detection logic interrupts the
CPU both at the start and at the end of a received break.
Reception is protected from spikes by a transient spike-
rejection mechanism that checks the signal one-half a
bit time after a Low level is detected on the receive data
input (RxDA or RxDB in the Am8530H Logic Symbol). If
the Low does not persist (as in the case of a transient),
the character assembly process does not start.

Framing errors and overrun errors are detected and
buffered together with the partial character on which

they occur. Vectored interruptsallow fast servicing or er-
ror conditions using dedicated routines. Furthermore, a
built-in checking process avoids the interpretation of
framing error as a new start bit: a framing error results in
the addition of one-half a bit time to the point at which the
search for the next start bit begins.

The SCC does not require symmetric transmit and re-
ceive clock signals—a feature allowing use of the wide
variety of clock sources. The transmitter and receiver
can handle data at a rate of 1, /16, /32, or /64 of the
clock rate supplied to the receive and transmit clock in-
puts. In asynchronous modes, the SYNC pin may be
programmed as an input used for functions, such as
monitoring a ring indicator.

Synchronous Modes

The SCC supports both byte-oriented and bit-oriented
synchronous communication. Synchronous byte-ori-
ented protocols can be handledin several modes, allow-
ing character synchronization with a 6-bit or 8-bit
synchronous character (Monosync), any 12-bit syn-
chronous pattern (Bisync), or with an external synchro-
nous signal. Leading synchronous characters can be
removed without interrupting the CPU.

5- or 7-bit synchronous characters are detected with 8-
or 16-bit patterns in the SCC by overlapping the larger
pattern across muitiple incoming synchronous charac-
ters as shown in Figure 3.

Paritg
Start top

\ ¥
Marking Line ] I Da‘al | ! l l Data l | T | ﬁata ” "1 Marking Line
Asynchronous
| Sync | Data | ‘:‘t | Data | CRC, I CRC: l
‘l:nonosync

3
I‘ Sync | Sync I Datal

)

| pata | cre | cre: |

AYY

Signal

Bisync

| Data |

| Data | cre, | cre. |

External Sync

‘ I Flag |Address|

AYY .
Information
33
W

| cre, | cmc. | Fag |

SDLC/HDLC/X.25

00970F-005

Figure 2. SCC Protocols
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5 Bits

———

l :Sync l Sync: I Sync | Data | Data | Data I Data |

—_—

8 Bits

v

16 Bits

Figure 3. Detecting 5- or 7-Bit Synchronous Characters
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CRC checking for Synchronous byte-oriented modes is
delayed by one character time so that the CPU may dis-
able CRC checking on specific characters. This permits
the implementation of protocols, such as IBM Bisync.

Both CRC-16 (X"®+ X"+ X?+1) and CCITT (X' + X2+
X5 + 1) error checking polynomials are supported. Either
polynomial may be selected in all synchronous modes.
Users may preset the CRC generator and checker to all
1s or all 0s. The SCC also provides a feature that auto-
matically transmits CRC data when no other data is
available for transmission. This allows for high-speed
transmissions under DMA control with no need for CPU
intervention at the end of a message. When there is no
data or CRC to send in synchronous modes, the trans-
mitter inserts 6-, 8-, or 16-bit synchronous characters,
regardless of the programmed character length.

The SCC supports synchronous bit-oriented protocols,
such as SDLC and HDLC, by performing automatic flag
sending, zero insertion, and CRC generation. A special
command can be used to abort a frame in transmission.
At the end of a message, the SCC automatically trans-
mits the CRC and trailing flag when the transmitter un-
derruns. The transmitter may also be programmed to
send an idle line consisting of continuous flag charac-
ters or a steady marking condition.

If a transmit underrun occurs in the middle of a mes-
sage, an external/status interrupt warns the CPU of this
status change so that an abort may be issued. The SCC
may also be programmed to send an abort itself in case
of an underrun, reliving the CPU of this task. One to
eight bits per character can be sent allowing reception of
amessage with no prior information about the character
structure in the information field of a frame.

The receiver automatically acquires synchronization on
the leading flag of a frame in SDLC or HDLC and pro-
vides a synchronization signal on the SYNC pin (an in-
terrupt can also be programmed). The receiver can be
programmedto search for frames addressed by a single
byte (or four bits within a byte) of a user-selected ad-
dress or to a global broadcast address. In this mode,
frames not matching either the user-selected or broad-
cast address are ignored. The number of address bytes
can be extended under software control. For receiving
data, aninterrupt on the first received character, or an
interrupton every character, or on special condition only

(end-of-frame) can be selected. The receiver automati-
cally deletes all 0s inserted by the transmitter during
character assembly. CRC is also calculated and is auto-
matically checked to validate frame transmission. Atthe
end of transmission, the status of a received frame is
available in the status registers. In SDLC mode, the
SCC must be programmed to use the SDLC CRC poly-

.nomial, but the generator and checker may be preset to

all 1sor all 0s. The CRC is inverted before transmission
and the receiver checks against the bit pattern
0001110100001111.

NRZ, NRZ! or FM coding may be used in any 1X mode.
The parity options available in asynchronous modes are
available in synchronous modes.

The SCC can be conveniently used under DMA control
to provide high-speed reception or transmission. In re-
ception, for example, the SCC can interrupt the CPU
when the first character of a message is received. The
CPU then enables the DMA to transfer the message to
memory. The SCC then issues an end-of-frame inter-
rupt and the CPU can check the status of the received
message. Thus, the CPU is freed for other service while
the message is being received. The CPU may also en-
able the DMA first and have the SCC interrupt only on
end-of-frame. This procedure allows all datato be trans-
ferred via the DMA.

SDLC Loop Mode

The SCC supports SDLC Loop mode in addition to nor-
mal SDLC. Inan SDLC Loop, there is a primary control-
ler station that manages the message traffic flow and
any number of secondary stations. In SDLC Loop mode,
the SCC performs the functions of a secondary station
while an SCC operating in regular SDLC mode can act
as a controller (Figure 4).

A secondary stationinan SDLC Loop is always listening
to the messages being sent around the loop and, in fact,
must pass these messages to the rest of the loop by
retransmitting them with a one-bit-time delay. The sec-
ondary station can place its own message on the loop
only at specific times. The controller signals that secon-
dary stations may transmit messages by sending a spe-
cial character, called an EOP (End of Poll), around the
loop. The EOP character is the bit pattern 11111110.
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Because of zero insertion during messages, this bit pat-
tern is unique and easily recognized.

Secondary #1
Secondary #3

Figure 4. An SDLC Loop

Secondary #2
Secondary #4

00970F-007

When a secondary station has a message to transmit
and recognizes an EOP on the line, it changes the last
binary one of the EOP to a zero before transmission.
This has the effect of turning the EOP into a flag se-
quence. The secondary station now places its message
on'the loop and terminates the message with an EOP.
Any secondary stations further down the loop with mes-
sages to transmit can then append their messages to
the message of the first secondary station by the same
process. Any secondary stations without messages to
send merely echo the incoming messages and are pro-
hibited from placing messages on the loop (except upon
recognizing an EOP). - ’

SDLC Loop mode is a programmable optioninthe SCC.
NRZ, NRZI, and FM coding may all be used in SDLC
Loop mode.

Baud Rate Generator

Each channel in the SCC contains a programmable
baud rate generator. Each generator consists of two
8-bit time constant registers that form a 16-bit time con-
stant, a 16-bit down counter, and a flip-flop on the output
producing a square wave. On start-up the flip-flop onthe
output is set in a High state; the value in the time con-
stant register is loaded into the counter; and the counter
starts counting down. The output of the baud rate gen-
erator toggles upon reaching zero; the value in the time
constant register is loaded into the counter; and the
process is repeated. The time constant may be changed

at any time, but the new value does not take effect until
the next load of the counter.

The output of the baud rate generator may be used as
either the transmit clock, the receive clock, or both. It
can also drive the digital phase-locked loop (see next
section).

If the receive clock or transmit clock is not programmed
to come from the TRxC pin, the output of the baud rate
generator may be echoed out via the TRxC pin.

The following formula relates the time constant to the
baud rate. (The baud rate is in bits/second and the BR
clock period is in seconds.)

1

baud rate =
2 (time constant +2) - (BR clock period)

Time Constant Values
for Standard Baud Rates at BR Clock

= 3.9936 MHz
Rate Time Constant
(Baud) (decimal/Hex notation) Error
19200 102 (0066) 0
9600 206  (0OCE) 0
7200 275 (0113) 0.12%
4800 414 (019E) 0
3600 553  (0229) 0.06%
2400 830  (033E) 0
2000 996  (O3E4) 0.04%
1800 1107 (0453) 0.03%
1200 1662  (067E) 0
600 3326  (OCFE) o
300 6654 (19FE) 0
150 13310 - (33FE) 0
1345 14844  (39FC) 0.0007%
110 18151  (46E7) 0.0015%
75 26622  (67FE) 0
50 39934  (98FE) 0

Digital Phase-Locked Loop

The SCC contains a digital phase-locked loop (DPLL) to
recover clock information from a data stream with NRZ|
or FM encoding. The DPLL is driven by a clock that is
nominally 32 (NRZt) or 16 (FM) times the data rate. The
DPLL uses this clock, along with the data stream, to con-
struct a clock for the data. This clock may then be used
as the SCC receive clock, the transmit clock or both.
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Data 1 1 0 0 ! 0 Bit Cell Level
NRZ High =1
Low=10
No Change = 1
NRzI Change 3 0
FM, ?it Center Tria\nsition
. ransition =
(Biphase Mark) No Transition = 0

(Biphase Mark)

No Transition = 1
Transition = 0

FMo
Manchester

High—» Low=1
Low—¥» High=0

00970F-008

Figure 5. Data Encoding Methods

For NRZI encoding, the DPLL counts the 32X clock to
creaie norninai bit times. As the 32X ciock is counied,
the DPLL is searching the incoming data stream for
edges (either 1/0 0r 0/1). Whenever an edge is detected,
the DPLL makes a count adjustment (during the next
counting cycle), producing a terminal count closer to the
center of the bit cell.

For FM encoding, the DPLL still counts from 0 to 31, but
with a cycle corresponding to two bit times. When the
DPLL is locked, the clock edges in the data stream
should occur between counts 15 and 16 and between
counts 31 and 0. The DPLL looks for edges only during a
time centered on the 15/16 counting transition.

The 32X clock for the DPLL can be programmed to
come from either the RTxC input or the output of the
baud rate generator. The DPLL output may be pro-
grammed to be echoed out of the SCC via the TRxC pin
(if this pin is not being used as an input).

Data Encoding

The SCC may be programmed to encode and decode
the serial data in four different ways (Figure 5). In NRZ
encoding, a 1 is represented by a High level, and a0 is
represented by a Low level. InNRZI encoding, a 1isrep-
resented by no change in level, and a 0 is represented
by a change in level. In FM: (more properly, bi-phase
mark), a transition occurs at the beginning of every bit
cell. A1is represented by an additional transition at the
center of the bit cell, and a 0 is represented by no addi-
tional transition at the center of the bit cell. In FMe
(bi-phase space), a transition occurs at the beginning of
every bitcell. A 0 is represented by an additional transi-
tion at the center of the bitcell, and a 1 is represented by
no additional transition at the center of the bit cell. In ad-

dition to these four methods, the SCC can be usedto de-
code Manchesier (pbi-phase ievei) data by using the
DPLL in the FM mode and programming the receiver for
NRZ data. Manchester encoding always produces a
transition at the center of the bit cell. If the transition is
0/1, the bit is a 0. If the transition is 1/0, the bit is a 1.

Auto Echo and Local Loopback

The SCC is capable of automatically echoing everything
it receives. This feature is useful mainly in asynchro-
nous modes but works in synchronous and SDLC
modes as well. In Auto Echo mode, TxD is RxD. Auto
Echo mode can be used with NRZI or FM encoding with
no additional delay, because the data streamis not de-
coded before retransmission. In Auto Echo mode, the
CTS input is ignored as a transmitter enable (although
transitions on this input can still cause interrupts if pro-
grammed to do s0). In this mode, the transmitter is actu-
ally bypassed, and the programmer is responsible for
disabling transmitter interrupts and WAIT/REQUEST on
transmit.

The SCC s also capable of local loopback. inthis mode,
TxD is RxD just as in Auto Echo mode. However, in Lo-
cal Loopback mode, the internal transmit data is tied to
the internal receive data, and RxD is ignored (except to
be echoed out via TxD). The CTS and DCD inputs are
also ignored as transmit and receive enables. However,
transitions on these inputs can still cause interrupts. Lo-
cal Loopback works in asynchronous, synchronous and
SDLC modes with NRZ, NRZI or FM coding of the data
stream.
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1/0 Interface Capabilities

The SCC offers the choice of Polling, interrupt (vectored
or nonvectored), and Block Transfer modes to transfer
data, status, and control information to and from the
CPU. The Block Transfer mode can be implementedun-
der CPU or DMA control. .

Polling

All interrupts are disabled. Three status registers in the
SCC are automatically updated whenever any function
is performed. For example, end-of-frame in SDLC mode
sets a bit in one of these status registers. The idea be-
hind polling is for the CPU to periodically read a status
register until the register contents indicate the need for
data to be transferred. Only one register needs to be
read; depending on its contents, the CPU either writes
data, reads data, or continues. Two bits in the register
indicate the need for data transfer. An alternative is a
poll of the Interrupt Pending register to determine the
source of an interrupt. The status for both channels
resides in one register.

Interrupts

When a SCC responds to an Interrupt Acknowledge sig-
nal (INTACK) from the CPU, an interrupt vector may be
placedonthe data bus. This vector is writtenin WR2 and
may be read in RR2A or RR2B (Figures 7 and 8).

To speed interrupt response time, the SCC can modify
three bits in this vector to indicate status. If the vector is
read in Channel A, status is never included; if itis read in
Channel B, status is always included.

Each of the six sources of interrupts in the SCC (Trans-
mit, Receive and External/Status interrupts in both
channels) has three bits associated with the interrupt
source: Interrupt Pending (IP), Interrupt Under Service
(IUS), and Interrupt Enable (IE). Operation of the IE bit is
straightforward. If the IE bit is set for a given interrupt
source, then that source can request interrupts. The ex-
ception is when the MIE (Master Interrupt Enable) bit in
WRS is reset and no interrupts may be requested. The
IE bits are write-only.

The other two bits are related to the Z-Bus interrupt pri-
ority chain (Figure 6). As a Z-Bus peripheral, the SCC
may request an interrupt only when no higher priority de-
vice is requesting one; e.g., when IEl is High. If the de-
vice in question requests an interrupt, it pulls down TNT.
The CPU then responds with INTACK, and the interrupt-
ing device places the vector on the A/D bus.

Inthe SCC, the IP bit signals a need for interrupt servic-
ing. When an IP bit is 1 and the IEl input is High, the INT
output is pulled Low, requesting an interrupt. In the
SCC; if the IE bit is not set by enabling interrupts, then
the IP for that source can never be set. The IP bits are
readable in RR3A.

The IUS bits signal that an interrupt request is being
serviced. If an 1US is set, all interrupt sources of lower
priority in the SCC and external to the SCC are pre-
vented from requesting interrupts. The internal interrupt
sources are inhibited by the state of the internal daisy
chain, while lower priority devices are inhibited by the
IEO output of the SCC being pulled Low and propagated
to subsequent peripherals. An IUS bitis set duringan In-
terrupt Acknowledge cycle if there are no higher priority
devices requesting interrupts.

There are three types of interrupts: Transmit, Receive
and External/Status. Each interrupt type is enabled un-
der program control with Channel A having higher prior-
ity than Channel B, and with Receive, Transmit and Ex-
ternal/Status interrupts prioritized in that order within
each channel. When the Transmit interrupt is enabled,
the CPU is interrupted when the transmit buffer be-
comes empty. (This implies that the transmitter must
have had a data character written into it so that it can be-
come empty.) When enabled, the Receive can interrupt
the CPU in one of three ways:

B Interrupt on First Receive Character or Special
Receive condition.

B |nterrupt on all Receive Characters or Special
Receive condition.

B |nterrupt on Special Receive condition only.

Interrupt on First Character or Specia! Condition and In-
terrupt on Special Condition Only are typically used with
the Block Transfer mode. A Special Receive Condition
is one of the following: receiver overrun, framing error in
asynchronous mode, End-of-Frame in SDLC mode, and

" optionally, a parity error. The Special Receive Condition

Interrupt is different from an ordinary receive character
available interrupt only in the status placed in the vector
during the Interrupt Acknowledge cycle. In Interrupt on
First Receive Character, an interrupt can occur from
Special Receive condition any time after the first receive
character interrupt.
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Peripheral
+8 V. | |EI. AD7-ADO INT INTACK IEO

IEI AD7-ADOINT INTACK [EO

Peripheral Peripheral

IEI AD7-ADO INTIN

I 7o\ LI LI e

o < I I :
INT y *

INTACK

Figure 6. Z-Bus Interrupt Schedule
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The main function of the External/Status Interrupt is to
monitor the signal transitions of the CTS, DCD, and
SYNC pins; however, an External/Status Interrupt is
also caused by a Transmit Underrun condition, a zero
count in the baud rate generator, the detection of a
Break (asynchronous mode), Abort (SDLC mode) or
EOP (SDLC Loop mode) sequence in the data stream.
The interrupt caused by the Abort or EOP has a special

footure allowing tho o in intorrunt wihon tha Ahart or
VAWMU UV vy UV W U IRUTT UL sV LU 7wl U

EOP sequence is detected or terminated. This feature
facilitates the proper termination of the current mes-
sage, correct initialization of the next, message, and the
accurate timing of the Abort condition in external logic in
SDLC mode. In SDLC Loop mode, this feature allows
secondary stations to recognize the wishes of the
primary station to regain control of the loop during a poll
sequence.

CPU/DMA Block Transfer

The SCC provides a Block Transfer mode to accommo-
date CPU block transfer functions and DMA controllers.
The Block Transfer mode uses the WAIT/REQUEST out-
put in conjunction with the WAIT/REQUEST bits in WR1.
The WAIT/REQUEST output can be defined under soft-
ware control as a WAIT line in the CPU Block Transfer
mode orasa REQUEST line in the DMA Block Transfer
mode.

To a DMA controller, the SCC REQUEST output indi-
cates that the SCC is ready to transfer data to or from
memory. To the CPU, the WAIT line indicates that the
SCC is not ready to transfer data, thereby requesting
that the CPU extend the I/O cycle. The DTR/REQUEST
line allows full-duplex operation under DMA control.

PROGRAMMING INFORMATION

Each channel has 15 write registers that are individually
programmed from the system bus to configure the func-
tional personality of each channel. Each channel also
has 8 read registers from which the system can read
status, baud rate, or interrupt information.

In the Am8530H only the four data registers (Read or
Write for Channels A and B) are directly selected by a
High on the D/C input and the appropriate levels on the
RD, WR, and A/B pins. All other registers are address-
able indirectly by the content of Write Register 0 in con-
junction with a Low onthe D/C input and the appropriate
levels on the RD, WR, and A/B pins. If bit D3 in WRO0 is 1
andbits 5and 6 are 0, thenbits 0, 1, 2 address the higher

rogistors 8 through 18, i bits 4 § 8 ocontain a difforent
FCHIGWIo o wiiGugni 1 Ono 4, 9, U LCOndin a GinCidnt

code, bits 0, 1, 2 address the lower registers 0 through 7
as shown in Table 2.

Writing to or reading from any register except
RRO, WRO and the Data Registers thus involves two
operations.

First, write the appropriate code into WRO, then follow
this by a write or read operation on the register thus
specified. Bits 0 through 4 in WWO0 are automatically
cleared after this operation, so that WWO0 then points to
WRO or RRO0 again.

Channel A/Channel B selection is made by the A/D input
(High=A, Low =B).

In Am8530H, the system program first issues a series of
commands to initialize the basic mode of operation. This
is followed by other commands to qualify conditions
within the selected mode. For example, the asynchro-
nous mode, character length, clock rate, number of stop
bits, even or odd parity might be set first. Then the inter-
rupt mode would be set and, finally, receiver or transmit-
ter enable.

Read Registers

The SCC contains eight Read registers {actually nine,
counting the receive buffer (RR8) in each channel). Four
of these may be read to obtain status information (RRO0,
RR1, RR10, and RR15). Two registers (RR12 and
RR13) may be read to learn the baud rate generator
time constant. RR2 contains either the unmodified inter-
rupt vector (Channel A) or the vector modified by status
information (Channel B). RR3 contains the Interrupt
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Pending (IP) bits (Channel A). Figure 7 shows the for-
mats for each Read register.

The status bits of RR0O and RR1 are carefully grouped to
simplify status monitoring. For example, when the inter-
rupt vector indicates a Special Receive Condition inter-
rupt, all the appropriate error bits can be read from a
single register (RR1).

Write Registers

The SCC contains 15 Write registers (16 counting WR8,
the transmit buffer) in each channel. These Write regis-

ters are programmed separately to configure the func-
tional “personality” of the channels. In addition, there are
two registers (WR2 and WR9) shared by the two chan-
nels that can be accessed through either of them. WR2
contains the interrupt vector for both channels, while
WR9 contains the interrupt control bits. Figure 8 shows
the format of each Write register.

Table 2. Register Addressing

D/C “Polint High” D2 D1 DO Write Read
Code in WRO: In WRO: Register Register

High Either Way X X X Data Data
Low Not True 0 0 0 0 0
Low Not True 0 0 1 1 1
Low Not True 0 1 0 2 2
Low Not True 0 1 1 3 3
Low Not True 1 0 0 4 (0)
Low Not True 1 0 1 5 (1)
Low Not True 1 1 0 6 (2)
Low Not True 1 1 1 7 (3)
Low True 0 0 0 Data Data
Low True 0 0 1 9 -
Low True 0 1 0 10 10
Low True 0 1 1 11 (15)
Low True 1 0 0 12 12
Low True 1 0. 1 13 13
Low True 1 1 0 14 (10)
Low True 1 1 1 15 15
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Read Register 0 Read Register 2

ID7|05|D5ID‘ID3IDZID'|D°l - |Dv|Ds|DsIDA|Dz|DzIDulDoI
Rx Character Available Vo
—— Zero Count e— v1
== Tx Buffer Empty v2
———— DCD — V3 1 .
SYNC/Hunt I nterrupt Vector
CTS e V5
Tx Underrun/EOM V6
Break/Abort V7
*Modified in B Channel
Read Register 1 Read Register 3
Dy} D] Ds] D[ D3] . D/ [ D] : ' [D+] Ds| Ds | D[ Ds[ D] D1 | Do}
All Sent Channel B EXT/STAT IP*
—— Residue Code 2 — Channel B Tx IP*
—— Residue Code 1 Channe! B Rx IP*
Residue Code 0 ——— Channel A EXT STAT IP*
Parity Error = Channel A Tx IP*
Rx Overrun Error ———————— Channel A Rx IP*
CRC/Framing Error . 0
End-of-Frame (SDLC) - 0

*Always 0 in B Channel

Read Register 10 ‘ Read Register 13
[D,]0e| 05| D.[D:] D.] D, ] D] [D:] | 0s]D.] Ds [ D2[ D1 [ Do
0 TC
— On Loop : . — TC:

- 0 TCro
0 —— TCx Upper Byte of
Loop Sending — TCn Time Constant
0 ————— TCu
Two Clocks Missing TCia
One Clock Missing TCis

Read Register 12 Read Register 15
[p.|p.lDs]De]D:] D20 [ D) "ol oelos]p.]D.] D:] D) [ D)

TCo 0
TC, . Zero Count |E

— TC; 0
TG } Lower Byte of DCD IE
TC, Time Constant SYNC/Hunt IE
TCs —— CTSIE
TCs Tx Underrun/EOM IE
TC, Break/Abort IE

) 00970F-010
Figure 7. Read Register Bit Functions
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Write Register 0
lD7leID;lEIDa|[:£:|ITI Register
ol ol o Oor
ojol|1 1or
ol 1] O 2or
o] 111 3or
ol o 4 or
of 1 Sor
1] 0 6 or
1] 1] 1 7 or
0f 01 Of Null Code
0l 01 1] point High Register Group
0] 1] O] Reset Ext/Status Interrupts
Ol 11 1] Send Abort
0] O Enable Int on Next Rx Character
0] 1] Reset Tx Int Pending
11 O] Error Reset
1] 1| Reset Highest IUS
Nuli Code | Q] O
Reset Rx CRC Checker { Of 1
Reset Tx CRC Generator | 1] 0
Reset Tx Underrun/EOM Latch | 1] 1 Write Register 2
[o:{ e Ds| 0. [ 05 ] D] D | D
Vo
) — v
Write Register 1 V2
V3 Interrupt Vector*
bloJoolo.ololod E— i
D7 Dé D5 Dl Da D2 DI DO . V5
V6
Ext int Enable V7
Tx Int Enable
Parity is Special Condition
01 01 Rx Int Disable
01 11 Rx Inton First Character or Special Condition
1101 Int on All Rx Characters or Special Condition
11 1] Rx Int on Special Condition Only Write Register 4
Wait/DMA Request on Receive/Transmit
Wait/DMA Request Function
Wait/DMA Reguest Enable ID" Dlef' I D l Ds l DZlD' I D°|
Parity Enable
Write Register 3 Parity Even/Odd
9l 0l Sync Modes Enable
BEEEREEE] i) At
11 1] 2 Stop Bits/Character
Rx Enable
—— Sync Character Load Inhibit 01 0] 8-Bit Syne Character
—— Address Search Mode (SDLC) ol 1] 1s-Bit ySyncCharacler
——— RxCRCEnable 1] 0] SDLC Mode (01111110 Flag)
Enter Hunt Mode External Sync Mode
Auto Enable
0] 01 Rx 5 Bits/Character 0] 0] X1 Clock Mode
0l 1] Rx 7 Bits/Character 0] 1] X16 Clock Mode
1] O} Rx 6 Bits/Character 1] 0] X32 Clock Mode
11 1] Rx 8 Bits/Character 11 1] X64 Clock Mode

Figure 8. Write Register Bit Functions (Continued) 00970F-011B
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Write Register 5

[0, D.]Ds]D.{Ds] D.] D1 D6

Tx CRC Enable
L RTS
— SDLC/CRC-16
Tx Enable
Send Break

Tx 5 Bits (or less)/Character
Tx 7 Bits/Character
Tx 6 Bits/Character
Tx 8 Bits/Character

~l=lol
e =4 ot =1

DTR

Write Register 6

[D.| 05| s .| D:| .| D\ | Do

L L
SYNC; SYNC: SYNCs SYNC. SYNC; SYNC. SYNC:, SYNC, Monosync 8 Bits
SYNC: SYNCo SYNC: SYNC. SYNCs SYNC. SYNC, SYNC, Monosync 8 Bits
SYNC: SYNC: SYNCs SYNC. SYNCs SYNC. SYNC, SYNC, Bisync 16 Bits
SYNC: SYNC. SYNC: SYNGC, 1 1 Bisync 12 Bits

1 1
ADR; ADRs ADRs ADR. ADR; ADR. ADR: ADR. SDLC
ADR; ADRs ADRs ADR. 1 1 1 1 SDLC (Address 0)

Write Register 7

[o.p.{D:[D.[D:| D[P, [ Do

]

SYNC; SYNCs SYNCs SYNC. SYNC; SYNC. SYNC, SYNC, Monosync 8 Bits
SYNCs SYNC: SYNC, SYNC. SYNC: SYNCo 1 1 Monosync 8 Bits
SYNCs SYNCi SYNCis SYNC. SYNCn SYNCi SYNC, SYNCs  Bisync 16 Bits
SYNCi SYNCio SYNC, SYNCs SYNC, SYNCs SYNCs SYNC.  Bisync 12 Bits

0 1 1 1 1 1 1 0 SDLC

00970F-011
Figure 8. Write Register Bit Functions (Continued)
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Write Register 9 Write Register 10
[D,]pe[Ds{0:[D: [ D2] 04 [ Do) [5,]0.]0.]0.]0.] 0,10, 0]
xlvs 6-Bit/8 BiSync
DLC Loop Mode
MIE Abort/Flag on Underrun
Status High/Status Low ggrklg:sg ‘I;:,I%o"
° ol o] NRz
0} 0] No Reset ol 1] NRZI
0} 1] Channel Reset B 1] 0] FM1 (Transition = 1)
11 O] Channel Reset A 11 1] FMo (Transition = 0)
11 11 Force Hardware Reset

CRC Preset /O

*Added Enhancement

Write Register 11 Write Register 12
[0,] De| 05| D] D5 D2] . [ D] A A Y
oT0] TRRCOut = XTAL Output e
0l 1] TRxC Out = Transmit Clock TC‘
110l TRxC Out = BR Generator Output L 18 | LowerByteof
1111 TRXC Out = DPLL Output - Tci Time Constant
TRxC O/l TG
TCs
01 0] Transmit Clock = RTXC Pin TCr
0} 1] Transmit Clock = TRxC Pin
11 01 Transmit Clock = BR Generator Output
11 11 Transmit Clock = DPLL Output
0] 0} Receive Clock = RIxC Pin
0] 1} Receive Clock =. TRxC Pin
1] 0 Receive Clock = BR Generator Output
11 1] Receive Clock = DPLL Output
RTxC XTAL/No XTAL

00970F-011
Figure 8. Write Register Bit Functions (Continued)
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Write Register 13

[D;] D[ Ds[ D[ D] Dz D, [ 2o}

Write Register 14

[0.pelps] D] Ds] Da]D: D)

BR Generator Enable
BR Generator Source

TCs
TCs

TC
TC?: Upper Byte of

TC,, [ Time Constant
TCus
TCu
TCis

Write Register 15

ID7ID5 Dle4|Da| Dz|D| IDoI

= Zero Count IE

—— DTR/Request Function 0
Auto Echo b DCD IE
Local Loopback Sync/Hunt IE
CTSIE
01 01 0] Null Command Tx Underrun/EOM IF
0] 0] 1] Enter Search Mode Break/Abort IE
0 0] Reset Missing Clock
0 1} Disable DPLL
1] 0] 0 Set Source = BR Generator
11 01 1} Set Source = RTxC
1 0l Set FM Mode
11 11 11 Set NRZI Mode
Figure 8. Write Register Bit Functions (Continued) 00970F-011
Am8530H Timing Write Cycle Timing

The SCC generates internal control signals from WR
and RD that are related to PCLK. Since PCLK has no
phase relationship with WR and RD, the circuitry gener-
ating these internal control signals must provide time for
metastable conditions to disappear. This gives rise to a
recovery time related to PCLK. The recovery time ap-
plies only between bus transactions involving the SCC.
The recovery time required for proper operation is speci-
fied fromthe rising edge of WR or RD in the first transac-
tion involving the SCC to the falling edge of WRorRD in
the second transaction involving the SCC. This time
must be at least 6 PCLK cycles plus 200 ns.

Read Cycle Timing

Figure 9illustrates Read cycle timing. Addresses on A/B
and D/C and the status on INTACK must remain stable
throughout the cycle. If CE falls after RD falls or if it rises
before RD rises, the effective RD is shortened.

Figure 10 illustrates Write cycle timing. Addresses on
A/B and D/C and the status on INTACK must remain sta-
ble throughout the cycle. If CE falls after WR falls or if it
rises before WR rises, the effective WR is shortened.

Interrupt Acknowledge Cycle Timing

Figure 11 illustrates Interrupt Acknowledge cycle timing.
Between the time INTACK goes Low and the falling
edge of RD, the internal and external IEI/IEO daisy
chains settle. If there is an interrupt pending in the SCC
and IE! is High when RD falls, the Acknowledge cycle is
intended for the SCC. In this case, the SCC may be pro-
grammed to respond to RD Low by placing its interrupt
vector on D7-DQ0; it then sets the appropriate interrupt-
under-service latch internally.
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AB,DIC X Address Valid X
INTACK : / . \
CE AN /
WR AN /
D7-Do ( Data Valid )
Figure 9. Read Cycle Timing 00970F-015
A/B,DIC X Address Valid X
INTACK 7 N _
CE AN /
D7-DO 4 Data Valid )
Figure 10. Write Cycle Timing 00970F-016
INTACK TN /—
33
\(
—
o - \ ST
D7-Do SR < X Vector e
Figure 11. Interrupt Acknowledge Cycle Timing 00970F-017
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65 to + 150°C
Voltage at any Pin

Relative to Vss —05t0+7.0V
Power Dissipation 1.8 W

Stresses above those listed under Absolute Maximum
Ratings may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to Absolute
Maximum Ratings for extended periods may affect device
reliability.

OPERATING RANGES
Commercial (C) Devices
Temperature (Ta)

Supply Voltage (Vcc)

0to + 70°C
5V+10%

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over operating range

Parameter Parameter .

Symbol Description Test Conditions Min Max Unit
ViH Input High Voltage Commercial 2.2 Vee 403V
Vi Input Low Voltage -0.3 0.8 \Y
Vou Output High Voltage lon = —250 nA 24 \"
VoL Output Low Voltage lo. = +2.0 A 0.4 Vv
I Input Leakage 04VsVn<24V +10.0 uA
lo Output Leakage 0.4V<Vour<24V +10.0 HA
lec Vce Supply Current 250 mA
Cw Input Capacitance Linmeasured pins returned 10 nF
Cour Output Capacitance to ground f=1 MHz at 15 pF
Cwmo Bidirectional Capacitance = Ta=25°C 20 pF

Standard Test Conditions

The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are
referenced to GND. Positive current flows into the referenced pin. Standard conditions are as follows:

+45V<Vec<+55V
GND = 0V
0°C'<Ta<70°C
SWITCHING TEST CIRCUITS
Standard Test Load Open-Drain Test Load
+5V +5V
2.2K 2.2K

From Output
Under Test From Output

Under Test

100 pF ]: 250 pA SopF T
= = = 00970F-028 00970F-029

Switching Test Input/Output Waveform

24V

><2.ov ~ Test 2.ov><

0.8 Va—Points~a. 0.8V

04V

00970F-030

AC testing: Inputs are driven at 2.4 V for a logic 1 and 0.4 V for a logic 0.
Timing measurements are made at 2.0 V for a logic 1 and 0.8 V for logic 0.

2-24
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SWITCHING CHARACTERISTICS over operating range
General Timing

4 MHz 6 MHz 8 MHz
Parameter Parameter
No. Symbol Description Min. | Max. Min. | Max. Min. | Max. Unit
1 TdPC(REQ) PCLK | to W/REQ Valid Delay 250 250 250 ns
2 TdPC(W) PCLK | to Wait Inactive Delay 350 350 350 ns
3 TsRXC(PC) RxC1to PCLKT Setup Time  ~ 80 | TwecL 70 | TwecL 60 | TweeL ns
(Notes 1 & 4)
4 TsRXD(RXCr) RxD to RxC T Setup Time 0 0 0 ns
(X! Mode) (Note 1)
5 ThRXD(RXCr) RxD to RxC T Hold Time 150 150 150 ns
{X] Mode) (Note 1)
6 TsRXD(RXCH) RxD to RxC | Setup Time 0 0 0 ns
(X! Mode) (Notes 1, 5)
7 ThRXD(RXCH) RxD to RxC { Hold Time 150 150 150 ns
(X1 Mode) (Notes 1, 5)
8 TsSY(RXC) SYNC to RxC T Setup Time —200 —200 -200 ns
(Note 1)
9 ThSY(RXC) SYNC to RxC T Hold Time 3TcPC 3TcPC 3TcPC ns
(Note 1) +400 +320 +250
10 | TsTXC(PC) TXC { to PCLK T Setup Time 0 0 0 ’ ns
(Notes 2, 4)
11 TdTXCH(TXD) TxC | to TxD Delay (XI Mode) 300 230 200 ns
{Note 2)
12 | TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 300 230 200 ns
(Notes 2, 5) :
13 TdTXD(TRX) TxD to TRxC Delay 200 200 200 |. ns
(Send Clock Echo)
14 TwRTXh RTxC High Width (Note 6) 180 180 150 ns
15 TwRTXI RTxC Low Width (Note 6) 180 180 150 ns
16 TcRTX RTxC Cycle Time (Notes 6, 7) 1000 660 500 ns
17 TcRTXX Crystal Oscillator Period (Note 3) 250 | 1000 165 | 1000 125 | 1000 ns
18 TwTRXh TRxC High Width (Note 6) 180 180 150 ns
19 TwTRXI TRxC Low Width (Note 6) 180 180 150 ns
20 TcTRX TRxC Cycle Time (Notes 6, 7) 1000 660 500 ns
21 TwEXT DCD or CTS Pulse Width 200 200 200 ns
22 TwSY SYNC Pulse Width 200 200 200 ns

Notes:

1. RxCis RTxC or TRxC, whichever is supplying the receive clock.

2. TxCis TRxC or RTxC, whichever is supplying the transmit clock.

3. Both RTxC and SYNC have 30-pF capacitors to ground connected to them.
4

. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC
and PCLK or TxC and PCLK is required.

Parameter applies only to FM encoding/decoding.

Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip
PCLK requirements.

7. The maximum receive or transmit data is 1/4 PCLK.

oo
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Figure 12. General Timing
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SWITCHING CHARACTERISTICS over operating range (Continued

System Timing '
4 MHz 6 MHz 8 MHz
Parameter Parameter
No. Symbol Description Min. | Max. | Min. | Max. | Min. | Max.| Unit
1 TdRXC(REQ) RXC T W/REQ Valid Delay 8 12 8 12 8 12 TcPc
{Note 2)
2 TdRXC(W) RXC T to Wait Inactive Delay 8 14 8 14 8 14 TePc
{Notes 1, 2)
3 TdRXC(SY) RxC T to SYNC Valid Delay 4 7 4 7 4 7 | TcPc
{Note 2)
4 TdRXC(INT) RxC Tto INT Valid Delay 10| 16 10 | 16 10 | 16 | TePe
(Notes 1, 2)
5 TdTXC(REQ) TXC T to WREQ Valid Delay 5 8 5 8 5 8 TcPc
{Note 3)
6 TdTXC(W) TxC | to Wait Inactive Delay 5 11 5 | 11 5 1 TcPc
(Notes 1, 3)
7 TdTXC(DRQ) TxC { to DTR/REQ Valid Delay 4 7 4 7 4 7 TcPc
(Note 3)
8 TATXC(INT) TxC ! to INT Valid Delay 6 | 10 6 | 10 6 10 | TcPc
(Notes 1, 3) .
9 TdSY(INT) SYNC Transition to INT Valid 2 6 2 6 2 6 TcPc
Delay (Note 1)
10 | TAEXT(INT) DCD or CTS Transition to INT 2 6 2 ) 2 6 TcPe
Valid Delay (Note 1)
Notes:
1. Open-drain, measured with open-drain test load.
2. RxCis RTxC or TRxC, whichever is supplying the receive clock.
3. TxCis TRxC or RTxC, whichever is supplying the transmit clock.
Am8530H 2-27
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Figure 13. System Timing 00970F-019
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SWITCHING CHARACTERISTICS over operating range

Read and Write Timing

4 MHz 6 MHz 8 MHz
Parameter Parameter
No. Symbol Description Min. [ Max. | Min. | Max. | Min. | Max.| Unit
1 TwPCI PCLK Low Width 105 | 2000 70 11000 50 | 1000 ns
2 TwPCh PCLK High Width 105 | 2000 70 | 1000 50 | 1000 ns
3 TIPC PCLK Fall Time 20 10 10 ns
4 TrPC PCLK Rise Time 20 10 10 ns
5 TcPC PCLK Cycle Time 250 | 4000 165 [ 2000 125 | 2000 ns
6 TsA(WR) Address to WR | Set-Up Time 80 80 70 ns
7 ThA(WR) Address to WR T Hold Time 0 0 0 ns
8 TsA(RD) Address 1o RD | Set-Up Time 80 80 70 ns
9 ThA(RD) Address to RD T Hold Time 0 0 0 ns
10 TslA(PC) INTACK to PCLK T Set-Up Time 10 10 10 ns
11 TsAi(WR) INTACK to WR | Set-Up Time 200 160 145 ns
{Note 1) .
12 | ThIA(WR) INTACK to WR T Hold Time 0 0 0 ns
13 | TslA(WR) INTACK to RD | Set-Up Time 200 160 145 ns
(Note 1)
14 | ThIA(RD) INTACK to RD T Hold Time 0 0 0 ns
15 TsCE(WR) CE Low to WR | Set-Up Time 80 80 70 ns
16 | ThCE(WR) CEto WR T Hold Time 0 0 0 ns
17 TsCEh(WR) CE High to WR | Set-Up Time 100 70 60 ns
18 | TsCE(WR) CE High to WR { Set-Up Time 100 70 60 ns
19 | TsCEI(RD) CE Low to RD | Set-Up Time 0 0 0 ns
(Note 1)
20 | ThCE(RD) CE to RD T Hold Time 0 0 0 ns
21 TsCEh(RD) CE High to RD { Set-Up Time 100 70 60 ns
(Note 1)
22 TwRDI RD Low Width (Note 1) 240 200 150 ns
23 TdRD(DRA) RD ! to Read Data Active Delay 0 0 0 ns
24 | TJRDr(DR) RD T to Read Data Not
Valid Delay 0 0 0 ns
25 TdRDf(DR) RD | to Read Data Valid Delay 250 180 140 ns
26 TdRD(DRz) RD T to Read Data Float Delay 70 45 140 ns
(Note 2)
Notes:

1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is defined as the time required for a 0.5 V change in the output with a maximum DC load and minimum

AC load.

Am8530H
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Figure 14. Read and Write Timing
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SWITCHING CHARACTERISTICS over operating range
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing

4 MHz 6 MHz 8 MHz
Parameter Parameter

No. Symbeol Description Min. | Max. | Min. | Max. Min. | Max. | Unit

27 TdA(DR) Address Required Valid to Read 300 280 220 ns
Data Valid Delay

28 | TwWRI WR Low Width 240 200 150 ns

29 TsDW(WR) Write Data to WR | Set-Up Time 10 10 10 ns

30 ThDW(WR) Write Data to WR T Hold Time 0 0 0 ns

31 TdWR(W) WR ! to Wait Valid Delay 240 200 170 ns
(Note 4)

32 TdRD(W) RD | to Wait Valid Delay 240 200 170 ns
(Note 4)

33 | TdWRf(REQ) WR | to W/REQ Not Valid Delay 240 200 170 ns

34 TdRDI(REQ) RD | to W/REQ Not Valid Delay 240 200 170 ns

35 TdWRr(REQ) WR T DTR/REQ Not Valid Delay 4TcPC 4TcPC 4ATcPC | ns

36 TdRDr(REQ) RD T DTR/REQ Not Valid Delay 4TcPC 4TcPC 4TcPC | ns

37 TdPC(INT) PCLK { to INT Valid Delay 500 500 500 ns
(Note 4) ‘

38 TdIAi(RD) INTACK to RD | (Acknowledge) 250 200 150 ns
Delay {Note 5) :

39 TwRDA RD (Acknowledge) Width 250 200 150 ns

40 TdRDA(DR) RD | (Acknowledge) to Read 250 180 140 ns
Data Valid Delay :

41 TsIEI(RDA) IEl to RD | (Acknowledge) 120 100 95 ns
Set-Up Time )

42 ThIEKRDA) IEI to RD | (Acknowledge) 0 0 0 ns
Hold Time

43 TdIEK(IEQ) IE| to IEQ Delay Time 120 100 95 ns

44 TdPC(IEO) PCLK T to IEO Delay 250 250 200 ns

45 TARDA(INT) RD ! to INT Inactive Delay 500 500 450 ns
(Note 4)

46 TdRD(WRQ) RD T to WR | Delay for No Reset| 30 15 15 ns

47 TdWRQ(RD) WR Tto RD | Delay for No Reset| 30 30 20 ns

48 TwRES WR and RD Coincident Low for 250 200 150 ns
Reset

49 Tre Valid Access Recovery Time 4TcPC 4TcPC 4TcPC ns
(Note 3)

Notes:

3. Parameter applies only between transactions involving the SCC.

4. Open-drain output, measured with open-drain test load.

5. Parameter is system dependent. For any SCC in the daisy chain, TdIAI(RD) must be greater than the sum of TdPC(IEO) for
the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEIf(IEO) for each device separatingthem inthe
daisy chain.
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Figure 15. Interrupt Acknowledge Timing 00970F-025

Figure 16. Reset Timing 00970F-026
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Figure 17. Cycle Timing 00970G-027
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Am85C30

Enhanced Serial Communications Controller

&\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
m Fastest data rate of any Am8530

- 8.192 MHz/2.048 Mb/s

- 10 MHz /2.5 Mb/s

~ 16.384 MHz / 4.096 Mb/s’
B Low-power CMOS technology

m  Pin and function compatible with other NMOS
and CMOS 8530s

m Easily interfaced with most CPUs
— Compatible with non-multiplexed bus

®  Many enhancements over NMOS Am8530H
— Allows Am85C30 to be used more effectively in
high-speed applications
— Improves interface capabilities
®  Two independent full-duplex serial channels

m  Asynchronous mode features
—~ Programmable stop bits, clock factor, character
length and parity
~ Break detection/generation
-~ Error detection for framing, overrun, and parity

m  Synchronous mode features
— Supports IBM® BISYNC, SDLC, SDLC Loop,
HDLC, and ADCCP Protocols
~ Programmable CRC generators and checkers
— SDLC/HDLC support includes frame control,
zero insertion'and deletion, abort, and
residue handling

® Enhanced SCC functions support high-speed

frame reception using DMA

— 14-bit byte counter

— 10 x 19 SDLC/HDLC Frame Status FIFO

— Independent Control on both channels

— Enhanced operation does not allow special
receive conditions to lock the 3-byte DATA
FIFO when the 10 x 19 FIFO is enabled

m Local Loopback and Auto Echo modes
Internal or external character synchronization

m 2-Mb/s FM encoding transmit and receive
capability using internal DPLL for 16.384-MHz
product ‘

B Internal synchronization between RxC to PCLK
and TxC to PCLK
— This allows the user to eliminate external
synchronization hardware required by the NMOS
device when transmitting orreceiving data at the
maximum rate of 1/4 PCLK frequency

GENERAL DESCRIPTION

AMD’s Am85C30 is an enhanced pin-compatible version
of the popular Am8530H Serial Communications Con-
troller. The Enhanced Serial Communications Controller
(ESCC) is a high-speed, low-power, multi-protocol com-
munications peripheral designed for use with 8- and
16-bit microprocessors. It has two independent, full-
duplex channels and functions as a serial-to-parallel,
parallel-o-serial converter/controller. AMD’s proprietary
enhancements make the Am85C30 easier to interface
and more effective in high-speed applications due to a
reduction in software burden and the elimination of the
need for some external glue logic.

The AmB85C30 is easy to use due to a variety of sophisti-
cated internal functions, including on-chip baud rate gen-
erators, digital phase-locked loops, and crystal oscilla-
tors, which dramatically reduce the need for external
logic. The device can generate and check CRC codes in
any SYNC mode, and can be programmed to check data
integrity in various modes. The ESCC also has facilities
for modem controls in both channels. In applications

where these controls are not needed, the. modem con-
trols can be used for general-purpose 1/O. )

This versatile device supports virtually any serial data
transfer application such as networks, modems, cas-
settes, and tape drivers. The ESCC is designed for non-
multiplexed buses and is easily interfaced with most
CPUs, such as 80188, 80186, 80286, 8080, Z80, 6800,
68000 and MULTIBUS™.

Enhancements that allow the Am85C30 to be used more

effectively in high-speed applications include:

B a 10 x 19 bit SDLC/HDLC frame status FIFO array

W a 14-bit SDLC/HDLC frame byte counter

m automatic SDLC/HDLC opening frame flag trans-
mission ‘

m  TxD pinforced High in SDLC NRZI mode after closing
flag

B automatic SDLC/HDLC Tx underrun/EOM flag reset
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B external PCLK to RxC or TxC synchronization re-
quirement eliminated for PCLK divide-by-four
operation

Other enhancements to improve the Am85C30 interface
capabilities include:

B write data valid setup time to falling edge of WR
requirement eliminated

B reduced INT response time

reduced access recovery time (tac) to 3 PCLK best
case (3 1/2 PCLK worst case)

improved Wait timing

Wirite Registers WR3, WR4, WR5, and WR10 made

readable

lower priority interrupt masking without INTACK
complete SDLC/HDLC CRC character reception

BLOCK DIAGRAM
TxDA
Transmitter RxDA
Generator Receiver p4—- RTXCA
——:> > TRXCA
Internal Channel 10x19 Bit
Control A
Logic Registers : ::: ZJI?/(?AEQA
{ } { } Control  jo—» W/REQA
Data <:‘——8——___J\/ ohy | Logic RTSA
Bus VO N Internal Bus Channel A P"_ TSR
Control £ 5 > {} {} jose— DCDA
. -
Interrupt | —={ Interrupt ChaBnneI —>- TxDB
Control Lines C&"g‘{g' Registers [e— R"EB
:> be—s TRXCE
Channel B p—» DTRREQE
t t 1 be—s SYNCB
. pb—» W/REGB
p<— CTSB
p<— DCDB
10216A-001A
RELATED AMD PRODUCTS
Part No. Description Part No. Description
Am7960 Coded Data Transceiver Am9517A DMA Controller
80186 Highly Integrated 16-Bit 5380, 53C80 SCSI Bus Controller
Microprocessor 80188 Highly Integrated 8-Bit
80286, 80C286 High-Performance 16-Bit Microprocessor
Microprocessor Am386™ High-Performance 32-Bit

Microprocessor

AmB85C30
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CONNECTION DIAGRAMS

Am85C30

Top View ‘
DIP PLCC, LCC
o o
e N/ 40 PD Esssss 8ssRE
D:O 2 39 [@D: o e I e | o | s N s o | o | s o |
Ds O 3 ag 0D, 6 5 4 3 2 1 44 43 42 41 40 )
D 4 37 1D 10 [7 ¢ 3 [JAB
INTO s 35 O RD IEl [} 38 []CE
EO O 6 35 B WR NTACK [Jo a7 0T
El 0 7 34 O AB +5V 10 36| ] NC
INTACK [ 8 33 HcE WREQA [ 11 as[] GND
+svOh g 32 DI SYNCAT] 12 34[] W/REQB
WREGAL] 10 31 [IGND RT%CA 13 33[] SYNCB
SYNCAC] 1y Ams85C30 30 JWREQGH RxDA [] 14 32[] RTxCB
RIxCA 12 29 P SYNCB TRCA 15 31[] RxDB
RxDAC] 13 28 [JRTxCB xDA []16 30 [] TRxCB
- TRCAD 14 27 1 RxDB Ne 17 20[] Tx0B
™DAO 15 26 [J TRxCB \__18 19 20 21 22 23 24 25 26 27 28
DTR/REQAL] 16 25 [0 TxDB ckEEESEEER o
RTSAO 17 24 [ DTR/REGH ZERER o B8R e g =
GTSAL 18 23 K R1SB § e aialo T
DCDAE 19 22 L1TTSB |o Io
PCLK 20 21 [1DCDB _
Note: 10216A-002A 10216A-003A
. Pin 1 is marked for orientation.
LOGIC SYMBOL
Data
Bus D~Do TxDA Serial
RxDA Data
Bus Timing RD TRXCA [* ’}Channel
and Reset L —»] WR RIxCA [ Clocks
_SYNCA [€«—>] Channel
AB W/REQA F—| Controls
> DTRREQA [— for
Control {—»] CE %T_SS_A [— | Modem,
= A [€— | DMA, or
»{ DIC DCDA ¢/ Other
— TxDB
<« NT
RxDB "1 serial
Interrunt INTACK «— I Data
nterrup IE) E?(gg o |
< X anne
IE0 [«—J Clocks
SYNCB [«—»7 Channel
W/REQB [—| Controls
DTR/REQB |—>| for
RTSE |—>[ Modem,
CTSB f«—| DMA, or
CDB j&—J Other
+5VGND  PCLK 10216A-004A
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ORDERING INFORMATION
Commaodity Products

AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AMB85C30

|L
E
o
(9]

L——————— OPTIONAL PROCESSING

Blank = Standard Processing

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE

P = 40-Pin Plastic DIP (PD 040)
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) -

SPEED OPTION
-8 = 8.192 MHz
-10 = 10 MHz
-16 = 16.384 MHz

DEVICE NUMBER/DESCRIPTION
Am85C30 )
Enhanced Serial Communications Controller

Valid Combinations

Valid Combinations list configurations planned to
AMB85C30-8 be supported in volume for this device. Consult
AM85C30-10 PC, JC the local AMD sales office to confirm availability of
AMB5C30-16 specific valid combinations, to check on newly
released combinations, and to obtain additional
data on AMD’s standard military grade products.

Valid Combinations

Am85C30 2.37
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ORDERING INFORMATION
Industrial Products

AMD industrial products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AMB5C30 10

o
1<

-[—— OPTIONAL PROCESSING

Blank = Standard Processing

TEMPERATURE RANGE . .
| = Industrial (~40 to +85°C)

PACKAGE TYPE
J = 44-Pin Leadless Chip Carrier (PL 044)

SPEED OPTION

-10 =10 MHz
-16 =16.384 MHz

Enhanced Serial Communications Controller

Valid Combinations
Valid Combinations list configurations planned to

Valid Combinations

AMS5C30-10 be supported in volume for this device. Consult
AMB5C30-16 Ji the local AMD sales office to confirm availability of
specific valid combinations, to check on newly

released combinations, and to obtain additional
data on AMD’s standard military grade products.
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved

Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by
a combination of:

AM85C30  -10 B u A
| I LEAD FINISH

A = Hot Solder Dip

PACKAGE TYPE
U = 44-Pin Leadless Chip Carrier (CL 044)
Q = 40-Pin Ceramic DIP (CD 040)

DEVICE CLASS
/B = Class B

SPEED OPTION
-8 = 8.192 MHz

-10 = 10 MHz

-16 = 16.384 MHz

" DEVICE NUMBER/DESCRIPTION
Am85C30
Enhanced Serial Communications Controller

Valid Combinations

Valid Combinations Valid Combinations list configurations planned to

AMB5C30-8 . be supported in volume for this device. Consult
AMS5030-10 BQA BUA the local AMD sales office to confirm availability of
AMB5C30-16 ' specific valid combinations, to check on newly

released combinations, and to obtain additional
. data on AMD's standard military grade products.
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PIN DESCRIPTION

Bus Timing and Reset

RD

Read (Input; Active Low)

This signal indicates a Read operation and, when the
_ SCC s selected, enables the SCC’s bus drivers. During
the Interrupt Acknowledge cycle, this signal gates the in-
terruptvector onto the bus if the SCC is the highest prior-
ity device requesting an interrupt.

WR

Write (Input; Active Low)

When the SCC is selected, this signal indicates a Write
operation. The coincidence of RD and WRis interpreted
as areset.

Channel Clocks

RTxCA, RTxCB |
Receive/Transmit Clocks (Inputs; Active Low)

These pins can be programmed in_several different
modes of operation. In each channel, RTxC may supply
the receive clock, the transmit clock, the clock for the
baud rate generator, or the clock of the digital phase-
locked loop. These pins can also be programmed for use
with the resnective SYNC ning ag a crystal oscillator, The
receive clock may be 1, 16, 32, or 64 times the data rate
in asynchronous modes.

TRxCA, TRxCB
Transmit/Receive Clocks
(Inputs/Outputs; Active Low)

These pins can be_programmed in several different
modes of operation. TRxC may supply the receive clock
or the transmit clock in the input mode or supply the out-
put of the digital phase-locked loop, the crystal oscillator,
the baud rate generator, or the transmit clock in the out-
put mode.

Channel Co“ntrols for Modem, DMA,
or Other

CTSA,CTSB
Clear to Send (Inputs; Active Low)

If these pins are programmed as Auto Enables, aLow on
these inputs enables their respective transmitters. If not
programmed as Auto Enables, they may be used as
general-purpose inputs. Both inputs are Schmitt-trigger
buffered to accommodate slow rise-time inputs. The
SCC detects pulses on these inputs and may interrupt
the CPU on both logic level transitions.

DCDA, DCDB
Data Carrier Detect (Inputs; Active Low)

These pins function as receiver enables if they are pro-
grammed as Auto Enables; otherwise, they may be used
as general-purpose input pins. Both are Schmitt-trigger
buffered to accommodate slow rise-time signals. The
SCC detects pulses on these pins and may interrupt the
CPU on both logic level transitions.

DTR/REQA, DTR/REQB
Data Terminal Ready/Request
(Outputs; Active Low)

These outputs follow the inverted state programmed
into the DTR bit in WR5. They can also be used as
general-purpose outputs or as Request Lines for a DMA
controller. :

RTSA, RTSB
Request to Send (Outputs; Active Low)

When the Request to Send (RTS) bit in Write Register 5
is set, the RTS signal goes Low. When the RTS bit is re-
setinthe asynchronous mode and Auto Enableison, the
signal goes High after the transmitter is empty. In SYNC
mode, or in asynchronous mode with Auto Enable off,
the RTS pins strictly follow the inverted state of the RTS
bit. Both pins can be used as general-purpose outputs.

In SDLC mode, the AUTO RTS RESET _enhancement
described later in this document brings RTS High after -
the last 0 of the closing flag leaves the TxD pin.

SYNCA, SYNCB
Synchronization (Inputs/Outputs; Active Low)

These pins can act either as inputs, outputs, or part of the
crystal osciilator circuit. in the Asynchronous Receive
mode (crystal oscillator option not selected), these pins
are inputs similar to CTS and DCD. In this mode, transi-
tions on these lines affect the state of the Sync/Hunt
status bits in Read Register 0 but have no other function.

In External Synchronization mode with the crystal
oscillator not selected, these lines also act as inputs.
In this mode, SYNC must be driven Low two receive
clock cycles after the last bit in the SYNC character is re-
ceived. Character assembly begins on the rising edge
of the receive clock immediately preceding the activation
of SYNC.

In the Internal Synchronization mode (Monosync and
Bisync) with the crystal oscillator not selected, these pins
act as outputs and are active only during the part of the
receive clock cycle in which SYNC characters are recog-
nized. The SYNC condition is not latched, so these out-
puts are active each time a SYNC pattern is recognized
(regardless of character boundaries). In SDLC mode,

“these pins act as outputs and are valid on receipt of a

flag.

W/REQA, W/REQB

Wait/Request (Outputs; Open drain when
programmed for a Wait function, driven High or
Low when programmed for a Request function)

These dual-purpose outputs may be programmed as Re-
quest lines for a DMA controller or as Wait lines to syn-
chronize the CPU to the SCC datarate. The reset state is
Wait.
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Control
AB
Channel A/Channel B Select (Input)

This signal selects the channel in which the Read or
Write operation occurs.

CE
Chip Enable (Input; Active Low)

This signal selects the SCC for a Read or Write opera-
tion.

D/iC

Data/Control Select (Input)

This signal defines the type of information transferred to
or from the SCC. A High means data is transferred; a
Low indicates a command is transferred.

Data Bus
D7—Do
Data Bus (Input/Output; Three State)

These lines carry data and commands to and from the
SCC.

Interrupt

IEI
Interrupt Enable In (Input; Active High)

IElis used with IEO to form aninterrupt daisy chainwhen
there is more than one interrupt-driven device. A High [EI
indicates that no other higher priority device has aninter-
rupt under service or is requesting an interrupt.

IEO
Interrupt Enable Out (Output; Active High)

IEOis High only if IEl is High and the CPU is not servicing
an SCC interrupt or the SCC is not requesting an inter-

INT _

Interrupt Request (Output; Active Low,

Open Drain)

This signal is activated when the SCC' requests an
interrupt.

INTACK

Interrupt Acknowledge (Input; Active Low) .

This signal indicates an active interrupt acknowledge cy-
cle. During this cycle, the SCC interrupt daisy chain set-
tles. When RD becomes active, the SCC places an inter-
rupt vector on the data bus (if IEl is High). INTACK is
latched by the rising edge of PCLK.

Serial Data

RxDA, RxDB
Recelve Data (Inputs; Active High)

These input signals receive serial data at standard TTL
levels.

TxDA, TxDB
Transmit Data (Outputs; Active High)

These output signals transmit serial data at standard
TTL levels.

Miscellaneous

GND
Ground

PCLK
Clock (Input)

This is the master SCC clock used to synchronize inter-
nal signals. PCLK is not required to have any phase rela-
tionship with the master system clock. PCLK is a TTL-
level signal. Maximum transmit rate is 1/4 PCLK.

. VCC
rupt (interrupt acknowledge cycle only). |EO is con- I
nected to the next lower priority device's IEl input and +5V Power Supply
thus inhibits interrupts from lower priority devices.
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ARCHITECTURE

The ESCC internal structure includes two full-duplex
channels, two 10 x 19 bit SDLC/HDLC frame status
FIFOs, two baud rate generators, internal control and in-
terrupt logic, and a bus interface to a non-multiplexed
bus. Associated with each channel are anumber of Read
and Write registers for mode control and status informa-
tion, aswell as logic necessary to interface with modems
or other external devices (see Logic Symbol).

The logic for both channels provides formats, synchroni-
zation, and validation for data transferred to and fromthe
channel interface. The modem control inputs are moni-
tored by the control logic under program control. Allof the
modem control signals are general-purpose in nature
and can optionally be used for functions other than mo-
dem control.

The register set for each channel includes ten control
(Write) registers, two SYNC character (Write) registers,
and four status (Read) registers. In addition, each baud
rate generator has two (Read/Write) registers for holding
the time constant that determines the baud rate. Finally,
associated with the interrupt logic is a Write register for
the interrupt vector accessible through either channel, a
Wirite-only Master Interrupt Control register, and three

Read registers: one containing the vector with status in-
formation (Channel B only), one containing the vector
without status (A only), and one containing the interrupt
pending bits (A only).

The registers for each channel are designated as fol-
lows:

WR0-WR15—Write Registers 0 through 15. An addi-
tional Write register, WR7 Prime (WR7’), is available for
enabling or disabling additional SDLC/HDLC enhance-
ments if bit Do of WR15 is set.

RR0-RR3, RR10, RR12, RR13, RR15—Read Registers
0 through 3, 10, 12,13, and 15.

If bit D2 of WR15 is set, then two additional Read regis-
ters, RR6 and RR7, are available. These registers are
used with the 10 x 19 bit Frame Status FIFO.

Table 1 lists the functions assigned to each Read
and Write register. The ESCC contains only one

‘WR2 and WRS, but they can be accessed by either

channel. All other registers are paired (one for
each channel).

Baud TxDA
Geﬁ:::tor Transmitter RxDA
Receiver bd— FT5CA
Internal Channel _—> 10x19 Bit TRXCA
Control A ‘g:mtsa
Logic Registers| : EIFO b4 sVRCA
Control
Data<I'> j} ontrol bt RTSA
:: : s vo K Tnternal Bus Channl A | 0 PP CTSA
Control 5 {} .
= Ch |
Interrupt| ! Interrupt anne
Control{ | Control A B ;igg
i i 1
Lines Logic egisters -
: ba—» TRXCB
T T T Channel B SYNCB
+5V GND PCLK ) b—> gﬁﬁ
b<— DCDB

~ Figure 1. Block Diagram of ESCC Architecture
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Data Path

The transmit and receive data path illustrated in NO TAG
is identical for both channels. The receiver has three
8-bit buifer registers in a FIFO arrangement, in addition
to the 8-bit receive shift register. This scheme creates
additional time for the CPU to service an interrupt at the
beginning of a block of high-speed data. Incoming data
are routed through one of several paths (data or CRC)
depending on the selected mode (the character lengthin
asynchronous modes also determines the data path).

The transmitter has an 8-bit transmit data buffer register
loaded from the internal data bus and a 20-bit transmit
shift register that can be loaded either from the sync-
character registers orfrom the transmit data register. De-
pending on the operational mode, outgoing data are
routed through-one of four main paths before they are
transmitted from the Transmit Data output (TxD).

Table 1. Read and Write Register Functions

Read Register Functions

~ Write Register Functions

RRO Transmit/Receive buffer status and External status WR0O Command Register, Register Painters CRC
RR1 Special Receive Condition status initialize, initialization commands for the various
(also 10 x 19 bit FIFO Frame Reception Status if . modes, shift right/shift left command
WR15 bit D is sét) WR1  Interrupt conditions and data transfer mode
RR2 Modified interrupt vector definition
(Channel B only) WR2 Interrupt vector (accessed through either channel)
Unmodified interrupt vector WR3  Receive parameters and control
(Channel A only) WR4  Transmit/Receive miscellaneous parameters and
RR3 Interrupt Pending bits modes
(Channel A only) WR5  Transmit parameters and controls
RR6 LSB Byte Count (14-bit counter) WR6  Sync character or SDLC address ﬁeld
(if WR15 bit D2 set) WR7  Sync character or SDLC flag
RR7 MSB Byte Count (14-bit counter) : WR7" SDLC/HDLC enhancements (if bit Doof WR15 is set)
and 10 x 19 bit FIFO Status (if WR15 bit Dz is set) WR8  Transmit buffer
RR8 Receive buffer WRS  Master interrupt control and reset (accessed
RR10  Miscellaneous XMTR, RCVR status through either channel)
RR12 Lower byte of baud rate generator time constant WR10 Miscellaneous transmitter/receiver control bits, data
RR13  Upper byte of baud rate generator time constant encoding
RR15 External/Status interrupt information WR11 Clock mode control, Rx and Tx clock source
WR12 Lower byte of baud rate generator time constant
WR13  Upper byte of baud rate generator time constant
WR14 Miscellaneous control bits, DPLL control
WR15 External/Status interrupt control
Am85C30 2-43



vy

0eosswy

vru v

1/0O Data Buffer

Internal Data Bus

T

v/

Upper Byte
|Txme Congtanl

Lower Byte
Time Constant

Vv

.

BR Generator

16-Bit Down Counter

Input

{

&

10x 18-Bit Receive || Receive |
Frame Data Error
Status — — |
FIFO FIFO FIFO

. BR Ge'neratorl

14-Bit Counter

Hunt Mode (D-Sync)_

Receive
Error Logic

»{ 3 Bits }»|

Sync Register
|— & Zero Delete

Receive
Shlft Regxster

(8 Bits) Sync

) CRC

NRZI Decode

CRC Delay
Register
(8 Bits)

soLc.cre, | CRC Checker

CRC Result

WR7 Sync WRE6 Sync .
Reg|s[yer | | Reglst{er I ITransmll Datal

Internal TxD<-|

To Other
Channel

| 20-Bit Transmit + Shitt Register + StartBit |

ASYNC
SYNC

SDLG Trz-xznsBrpi'tJMlUX
Zero Insert | . & 2-Bit Delay
5Bitsy T ]

r CRC SDLC 1

CRC Generator Transmit
Clock

Final
Tx MUX

—»TxD

4

NRZI Encode

DPLL

— DPLL Output

BR Generator Output ===

DPLL Output

TRxC
RTxC

SYNC
(Oscillator)

—mee

» Receive Clock

— o Clock

Figure 2. Data Path

»Transmit Clock

MUX L —»DPLL Clock

——=—»BR Generator Clock

anv u



AMD u

DETAILED DESCRIPTION

The functional capabilities of the ESCC canbe described
from two different points of view: as a data communica-
tions device, it transmits and receives data in a wide vari-
ety of data communications protocols; as a microproces-
sor peripheral, it interacts with the CPU and provides
vectored interrupts and handshaking signals. -

Data Communications Capabilities

The ESCC provides two independent full-duplex
channels programmable for use in any common
asynchronous or SYNC data-communication protocol.
Figure 3 and the following description briefly detail these
protocols.

Asynchronous Modes

Transmission and reception can be accomplished inde-
pendently on each channel with 5 to 8 bits per character,
plus optional even or odd parity. The transmitters can
supply 1, 1 1/2, or 2 stop bits per character and can pro-
vide a break output at any time. The receiver break-de-
tection logic interrupts the CPU both at the start and at
the end of a received break. Reception is protected from
spikes by a transient spike-rejection mechanism that
checks the signal one-half a bit time after a Low level is
detected on the receive data input. If the Low does not
persist (as in the case of a transient), the character as-
sembly process does not start.

Framing errors and overrun errors are detected and buff-
ered together with the partial character on which they oc-

cur. Vectored interrupts allow fast servicing of error con-
ditions using dedicated routines. Furthermore, a built-in
checking process avoids the interpretation of framing
error as a new start bit; a framing error results in the addi-
tion of one-half a bit time to the point at which the search
for the next start bit begins.

The ESCC does not require symmetric transmit and
receive clock signals—a feature allowing use of the wide
variety of clock sources. The transmitter and receiver
can handle data at a rate of 1, 1/16, 1/32, or 1/64 of the
clock rate supplied to the receive and transmit clock
inputs. In asynchronous modes, the SYNC pin may be
programmed as an input used for functions, such as
monitoring a ring indicator.

Synchronous Modes

The ESCC supports both byte-oriented and bit-oriented
synchronous communication. SYNC byte-oriented pro-
tocols can be handled in several modes, allowing char-
acter synchronization with a 6-bit or 8-bit SYNC charac-
ter (Monosync), any 12-bit or 16-bit SYNC pattern
(Bisync), or with an external SYNC signal. Leading
SYNC characters can be removed without interrupting
the CPU. ‘

5-or 7-bit SYNC characters are detected with 8- or 16-bit
patterns in the ESCC by overlapping the larger pattern
across multiple incoming SYNC characters as shown in
Figure 4.

Parity
Start ?top
Marking Line l I Datal , ! l | Datal I ! I I Datal l r Marking Line
Async‘:bronous
| Sync l Data | :: l Data | CRC; I CRC: |
Monosync
I Sync | Sync I Data I ;; | Data | CRC, I CRC: |
Si%nal Bifxnc
| pata | | pata | cre | cre. |
Extern\a\l Sync v
I Flag |Address| lnfor%l:ation I CRC: l CRC: I Flag |

SDLC/HDLC x 25

Figure 3. Scc.ProtocoIs

5 Bits -

—_——

l :Sync | Sync: | Sync | Data | Data | Data | Data I

—

8 Bits

J

v

16 Bits

Figure 4. Detecting 5- or 7-Bit Synchronoixs Characters
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CRC checking for Synchronous byte-oriented modes is
. delayed by one character time so that the CPU may dis-
able CRC checking on specific characters. This permits
the implementation of protocols, such as IBM BISYNC.

Both CRC-16 (X" + X'+ X2+ 1) and CCITT (X' + X'2 +
X® + 1) error-checking polynomials are supported. Either
polynomial may be selected in BISYNC and MONO-
SYNC modes. Users may preset the CRC generator and
checkerto all 1s or all 0s. The ESCC also provides a fea-

ture that automatically transmits CRC data when no.

other data are available for transmission. This allows for
high-speed transmissions under DMA control with no
need for CPU intervention at the end of a message.
Whenthere are no data or CRC to sendin SYNC modes,
the transmitter inserts 6-, 8-, or 16-bit SYNC characters,
regardless of the programmed character length.

The ESCC supports SYNC bit-oriented protocols, such
as SDLC and HDLC, by performing automatic flag send-
ing, zero-bit insertion, and CRC generation. A special
command can be used to abort a frame in transmission.
Atthe end of a message, the ESCC automatically trans-
mits the CRC and trailing flag when the transmitter un-
derruns. The transmitter may also be programmed to
send an idle line consisting of continuous flag characters
or a steady marking condition.

If atransmit underrun occurs inthe middle of a message,
an external/status interrupt warns the CPU of this status
change so that an abort may be issued. The ESCC may
also be programmed to send an abort itself in case of an
underrun, relieving the CPU of this task. One to 8 bits per
character can be sent allowing reception of a message
with no prior information about the character structure in
the information field of a frame.

The receiver automatically acquires synchronization on
the leading flag of a frame in SDLC or HDLC and pro-
vides a synchronization signal onthe SYNC pin (aninter-
rupt can also be programmedy). The receiver can be pro-
grammed to search for frames addressed by a single
byte (or 4 bits within a byte) of a user-selected address or
to a global broadcast address. In this mode, frames not
matching either the user-selected or broadcast address
are ignored. The number of address bytes can be ex-
tended under software control. For receiving data, anin-
terrupt on the first received character, or an interrupt
on every character, or on special condition only (end-of-
frame) can be selected. The receiver automatically de-
letes all Os inserted by the transmitter during character
assembly. CRC is also calculated and is automatically

checked to validate frame transmission. At the end of

transmission, the status of a received frame is available
in the status registers. In SDLC mode, the ESCC must
be programmed to use the SDLC CRC polynomial,
- but the generator and checker may be preset to all 1s
or all 0s. The CRC is inverted before transmission
and the receiver checks against the bit. pattern
0001110100001111.

NRZ, NRZI or FM coding may be used in any 1X mode.
The parity options available in asynchronous modes are
available in synchronous modes.

The ESCC can be conveniently used under DMA control
to provide high-speed reception or transmission. In re-

ception, for example, the'ESCC can interrupt the CPU
when the first character of a message is received. The
CPU then enables the DMA to transfer the message to
memory. The ESCC then issues an end-of-frame inter-
rupt and the CPU can check the status of the received
message. Thus, the CPU is freed for other service while
the message is being received. The CPU may also en-
able the DMA first and have the ESCC interrupt only on
end-of-frame. This procedure allows all data to be trans-
ferred via the DMA.

SDLC Loop Mode

The ESCC supports SDLC Loop mode in addition to nor-
mal SDLC. Inan SDLC Loop, there is a primary controller
station that manages the message traffic flow and any
number of secondary stations. In SDLC Loop mode, the
ESCC performs the functions of a secondary station
while an ESCC operating in regular SDLC mode can act
as a controller (Figure 5).

Controller

Secondary #1

Secondary #2

Secondary #4

Secondary #3

Figure 5. An SDL.C Loop

A secondary station in an SDLC Loop is always listening
to the messages being sent around the loop and, in fact,
must pass these messages to the rest of the loop by
retransmitting them with a 1-bit time delay. The sec-
ondary station can place its own message on the loop
only at specific times. The controller signals that secon-
dary stations may transmit messages by sending a spe-
cial character, called an EOP (End of Poll), around the
loop. The EOP character is the bit pattern 11111110. Be-
cause of zero insertion during messages, this bit pattern
is unique and easily recognized.

When a secondary station has a message to transmit
and recognizes an EOP onthe line, it changes the last bi-
nary 1 of the EOP to a 0 before transmission. This has
the effect of turning the EOP into a flag sequence. The
secondary station now places its message on the loop
and terminates the message with an EOP. Any secon-
dary stations farther down the loop with messages to
transmit can then append their messages to the mes-
sage of the first secondary station by the same process.
Any secondary stations without messages to send
merely echo the incoming messages and are prohibited
from placing messages on the loop (except upon recog-
nizing an EOP).
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SDLC Loop mode is a programmable option in the
ESCC. NRZ, NRZI, and FM coding may all be used in
SDLC Loop mode.

Baud Rate Generator

Each channel in the ESCC contains a programmable
baud rate generator. Each generator consists of two 8-bit
time constant registers that form a 16-bit time constant, a
16-bit down counter, and a flip-flop on the output produc-
ing a square wave. On start-up, the flip-flop on the output
is setin a High state, the value in the time constant regis-
ter is loaded into the counter, and the counter starts
counting down. The output of the baud rate generator
toggles upon reaching zero; the value in the time con-
stant register is loaded into the counter, and the process
is repeated. The time constant may be changed at any
time, but the new value does not take effect until the next
load of the counter.

The output of the baud rate generator may be used as
either the transmit clock, the receive clock, or both. It
can also drive the digital phase-locked loop (see next
section).

If the receive clock or transmit clock is not programmed
to come from the TRxC pin, the output of the baud rate
generator may be echoed out via the TRxC pin.

The following formula relates the time constant to the
baud rate where PCLK or RTxC is the baud rate genera-
tor input frequency in Hz. The clock mode is X1, X16,
X32, or X64 as selected in Write Register 4, bits Ds and
D-z. Synchronous operation modes should select X1 and
asynchronous should select X16, X32, or X64.

PCLK or RTxC Fréquency]

Time Constant =
2 (Baud Rate)(Clock Mode)

The following formula relates the time constant to the
baud rate. (The baud rate is in bits/second and the BR
clock period is in seconds given by Clock Mode/Clock
Frequency.)

1

baud rate = —
2 (Time Constant + 2) x (BR Clock Period)

Time Constant Values
for Standard Baud Rates at BR Clock
. =3.9936 MHz

Rate Time Constant
(Baud) (decimal/Hex notation) Error
19200 102  (0066) 0
9600 206  (00CE) 0
7200 275 (0113) 0.12%
4800 414  (019E) ) 0
3600 553  (0229) 0.06%
2400 830 (033E) 0
2000 996  (03E4) 0.04%
1800 1107  (0453) 0.03%
1200 1662  (067E) 0
600 3326 (OCFE) 0
300 6654 (19FE) 0
150 13310  (33FE) 0
134.5 14844  (39FC) 0.0007%
110 18151 (46E7) 0.0015%
75 26622  (67FE) 0
50 39934  (98FE) 0

Digital Phase-Locked Loop

The ESCC contains a digital phase-locked loop (DPLL)
to recover clock information from a data stream with
NRZI or FM encoding. The DPLL is driven by a clock that
is nominally 32 (NRZI) or 16 (FM) times the data rate.
The DPLL uses this clock, along with the data stream, to
construct a clock for the data. This clock may then be
used as the SCC receive clock, the transmit clock,
or both. .

For NRZI encoding, the DPLL counts the 32X clock to
create nominal bittimes. As the 32X clock is counted, the
DPLL is searching the incoming data stream for edges
(either 1/0 or 0/1). As long as no transitions are detected,
the DPLL output will be free running and its input clock
source will be divided by 32, producing an output clock
without any phase jitter. Upon detecting a transition the
DPLL will adjust its clock output (during the next counting
cycle) by adding or subtracting a count of 1, thus produc-
ing aterminal count closer to the center of the bit cell. The
adding or subtracting of a count of 1 will produce a phase
jitter of £5.63° on the output of the DPLL. Because the
SCC’s DPLL uses both edges of the incoming signal to
compare with its clock source, the mark-space ratio
(50%) of the incoming signal should not deviate by more
than +1.5% if proper locking is to occur.

For FM encoding, the DPLL still counts from 0 to 31, but
with a cycle corresponding to two bit times. When the
DPLL is locked, the clock edges in the data stream
should occur between counts 15 and 16 and between
counts 31 and 0. The DPLL looks for edges only during a
time centered on the 15/16 counting transition.

Am85C30
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The 32X clock forthe DPLL can be programmed to come
from either the RTxC input or the output of the baud rate
generator. The DPLL output may be programmed to be
echoed out of the SCC via the TRxC pin (if this pin is not
being used as an input).

Crystal Oscillator

When using a crystal oscillator to supply the receive or
transmit clocks to a channel of the SCC, the user should:

1. Select a crystal oscillator that satisfies the following
specifications:

m 30 ppm @ 25°C
m 50 ppm over temperatures of —20° to 70°C
| 5 ppmiyr aging
B 5-MW drive level
2. Place crystal across RTxC and SYNC pins.

3. Place 30-pF capacitors to ground fromboth RTxC and
SYNC pins.

4, Setbit D7 of WR11 to 1.
Data Encoding

The ESCC may be programmed to encode and decode
the serial data in four different ways (Figure 6). in NRZ
encoding, a 1 is represented by a High level, and a 0 ic
represented by a Low level. InNRZl encoding, a 1 is rep-
resented by no change inlevel, and a 0 is represented by
achange in level. In FM: (more properly, biphase mark),
atransition occurs at the beginning of every bitcell. A 1is
represented by an additional transition at the center of
the bit cell, and a 0 is represented by no additional transi-
tion atthe center of the bit cell. In FMo (biphase space), a
transition occurs at the beginning of every bit cell. A0 is
represented by an additional transition at the center of
the bitcell, and a 1 is represented by no additional transi-
tion at the center of the bit cell. In addition to these four
methods, the ESCC can be used to decode Manchester

(biphase level) data by using the DPLL in the FM mode
and programming the receiver forNRZ data. Manchester
encoding always produces a transition at the center of
the bit cell. If the transition is 0/1, the bit is a 0.Ifthetran-
sition is 1/0, the bitis a 1.

Auto Echo and Local Loopback

The ESCC is capable of automatically echoing every-
thing it receives. This feature is useful mainly in asyn-
chronous modes but works in SYNC and SDLC modes
as well. In Auto Echo mode, TxD is RxD. Auto Echo
mode can be used with NRZIor FM encoding with no ad-
ditional delay, because the data stream is not decoded
before retransmission. In Auto Echo mode, the CTSinput
is ignored as a transmitter enable (although transitions
on this input can still cause interrupts if programmed to
do so). Inthis mode, the transmitter is actually bypassed,
and the programmer _is responsible for disabling trans-

~ mitter interrupts and WAIT/REQUEST on transmit.

The ESCC is also capable of Local Loopback. In this
mode, TxD is RxD just as in Auto Echo mode. However,
in Local Loopback mode, the internal transmit datais tied
to the internal receive data, and RxD is ignored (except
to be echoed out via TxD). The CTS and DCD inputs are
also ignored as transmit and receive enables. However,
transitions on these inputs can still cause interrunts. Lo-
cal Loopback works in asynchronous, SYNC, and SDLC
modes with NRZ, NRZI, or FM coding of the data stream.

1/O Interface Capabilities

The ESCC offers the choice of Polling, Interrupt {vec-
tored or nonvectored), and Block Transfer modes to
transfer data, status, and controlinformation to and from
the CPU. The Block Transfer mode can be implemented
under CPU or DMA control.

' Data 1 ! 0 0 ! O | Bitcel Level
NRZ High = 1
Low =0
NRZI No Change = 1
Change =
FM; !?_it Center Tr1ansition
o ransition =
(Biphase Mark) No Transition = 0
No Transition = 1
(Biphase Mark) Transition = 0
FM, High Low = 1
, i oW =
Manchester Lo%v High =

Figure 6. Data Encoding Methods
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Polling

All interrupts are disabled. Three status registers in the
ESCC are automatically updated whenever any function
is performed. For example, end-of-frame in SDLC mode
sets a bit in one of these status registers. The idea be-
hind polling is for the CPU to periodically read a status
register until the register contents indicate the need for
data to be transferred. Only one register needs to be
read; depending on its contents, the CPU either writes
data, reads data, or continues. Two bits in the registerin-
dicate the need for data transfer. An alternative is a poll
of the Interrupt Pending register to determine the source
of an interrupt. The status for both channels resides in
one register.

Interrupts

When an ESCC responds to an Interrupt Acknowledge
signal (INTACK) from the CPU, an interrupt vector may
be placed on the data bus. This vector is written in WR2
and may be read in RR2A or RR2B (Figures 8 and 9).

To speed interrupt response time, the ESCC can modify

3 bits in this vector to indicate status. If the vectoris read

in Channel A, status is never included; if it is read in
Channel B, status is always included.

Each of the six sources of interrupts inthe ESCC (Trans-
mit, Receive, and External/Status interrupts in both
channels) has 3 bits associated with the interrupt source:
Interrupt Pending (IP), Interrupt Under Service (IUS),
and Interrupt Enable (IE). Operation of the IE bit is
straightforward. If the IE bit is set for a given interrupt
source, then that source can request interrupts. The ex-
ception is when the MIE (Master Interrupt Enable) bit in
WR9 is reset and no interrupts may be requested. The IE
bits are write-only.

The other 2 bits are related to the Z-Bus interrupt priority
chain (Figure 7). As a Z-Bus peripheral, the ESCC may
request aninterrupt only when no hlgherpnomy deviceis
requestmg one, for example, when IEl is High. If the de-
vice in question requests an interrupt, it pulls down INT.
The CPU then responds with INTACK, and the interrupt-
ing device places the vector on the A/D bus.

Inthe SCC, the IP bit signals a need for interrupt servic-
ing. When an P bitis setto 1 and the IEl input is High, the
INT output is pulled Low, requesting an interrupt. In the
ESCC, if the IE bit is set for an interrupt, then the IP for

that source can never be set. The IP bits are readable in
RR3A.

The IUS bits signal that an interrupt request is being
serviced. If an lUS is set, allinterrupt sources of lower pri-
ority in the ESCC and external to the ESCC are pre-
vented from requesting interrupts. The internal interrupt
sources are inhibited by the state of the internal daisy
chain, while lower priority devices are inhibited by the
IEO output of the ESCC being pulled Low and propa-
gated to subsequent peripherals. An IUS bit is set during
an Interrupt Acknowledge cycle if there are no higher pri-
ority devices requesting interrupts. :

There are three types of interrupts: Transmit, Receive,
and External/Status. Each interrupt type is enabled un-
der program contro!l with Channel A having higher prior-
ity than Channel B, and with Receive, Transmit, and Ex-
ternal/Status interrupts prioritized in that order within
each channel. When the Transmit interrupt is enabled,
the CPU is interrupted when the transmit buffer becomes
empty. (This implies that the transmitter must have had
a data character written into it so that it can become
empty.) When enabled, the Receive can interrupt the
CPU in one of three ways:

@ Interrupt on First Receive Character or Special
Receive condition

@ Interrupt on all Receive Characters or Special
Receive condition

- § Interrupl on Special Receive condition only

Interrupt on First Character or Special Condition and In-
terrupt on Special Condition Only are typically used with
the Block Transfer mode. A Special Receive Conditionis
one of the following: receiver overrun, framing error in
asynchronous mode, end-of-frame in SDLC mode, and
optionally, a parity error. The Special Receive Condition
interrupt is different from an ordinary Receive Character
Available interrupt only in the status placed in the vector
during the Interrupt Acknowledge cycle. In Interrupt on
First Receive Character, an interrupt can occur from
Special Receive Conditions any time after the first Re-
ceive Character Interrupt.

The main function of the External/Status interrupt is to
monitor the signal transitions of the CTS, DCD, and
SYNC pins; however, an External/Status interrupt is also

Peripheral
+5 V| |EI AD~AD, INTINTACK IEO

IEI AD~AD, INTINTACK IEO

Peripheral Peripheral

IEl AD~AD, INT INTACK

N

I VN AT

/\

et

Figure 7. Z-Bus Interrupt Schedule
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caused by a Transmit Underrun condition, azero countin
the baud rate generator, the detection of a Break (asyn-
chronous mode), Abort (SDLC mode), or EOP (SDLC
Loop mode) sequence in the data stream. The interrupt
caused by the Abort or EOP has a special feature allow-
ing the ESCC to interrupt when the Abort or EOP se-
quence is detected or terminated. This feature facilitates
the proper termination of the current message, correct
initialization of the next message, and the accurate tim-
ing of the Abort condition in external logic in SDLC mode.

In SDLC Loop mode, this feature allows secondary sta-.

tions to recognize the wishes of the primary stationto re-
gain control of the loop during a poll sequence.
CPU/DMA Block Transfer

The SCC provides a Block Transfer mode to accommo-
date CPU block transfer functions and DMA controllers.

The Block Transfer mode uses the WAIT/REQUEST out-
put in_conjunction with the Wait/Request bits in WR1.
The WAIT/REQUEST output can be defined under soft-
ware controt as a WAIT line in the CPU Block Transfer
mode or as a REQUEST line in the DMA Block Transfer
mode.

To a DMA controller, the ESCC REQUEST output indi-
cates that the ESCC is ready to transfer data to or from
memory. To the CPU, the WAIT line indicates that the
SCCisnotready totransferdata, thereby requesting that
the CPU extend the I/0O cycle. The DTR/REQUEST can
be used as the transmit request line, thus allowing full-
duplex operation under DMA control.

PROGRAMMING INFORMATION

Each channel has fifteen Write registers that are indi-
vidually programmed from the system bus to configure
the functional personality of each channel. Each channel
also has eight Read registers from which the system can
read Status, Baud rate, or Interrupt information.

On the Am85C30, only four data registers (Read and
Write for (‘hannnlc A and R) are directly celected by a
High on the D/C > input and the appropnate levels on the

- RD, WR, and A/B pins. All other registers are addressed
indirectly by the content_ of Write Register 0 in conjunc-
tionwith a Low onthe D/C , input and the appropnate lev-
els onthe RD, WR, and A/B pins. If bit D3 in WRO0 is 1 and
bits 5 and 6 are 0, then bits 0, 1, and 2 address the higher
registers 8 through 15. If bits 4, 5, and 6 contain a differ-
ent code, bits 0, 1, and 2 address the lower registers 0
through 7 as shown in Table 2.

Writing to orreading from any register except RR0, WRO,
and the data registers thus involves two operations:

First, write the appropriate code into WRO, then follow
this by a Write or Read operation on the register thus
specified. Bits 0 through 4 in WRO0 are automatically

cleared after this operation, so that WRO then points to
WRO0 or RRO again.

Channel A/Channel B selection is made by the A/B input
(High = A, Low = B).

The system program firstissues a series of commands to
initialize the basic mode of operation. This is followed by
other commands to qualify conditions within the selected
mode. For example, the asynchronous mode, character
length, clock rate, number of stop bits, even or odd parity
might be set first. Then the interrupt mode would be set
and, finally, receiver or transmitter enable.

Table 2. Register Addressing

_ “Point High” D2, Dy, Do Write Read
D/C Code In WRO: In WRO: Register Register
High Either Way X X X Data Data
Low Not True 0 0 0 0 0
Low Not True 0 0 1 1 1
Low Not True 0 1 0 2 2
Low Not True 0 1 1 3 3
Low Not True 1 0 0 4 (0)
Low Not True 1 0 1 5 (1)
Low Not True 1 1 0 6 2)
Low Not True 1 1 1 7 (3)
Low True 0 0 0 Data Data
Low True 0 0 1 9 -
Low True 0 1 0 10 10
Low True 0 1 1 11 (15)
Low True 1 0 0 12 12
Low True 1 0 1 18 . 13
Low True 1 1 0 14 (10)
Low True 1 1 1 15 15
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Read Registers

The ESCC contains eight Read registers [actually nine,
counting the receive buffer (RR8) in each channel]. Four
of these may be read to obtain status information (RRO,
RR1, RR10, and RR15). Two registers (RR12 and
RR13) may be read to learn the baud rate generator time
constant. RR2 contains either the unmodified interrupt
vector (Channel A) or the vector modified by status infor-
mation (Channel B). RR3 contains the Interrupt Pending

Write Registers

The ESCC contains 15 Write registers (16 counting
WR8, the transmit buffer) in each channel. These Write
registers are programmed separately to configure the
functional “personality” of the channels. Two registers
(WR2 and WR9) are shared by the two channels that can
be accessed through either of them. WR2 contains the
interrupt vector for both channels, while WR9 contains

(IP) bits (Channel A). In addition, if bit D2 of WR15 is set,
RR6 and RR7 are available for providing frame status
from the 10 x 19 bit Frame Status FIFO. Figure 8 shows
the formats for each Read register.

The status bits of RR0 and RR1 are carefully grouped to
simplify status monitoring, for example, when the inter-
rupt vector indicates a Special Receive Condition inter-
rupt, all the appropriate error bits can be read from a
single register (RR1).

the interrupt control bits. In addition, if bit Do of WR15 is
set, Write Register 7 prime (WR7’) is available for
programming additional SDLC/HDLC enhancements.
When bit Do of WR15 is set, executing a write to WR7 ac-
tually writes to WR7” to further enhance the functional
“personality” of each channel. Figure 8 shows the format

“of each Write register.

Read Register 0

[p,| D] Ds|D.| D] Dz|D|

Rx Character Available
Zero Count
Tx Buffer Empty

DCD

IIH

SYNC Hunt

CTS

Tx Underrun/EOM
Break Abort

Read Register 1

|D7lele]D4IDaIDzID|TT

All Sent

= Residue Code 2
—— Residue Code 1
Residue Code 0
Parity Error
Rx Overrun Error
CRC Framing Error
End-of-Frame (SDLC)

Read Register 2

|D7|DsIDle4ID3|DzID| IDoI

*Modified in B Channel

V3 Interrupt Vector*

Read Register 3

[p,|pef Ds D[ D3] D2 D) [ Do |

Channel B EXT STAT IP*
— Channel B Tx IP*
Channel B Rx IP*
Channel A EXT STAT IP*
Channel A Tx IP*
Channel A Rx IP*

0
0
*Always 0 in B Channel
Read Register 6
[D:| De| D] D] Ds[ D2 | D1 | Do}
BCO
—— BCt
—— BC2 14-Bit
BC3 LSB Byte
BC4 Count
BC5
- BC6
BC7
, Read Register 7
'[D:]Ds[ s D | Ds| D2| . | Do
BC8
—— BC9 .
———— BC10 14-Bit
————— BC11 MSB Byte
BC12 Count
BC13
FDA" 10 x 19 bit
FOY** FIFO Status

*FIFO Data Available Status
**FIFO Overflow Status

10216A-007A

Figure 8. Read Register Bit Functions

Am85C30
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Read Register 10 Read Register 13
[o.]s] ps[ D] D] D] 0. ] Do) [p,]s] 05| s D2 D: [ D

0 - TCs

= On Loop : — TG,

— 0 — TCo
0 TCn Upper Byte of
Loop Sending TCre Time Constant
0 ) - TCis
Two Clocks Missing TCus
One Clock Missing TCis
Read Register 12 ' Read Register 15
{D:[Ds ] Ds| .| Ds| D2[ D1 | Do [D:] s} Ds{ D D5 [ D D: | D

TCo SDLC/HDLC Enhancement Status*

— TC, Zero Count IE
TC. —— 10 x 19 bit FIFO Enable/Disable*
TG, Lower Byte of —————DeDE
TC, Time Co):stam —— SYNC HuntIE
TCs l—  ———— CTSIE
TCs Tx Underrun/EOM IE
TC, - . Brealv/Abont 1E

-

*Added Enhancement

Figure 8. Read Register Bit Functions (continued)

Write Register 0

D, Dsl DSIDll Ds I D2ID‘ |D°l Register

| I |
01010 0
0] 0] 1 1
o] 10 2
o] 1] 1 3
oo 4
0] 1 5
0 6
1 7

Null Code

Point High Register Group
Reset Ext/Status Interrupts
Send Abort

Enable Int on Next Rx Character
Reset Tx Int Pending

Error Reset

Reset Highest IUS

OOOb

alola|o]=lo]-

Reset Rx CRC Checker
Reset Tx CRC Generator
Reset Tx Underrun/EOM Latch

Null Code | O
0
1
1

b (=i ol =)

Figure 9. Write Reglster Bit Functions
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Write Register 1 Write Register 4
|D7I Dsl Dle4|Da|Dz|D| | Dol ID7|D6I D5IDJ| Dal DleIIDoI
Ext Int Enable Parity Enable
= Tx Int Enable Parity Even/Odd
. Parity is Special Condition : 0] 0] Sync Modes Enable
0101 Rx Int Disable o] 1] 1'Stop Bit/Character
01 11 Rx Int on First Character or Special Condition 11 0} 1 1/2 Stop Bits/Character
1101 Int on All Rx Characters or Special Condition 11 1] 2 Stop Bits/Character
11 1] Rx Int on Special Condition only
Wait/DMA Request on Receive/Transmit 010} 8-Bit Sync Character
Wait/DMA Request Function 01 11 16-Bit Sync Character
Wait/DMA Request Enable } ‘13 SDLC Mode (01111110 Flag)

External Sync Mode

Write Register 2

0] 0] X1 Clock Mode
PY AR AP A A Y oL} X16 Clock Mode
11 11 X64 Clock Mode
Vo
_ Vi
v2 3 -
xi Interrupt Vector* Write Register 5
v [D-] De] D[ D] Ds | D2[D: [ Do]
V7 Tx CRC Enable
—— RTS
SDLC/CRC-16
Write Register 3 — ;x Edngble ‘
| .. SendBrea
[0:]0¢[Ds[D4[s [ D[ D1 | o]
: 0l 0] Tx 5 Bits (or less)/Character
Rx Enable 01 11 Tx 7 Bits/Character
— Sync Character Load Inhibit } (1) Tx 6 Bits/Character
Address Search Mode (SDLC) Tx 8 Bits/Character
Rx CRC Enable DTR
Enter Hunt Mode
. Auto Enable
0] 0] Rx S5 Bits/Character
O] 1] Rx 7 Bits/Character
1] 0| Rx 6 Bits/Character
11 1] Rx 8 Bits/Character

Write Register 6

ID7ID5ID5|D4IDaIDzI01 l?ol

]

SYNC; SYNC: SYNCs SYNC: SYNCs SYNC. SYNC, SYNC, Monosync 8 Bits
SYNC: SYNC, SYNCs SYNC: SYNCs SYNC. SYNC: SYNC, Monosync 8 Bits
SYNC; SYNC: SYNCs SYNC: SYNCs; SYNC. SYNC: SYNC, Bisync 16 Bits
SYNC: SYNC: SYNC: SYNCo 1 1 1 Bisync 12 Bits
ADR; ADRs ADRs ADR. ADRs ADR: ADR: ADRo SDLC

ADR; ADRs ADRs ADR. 1 1 1 1 SDLC (Address 0)

Figure 9. Write Register Bit Functions (continued)
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Write Register 7

AR AR AR Y|

SYNC; SYNC: SYNCs SYNC: SYNC: SYNC. SYNC: SYNC, Monosync 8 Bits
SYNCs SYNC: SYNC; SYNC. SYNC: SYNGo 1 1 M.onosync 8. Bits
SYNCs SYNCis SYNCis SYNC:z SYNCi1 SYNCie SYNC: SYNCs Bisync 16 Bits

SYNCi1 SYNCiw SYNCs SYNC: SYNC; SYNCs SYNCs SYNC.  Bisync 12 Bits
0 1 1 1 1 1 1 0 SDLC

Write Register 7’

lD7IDsI DsIDtlDJI DzID|J&|

Auto Tx Flag
— Auto EOM Latch Reset
Auto RTS
TxD Pulled High in SDLC NRZI Mode
Fast DTR/REQ Mode
CRC Check Bytes Completely Received
Extended Read Enable

Must Be Setto 0
Write Register 9 Write Register 11
[0,]D¢] 0s[D:[Ds] D:] 1 [ D] [0 o] ps| D] D5 ] D:] D1 [ D
IS !) (|> TRXCOut = XTAL Output
Iy TRxC Out = utpu
L DLC 0l 1] TRXCOut = Transmit Clock
L ME J (1> TRxC Out = BR Generator Output
Status High/Status Low TRxC Qut = DPLL Output
Interrupt Masking TRxC O/l
0T 0] No Reset without INTACK
0} 1] Channel Reset B 0] 0] Transmit Clock = RTxC Pin
11 O] Channel Reset A 0] 1] Transmit Clock = TRxC Pin
1111 Force Hardware Reset 11 0] Transmit Clock = BR Generator Output
11 11 Transmit Clock = DPLL Output
*Added Enhancement
0] 0] Receive Clock = RTxC Pin
0] 1] Receive Clock = TRxC Pin
1] 0] Receive Clock = BR Generator Output
11 1] Receive Clock = DPLL Output
RTxC XTAL/No XTAL
10216A-008A

Figure 9. Write Register Bit Functions (continued)

2-54 Am85C30



AMD &4

Write Register 10

[p.]p.IDs]D.]D.] D.] D) [ Do)

6-Bit/8 BitSync

Loop Mode

Abort/Flag on Underrun
Mark/Flag Idle

Go Active on Roll

NRZ
NRZ}
FM1 (Transition = 1)
FMO (Transition = 0)

alalolo

e (=l e =

CRC Preset ‘1’ or ‘0’

Write Register 12

[o.]o.]o:[p.]D:] D2} D [ DS

TCo
— TC:
TC2
TCs
TCa
TCs
TCs
TG,

Lower Byte of
Time Constant

Write Register 13

[p,!p| 5| .| | 02| D [ D)

TCs

— TGy
.TCro
TCis
TCi2
TCis
TCia

Upper Byte of
Time Constant

Write Register 14

TCis

[D,{De|Ds|D.Ds| D] D/ [ Do}

BR Generator Enable
— BR Generator Source
DTR/Request Function

Write Register 15

Auto Echo
Local Loopback

{o,|pe} Ds[ 0. [Ds| D.{ D1 [ Do

Null Command

Enter Search Mode

Reset Missing Clock
Disable DPLL

Set Source = BR Generator
Set Source = RTxC

Set FM Mode

SDLC/HDLC Enhancements Enable*
Zero Count IE

10 x 19 Bit FIFO Enable*

DCD IE

Sync/Hunt IE

CTSIE

Tx Underrun/EOM IE

Break/Abort IE

all=l=lololole
- | lojol=|=|olke
bt =) el = G (=1 £ &

Set NRZI Mode

* Added Enhancement

Figure 9. Write Register Bit Functions (continued)

AmB85C30 Timing

The ESCC generates internal control signals from WR
and RD that are related to PCLK. Since PCLK has no
phase relationship with WR and RD, the circuitry gener-
ating these internal control signals must provide time for
metastable conditions to disappear. This gives rise to a
- recovery time related to PCLK. The recovery time ap-
plies only between bus transactions involving the ESCC.
The recovery time required for proper operation is speci-
tied from the falling edge of WR or RD inthe first transac-
tion involving the ESCC, to the falling edge of WR or RD
in the second transaction involving the ESCC. This time
must be at least 3 1/2 PCLK regardless of which register
or channel is being accessed.

Read Cycle Timing

Figure 10 illustrates Read cycle timing. Addresses on
A/B and D/C and the status on INTACK must remain sta-
ble throughout the cycle. If CEfalls after RD falls or if it
rises before RD rises, the effective RD is shortened

Write Cycle Timing

Figure 11 illustrates Write cycle timing. Addresses on
A/B and D/C and the status on INTACK must remain sta-
ble throughout the cycle. If CEfalls after ! WR falls or if it
rises before WR rises, the effective WR is shortened.
Data must be valid before the rising edge of WR.

Am85C30
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Interrupt Acknowledge Cycle Timing

High when RD falls, the Acknowledge cycle is intended

NO TAG illustrates Interrupt Acknowledge cycle timing.  forthe SCC. Inthis case, the ESCC may be programmed
Betweenthe time INTACK goes Low andthe falingedge 10 respond to RD Low by placing its interrupt vector
of RD, the internal and external IE//IEO daisy chains set-  on D7=Do ; it then sets the appropriate Interrupt-Under-
tle. If there is an interrupt pending in the ESCC and IElis ~ Ser-vice latch internally.

AB, DIC

INTACK

CE

WR

D7-Do

)( Address Valid

_/
AN
T\
— < X DataValid )}———

Figure 10. Read Cycle Timing

Ik

I
o
g)
¢l

3
>
[
A

D»—Do

3( Address Vaiid X
Data Valid
Figure 11. Write Cycle Timing . 10216A-010A

A\ \— vA /

D7—Do

A /o

\Y . < X Vector }—

Figure 12. Interrupt Acknowledge Cycle Timing
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FIFO

FIFO Enhancements ‘

When used with a DMA controller, the Am85C30 Frame
Status FIFO enhancement maximizes the ESCC's ability
to receive high-speed back-to-back SDLC messages
while minimizing frame overruns due to CPU latencies in
responding to interrupts.

Additional logic was added to the industry-standard
NMOS SCC consisting of a 10-deep by 19-bit status
FIFO, a 14-bit receive byte counter, and control logic as
shown in Figure 13. The 10 x 19 bit status FIFO is sepa-
rate from the existing 3-byte receive data and error
FIFOs. : '

When the enhancement is enabled, the status in Read
Register 1 (RR1) and byte count for the SDLC frame will
be stored in the 10 x 19 bit status FIFO. This allows
the DMA controller to transfer the next frame into
memory while the CPU verifies that the message was
properly received.

Summarizing the operation, data is received, assem-
bled, and loaded into the 3-byte receive FIFO before be-
ingtransferred to memory by the DMA controller. Whena
flag is received at the end of an SDLC frame, the frame

. byte count from the 14-bit counter and 5 status bits are

loaded into the status FIFO for verification by the CPU.
The CRC checker is automatically reset in preparation
for the next frame, which can begin immediately. Since
the byte count and status are saved for each frame, the
message integrity can be verified at a later time. Status
information for up to 10 frames can be stored before a
status FIFO overrun could occur.

If receive interrupts are enabled whilethe 10 x 19 FIFQis
enabled, an SDLC end-of-frame special condition will
not lock the 3-byte receive data FIFO. An SDLC
end-of-frame still locks the 3-byte receive data FIFO in
“Interrupt on first Receive Character or Special Condi-
tion” and “Interrupt on Special Condition Only” modes -
when the 10 x 19 FIFO is disabled. This feature allows

[¢— Reset on Flag Detect
SCC Status Reg ] l¢— Increment on Byte DET
RR1|___(Existing) 14-Bit Byte Counter L4 Enable Count in SDLC
E———| . L .
6 Bits 4 14 Bits  End-of-Frame Signal
Status Read Comp’
Residue Bits(3)
Overrun
CRO Bror. 10 x 19 Bit FIFO A
il had Tail Pointer
4-Bit
Counter |e
"Head Pointer
4-Bit Counter
4-Bit
Comparator
Over Equal
5 Bits 1
3 EO LEN}
4 6Bits 4 8Bits I
" [Bit 6| Bits 0-5 FIFO Enable
1 YRR7____yBRe_________. S P
£3 Y f
Interface to SCC T WR(15) Bit 2 Set
Byte Counter Contains 14 Bits Enables Status FIFO
for a 16-kb Maximum Count
FIFO Data Available Status Bit
Status Bit Set to 1
When Reading From FIFO
FIFO Overflow Status Bit
MSB of RR(7) is Set on Status FIFO
Overflow :

In SDLC mode, the following definitions apply:

¢ All Sent bygasses MUX and equals contents of SCC Status Register.

o Parity bits bypass MUX and do the same.

* EOF is set to 1 whenever reading from the FIFO.

Figure 13. SCC Status Register Modifications

10216A-011A
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the 10x 19 SDLC FIFO to accept multiple SDLC frames
withou; CPU intervention at the end of each frame.

FIFO Detail

For a better understanding of details of the FIFO opera-
tion, refer to the block diagram contamed in NO TAG.

Enab Ie/Disable

This FIFO is |mplemented so that it is enabled when
WR15 bit 2 is set and the ESCC is in the SDLC/HDLC
mode, otherwise the status register contents bypass the
FIFO and go directly to the bus interface (the FIFO
pointer logic is reset either when disabled or via a chan-
nel or power-onreset). When the FIFO mode is disabled,
the ESCC is completely downward-compatible with the
NMOS Am8530. The FIFO mode is disabled on power-
up (WR15 bit 2 is set to 0 on reset). The effects of back-
ward compatibility on the register set are that RR4 is an
image of RRO, RR5 is an image of RR1, RR6is animage
of RR2, and RR7 is an image of RR3. Forthe details of
the added registers, refer to Figure 15. The status of the
FIFO Enable signal can be obtained by reading RR15
bit 2. Ifthe FIFO is enabled, the bit will be setto 1 other-
wise, it will be reset.

Read Operation

When WR15 hit 2 is'set and the FIFO is not empty, the
next read to status register RR1 or the additional regis-
ters RR7 and RR6 will actually be from the FIFO. Read-
ing status register RR1 causes one location of the FIFO
to be emptied, so status should be read after reading the
byte count, otherwise the count will be incorrect. Before
the FIFO underflows, itis disabled. In this case, the multi-
plexeris switched to allow status to be read directly from
the status register, and reads from RR7 and RR6 will
contain bits that are undefined. Bit 6 of RR7 (FIFO Data
Available) can be usedto determine if status data is com-
ing from the FIFO or directly from the status register,
since it is set to 1 whenever the FIFO is not empty.

Because not all status bits are stored in the FIFO, the All

Sent, Parity, and EOF bits will bypass the FIFO. The -

status bits sent through the FIFO will be Residue Bits (3)
Overrun, and CRC Error.

The sequence for proper operation of the byte count and
FIFO logic is to read the registers in the following order,
RR7, RR6, and RR1 (reading RR6 is optional). Addi-
tional logic prevents the FIFO from being emptied by
multiple reads from RR1. The read from RR7 latches the
FIFO empty/full status bit (bit 6) and steers the status
multiplexer to read from the SCC megacellinstead of the
status FIFO (since the status FIFO is empty). The read
from RR1 allows an entry to be read fromthe FIFO (if the
FIFOwas empty, logic is addedto prevent a FIFO under-
flow condition).

Write Operation

When the end of an SDLC frame (EOF) has been re-
ceived and the FIFO is enabled, the contents of the
status and byte-count registers are loaded into the FIFO.
The EOF signal is used to increment the FIFO. If the
FIFO overflows, the MSB of RR7 (FIFO Overflow) is set
to indicate the overflow. This bit and the FIFO control
logic are reset by disabling and reenabling the FIFO con-
trol bit (WR15 bit 2). For details of FIFO control timing
during an SDLC frame, refer to Figure 14. .

Byte Counter Detall

The 14-bit byte counter allows for packets up to 16K

bytes to be received. For a betterunderstanding of its op-
eration, refer to Figures 12 and 14,

Enable
The byte counter is enabled when the SCC is in the
SDLC/HDLC mode and WR15 bit 2 is set to 1.

Reset

The byte counter is reset whenever an SDLC flag char-
acter is received. The reset is timed so that the contents
of the byte counter are successfully written into the FIFO.

Increment

The byte counter is incremented by writes to.the data
FIFO. The counter represents the number of bytes re-
ceived by the SCC, rather than the number of bytes
transferred from the SCC. (These counts may differ by

ByteCount — ¢ 4y 2 3 4 5 6 7

Data Stream
Internal Byte Strobe
Increments Counter
Don't Load Reset
Counter On Byte Counter
1st Flag Load Counter .
Reset Byte Into FIFO and
Key Counter Here Increment PTR
-F : Flag
A : Address Field
D : Data

C : Control Field

01234567

«es [F[A[ D] 0] D[D]C]c]F]

Internal Byte Strobe
Increments Counter

Reset
Byte Counter

Reset

Byte Counter
Load Counter
Into FIFO and
Increment PTR

Figure 14. SDLC Byte Counting Detail
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7 6 5 4 3 2 1 o]
BC | BC | BC |BC |[BC |BC
RR7 | FOY[FDA | 13 [ 12 [11 [ 10 [9 |8
FIFO Data Available Status
1 = Status Reads Will Come From FIFO
0 = Status Reads Will Come From-SCC
FIFO Overflow Status )
1 = FIFO Overflowed During Operation
0 = Normal
5 4 3 2 0
BC | BC |BC [BC |BC |BC | BC | BC | ReadFromFIFO
RR6 7 6 5 4 3 2 1 0 LSB Byte Count
7 6 5 4 3 2 1 0
ENH: SDLC/HDLC Enhancement Status
RR15) * ° * * ® |FEN| * [ENH|— 1 = Enhancements Enabled

0 = Enhancements Disabled

Status FIFO Enable Control Bit

1 = Status and Byte Count Will be

Held in the Status FIFO Until Read

0 = Status Will Not be Held (SCC Emulation Mode)

No Change From NMOS SCC DFN

10216A-013A

Figure 15. SCC Additional Registers

up to the number of bytes in the receive data FIFO con-
tained in the SCC.)

Am85C30 SDLC/HDLC Enhancement

Register Access

SDLC/HDLC enhancements on the Am85C30 are en-
abled or disabled via bits D2 or Do in WR15. Bit D> deter-
mines whether or not the 10 x 19 bit SDLC/HDLC

frame status FIFO is enabled while bit Do determines
whether or not other enhancements are enabled via -
WR7’. Table 3 shows what functions on the Am85C30
are enabled when these bits are set.

When bit D2 of WR15 is set to 1, two additional registers
(RR6 and RR7) per channel specific to the 10 x 19 bit
Frame Status FIFO are made available. The Am85C30

Table 3. Enhancement Options

WR15 Bit D, WR15 Bit D, WR7’ Bit Ds
10 x 19 Bit ) SDLC/HDLC Extended Functions
FIFO Enabled Enhancement Enabled Read Enabled Enabled
1 0 X 10 x 19 bit FIFO
enhancement enabled only
0 1 0 SDLC/HDLC enhancements
enabled only
SDLC/HDLC enhancements
o] 1 1 enabled with extended read
) enabled
10 x 19 bit FIFO and
1 1 0 SDLC/HDLC enhancements
enabled
10 x 19 bit FIFO and
1 1 1 SDLC/HDLC enhancements

with extended read enabled

AmRRC3N
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register map when this function is enabled is shown in
Table 4.

Bit Do of WR15 determines whether or not other en-
hancements pertinent only to SDLC/HDLC mode opera-
tion are available for programming via WR7’ as shown
below. Write Register 7 prime (WR7’) can be written to
when bit Do of WR15 is set to 1. When this bit is set, writ-
ing to WRY (flag register) actually writes to WR7’. I bit De
of this registeris setto 1, previously unreadable registers
WR3, WR4, WR5, and WR10 are readable by the pro-
cessor. In addition, WR7’ is also readable by having this
bit set. WR3 is read when a bogus RR9 register is ac-
cessed during a read cycle. WR10 is read by accessing
RR11, and WR7’ is accessed by executing a read to

RR14. The Am85C30 register map with bit Do of WR15
and bit Ds of WR7’ set is shown in Table 5.

If boih bits Do-and D2 of WR15 are setto 1 and Ds of WR7"
is setto 1, thenthe Am85C30 register map is as shownin
Table 6.

Auto RTS Reset

Onthe CMOS ESCC, if bit Do of WR15 and bit Dz of WR7”
are set to 1 and the channel is in SDLC mode, the RTS
pin may be reset early in the Tx Underrunroutine and the

RTS pin will remain active until the last 0 bit of the closing
flag leaves the TxD pin as shown in Figure 16. Note that

Table 4. 10x19 Bit FIFO Enabled

AB PNT, PNT, PNT, Write Read

0 0 0 0 . WRoB RR0OB

0 0 0 1 WRI1B. RR1B

0 0 1 0 WR2 RR2B

0 0 1 1 WR3B RR3B

0 1 0 0 WR4B (RROB)

0 1 0 1 WR5B (RR1B)

0 1 1 0 WR6B RR6B

0 1 1 1 WR7B RR7B

1 0 0 0 WRO0A RROA

1 0 0 1 WR1A RR1A

1 0 1 0 WR2 RR2A

1 0 1 1 WR3A RR3A

1 1 o] 0 WR4A (RROA)

1 1 0 1 WRSA (RR1A)

1 1 1 0 WR6A RR6A

1 1 1 1 WR7A RR7A

With the Point High command:

0 0 0 0 - WR8B RR8B

] 0 0 1 WR9 RR13B

0 0 1 0 WR10B RR10B

0 0 1 1 WR11B (RR15B)

0 1 0 0 WR12B RR12B

0 1. (] 1 WR13B RR13B

0 1 B 0 WR14B (RR10B)

0 1 1 1 WR15B RR15B

1 0 0 0 WRSA RR8A

1 0 0 1 WR9 (RR13A)

1 0 1 0 WR10A RR10A

1 0 1 1 WR11A (RR15A)

1 1 0 0 WR12A RR12A

1 1 0 1 WR13A RR13A

1 1 1 0 WR14A (RR10A)

1 1 1 1 WR15A RR15A

D; Ds Ds Da Ds D: D Do
, - SDLGHDLC | SDLC/HDLC | SDLCHDLC
MustBe Set | Ext. Read Rx comp. DTR/REQ Force TxD Auto RTS Auto EOM Auto
to 0 Enable CRC Fast Mode High Turnoff Reset Tx Flag

WR7'—SDLC/HDLC Programmable Enhancements*

*Note: Options 3, 4, 5, and 6 may be used regardless of whether SDLC/HDLC mode is selected.
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Table 5. SDLC/HDLC Enhancements Enabled

AB PNT: PNT, PNT, Write Read
0 0 0 0 WRo0B RROB -
0 0 o] 1 WR1B RR1B
0 0 1 ] WR2 RR2B
o] 0 1 1 WR3B RR3B
0 1 0 0 WR4B RR4B (WR4B)
0 1 0 1 WRS5B RRSB (WR5B)
0 1 1 0 WR6B (RR2B)
0 1 1 1 WR7B (RR3B)
1 0 0 0 WROA RROA
1 0 0 1 WR1A RR1A
1 0 1 0 WR2 RR2A
1 0 1 1 WR3A RR3A
1 1 0 0 WR4A RR4A (WR4A)
1 1 0 1 WRS5A RR5A (WRSA)
1 1 1 0 WR6A (RR2A)
1 1 1 1 WR7A (RR3A)

With the Point High command:
0 0 0 0 WRS8B RR8B
0 0 ] 1 WR9 RR9 (WR3B)
0 0 1 0 WR10B RR10B
0. 0 1 1 WR11B RR11B (WR10B)
0 1 0 0 WR12B RR12B
0 1 0 1 WR13B RR13B
0. 1 1 0 WR14B RR14B (WR7'B)
0 1 1 1 WR15B RR15B
1 ] 0 0 WR8A RR8A
1 0" 0 1 WR9 RR9A (WR3A)
1 0 1 0 WR10A RR10A
1 0 1 1 WR11A RR11A (WR10A)
1 1 0 0 WR12A RR12A
1 1 0 1 WR13A RR13A
1 1 1 0 WR14A RR14A (WR7A)
1 1 1 1 WR15A RR15A
in order for this to function properly, bits D3 and D2 of CMOS Am85C30

WR10 must be set to 1 and 0, respectively.

CRC Character Reception
NMOS Am8530H

On the NMOS Am8530H, when the end-of-frame flag is
detected, the contents of the Receive Shift Register are
transferred to the Receive Data FIFO regardless of the
number of bits accumulated. Because of the 3-bit delay
between the Receive SYNC Register and Receive Shift
Register, the last 2 bits of the CRC check character re-
ceived are never transferred to the Receive Data FIFO.
Thus, the received CRC characters are unavailable for
use.

Onthe Am85C30, the option of being able to receive the
complete CRC characters generated by the transmitter
is provided when both bit Do of WR15 and bit Ds of WR7”
are set to 1. When these 2 bits are set and an end-of-
frame flag is detected, the last 2 bits of the CRC will
be clocked into the Receive Shift Register before its
contents are transferred to the Receive Data FIFO. The
data-CRC boundary and CRC character bit formats for
each Residue Code provided are shown in -Figures 17A
through 17D for each character length selected.

AmBS8&KCAan n c4
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Table 6. SDLC/HDLC Enhancements and 10x19 Bit FIFO Enabled

Tx Underrun/EOM

RTS Bit D1 WR5

RTS Pin (Active Low)

Figure 16. Auto RTS Reset Mode

‘(\—47

AB PNT. PNT, PNT, Write Read
0 0 0 0 WR0B RROB
0 0 0 1 WR1B RR1B
0 0 1 0 WR2 RR2B
0 0 1 1 WR3B RR3B
0 1 0 0 WR4B RR4B (WR4B)
0 1 0 1 WR5B RRSB (WRSB)
0 1 1 0 WR6B RR6B
.0 1 1 1 WR7B RR7B
1 0 0 0 WROA RROA
1 0 0 1 WR1A RR1A
1 0 1 0 WR2 RR2A
1 0 1 1 WR3A RR3A
1 1 0 0 WR4A RR4A (WR4A)
1 1 0 1 WRS5A RR5A (WR5A)
1 1 1 0 WR6A RR6A
1 1 1 1 WR7A RR7A
With the Point High command:
0 0 0 0 WRSB RR8B
0 0 0 1 WR9 RR9 (WR3B)
0 0 1 o] WR10B RR10B
0 0 1 1. WR11B RR11B (WR10B)
o] 1 0 0 WR12B RR12B
0 1 0 1 WR13B RR13B
0 1 1 0 WR14B RR14B (WR7'B)
0 1 1 1 WR158 RR15B
1 0 0 0 WR8A RR8A
1 0 0 1 WR9 RROA (WR3A)
1 0 1 0 WR10A RR10A
1 0 1 1 WR11A RR11A (WR10A)
1 1 0 o] WR12A RR12A
1 1 0 1 WR13A RR13A
1 1 1 0 WR14A RR14A (WR7'A)
1 1 1 1 WR15A RR15A
Data Being Sent ———»
| paa KorRe | crc | Fag

262
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Residue Residue
Code Code
012 012
001 101
D|D|D [D ID |ColCi|C2 D|D]|D [D |D |D |Co|Ci
Co|Ci1]C2{C3|C4|Cs|Cs |Cy D | CofCi1|C2|C3|Cs|Cs5[Cs
Cs| Ce| C7|Cs | Co |C10]C11]|Ci2 Ca| Cs| Cs|C7|Cs|Co [Ci0|Cny
Cs| Co| Ci10f C11] C12| C13|C14|C1s Cs| Ca| C10] C11|C12|C13[C14] C15
Residue Residue
Code Code
Q012 012,
100 010
D|ID|D |D (D |D |D [Co D|D|D D |D |D |D [D
D[D [Co|Ci]|Cz]|Cs[Cs|Cs D{D|D |Co|Ci|Cz]|Cs|Ca
C3] Cs|Cs}{Cs]C7|Cs |Co {Cio C2| C3| Cs|Cs|Cs |C7 |Cs |Ca
Cs| Co| C1o] C11| C12[ C13} C14|C15 C7| Cs] Ca|C1o| C11[C12[/C13|C1a
Cs| Ca| Ci0] C11]C12] C13|[C14|C1s

Residue
Code

012
110

D{D{D |D |D |[D |ID |D
D|D|D [D [Co[Ci]|C2]|Cs
C1] C2| C3{Ca{Cs |Cs {C7 |Ce
Cs] C7| Cs |Co |C10{C11|Ci12|C13
Ca| Cs| Cio[ C11] C12[C13[C14/C1s

Figure 17A. 5 Bits/Character

10216A-015A
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Residue Residue

Code Code

012, 012

010 : 110
p|o|p|p o |p [colc p|plo.p |p.|p |p [co
Co[ C1] C2|Cs[Cs |Cs |Cs |Cr D | Co} Ci]C2 |Cs [Cs [Cs ICs
Cs| C7] Cs | Cs | C10[C11[C12|Cia Cs| Cs] C7 |Cs |Co |C10|C11|C12
Cs| Co| C1o] C11] C12[C13[C14|Ci15 : Cs| Cs| C10|C11|C12|C13a|C14|C15s

Residue ' Residue

Code Code

012 012
001 101 ‘
DDDDD'DDD' D[D|D |ID |ID |[D [D |D
DD |Co|C:i]C:2|Cs |Cs [Cs D|D|D |Co[Ci]|C2]|Cs]|Cs
C4| Cs{ Ce]C7]Cs [Cs |C10]Ci1 Cs| C4] Cs |Cs |C7 |Cs |Ca [Cio
Cs| Co| C1of C11{ C12|/ C13|C14|C1s Cs| Co| Ci0[C11|C12|C13[|C14|C1s

Residue Residue

Code Code

02 012

011 100
D(D|D |ID |ID [D |ID ID DID|D ID |D |ID |D |D
D|D |D D |Co |Ci |C2 [Ca _ D|D|D [D [D |Co[Ci]|C2
Cz2| C3|Cs |Cs [Cs {C7 |Cs |Co Cy] C2] C3 [C4|Cs |Cs |C7 |Cs
Cs| Co|C10[C11/C12{C13]|C14]C1s C7| Cs] Ca |Ci0] C11|C12{C13|C14
: ’ Cs| Ca] C10|C11] C12|C13|C14[C1s

Figure 17B. 6 Bits/Character

10216A-016A
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Residue Residue
Code Code
012 012
111 . 100
D|D|D |D |D |D ID |Co DI{D|D |D|D |D |D |D
Co|C1]|C2|C3|Ca|Cs |Cs [C7 | D | Col C1]C2|Cs |Ca[Cs|Cs
Cz| Ca| Ca | C10] C11| C12{C13|C14 Cs| C7] Cs | Ca] Ci0[C11|C12| C1a
Csa| Co| C10] C11| C12| C13]C14|C1s Cs| Cof Cio] C11| C12|Ci3| C14| C1s
Residue ' Residue
Code Code
Q12 Q012
010 110
D|D|{D |D |D |D |ID |D D|D D‘ D |D |[D |[D |D
D|DJColCi|C2|Cs|Cs|Cs D|D|D [Co|Ci{C2]|Cs|[C4
Cs| Cs| C7 |Cs |Co [C10|C11|Ci2 Cs| Cs] Cs [C7[Ca [Cs [C10|C11
Cs| Ca| C10[C11{C12| C13|C14|C1s : Cs| Cs] Ci10|C11| Ci2{ C13|C14|Cis
Residue Residue
Code Code
012 012
001 101
D|D|D |D|D |D |[D |D Di{D|D D D ID [D |D
DI{D|D |D |Co|Ci |Ca|Cs DI{D|D|D |D |Co|Cy|C2
Ca| Cs| Cs|Cs|C7|Cs |Cs |Cio Cz| Ca] C4|Cs|Cs [C7|Cs |Co
Cs| Cs| Ci10] C11| C12[ C13{C14|C1s Cs| Co| Cio| C11| Ci12[ C13]|C14|C1s
Residue
Code
012
011

DI{D|D |D |D |[D |[D |[D
D|D|D|D [D [D |Co|Ci
Ci| Cz2| Ca|Cs[Cs |Cs |C7 [Cs
Cs| Ca| Ciof C11 C12{C13|C14|C1s

Figure 17C. 7 Bits/Character 10216A-017A
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Residue Residue
Code Code
012 012
011 111
(No Residue) (1 Residue Bit)
D|D|D |D |D |D |[D |D ‘"|blDi{D |D (D |D |D |D
Co| C1]C2|Ca|Cs |Cs|Cs [Cr D | Co| Ci1|C2]C3|Cs[Cs|Cs
Cs| Co| C10|C11| C12| C13]|C14|C1s -1 C7] Cs] Co{Cio| C11] C12/C13{ C1s
Cs| Cao| Ciol C11} C12| C13|C14| C1s

Residue Residue
Code Code
Q12 012
000 100
(2 Residue Bits) (3 Residue Bits)
DIDI|D |IDID |ID |D |D D|D|/D D |D |[D |[D |D
DD |Co|Ci[C2|C3]|Ca|Cs D|[D|D |Co[Ci]|Cz|Ca|C4
Cs| C7| Cs | Cs| C10|C11}{Ci2 Cia Cs| Cs| C7[Cs | Cs |C10|C11|C12
Cs| Co| C10] C11| C12{C13| C14] C1s Cs| Cs| Cio] C1q| C12| C13[C14[Cis
Residue ’ Residue
Code Code
012 012
010 110
(4 Residue Bits) (5 Residue Bits)
.D{D|D |D [D |D |D |D D|ID|ID |D |D |D |D |D
D|D|D D |Co|Ci|C2|Ca D|D|D [D |D |Co |Ci |C2
Ca| Cs{ Cs | C7|Cs |Co |Ci0]C11 Cs| Ca| Cs |Cs |C7{Cs |Co |Cio
Cs| Cs| Cio] C11] C12{ C13|C14|C1s Cs| Cs| Ci0|C11| C12| C13|C14[Ci1s
Residue Residue
Code k Code
Q12 012
001 101
(6 Residue Bits) (7 Residue Bits)
p/plp|o|p b o |p : p|olp|p|pip|p |p
D|(D|D |D {D |D [Co|Cs D|{D|{D |D |D [D |D |Co
Cz| C3| C4[Cs|Cs |C7 |Cs |Co | Ci| C2| C3[Ca[Cs [Ce |C7 [Cs
Cs| Cs| Cio| C11{ C12|C13[C14|Cis Cs| Cso| Cio| C11| C12| C13] C14[C1s
Figure 17D. 8 Bits/Character : 10216A-018A
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Auto Flag Mode

On the NMOS Am8530H, if the transmitter is actively
markidling and a frame of data is ready to be transmitted,
the Mark/Flag Idle bit must be set to 0 before data is writ-
ten to WRS8, otherwise the opening flag will not be sent
properly. However, care must be exercised in doing this
because the mark idle pattern (eight 1 bits) is transmitted
8 bits at a time, and all 8 bits must have transferred out of
the Transmit Shift Register before a flag may be loaded
and sent. If data is written into the Transmit Buffer (WR8)
before the flag is loaded into the Transmit Shift Register,
the data character written to WR8 will supersede flag
transmission and the opening flag will not be transmitted.

Onthe CMOS Am85C30, if bit Do of WR15is setto 1 and
the ESCC is programmed for SDLC operation, an option
is provided via bit Do of WR7’ that eliminates this require-
ment. if bit Do of WR7”is setto 1 and a character is written
to the Transmit Buffer while the transmitteris mark idling,
the Mark/Flag Idle bit in WR10 need not be reset to 0 in
order to have the opening flag sent because the transmit-
ter will automatically send it before commencing to send
data.

In addition, as long as bit Do of WR15 and bit D1 of WR7’
are setto 1, the CRC transmit generator will be automati-
cally preset to the initial state programmed by bit D7 of
WR10 (so the Reset Tx CRC Generator command is
also not necessary), and the Tx Underrun/EOM latch will
be reset automatically on every new frame sent. This en-
sures that an opening flag and proper CRC generation
and transmission will always be sent without processor
intervention under varying bus latency conditions.

Auto Transmit CRC Generator Preset

The NMOS Am8530H does not automatically preset the
CRC generator prior to frame transmission. This must be
done in software, usually during the initialization routine.
This is accomplished by issuing the Reset Tx CRC Gen-
erator Command via WRO. For proper results, this com-
mand must be issued while the transmitter is enabled
and idling and before any data are written to the Transmit
Buffer.

In addition, if CRC is to be used, the transmit CRC gen-
erator must be enabled by setting bit Do of WR5 to 1.
CRC is normally calculated on all characters between
opening and closing flags, so this bit should be setto 1 at
initialization and never changed.

On the CMOS Am85C30, setting bit Do of WR15 to 1 will
cause the transmit CRC generator to be preset automati-
cally every time an opening flag is sent, so the Reset Tx
CRC Generator Command is not necessary.

Auto Tx Underrun/EOM Latch Reset

On the ESCC, the transmission of the CRC check char-
acters is controlled by the Transmit CRC Enable bit in
WR5 (Do) and the Tx Underrun/EOM bit in RRO (Ds).
However, if the Transmit Enable bit is set to 0 when a
transmit underrun (i.e., both the Transmit Buffer and
Transmit Shift Register become empty) occurs, the CRC
check characters will not be sent regardless of the state
of the Tx Underrun/EOM bit.

Ifthe Transmit Enable bitis setto 1 when anunderrun oc-
curs, then the state of the Tx Underrun/EOM bit and the

Abort/Flag on Underrun bit in WR10 (D) determine the
action taken by the transmitter. The Abort/Flag on Un-
derrun bit may be set or reset by the processor, whereas
the Tx Underrun/EOM bit is set by the transmitter and
can only be reset by the processor via the Reset Tx Un-
derrun/EOM Command in WRO.

If the Tx Underrun/EOM bit is set to 1 when an underrun
occurs, the transmitter will close the frame by sending a
flag; however, if this bit is set to 0, the frame data will be
appended with either the accumulated CRC characters
followed by a flag or an abort pattern followed by a flag,
depending on the state of the Abort/Flag on Underrun bit
in the WR10 (Dz). In either case, after the closing flag is
sent, the transmitter will idle the transmission line as
specified by the Mark/Flag Idle bit Ds in WR10.

Hence, if the CRC check characters are to be properly
appended to a frame, the Abort/Flag on Underrun bit
must be setto 0, and the Reset Tx Underrun/EOM Com-
mand must be issued after the first but before the last
character is written to the Transmit Buffer. This will en-
sure that either an abort or the CRC will be transmitted if
an underrun occurs. Normally, the Abort/Flag on Under-
run bit in WR10 should be set to 1 around the same time
thatthe Tx Underrun/EOM bit is reset so that an abort will
be sent if the transmitter accidentally underruns, and
thensetto 0 nearthe end of the frame to allow the correct
transmission of CRC.

Onthe Am85C30, if bit Do of WR15 is set to 1, the option
of having the Tx Underrun/EOM bit reset automatically at
the start of every frame is provided via bit D1 of WR7".
This helps alleviate the software burden of having to re-
spond within one character time when high-speed data
are being sent.

SDLC/HDLC NRZI Transmitter Disabling

Onthe NMOS Am8530H, if NRZI encoding is beingused
and the transmitter is disabled, the state of the TxD pin
will depend on the last bit sent. That is, the TxD pin may
either idle in a Low or High state as shown in Figure 18.

On the CMOS Am85C30, an option is provided that al-
lows setting the TxD pin High when operating in SDLC
mode with NRZ| encoding enabled. If bit Do of WR15 is
setto 1, then bit Dz of WR7’ can be used to set the TxD
pin High. Note that the operation ofthis bit is independent
of the Tx Enable bitin WR5. The Tx Enable bit in WR5 is
used to disable and enable the transmitter, whereas bit
D3 of WR7’ acts as a pseudo transmitter disable and en-
able by just forcing the TxD pin High when set even
though the transmitter ‘may actually be mark or flag
idling. Care must be used when setting this bit because
any character being transmitted at the time this bit is set
will be “chopped off,” and data written to the Transmit
Buffer while this bit is set will be lost.

When the transmit underrun occurs and the CRC and
closing flag have been sent, bit Dacan be set to pull TxD
High. When ready to start sending data again this bit
must be reset to 0 before the first character is written to
the Transmit Buffer. Note that resetting this bit causes
the TxD pinto take whatever state the NRZI encoderis in
at the time, so synchronization at the receiver may take
longer because the first transition seen on the TxD pin
may not coincide with a bit boundary. Note that in order

Am85C30
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Transmitter Disabled Here

TxD Pin Output (NRZI Encoded)

.1
Lo

—

Figure 18. Transmitter Disabling with NRZI Encoding

10216A-019A

for this to function properly, bits Ds and D2 of WR10 must
be setto 1 and 0, respectively.

Interrupt Masking Without INTACK

The NMOS Am8530H's ability to mask lower priority in-
terrupts is done via the 1US bit. This bit is internal to the
SCC and is not observable by the processor. Being able
to automatically mask lower priority interrupts allows a
modular approachto coding interrupt routines. However,

using the masking capabhilities of the NMQOS SCC re-

quires that the INTACK cycle be generated. In stand-

alone applications, having to generate INTACK through

external hardware in order to use this capability is an
unnecessary expense.

On the CMOS Am85C30, if bit Ds in WR@ is setto 1, the
INTACK cycle does not need to be generated in order to
have the IUS bit set. This allows the user to respond to
ESCC interrupt requests with a software acknowledg-
ment through RR2. When bit Ds in WR9 is set and an
interrupt occurs, a read to RR2 emulates a hardware
Interrupt Acknowledge cycle as it functions in Vectored
mode. In this case the CPU must first read RR2 to deter-
mine the internal interrupt source and then jump to the
appropriate interrupt routine. Reading RR2 sets the IUS
bit forthe highest priority IP. After the interrupting condi-
tion is cleared, the routine can then read RR3 to deter-

mine if any other IPs are set and clear them. Atthe end of
the interrupt routine, a Reset 1US command must be is-
sued to unlock the internal daisy chain.

Since the CPU can acknowledge the ESCC of highest
priority with a read of its RR2 interrupt vector, there is no
needfor an external daisy chain. IElfor all ESCC devices
should be tied active High. When acknowledging an
ESCC interrupt request, the CPU mustissue one read to
RR2 per interrupt request. The modified interrupt vector
can be read from Channel B, orthe original vector stored
in WR2 can be read from Channel A. Either action will
produce the same internal actions on the IUS logic. Note
that the No Vector and Vector Includes Status bits in
WR9 are ignored when bit Ds in WR9 is set to 1.

2-Mb/s FM Data Transmission and Reception

The 16-MHz version of the CMOS Am85C30
(Am85C30-16) is capable of transmitting and receiving
FM-encoded data at the rate of 2 Mb/s. This is accom-
plished by applying a 32-MHz clock to the RTxC pin and
assigning this waveform to drive the Internal Digital
Phase-Locked Loop (DPLL) clock. This feature allows
the user to send both clock and data information overthe
same line at 2 Mb/s and can eliminate external DPLLs
required for high-speed NRZ data clock generation.

2-68
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -65to +150°C
Voltage at any Pin
Relative to Vss -0.5t0+7.0V

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device reli-
ability.

OPERATING RANGES
Commercial (C) Devices

Ambient Temperature (Ta) 0to +70°C

Supply Voltage (Vcc) +5V +10%
Industrial (I) Devices

Ambient Temperature (Ta) —40 to +85°C

Supply Voltage (Vcc) 5V +10%
Military (M) Devices

Case Temperature (Tc) ~55° to 125°

Supply Voltage (Vce) 5V +10%

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over operating range

Parameter Parameter : .
Symbol Description Test Conditions Min Max Unit
ViH Input High Voltage Commercial 2.2 Vee 40.3*  V
ViL Input Low Voltage : -0.3* 0.8 v
VoH1 Output High Voltage lon = —1.6 mA 24 \
Voh2 Output High Voltage lon = ~250 uA o Vee —0.8 v
Voo Output Low Voltage lo = +2.0 mA 0.4 Vv
I Input Leakage 04V<Vn<24V +10.0 HA
loL Output Leakage 0.4V <Vour<24V +10.0 LA
Iccs Vcec Supply Current 8.192 MHz 18 mA
10 MHz Inputs at 18 mA
12 MHz voltage rails, 22 mA
16.384 MHz output unloaded 22 mA
20 MHz 30 mA
Cin Input Capacitance Unmeasured pins returned 10 pF
Cour Output Capacitance to ground = 1 MHz over 15 pF
Cmo " Bidirectional Capacitance  specified temperature range 20 pF

*Viu Max and Vi Min not tested. Guaranteed by design.

Standard Test Conditions

The characteristics below apply for the following stan-
dard test conditions, unless otherwise noted. All voltages

are referenced to GND. Positive current flows into the
referenced pin. Standard conditions are as follows:

+4.5V<Vec<+55V
GND = 0V ’
0°C < Ta<70°C

SWITCHING TEST CIRCUITS
Standard Test Dynamic Load Circuit

lot=2 mA

Threshold

Voltage From Output

Under Test

750F

low =250 pA

Vi=14V

Open-Drain Test Load

+5V

2.2K

From Output
Under Test

75 pF

] |

10216A-21A
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range

General Timing (see Figure 19)

Parameter Parameter 8.192 MHz 10 MHz 16.384 MHz
No. Symbol Description Min. | Max. | Min. | Max.{ Min. | Max. | Unit
1 TdPC(REQ) PCLK | to W/REQ Valid Delay 250 150 ‘ 80 ns
2 TdPC(W) PCLK | to Wait Inactive Delay 350 250 180 ns
3 TsRXC(PC) RxC 1 to PCLK T Setup Time NA NA NA NA NA NA
(Notes 1,4 & 8) -
4 TsRXD(RXCr) RxD to RxC T Setup Time 0 0 0 ns
(X! Mode) (Note 1)
5 ThRXD(RXCr) RxD to RxC T Hold Time 150 125 50 ns
(XI Mode) (Note 1)
6 TsRXD{RXCH) RxD to RxC | Setup Time 0 0 0 ns
(XI Mode) (Notes 1, 5)
7 ThRXD(RXCH) RxD to RxC | Hold Time 150 125 50 ns
(XI Mode) (Notes 1, 5)
8 TsSY(RXC) SYNC to RxC T Setup Time ~-200 "-150 -100 ns
(Note 1)
9 ThSY(RXC) SYNC to RxC T Hold Time 5TcPC 5TcPC 5TcPc ns
(Note 1)
10 TsTXC(PC) TxC | to PCLK T Setup Time NA NA NA
(Notes 2, 4 & 8) .
1 TdTXCH(TXD) TxC { to TxD Delay (X! Mode) 200 150 80 | ns
(Note 2)
12 TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 200 150 80 ns
(Notes 2, 5)
13 TdTXD(TRX) TxD to TRxC Delay 200 140 80 ns
(Send Clock Echo)
14a TwRTXh RTxC High Width (Note 6) 150 120 80 ns
14b TwRTxh(E) RTxC High Width (Note 9) 50 40 15.6 ns
15a TwRTXI RTxC Low Width (Note 6) 150 120 80 ns
15b TwRTXI(E) RTxC Low Width (Note 9) 50 40 15.6 ns
16a TcRTX RTxC Cycle Time (Notes 6, 7) 488 400 244 ns
16b TcRTx(E) RTxC Cycle Time (Note 9) 125 100 31.25 ns
17 TcRTXX Crystal Oscillator Period (Note 3)] 125 | 1000 | 100 | 1000 62 1000 | ns
18 TwTRXh TRxC High Width (Note 6) 150 120 80 ns
19 TwTRXI TRxC Low Width (Note 6) 150 120 80 ns
20 TcTRX TRxC Cycle Time (Notes 6, 7) 488 400 244 ns
21 TWEXT DCD or CTS Pulse Width 200 120 70 ns
22 TwSY SYNC Pulse Width 200 120 70 ns
Notes:

1. BxC is RTxC or TRxC, whichever is supplying the receive clock.
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock.

Hw

RxC and PCLK or TxC and PCLK is required.
5. Parameter applies only to FM encoding/decoding.

[+2]

7. The maximum receive or transmit data is 1/4 PCLK.

8. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation.
TRxC and RTxC rise and fall times are identical to PCLK. Reference timing specs Tipc and Trpc.
Tx and Rx input clock slow rates should be kept to a maximum of 30 ns. All parameters related to input CLK edges
should be referenced at the point at which the transition begins or ends, whichever is the worst case.

9. ENHANCED FEATURE—RTXC used as input to internal DPLL only.

. Both RTxC and SYNC have 30-pF capacitors to ground connected to them.
. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between

. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to
chip PCLK requirements.
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SWITCHING TEST INPUT/OUTPUT WAVEFORM

24V
20V Test 7. 2.0V
0.8 v+ Points~a g gV,

04V

AC testing: Inputs are driven at 2.4 V for a logic 1 and 0.4 V for a Io?ic 0.
Timing measurements are made at 2.0 V for a logic 1 and 0.8 V for logic 0.

0o

PCLK \/\{\JW
|
l
i
|
|
!

W/REQ I
Request : \l‘
W/REQ
Wait /-

RTxC, TRxC : /
Receive 'jr | 17 )

T X
Rl S C
_
TR A I NI

TxD Kl_;; L E(

TRxC -X ) ; -
Qutput
| m [ | .
3 s i |
| P4 I
‘ e Y, | ‘
N S S e
: '

Figure 19. General Timing
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued)
System Timing (see Figure 20)

Parameter Parameter 8.192 MHz 10 MHz
No. Symbol Description Min. | Max.{ Min. | Max. | Unit
1 TdRXC(REQ) RXC T W/REQ Valid Delay 8 12 8 12 |TcPc
(Note 2)
2 TARXC(W) RXC T to Wait Inactive Delay . 8 14 8 14 | TcPc
(Notes 1, 2)
3 TdRXC(SY) RxC T to SYNC Valid Delay 4 7 4 7 |TePe
(Note 2)
4 TdRXC(INT) RxC T1o INT Valid Delay 10 16 10 16 | TePe
(Notes 1, 2)
5 TdTXC(REQ) TxC Tto WREQ Valid Delay 5 8 5 8 |TcPc
(Note 3)
6 TdTXC(W) TxC | to Wait Inactive Delay 5 11 5 11 |TePc
(Notes 1, 3)
7a TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 | TcPe
(Note 3)
7b TdTXC(EDRQ) TxC | to DTR/REQ Valid Delay 5 8 5 8 |[TcPc
(Notes 3, 4) ’
8 TATXC(INT) TxC ! to INT Valid Delay 6 10 6 10 | TcPe
(Notes 1, 3)
9 TdSY(INT) SYNC Transition to TNT Valid 2 6 2 6 |TcPc
Delay (Note 1)
10 TAEXT(INT) DCD or CTS Transition to INT- - 2 6 2 6 |TcPc
Valid Delay (Note 1)
Parameter Parameter 16.364 MHz
No. Symbol Description Min. Max. Unit
1 TdRXC(REQ) RXC T W/REQ Valid Delay 8 12 TcPc
(Note 2) )
2 TdRXC(W) RXC T to Wait Inactive Delay 8 14 TePc
(Notes 1, 2)
3 TdRXC(SY) RxC 1 to SYNC Valid Delay 4 7 TcPc
(Note 2)
4 TARXC(INT) RxC Tto INT Valid Delay~ ) 10 16 TePc
(Notes 1, 2)
5 TdTXC(REQ) TxC | to WREQ Valid Delay 5 8 TcPc
(Note 3)
6 TdTXC(W) TxC | to Wait Inactive Delay 5 11 TePe
(Notes 1, 3)
7a TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 TcPc
(Note 3)
7b TdTXC(EDRQ) TxC ! to DTR/REQ Valid Delay 5 8 TePc
(Notes 3, 4)
8 TATXC(INT) TxC | to INT Valid Delay 6 10 TePc
(Notes 1, 3)
9 TdSY(INT) SYNC Transition to INT Valid 2 6 TcPc
Delay (Note 1)
10 TAEXT(INT) DCD or CTS Transition to INT 2 6 TcPc
Valid Delay (Note 1)
Notes:

1. Open-drain output, measured with open-drain test load.

2. BxC is RTxC or TRxC, whichever is supplying the receive clock.
3. TxC is TRXC or RTXC, whichever is supplying the transmit clock.
4. Parameter applies to Enhanced Request mode only.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Contmued)
Read and Write Timing (see Figure 21)

Parameter Parameter 8.192 MHz 10 MHz 16.384 MHz
No. Symbol Description Min. | Max. | Min. | Max.| Min. | Max. | Unit
1 TwPCl PCLK Low Width 50 | 2000 40 2000 26 2000 | ns
2 TwPCh PCLK High Width 50 | 2000 40 2000 26 2000 | ns
3 T{PC PCLK Fall Time 15 12 8 ns
4 TrPC PCLK Rise Time 15 12 8 ns
5 TePC PCLK Cycle Time 122 | 4000 100 | 4000 61 4000 | ns
6 TsA(WR) Address to WR { Setup Time 70 50 35 ns
7 ThA(WR) Address to WR T Hold Time 0 0 0 ns
8 TsA(RD) Address to RD | Setup Time 70 50 35 ns
9 ThA(RD) Address to RD T Hold Time 0 0 0 ns
10 TsIA(PC) INTACK to PCLK T Setup Time 20 20 15 ns
1 TsIA(WR) INTACK to WR | Setup Time 145 120 70 ns
(Note 1) ’
12 ThIA(WR) INTACK to WR T Hold Time 0 0 0 ‘1 ns
13 TsIA(RD) INTACK to RD | Setup Time 145 120 70 ns
(Note 1)
14 ThIAi(RD) INTACK to RD T Hold Time o 0 ] ns
15 ThIA(PC) INTACK to PCLK T Hold Time 40 30 15 ns
16 TsCEI(WR) CE Low to WR | Setup Time 0 0 0 ns
17 ThCE(WR) CE to WR T Hold Time 1 o 0 0 ns
18 TsCEh(WR) CE High to WR | Setup Time 60 50 30 ns
19 TsCEI(RD) - | CE Low to RD ! Setup Time 0 0 0 ns
(Note 1)
20 ThCE(RD) CEto RD T Hold Time (Note1) 0 0 0 ns
21 TsCEh(RD) CE High to RD ! Setup Time | 60 50 30 ns
(Note 1)
22 TwRDI RD Low Width (Note 1) 150 125 75 ns
23 TdRD(DRA) RD ! to Read Data Active Delay .0 0 o’ ns
24 TdRDr(DR) RD T to Read Data Not Valid Delay 0 0 0 ns
25 TdRDf(DR) RD ! to Read Data Valid Delay 140 120 70 ns
26 TdRD(DRz) RD T to Read Data Float Delay 40 35 20 ns
(Note 2)
Notes:

1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC load and
minimum AC load.
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued)
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24)

Parameter Parameter 8.192 MHz 10MHz | 16.384 MHz

No. Symbol Description Min. | Max. | Min. { Max. | Min. | Max. | Unit

27 TdA(DR) Address Required Valid to Read 220 160 100 ns
Data Valid Delay

28 TwWRI WR Low Width 150 125 75 ns

29 - TAWR{(DW) WR ! to Write Data Valid 35 35 20 ns

30 ThDW(WR) Write Data to WR T Hold Time 0 0 0 ns

31 TdWR(W) WR | to Wait Valid Delay (Note 2) 170 100 50. ns

32 TdRD(W) RD | to Wait Valid Delay (Note 2) 170 100 50 ns

33 TdWRI(REQ) WR | to W/REQ Not Valid Delay 170 120 70 ns

34 TdRDf(REQ) RD | to W/REQ Not Valid Delay 170 120 70 ns

35a | TdWRr(REQ) WR | to DTR/REQ Not Valid Delay 4.0TcPc 4.0TcPc 4.0TcPc| ns

35b | TdWRr(EREQ) | WR ! to DTR/REQ Not Valid Delay 120 120 70 | ns

36 TdRDr(REQ) RD T to DTR/REQ Not Valid Delay NA NA NA ns

37 TdPC(INT) PCLK | to INT Valid Delay (Note 2) 500 400 175 | ns

38 TdIAi(RD) INTACK to RD | (Acknowledge) 150 125 50 ns
Delay (Note 3)

39 TwRDA RD (Acknowledge) Width 150 125 75 ns

40 TdRDA(DR) RD | (Acknowledge) to Read 140 120 70 ns
Data Valid Delay

41 TsIERDA) IEI to RD | (Acknowledge) Setup 95 80 50 45 ns
Time

42 ThIEI(RDA) IEI to RD T (Acknowledge) Hold 0 0’ ] ns
Time .

43 TdIEI(IEO) IEl to IEO Delay Time 95 80 45 ns

44 TdPC(IEQ) PCLK T to IEO Delay 200 175 80 ns

45 TdRDA(INT) RD | to INT Inactive Delay (Note 2) 450 320 200 | ns

46 TdRD(WRQ) RD T to WR | Delay for No Reset 15 15 10 ns

47 TdWRQ(RD) WR T to RD | Delay for No Reset 15 15 10 ns

48 TWRES WR and RD Coincident Low for 150 100 75 ns
Reset )

49 Trc Valid Access Recovery Time 35 35 35 TcPc
(Note 1)

Notes:

1. Parameter applies only between transactions involving the ESCC, if WR/RD falling edge is synchronized to PCLK
falling edge, then TrC = 3TcPc.

2. Open-drain output, measured with open-drain test load.

3. Parameter is system dependent. For any SCC in the daisy chain, TdlIAi(RD) must be greater than the sum of DdPC(IEQ)
for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEI(IEO) for each device separating
them in the daisy chain.

4. Parameter applies to Enhanced Request mode only.
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Figure 22. Reset Timing
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range
General Timing (see Figure 19)

Parameter Parameter 8.192 MHz 10 MHz 16.384 MHz
No. Symbol Description Min. | Max. | Min. | Max.| Min. | Max. | Unit
1 TdPC(REQ) PCLK | to W/REQ Valid Delay 250 150 80 ns
2 TdPC(W) PCLK | to Wait Inactive Delay 350 250 180 ns
3 TsRXC(PC) RxC 1 to PCLK T Setup Time NA NA NA NA NA NA
(Notes 1, 4 & 8)
4 TsRXD(RXCr) RxD to RxC T Setup Time 0 0 0 ns
(XI Mode) (Note 1) ’ ‘
5 ThRXD(RXCr) RxD to RxC T Hold Time 150 125 50 ns
(XI Mode) (Note 1)
6 TsRXD(RXCH) RxD to RxC | Setup Time 0 0 ] ns
(XI Mode) (Notes 1, 5)
7 ThRXD(RXCH) RxD to RxC | Hold Time 150 125 50 ns
(Xl Mode) (Notes 1, 5)
8 TsSY(RXC) SYNC to RxC T Setup Time -200 ~150 -100 ns
(Note 1)
9 ThSY(RXC) SYNC to RxC T Hold Time 5TcPC 5TcPC 5TcPc ns
‘ {Note 1)
10 TsTXC(PC) TxC | to PCLK T Setup Time NA NA NA
(Notes 2,4 & 8)
11 TdTXCHTXD) TxC | to TxD Delay (X Mode) 200 150 80 | ns
(Note 2)
12 TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 200 150 80 ns
(Notes 2, 5)
13 TdTXD(TRX) TxD to TRxC Delay 200 140 80 ns
(Send Clock Echo)
14a TwRTXh RTxC High Width (Note 6) 150 120 80 ns
14b TwRTxh(E) RTxC High Width (Note 9) - 50 40 15.6 ns
15a TwRTXI RTxC Low Width (Note 6) 150 . 120 80 ns
15b TwRTXI(E) RTxC Low Width (Note 9) 50 40 15.6 ns
16a TcRTX RTxC Cycle Time (Notes 6, 7) 488 400 244 ns
16b TcRTx(E) RTxC Cycle Time (Note 9) 125 100 31.25 1 ns
17 TcRTXX Crystal Oscillator Period (Note 3)] 125 | 1000 { 100 | 1000 62 1000 | ns
18 TwTRXh TRxC High Width (Note 6) 150 120 80 ns
19 TwTRXI TRxC Low Width (Note 6) 150 120 80 ns
20 TcTRX . TRxC Cycle Time (Notes 6, 7) 488 400 244 ns
21 TwEXT DCD or CTS Pulse Width 200 120 70 ns
22 TwSY SYNC Pulse Width 200 120 70 ns

Notes:

. RxC is RTxC or TRxC, whichever is supplying the receive clock.

2. TxCis TRxC or RTxC, whichever is supplying the transmit clock.

3. Both RTxC and SYNC have 30-pF capacitors to ground connected to them.

4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between
BxC and PCLK or TxC and PCLK is required.

. Parameter applies only to FM encoding/decoding.

. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to
chip PCLK requirements.

. The maximum receive or transmit data is 1/4 PCLK.

. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation.
TRxC and RTxC rise and fall times are identical to PCLK. Reference timing specs Tfpc and Trpc.
Tx and Rx input clock slow rates should be kept to a maximum of 30 ns. All parameters related to input CLK edges
should be referenced at the point at which the transition begins or ends, whichever is the worst case.

9. ENHANCED FEATURE—RTXC used as input to internal DPLL only.

—_
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (Continued)
System Timing (see Figure 20)

8.192 MHz 10 MHz
Parameter Parameter
No. Symbol Description Min. Max. Min. Max. Unit
1 TdRXC(REQ) RXC T W/REQ Valid Delay 8 12 8 12 TcPc
(Note 2)
2 TdRXC(W) RXC T to Wait Inactive Delay 8 14 8 14 TcPe
(Notes 1, 2)
3 TdRXC(SY) RxC T to SYNC Valid Delay 4 7 4 7 TcPc
(Note 2)
4 TARXC(INT) RxC T 1o INT Valid Delay 10 16 10 16 TcPe
(Notes 1, 2)
5 TdTXC(REQ) TxC | to W/REQ Valid Delay 5 8 5 8 TcPc
| . {Note 3)
6 TdTXC(W) TXC | to Wait Inactive Delay 5 11 5 11 TcPc
(Notes 1, 3)
7a TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 TcPe
(Note 3)
7b TdTXC(EDRQ) TxC | to DTR/REQ Valid Delay 5 8 5 8 TcPc
‘ - {Notes 3, 4)
8 TdTXC(INT) TxC | 10 INT Valid Delay 6 10 6 10 TePe
(Notes 1, 3)
9 TdSY(INT) SYNC Transition to INT Valid - 2 6 2 6 TcPc
) Delay (Note 1) )
10° TAEXT(INT) DCD or CTS Transition to INT 2 6 2 6 TePe
Valid Delay (Note 1)
Parameter Parameter 16.384 MHz
No. Symbol Description Min. Max. Unit
1 TdRXC(REQ) RXC T W/REQ Valid Delay 8 12 TcPc
{Note 2) :
2 TdRXC(W) RXC T to Wait Inactive Delay 8 14 TePe
(Notes 1, 2)
3 TdRXC(SY) RxC T to SYNC Valid Delay 4 7 TePe
(Note 2) )
4 TdRXC(INT) RxC T to INT Valid Delay 10 16 TcPe
(Notes 1, 2) -
.5 TdTXC(REQ) TxC | to W/REQ Valid Delay 5 8 TcPe
(Note 3)
6 TdTXC(W) TxC | to Wait Inactive Delay 5 11 TcPc
(Notes 1, 3)
7a TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 TePc
(Note 3)
7b TdTXC(EDRQ) TxC | to DTR/REQ Valid Delay 5 8 TcPc
(Notes 3, 4)
8 TdTXC(INT) TXC | to INT Valid Delay 6 10 TcPc
(Notes 1, 3)
9 TdSY(INT) SYNC Transition to INT Valid 2 6 TcPc
Delay (Note 1)
10 TAEXT(INT) DCD or CTS Transition to INT 2 6 TcPc
Valid Delay {(Note 1)
Notes:

1. Open-drain output, measured with open-drain test load.

2. RxC is RTxC or TRxC, whichever is supplying the receive clock.
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock.
4. Parameter applies to Enhanced Request mode only.
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (Continued)
Read and Write Timing (see Figure 21)

Parameter Parameter 8.192 MHz 10 MHz 16.384 MHz .
No. Symbol Description Min. | Max. | Min. | Max.| Min. | Max. | Unit
1 TwPCI PCLK Low Width ' 50 {1000 | 40 [1000 | 26 | 1000 | ns
2 TwPCh PCLK High Width 50 1000 40 1000 26 1000 | ns
3 TiPC PCLK Fall Time 15 12 8 ns
4 TriPC PCLK Rise Time 15 12 8 ns
5 TcPC PCLK Cycle Time 122 | 2000 | 100 | 2000 61 2000 | ns
6 TsA(WR) Address to WR | Setup Time 70 50 | 35 : ns
7 ThA(WR) Address to WR T Hold Time : 0 0 : 0 ] ns
8 TsA(RD) Address to RD | Setup Time 70 50 35 ns
9 ThA(RD) Address to RD T Hold Time 0 0 0 "1 ns
10 TslA(PC) INTACK to PCLK T Setup Time 20 20 15 ns
11 TsIA(WR) INTACK to WR | Setup Time 145 120 70 ns
(Note 1)
12 ThIA(WR) INTACK to WR T Hold Time . 0 0 0 ns
13 TslA(RD) INTACK to RD { Setup Time 145 120 70 ns
(Note 1)
14 ThIAi(RD) INTACK to RD T Hold Time 0 0 0 ns
15 ThIA(PC) INTACK to PCLK T Hold Time 40 30 15 ns
16 TsCEI(WR) CE Low to WR | Setup Time 0 0 0 ns
17 ThCE(WR) CEto WR T Hold Time 0 0 0 ns
18 TsCEh(WR) CE High to WR | Setup Time 60 50 ‘ 30 | ns
19 TsCEI(RD) CE Low to RD { Setup Time 0 0 0 ns
(Note 1) .
20 | ThCE(RD) CE to RD T Hold Time (Note1) 0 0 0 ns
21 TsCEh(RD) CE High to RD | Setup Time 60 50 30 ns
(Note 1) .
22 TwRDI RD Low Width (Note 1) 150 125 75 ns
23 TdRD(DRA) RD ! to Read Data Active Delay 0 0 0 ns
24 | TdRDr(DR) RD T to Read Data Not Valid Delay | * 0 0 0 ns
25 TdRD{(DR) RD | to Read Data Valid Delay | 140 125 90 70 | ns
26 TdRD(DRz) RD T to Read Data Float Delay 40 35 25 20 ns
(Note 2)
Notes:

1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC load and
minimum AC load.
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (Continued)
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24)

Parameter Parameter 8.192 MHz 10 MHz 16.384 MHz

No. Symbol Description Min. | Max. | Min. | Max. [ Min. | Max. | Unit

27 TdA(DR) Address Required Valid to Read 220 160 100 ns
Data Valid Delay

28 TWWRI WR Low Width 150 125 75 ns

29 TdWRf(DW) WR { to Write Data Valid 35 35 ' 20 ns

30 ThDW(WR) Write Data to WR T Hold Time ] 0 0 ns

31 TdWR(W) WR ! to Wait Valid Delay (Note 2) 170 100 50 ns

32 TdRD(W) RD | to Wait Valid Delay (Note 2) 170 100 50 ns

33 TdWRF(REQ) WR | to W/REQ Not Valid Delay 170 120 70 | ns

34 TJdRDI(REQ) RD | to W/REQ Not Valid Delay 170 120 70 | ns

35a | TdWRr(REQ) WR | to DTR/REQ Not Valid Delay 4.0TcPc| 4,0TcPc| 4.0TcPc| ns

35b TdWRr(EREQ) | WR | to DTR/REQ Not Valid Delay 120 120 70 ns

36 TdRDr(REQ) RD T to DTR/REQ Not Valid Delay NA NA NA ns

37 TdPC(INT) PCLK ! to INT Valid Delay (Note 2) 500 400 175 | ns

38 TdIAI(RD) INTACK to RD | (Acknowledge) 150 125 50 ns
Delay (Note 3) :

39 TwRDA RD (Acknowledge) Width 150 125 75 ns

40 TdRDA(DR) RD ! (Acknowledge) to Read 140 120 70 ns
Data Valid Delay

41 TsIEI(RDA) IEI'to RD | (Acknowledge) Setup 95 80 50 ns
Time

42 ThIEI(RDA) IElto RD T (Acknowledge) Hold 0 0 0 ns
Time

43 TdIEI(IEO) |IEi to IEQ Delay Time 95 80 45 ns

44 | TdPC(IEO) PCLK T to IEO Delay 200 175 80 | ns

45 TdRDA(INT) RD ! to INT Inactive Delay (Note 2) 450 320 200 | ns

46 TdRD(WRQ) RD T to WR { Delay for No Reset 15 15 10 ns

47 TdWRQ(RD) WR T to RD | Delay for No Reset 15 15 10 ns

48 TwRES WR and RD Coincident Low for 150 100 75 ns
Reset

49 Trc Valid Access Recovery Time 3.5 35 3.5 TePc
(Note 1)

Notes:

1.

2.
3.

Parameter applies only between transactions involving the ESCC, if WR/RD falling edge is synchronized to PCLK
falling edge, then TrC = 3TcPc.

Open-drain output, measured with open-drain test load.
Parameter is system dependent. For any SCC in the daisy chain, TdIAi(RD) must be greater than the sum of DdPC(IEO)
for the highest priority device in the dalsy chain, TsIEI(RDA) for the SCC, and TdIEI{IEO) for each device separating
them in the daisy chain.

. Parameter applies to Enhanced Request mode only.
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Am85C230A

Enhanced Serial Communication Controller
with LocalTalk™ Support (ESCC/LT)

n

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

M Plug compatible with Zilog 285230

— Deactivation of RTS pin after the SDLC ending
flag

— Automatic transmission of the SDLC beginning
flag

— Automatic reset of Tx underrun/EOM Iatch

— Complete CRC reception

— TxD pin automatically forced “high”in NRZI
encodmg mode

— Rx FIFO unlock after special condition interrupt
when Status FIFO is used

— Write registers WR3, WR4, WR5 and WR10
being readable

— DTR/REQ pin timing reduced

— Faster interrupt response

— Software interrupt acknowledge mode

- Addition of new register WR7’ ‘

— Modified Databus Timing (Parameter #29)

— Additional Rx and Tx FIFO

— Tx Clock divider (X16 & X32) in Synchronous
modes

— Latching of RRO during Read Cycle

H Implements the following LocalTalk

requirements:

— Generation of SYNC pulse before the SDLC
opening FLAG

— Generation of two SDLC opening FLAGS

— Generation of an abort sequence at the end of
LocalTalk packet

— Automatic Receive Disable during Transmit .

8-byte Receive and 4-byte (extendableto 8-byte)
Transmit FIFO

Generation of ‘End of Packet’ DMA Request
Fast data rates; up to 20 MHz / 5Mb/s
Sleep mode for reduced power

Addition of Schmitt Trigger Circuit on Rxand Tx
clock inputs

B Ready function added to reflect valld access
recovery time

Availabllity of the die revision ID information

W Available in both 40-pin DIP and 44-pin PLCC
packages

4

GENERAL DESCRIPTION

The Am85C230A is pin and software compatible and a
functional superset of Z85230. Enhancements to the
Z85230 include, hardware implementation of Apple
LocalTalk protocol, 4 deep Transmit FIFO extension to
total 8-byte Rx and 8-byte Tx FIFOs, Ready signal to
reflect the write recovery time, sleep mode for reduced
power, addition of Schmitt trigger circuitry on Rx and

- Tx clock inputs, and the availability of die revision

information.

At power up, Am85C230A will look like the Z85230. The
LocalTalk enhancements, TX FIFO extension and the
die revision ID.can be enabled using the new WRé'
register. )

BLOCK DIAGRAM
Additional
A Egg&o 5 Deep Rx
(Am8S5C30) & 3 Deep Tx FIFOs
. READY Extended Sleep Mode
Ready” <1 " ogic | |4 deep Tx FIFO Logic
Software LocalTalk Die
Enable State Machine Revision
16505A-001A

*Option on PLCC Package only

2-82

Publication# 16505 Rev. A Amendment/0

" Issue Date; November 1991




Interfacing the Am8530H and Am85C30 Serial

e

Communications Controllers to the 80186

Microprocessor
by John Langlois

INTRODUCTION

A simple interface between the 80186 Microprocessor
and 8530 Serial Communications Controller (SCC) can
now be realized, due to the enhancements achieved
with the Am8530H and Am85C30 Serial Communica-
tions Controllers. Previous application notes have re-
quired eight 74LS devices to meet the 8530 timing
requirements. This document describes solutions that
can be implemented in a single chip. Depending on sys-
tem constraints, the interface can be as simple as a sin-
gle inverter (Am85C30 in enhanced mode), but is never
more than a PAL16L8 (Am8530H) device.

The timing requirements of each version of the 8530 are
examined in the next section. The original 8530 is dis-
cussed only to provide a reference point. Solutions for
each interface problem are then presented. If a particu-
lar feature is not required, that circuit obviously need not
be implemented. Timing analysis for the complete inter-
faces follow the solutions. PAL, equations are also
included.

Forthe purposes of this document, it is assumed that the
reader is familiar with the 8530 SCC and 80186 micro-
processor. The following data sheets are applicable:

AMD 80186 High Integration 16-Bit Microprocessor
(Order #03551)

AMD Am85C30 Enhanced Serial Communications
Controller (Order #10216) -

AMD Am8530H Serial Communications Controller
(Order #00970)

AMD Am85C30 Technical Manual (Order #07513)
TIMING REQUIREMENTS

8530 SCC

The original 8530/80186 interface is complicated by
several factors, the most difficult being the access re-
covery time (Trc). The minimum time from the trailing
edge of one command to the leading edge of the next is
six clock cycles + 130 ns for the 6 MHz part. This neces-
sitates the use of extensive wait state generation cir-
cuitry to hold off back-to-back accesses. It is possible to
meet the requirement in software by inserting NOPs.
This practice is generally frowned upon, since the proc-
essor clock speed would affect the software. Also, DMA
transfers at high rates have no way of inserting NOPs.
The solution to this has already been addressed and is
not part of this discussion (EDN, April 4, 1985, pp.
274-275).

Interrupt acknowledge cycles with the 8530 don't match
the 80186. While the 80186 generates two pulses onthe
INTA line, reading the vector on the second pulse, the
8530 expects to see one long INTA pulse, with a read
strobe near the end to read the interrupt vector. Note
that it is possible to read the interrupt vector from Read
Register 2 of the 8530. This will not, however, set the
1US bit and mask off lower priority interrupts; a hardware
cycle must occur to accomplish that.

Data is expected to be valid at the leading edge of write
during a write cycle. Consequently, write must be de-
layed to the 8530 until the next rising edge of the proces-
sor clock. This may or may not be a problem, depending
on how the wait state circuitry is implemented.

The read strobe must also be delayed by one-half clock
to meet the address setup time requirements.

Direct Memory Access (DMA) transfers are supported
by the 8530. The W/REQ pin may be programmed as a
DMA request for either transmit or receive. DTR/REQ
can be used as a DMA request for transmit only. It is
possible to support single-channel full-duplex or dual-
channel haif-duplex DMA with the DMA controller resi-
dent on the 80186. While the W/REQ timing does not
present a problem, it is always possible to generate er-
roneous requests onthe DTR/REQinterface. This is due
to DTR/REQ going to its inactive state timed from the
trailing edge of the command, which is too late to pre-
vent an additional DMA request from being recognized
by the 80186. DTR/REQ must therefore be negated at
the beginning of the cycle servicing the request.

A reset of the 8530 is accomplished by asserting read
and write simultaneously. A software reset command
can also be issued by reading Read Register 0 and writ-
ing the reset command to Write Register 9. This is a
choice left to the designer.

Am8530H SCC

A majorimprovement was made in the access recovery
time with the Am8530H. Trc is now measured from the
leading edge of one command tothe leading edge of the
next. It is also reduced from six clocks + 130 ns to four
clocks. The increased clock speed (8.192 MHz) allows it
to be clocked from the 80186 CLKOUT in many sys-
tems. This improvement eliminates the wait state gen-
eration circuitry, allowing the 80186's internal wait state
generator to be used.

The other 8530 timing requirements are still valid.

Publication # Rev. Amendment Issue Date

12482 B 10 11/91
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Am85C30 ESCC

The Am85C30 provides many additional improvements.
With this device, it is possible to interface to the 80186
with three inverters and still have interrupt and DMA
support.

Access recovery time isimprovedto three clock cycles if
the commands are synchronized to PCLK. This is the
case here, since CLKOUT from the 80186 is driving
PCLK. As in the Am8530H, it is measured from leading
edge to leading edge of the command.

With the Am85C30, it is not necessary to use hardware
interrupt acknowledge sequences. An additionalfeature
has been added that will emulate a hardware cycle
when the vector is read from Read Register 2. As with
the hardware cycle, the 1US bit is set and all lower prior-
ity interrupts within the device are masked. Bit D5 of
Write Register 9 controls this enhancement.

Data does not need to be valid prior to the leading edge
of write. The timing has been relaxed so that data can
become valid a shorttime after write. To take advantage
of this, the Am85C30 data pins must be connected di-
rectly to the 80186, as the additional buffer delay would
violate this parameter. This is not a problemin most sys-
tems. If it is, write must be delayed.

The read strobe need not be delayed, due to improved

The last enhancement of the Am85C30 that affects the
80186 interface is DTR/REQtiming. The extended Write
Register 7, or WR7’, is enabled by setting bit DO of Write
Register 15. Bit D4 of WR7' then controls whether D' DTR
REQ is de-asserted at the leading edge, like W/REQ, or
the trailing edge, as in the 8530.

SOLUTIONS

Delayed Write

Write to the 8530 must be delayed in the case of the
Am8530H, and may need to be delayed with the
Am85C30. Two signals enter into the delayed write
equation: WRITE from the 80186 and CLKOUT The
PAL equation is:

DEL_WR = WRITE * DEL WR + CLKOUT *

WRITE

This equation is read as: DEL_WR will be active (low) if
WRITE is active (low) and DEL_WR.is active (low), or
CLKOUT is active (high) and WRITE is active (low).

Delayed Read

The read strobe may need to be delayed to meet ad-
dress setup requirements. The same equation used for
delayed write applies.

address setup time parameters. DEL RD = READ *» DEL_RD + CLKOUT * READ
T T2 T3 W T4
bkl I I | 1 L1 L
WRITE —_—l l__—
DEL_WR | AI——_
12482B-001A -
Delayed Write
Tt T2 T3 ™ T4
Ak N I [ 1 |
READ _——I l_——
DELRD - ‘ L |————

12482B-002A

Delayed Read
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Interrupt Acknowledge Generation

This circuit generates the required interrupt acknowl-
edge pulse and read strobe to the 8530 during an inter-
rupt acknowledge sequence. Inputs are CLKOUT and
INTAQ, both generated by the 80186. ZINTACK and
ZRD are outputs driving INTA and READ of the 8530, re-
spectively. ZINTACK is simply INTAO divided by 2, setto
its inactive state onreset. This is easily done with a posi-
tive edge-triggered flip-flop, but that’s not being used.
To performthe same function ina combinatorial PAL de-
vice, two macrocells are used.

ZRD is merely the logical AND of INTAO and ZINTACK.
Z80, ZINTACK and ZRD are defined as active low sig-
nals. RESET is active high and initializes the two cells.

zs0 = RESET + (2S0 * /INTAO + 2S0 *
ZINTACK + INTAQO * ZINTACK)
ZINTACK = /RESET * (/2S0 * /INTAO + /2SO0
* ZINTACK + INTAQ * ZINTACK)
ZRD = ZINTACK * INTAOQ

Hardware Reset

A hardware reset is generated by asserting a read and
write to the 8530 simultaneously. RESET is an active
high output from the 80186.

READ + RESET
WRITE + RESET

ZRD
ZWR =

DTR/REQ Removal

There are two solutions to the DTR/REQ removal prob-
lem. One solution uses a separate Peripheral Chip Se-
lect for transfers associated with the request. The other
solution requires delayed write and S6 (A19) of the
80186, which indicates whether the current bus cycle is
DMA or processor. Write must be delayed, since S6 is
not guaranteed valid at its leading edge. Write will be
combined with one of these inputs to clear the request.
DTR/REQ only supports transmit data, consequently,
read is irrelevant.

T T2 T3 T4

Tl Tl T T2 T3 T4

et

CLKOUT
INTAO —I | I J_
0 _| |
ZINTACK ] I—
ZRD I_—
12482B-003A
Interrupt Acknowledge Sequence
RESET |
READ I I
wrte ]
ZRD —I___l I r—
ZWR |___J——| I

12482B-004A

8530 Hardware Reset
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It is not necessary to decode A/B to determine which
channel of the 8530 is being accessed. If DTR/REQ is
used, then that channel is full-duplex, expending both
80186 DMA request inputs; the other channel cannot be
supported. If the channel is half-duplex, then W/REQ
would be utilized because it goes both ways.

The following solution uses delayed write and S6. Witha
separate chip select, merely substitute it for S6 and use
the normal write (not that the delayed write is abnormal).
This circuit could also be implemented using a standard
flip-flop, but it can easily be realized with two cells in the
PAL device. )

Define CLEAR as the logical AND of the 8530’s chip se-
lect, delayed write, and S6. Assume PCSO0 from the
processor is the chip select. DRQ1 is the DMA request
tothe 80186. DS0 is the output of the second cell. All sig-
nals are active low, with the exception of RESET. RE-
SET initializes the two cells to their correct state.

COMPLETE SOLUTIONS

Am85C30 Enhanced Mode

If using the Am85C30 in enhanced mode without hard-
ware interrupt vector transfer, the 80186 interface is triv-
ial. The interrupt and DMA request lines must be
inverted, for which 1/2 of a 74F04 is adequate. It is as-
sumed that a data buffer is not placed between the
Am85C30 and the 80186, otherwise, WRITE must be
delayed. RESET is performed in software and the clock
rate is 10 MHz.

DSO = DSO * DRQ1 + /DTR_REQ * DRQ1 +
RESET
DRQ1 = /DSO * DRQ1l + CLEAR * /DSO +
/DSO * /DTR_REQ + DRQ1l *
/DTR_REQ + RESET i
DTR/REQ l I
CLEAR
DRQ1 | ]
DSO | |
12482B-005A
DTR/REQ Removal
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Do 3 |o, Qo |2 A0
Dy 1 Qi ls A1
D2 7 | Dy Q2 |e A2
Bdiex D 80 aslo A
~——( DEN D 13 |D Q4 [12 Ad
4 JotR pcse/nz 32 0_4_14 ¢ s ks as
21 HLDA PCSS/AT |5 31 Js 14 IDg Il
BESET 57 |
CLKOUT 56 | RESET Pese -39 0a 1710 Qo6 A
———— —|CLKO PCS315 29 D, 181D, a7 io___A7
2qse poS; 0'2&0 27 a0 1 loc b
ES‘ Pcsof 25 pcso ALE__111G -0 401D, 13
S0 o—————= D4 1 RXDA |—=
3B dLcs 35 ACA b12
34 ucs MCS3{= 36 74F373 Do 39]p, DA |15
23 1704 mgg? Dﬂ Dy 2 D3 TRXCA D—}%
22 a8 SYNCA p—-
TOO mcso p-28- 0. 3slp, > n
READ 62 | s0 D 3 WIREGA
RD/GSME HOLD [—= v 5 Dy
WAITE_83 ] WAjas1 NMIe ¢ be _ 37|pg
™ ALE/QSO SROY = r’? DTRREQA b16._
84 ls7 ARDY[—2- < __10; ATSA [ 17
4 £CS0__ 3 4 tTeA bt
S {aose . NTyTAT A1 WRITE 35 4 oo o ST
o7 ] At 8/25 INT2/TAD |—— READ 36 Jmm P
A17/54 Al 2 AXDB [+
68 1 A16/53 INT1] 44 2 —4 T RTXCB p-28
1 INTO}_45 INTO 1 A2 34 = 5
—— Apts e e L TXDB [ -
— | AD14 19 DRQ1 TRXCB P2
—7|4AD18 SO T i INT 5 ,.; T SYNCB 29
o P |—4°<]-3—— 79 TR b 24
4 IEl
121 apio TESTP—r £ tieo p-23.
14 | ape REs 24 rrsEb22
D, 18— Aps o1 CLKOUT 20 crseh 2l
o2y m [-2L 6 A5 = BooB]
06_4 ADS Tio |__DREQ AmB5C30
5 6 )
AD5 DTR/REQB
74F04
g“ 8 |aps x2| 58 gg DTR/REQA
Fr—I— AD3 ° W/REGB
2218 lame X159 S S wireca
D115 1a;
Do 17 |amo
80186
12482B-006A

Am85C30/80186 Schematic
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L T2 T3 T4
CLKOUT TCLCL \—_—/_\_
7 >
TCLAV |t— TCLDV ]t TPD]--
ADO-AD15 / \
>\ Address /< Data X
<—»{ TsDW (WR)
PCSO ‘ﬁ /-—
WRITE (186) \ TCVCTXI /
DEL_WR [ TWWRI N2
>
12482B-007A
Am8530H Write Cycle Timing Diagram
T T2 T3 T4 .
CLKOUT TCLCL \_—m—
. — - _
-at—»| TCLAV TDVCL
ADO-AD15 / \
>\ Address ) Data In 7—
TdRDf (DR)
PCSO —-—'\ /—
READ (186)
<) TCLRL /

Am85C30 Read Cycle Timing Diagram

12482B-008A
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Write Cycle Timing
The Am85C30 required address setup time is 50 ns.
Tewel = Terav — Trazs + Tevetv

100-44-8+5
53 ns

Data to the Am85C30 must be valid within 35 ns of
WRITE being active.

TsAWR)

TawRi(DW) TeLov(max) ~ Teverv(min)
40-5

35ns

WRITE is to be active for a minimum of 125 ns.

Am85C30 is 120 ns.The Am85C30 required addres
setup time is 50 ns. :

TereL — TelaL — TdRDIDR)
200-40-120
40 ns

Address setup for READ is the same as WRITE, 50 ns.

Tovct

TsA(RD) = TcieL — Terav— Tr373 + TcLRL
= 100-44-8+10
= 58ns

DMA Timing

To prevent a false DMA cycle, the request must be de-
asserted two clock periods prior to the end of the current

Twwai i go'l(')cicgg I,CSVCTV + Toverx bus cycle. The required setup time for DRQ into the
_ 149 80186 is 20 ns. With one wait state, the specification is
. - ns missed by 2 ns, therefore, two wait states are required.
The access recovery time of three clocks is easily _ _ _ _
satisfied. TinveL = ?FI::LCL Tevetv — TdwRr(EREQ)
Read Cycle Timing - 300-56-120-6
Data must be valid at the 80186 15 ns prior to the begin- h
ning of state T4. Data valid from READ active for the
' T T2 T3 ™ W T4
CLKOUT \’I TCLCL A— W \—/_\_——/_
ADO-AD15
X Address X Data Out
PCSO ——\ /——
WRITE (186) <=\ Teverv /
TdWRr (EREQ)
W/REQ or 7I
DTRREQ
DRQO B TINVCL
K >

12482B-009A

Am85C30 DMA Cycle Timing Diagram
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D, D,
o3P wlz A
2 7 2 azle A2
D 8B a3l A3
Dy 13| D4 12 A4
4o | PCSEiA2 22 50 04 P
RESET ;;’;—- PCSS/AT | 3t D5 05 Qs 15 A5
17
CLKOUT 6 . PCS4 30 5 6 Q6 16 A8
= 56 | pcs3 | 29 D, 18 a7
pcs2 R 28 7 ? a7 e A7
24d PCS1 GND oc ) o b
jlcsz PCso P o5 ALE_111G ; 491 o aoal 1
TS mcss Pz 74F373 > o AIXCA b 15
3 D, 391D 15
N mcsz P> D 21o. TRXGA 14
22 MCS1 P~ o e B 11
v , . Mcso 28 D, 8|0, SWCA Py
READ 62 RD/QSMD Holp |80 D 3 Ds W/REQA O
WRITE_ 63 | WRias1 NMI |46 Vec J—D a7 |D
6t_| - SRDY |42 o DTWAEGA o —
84 ARDY | -52. o SN L ) arex bz
85 | INT3/TAT |—-4L < DELWAR :: qce c__|§ﬁ b2
66 42 INTAO .| oUT6 |- QWA DCDA K18
£6_J INT2'TAD - IN2 DELRD 36
7 ouTs - ol RD 27
&7 “ > A 2Y RXDB |—= .
68 INT4 e a® 9 28
1] INTO[ 45 INTO A2 LI RTXCB P3¢
= out B L TX0B [—5
= DRQ! TRXCB
5] DRQf <'1§ reo | QT2 N INT ¢ %mf % 29
— DRQO | ouls e WK s | iNTRoK | WREG P22
10 47 z DTRREGB
10| TesT pAL b El
-0 Res P2 wETE— e £ 1JE0 | FEE
b, -2 21 A e CLKOUT 20 .CTSB
7 _‘Jz T 2L BESET s SLKOUT 20 } by DcoB
Ds 4 | ADG T === ==———»{ IN6 INg Jea—2EEQ Am8530H
Ds ¢ |ADs IN7 | g—WREQ
DD4 8 | AD4 x2 |58 % 0 DTRREQA
3 11] Apa PAL16LE
“WREQR
Dy 43| AD2 xi |s0 gg W/REQA
Dy 15 ] AD1
Dy 17 | Ao

80186
12482B-010A

AmB8530H/80186 Schematic

2-90



Interfacing the Am8530H and Am85C30 to the 80186

AMD n

Am8530H

This analysis applies to the 8.192 MHz Am8530H, but
the design works with the Am85C30 as well. All of the
solutions in the “SOLUTIONS"” section are utilized to
provide a complete interface. Included are hardware in-
terrupt acknowledge cycles, full DMA support with re-
moval of DTR/REQ, hardware reset, and delayed reads
and writes.

Write Cycle Timing
The required address setup time for the 8.192-MHz
Am8530H is 70 ns.

Data has to be valid 10 ns before the falling edge of
WRITE to the Am8530H.

Tcren - Telov
56.5-44
12.5ns

WRITE must be low for 150 ns.

Tsoww)

Tere + Tered — Tep + Teverx
1815-154+5
171.5ns

Four clock edges occur between leading command

TwwR

Tsawr) =  ToLct + TcicH — Traza — TeLav edges. This satisfies the access recovery time.
= 125+56.5-8-55
= 1185ns
T1 T2 3 T4
CLKOUT TCLCL \_/—\_
7 ;
TCLAV |[t— TCLDV =t ={TPD
ADO-AD15 \ '
>< Address . /< Data X
~—{ TsDW (WR)

PCSO —_—_‘\

—

WRITE (186) \

TCVCTXI /

DEL_WR

TWWRI

A

12482B-011A

Am8530H Write Cycle Timing Diagram
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Read Cycle Timing
Data must be valid atthe 80186 20 ns prior to the begin-

ning of state T4. Data valid from READ active for the
AmB530H is 140 ns.

TovcL TeieL + Terew = Teo — TdRDKDR)
181.5-15-140

26.5ns

The required address setup time for the 8.192 MHz
AmB8530H is 70 ns.

TsA(RD) = TcLoL + TetcH — Traza — Tetav
- 1815-8-55
= 118.5ns

DMA Timing

To prevent a false DMA cycle, the request must be de-
asserted two clock periods prior to the end of the current
bus cycle. The required setup time for DRQ into the
801861is 25 ns.

DTR/REQ

TinveL = 2 TcieL + TeLeH — 2Tep
= 306.5-30
= 2765ns

Thus, two wait states are necessary to meet the WREQ
timing.

Interrupt Acknowledge Cycle Timing
Interrupt acknowledge to the Am8530H is to be valid
150 ns prior to READ becoming active. ZINTACK is
guaranteed to be recognized by the Am8530H at the
middle of the first idle state between the interrupt ac-
knowledge pulses.

= TereL + TeteH + Tevery
=181.5+10
=191.5ns

There is not enough delay between ZINTACK and
DEL_RD to allow daisy-chained interrupts. Equations
are given in the following “Am8530H INTERFACE PAL

TdiAi(RD)

W/REQ EQUATIONS" section to assert ZINTACK at the begin-
TiNveL = 2TcreL + TercH— Tro~ TdwRKREQ)— TPD ning of the first INTAO pycle.
= 3065-15-170-15 The interrupt vector must be valid 25 ns prior to T4.
= 106.5ns ‘
Tovel = 3 TeteL — Tevetrv — Teo — TdRDA(DR)
= 375-70-15-140
= 150 ns
T1 T2 T3 T4
CLKOUT —\ TCLCL : I /—\_/-——\\—/——\—
—»| TCLAV ' TDVCL
AQO—AD1$ >< Address > Data In >—
TdRDI (DR)
PCSO —————\ /——
READ (186) \ /——
—3 TPDlt—
DEL_RD \
N /

12482B-012A

Am8530H Read Cycle Timing Diagram
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™ T2 T3 T™W TW T4

ADO-AD15
X Address X Data Qut

PCS0 _\

WRITE (186) \

Nk

DEL_WR —>TPI*<—

DRQO - \I TINVCL

AmB8530H DMA Cycle Timing Diagram

12482B-013A

SLKOUT T T2 T3 T4 Tl Tl T1 T2 T3 T4
/] AW
TdPC (IEO)
INTAO T»‘*-‘— TCVCTV 2 \ I
ZINTACK \'ﬁ TdlAi (RD) . /—
DEL_RD \ /—— |

ADO-AD15  —————\

Pointer

IEl o TsIEIl (RDA)

Y

IEO \

12482B-014A

Am8530H Interrupt Acknowledge Timing Diagram
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Am8530H INTERFACE PAL EQUATIONS
Note: Do not minimize these equations.

Device Am8530H (P16L8)
PIN
RESET =1 (INPUT COMBINATORIAL)
/READ =2 (INPUT COMBINATORIAL)
/WRITE =3 (INPUT COMBINATORIAL)
CLKOUT =4 (INPUT COMBINATORIAL)
/INTAO =5 (INPUT COMBINATORIAL)
/DTR_REQ =6 (INPUT COMBINATORIAL)
/WREQ =7 (INPUT COMBINATORIAL)
/ZINT =8 (INPUT COMBINATORIAL)
Al9 =9 (INPUT COMBINATORIAL)
/INTO S =12 (OUTPUT ACTIVE_LOW COMBINATORIAL)
/DS0 = 13 (OUTPUT ACTIVE_LOW COMBINATORIAL)
/250 = 14 (OUTPUT ACTIVE_LOW COMBINATORIAL)
/ZINTACK =15 (OUTPUT ACTIVE_LOW COMBINATORIAL)
/DEL_RD = 16 (OUTPUT ACTIVE LOW COMBINATORIAL)
/DEL_WR = 17 (OUTPUT ACTIVE_LOW COMBINATORIAL)
/DRQ1 : = 18 (OUTPUT ACTIVE_LOW COMBINATORIAL)
/DRQO =19 (OUTPUT ACTIVE_LOW COMBINATORIAL) ;
BEGIN
ENABLE (INTO, 2S0, ZINTACK, DEL_RD, DEL_WR, DRQ1l, DRQO);
Z50 = RESET + (2S0 * /INTAO + 2S0 * ZINTACK + INTAQ * ZINTACK);
ZINTACK = /RESET * (/250 * /INTAO + /2SO0 * ZINTACK + INTAQ * ZINTACK);
DRQ1 = /DSO * DRQL + Al9 * DEL_WR * /DSO +-/DS0 * /DTR_REQ + DRQ1 * /DTR_REQ + RESET;
DSO = DS0 * DRQL + /DTR_REQ * DRQl + RESET;
DRQO = /WREQ;
INTO = /ZINT;
DEL_ WR = WRITE * DEL WR + CLKOUT * WRITE + RESET;
DEL_ RD = READ * DEL_RD + CLKOUT * READ + ZINTACK * INTAO0 + RESET;
END.
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To support a daisy-chained interrupt structure, an extra
output is required. This precludes using a 168 to imple-
ment the complete interface. A 22V10 could easily be
utilized. The following equations would generate ZIN-
TACK beginning at the start of the first INTAQ pulse. All
signals are combinatorial active low.

T T2 T3 T4

CLKOUT

S0 = (S0*S1 + /INTAO*S1 +
INTA0*S0) */RESET;

s1 = (/S0*S1 + /INTAO0*S1 +
INTAO*/S0) */RESET;

ZINTACK = S0 + S1;

DEL RD = READ * DEL_RD + CLKOUT * READ
+ S0 * INTAO + RESET;

TI Ti T T2 T3 T4

INTAO

_I
S0 B

S1

ZINTACK

—
]

ZRD

19 19 ]

12482B-015A

Daisy-Chained Interrupt Acknowledge Sequence
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PRELIMINARY

Am85C80

Combined SCSI Controller and Serial
Communications Controller

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

W The Am85C80 is an Enhanced Serial Communi-
cations Controller (ESCC) and Small Computer
Systems Interface (SCSI) Controller
— This chip replaces both the 85C30 Serial Com-
munications Controller (SCC) and the 53C80
SCSI Controller in functionality, while combining
the two chips into a single package

-~ The sleep mode feature consumes very little
power; this feature may be used in notebook
computer and other battery operated portable
systems

ESCC

B Fast Data Rate
- 8.192 MHz/2.048 Mb/s
— 16.384 MHz/4.096 Mb/s

B Low Power CMOS Technology

W Easily interfaced with most CPUs
— Compatible with non-multiplexed bus

B Two Independent Full-duplex Serial Channels

B Asynchronous Mode Features
— Programmabile stop bits, clock divider, character

length and parity
- Break detection/divider
— Error detection for framing, overrun and parity
B Synchronous Mode Features

- Supports IBM BISYNC, SDLC, SDLC Loop,
HDLC and ADCCP Protocols

~ Programmable CRC generators and checkers

— - SDLC/HDLC support includes frame control,
zero insertion and deletion, abon, and
residue handling

— External sync mode is supported on Channel A
only

Enhanced ESCC functions support high-speed

frame reception using DMA

— 14-bit frame byte counter

— 10 x 19 SDLC/HDLC Frame Status FIFO

— Independent Control on both channels

- Enhanced operation does not allow special
receive conditions to lock the three-byte DATA
FIFO when the 10 x 19 FIFO is enabled

Local Loopback and Auto Echo Modes

Internal or External Character Synchronization

2 Mb/s FM Encoding Transmit and Receive

capability using Internal DPLL for 16.384 MHz

product

Internal Synchronization between RxC to PCLK

and TxC to PCLK

— This allows the user to eliminate external
sychronization hardware required by the NMOS
device when transmitting or receiving data at the
maximum rate of 1/4 PCLK frequency

SCSI Interface

Asynchronous interface to 1.5 megabytes per
second

Supports Initiator and Target roles

Parity generation with optional checking
Supports Arbitration

Direct control of all bus signals

High-current outputs drive SCSI Bus directly

Implements Glitch Eater circuitry that filters
glitches upto 30 ns on the SCSI Bus

CPU Interface Supports

— Memory or I/O-mapped interface
— DMA or programmed I/O

— Normal or Block mode DMA

- Optional CPU interrupts
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GENERAL DESCRIPTION

The Am85C80 is an Enhanced Serial Communications
Controller and SCSI Interface Controller. The chip re-
places both Am85C30 and Am53C80 in functionality,
while combining the two chips into a single package.

ESCC

The Enhanced Serial Communications Controller
(ESCC) is a high-speed, low-power, multi-protocol com-
munications peripheral designed for use with 8- and
16-bit microprocessors. It has two independent, full du-
plex channels and functions as a serial-to-parallel, paral-
lel-to-serial converter/controller. AMD’s proprietary en-
hancements make the ESCC easier to interface and
more effective in high-speed applications by reducing
software overhead and eliminating the need for some ex-
ternal glue logic.

The ESCC is easy to use due to a variety of sophisticated
internal functions, including on-chip baud rate genera-
tors, digital phase-locked loops and crystal oscillators
which dramatically reduce the need for external logic.
The device can generate and check CRC codes in any
SYNC mode, and can be programmed to check data in-
tegrity in various modes. The ESCC also has facilities for
modem controls in both channels. In applications where
these controls are not needed, the modem controls can
be used for general-purpose I/0.

This versatile device supports virtually any serial data
transfer application such as laser beam printers, net-
works, modems, cassettes and tape drives. The ESCC s
designed for non-multiplexed buses and is easily inter-
faced with most CPUs, such as 80188, 80186, 80286,
8080, Z80, 6800, 68000 and MULTIBUS.

Enhancements which allow the ESCC to be used more

effectively in high-speed applications include:

B a 10 x 19 bit SDLC/HDLC frame status FIFO array

B a 14-bit SDLC/HDLC frame byte counter

W automatic SDLC/HDLC opening frame flag
transmission

B TxD pin forced High in SDLC NRZ! mode after

closing flag

automatic SDLC/HDLC Tx underrun/EOM flag reset

automatic SDLC/HDLC Tx CRC generator
reset/preset

B RTS synchronization to closing SDLC/HDLC flag
DTR/REQ deactivation delay significantly reduced

@ external PCLK to RxC or TxC synchronization
requirement eliminated for PCLK divide-by-four
operation

B 16 MHz operation

Other enhancements to improve the ESCC interface ca-
pabilities include:

B write data valid setdp time to falling edge of WR
requirement eliminated

W reduced INT response time

B reduced access recovery time (trc) to 3 PCLK best
case (3 1/2 PCLK worst case)

B improved Wait timing
W write registers WR3, WR4, WR5, and WR10 made
readable :

W lower priority interrupt niasking without INTACK
B complete SDLC/HDLC CRC character reception
B Sleep mode feature saves all ESCC registers

SCsi

The Small Computer Systems Interface (SCSI) Interface
Controller is a CMOS device designed to accommodate
the SCSI as defined by the ANSI X3T9.2 committee. The
Am85C80 operates in both the Initiator and Target roles
and can, therefore, be used in host adaptor, host port,
disk drive, and formatter designs. This device supports
Arbitration, including Reselection. Special high-current
open-collector output drivers, capable of sinking 48 mA
at 0.5V, allow for direct connection to the SCSI Bus.

The Am85C80 communicates with the system micropro-
cessor as a peripheral device. The chip is controlled by
reading and writing several internal registers which may
be addressed as standard or memory-mapped I/O. Mini-
mal processor intervention is required for DMA transfers
because the Am85C80 controls the necessary hand-
shake signals. The Am85C80 interrupts the CPU when it
detects a bus condition that requires attention. Normatl
and Block mode DMA is provided to match many popular
DMA controllers.

Am85C80 TR
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CONNECTION DIAGRAM
Top View
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CONNECTION DIAGRAM
Detailed Internal
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ORDERING INFORMATION
Commodity Products

AMD commodity products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:

Am85C80 8

(o]

| OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

TEMPERATURE RANGE

C = Commercial (0 to +70°C)

PACKAGE TYPE :
J = 68-Pin Plastic Leaded Chip Carrier (PL 068)

SPEED OPTION

-8=8.192 MHz
-16 = 16.384 MHz

DEVICE NUMBER/DESCRIPTION
Am85C80

Enhanced Serial Communications
and SCSI Controlter

Valid Combinations

Valid Combinations _— . . ;
e Valid Combinations list configurations planned to

! be supported in volume for this device. Consult
223?838?6 JC the local AMD sales office to confirm availability of
: specific valid combinations and to check on newly

released combinations.

3-8 Am85C80
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PIN DESCRIPTION

ESCC
RTxCA, RTxCB
Receive/Transmit Clocks (Inputs; Active Low)

These pins can be programmed in_several different
modes of operation. In each channel, RTxC may supply
the receive clock, the transmit clock, the clock for the
baud rate generator, or the clock of the digital phase-
locked loop. RTxCA can also be programmed for use
with the SYNCA pin as a crystal oscillator. The receive
clock may be 1, 16, 32, or 64 times the data rate in asyn-
chronous modes.

TRxCA, TRxCB
Transmit/Receive Clocks
(Inputs/Outputs; Active Low)

These pins can be_programmed in several different
modes of operation. TRXC may supply the receive clock
or the transmit clock in the input mode or supply the out-
put of the digital phase-locked loop, the crystal oscillator,
the baud rate generator, or the transmit clock in the out-
put mode.

Channel Controls for Modem, DMA,
or Other

DCDA, DCDB
Data Carrier Detect (Inputs; Active Low)

These pins function as receiver enables if they are pro-
grammed as Auto Enables; otherwise, they may be used
as general-purpose input pins. Both are Schmitt-trigger
buffered to accommodate slow rise-time signals. The
ESCC detects pulses onthese pins and may interrupt the
CPU on both logic level transitions.

DTR/REQA, DTR/REQB
Data Terminal Ready/Request
(Outputs; Active Low)

These outputs follow the inverted state programmed into
the DTR bit in WR5. They can also be used as
general-purpose outputs or as Request Lines fora DMA
controller.

RTSA, RTSB ‘
Request to Send (Outputs; Active Low)

Whenthe Requestto Send RTS bit in Write Register 5 is
set, the RTS signal goes Low. When the RTS bit is reset
in the asynchronous mode and Auto Enable is on, the
signal goes High after the transmitter is empty. In SYNC
mode or in asynchronous mode with Auto Enable off, the
RTS pins strictly follow the inverted state of the RTS bit.
Both pins can be used as general-purpose outputs.

SYNCA
Synchronization (Input/Output; Active Low)

This pin can act either as input, output, or part of the crys-
tal oscillator circuit. In the Asynchronous Receive mode
(crystal oscillator option not selected), this pin is input
similarto DCD. In this mode, transitions on this line affect
the state of the Sync/Hunt status bits in Read Register 0
but have no other function.

In External Synchronization mode with the crystal oscil-
lator not selected, this line also acts as an input. In this
mode, SYNCA must be driven Low two receive clock
cycles afterthe last bitinthe SYNC characteris received.
Character assembly begins on the rising edge of the
receive clock immediately preceding the activation of
SYNCA.

In the Internal Synchronization mode (Monosync and
Bisync) with the crystal oscillator not selected, this pin
acts as an output and is active only during the part of the
receive clock cycle in which SYNC characters are
recognized. The SYNC condition is not latched, so this
output is active each time a SYNC pattern is recognized
(regardless of character boundaries). In SDLC mode,
this pin acts as an output and is valid on receipt of a flag.

W/REQA, W/REQB

Wait/Request (Outputs; Open drain when
programmed for a Wait function, driven High or
Low when programmed for a Request function)

‘These dual-purpose outputs may be programmed as

Request lines for a DMA controller or as Wait lines to
synchronize the CPU to the ESCC data rate. The reset
state is Wait.

Control
AB
Channel A/Channel B Select (Input)

This signal selects the channel in which the read or write
operation occurs.

CE1 '

Chip Enable (Input; Active Low)

This signal selects the ESCC for a read or write
operation.

D/C
Data/Control Select (Input)

This signal defines the type of information transferred to
or from the ESCC. A High means data is transferred; a
Low indicates a command is transferred.

AmB5CAN na
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PIN DESCRIPTION (continued)
Interrupt

INT

Interrupt Request (Output Active Low,

Open Drain)

This signal is activated when the ESCC requests an
interrupt.

INTACK

Interrupt Acknowledge (Input; Active Low)

This signal indicates an active interrupt acknowledge cy-
cle. When RD becomes active, the ESCC places an in-

terrupt vector on the data bus. INTACK is latched by the
rising edge of PCLK.

Serial Data

RxDa, RxDB
Receive Data (Inputs; Active High) -

These input signals receive serlal data at standard TTL
levels.

TxDA, TxDB
Transmit Data (Outputs; Active ngh)

These output signals transmit serial data at standard
TTL levels. .

Miscellaneous

GND
Ground

vDD
+5 Volts

PCLK
Clock (input)

This isthe master ESCC clock usedto synchronize inter-
nal signals. PCLK is not required to have any phase rela-
tionship with the master system clock. PCLK is a TTL-
level signal. Maximum transmit rate is 1/4 PCLK.

3-10
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PIN DESCRIPTION (Continued)
SCsI
Microprocessor Interface Signals

Ac-A:
Address Lines (Input)

These signals are used with CE2, R
all internal registers.

CE2
Chip Enable (Input, Active Low)

CE2 enables a read or write of the SCSI controller inter-
nal register selected by Ac—Aa.

DACK
DMA Acknowledge (Input, Active Low)

DACK resets DRQ and selects the data register for input
or output data transfers.

DRQ
DMA Request (Output)

DRQ indicates that the data register is ready to be read
or written. DRQ occurs only if DMA mode is TRUE inthe
Command Register. DRQ is cleared by DACK.

EOP
End of Process (Input, Active Low)

' EOPisusedto terminate a DMA transter. If asserted dur-
ing a DMA cycle, the current byte will be transferred, but
no additional bytes will be requested.

IRQ

Interrupt Request (Output)

IRQ alerts a microprocessor of an error condition or an
event completion.

RESET
- Reset (Input, Active Low)

RESET clears all the SCSI controller registers. It does not
force the SCSI RST signal to the active state.

or WR to address

SCSiI Interface Signals

The following signals are all bidirectional, active-Low,
open-collector signals. With 48-mA sink capability, all
pins interface directly with the SCSI Bus.

ACK
Acknowledge (Input/Output; Open Collector,
Active Low)

Driven by an Initiator, ACK indicates an acknowledg-
ment for a REQ/ACK data-transfer handshake. In the
Target role, ACK is received as a response to the REQ
signal.

ATN
Attention (Input/Output; Open Collector,
Active Low)

Driven by an Initiator, ATN indicates an Attention condi-
tion. This signal is received in the Target role.

BSY
Busy (Input/Output; Open Collector, Active Low)

This signal indicates that the SCSI Bus is being used and
can be driven by both the Initiator and the Target device.

CiD
Control/Data (Input/Output; Open Collector,
Active Low)

A signal driven by the Target, C/D indicates Control or
Data information is on the Data Bus. This signal is re-
ceived by the Initiator.

o
Input/Output (Input/Output; Open Collector,
Active Low)

I/Ois a signal driven by a Targetwhich controls the direc-
tion of data movement onthe SCS! Bus. TRUE indicates
input to the intitiator. This signal is also used to distin-
guish between Selection and Reselection phases.

MSG
Message (Input/Output; Open Collector, Active Low)

MSG s a signal driven by the Target during the Message
phase. This signal is received by the Initiator.

REQ
Request (Input/Output; Open Collector, Active Low)

Driven by a Target, REQ indicates a request for a REQ/
ACK data-transfer handshake. This signal is received by
the Initiator.

- RST

SCSI Bus RESET (Input/Output; Open Collector,
Active Low)

The RST Signalindicates an SCSIBus RESET condition.
An internal 30 pA pull up transistor is built-in to prevent
spurious interrupts.

DB;-DB 7, DBP
Data Bits, Parity Bit (Input/Output; Open Collector,
Active Low)

These eight data bits (DBo-DB 7), plus a parity bit (DBP)
form the Data Bus. DB7 is the most significant bit (MSB)
and has the highest priority duringthe Arbitration phase.
Data parity is odd. Parity is always generated and option-
ally checked. Parity is not valid during Arbitration.

SEL
Select (Input/Output; Open Collector, Active Low)

SEL is used by an Initiator to select a Target, or by a Tar-
get to reselect an Initiator.

Am85C80 n_ 44
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PIN DESCRIPTION (continued)

Common CPU Interface Signals

RD

Read (Input; Active Low) .

This signal indicates a read operation and when
AmB85C80 is selected, enables the Data Bus Drivers.
During the interrupt acknowledge cycle for ESCC, this
signal gates the interrupt vector onto the bus if the ESCC
is the highest priority device requesting an interrupt. It

also selects the SCSl input data register when used with
DACK.

WR

Write (Input; Active Low)

When Am85C80 is selected, along with either CE1 or
CE2, this _signal indicates a write operation. The coinci-
dence of RD and WRis interpreted as aresetfor ESCC. it

also selects the SCSI output data register when used
with DACK.

Do-D-
Data (Input/Output; Active High)

Common data lines for ESCC and SCSI. These lines
transfer data into and out of the Am85C80.

3-12
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SCSI FUNCTIONAL DESCRIPTION

General

The Small Computer Systems Interface (SCSI) device
appears as a set of eight registers to the controlling CPU.
By reading and writing the appropriate registers, the
CPU may initiate any SCS! Bus activity or may sample
and assert any signal on the SCSI Bus. This allows the
user to implement all or portions of the SCSI protocol in
software. These registers are read (written) by activating
CE2 with an address on A«—Az and then issuing an RD
(WR) pulse. This section describes the operation of the
internal registers.

Table 1. Register Summary

—Address
A:| A| Aol RIW Register Name
o0l 0] R Current SCSI Data
o{fojo| W Output Data’
ool 1 R/W Initiator Command
ol 1] 0] RW Mode
ol 1| 1| RW Target Command
1]0]0| R Current SCSI Bus Status
1100 W Select Enable
110] 1 R Bus and Status
1101} W Start DMA Send
11]1] 0| R Input Data
1]1]0] W Start DMA Target Receive
1{1}] 1| R Reset Parity/Interrupts
1111 1] W Start DMA Initiator Receive

Data Registers

The data registers are used to transfer SCSIcommands,
data, status, and message bytes between the micropro-
cessor Data Bus and the SCSI Bus. The Am85C80 does
not interpret any information that passes through the
data registers. The data registers consist of the trans-
parent Current SCSI Data Register, the Output Data
Register, and the Input Data Register. User note: a one
in a_register means the pin is Low. For example, when
the ATN Pin is Low, ATN in the bus and status register
will be High.

Current SCSI Data Register—Address 0

(Read Only)

The Current SCSI Data Register is a read-only register
that allows the microprocessor to read the active SCSI
Data Bus. This is accomplished by activating CE2 withan
address on A>—-Ao of 000 and issuing an RD pulse. If par-
ity checking is enabled, the SCS| Bus parity is checked at
the beginning of the read cycle. This register is used dur-
ing a programmed I/O data read or during Arbitration to
check for higher priority arbitrating devices. Parity is not
guaranteed valid during Arbitration.

DB7 DBs DBs DB4 DB3 DB2 DB1 DBo
12582C-099A
Figure 1. Current SCSI Data Register

Output Data Register—Address 0 (Write Only)

The Qutput Data Register is a write-only register that is
used to send data to the SCSI Bus. This is accomplished
by either using a normal CPU write, or under DMA con-
trol, by using WR and DACK. This registeris also used to
assert the proper ID bits or the SCSI Bus during the Arbi-
tration and Selection phases.

DBs DBs4 DB3z DB2 DB1 DBo
12582C-005A
Figure 2. Output Data Register

Input Data Register—Address 6 (Read Only)

The Input Data Register is a read-only register that is
used to read latched data from the SCSI Bus. Data is
latched either during a DMA Target receive operation
when ACK goes active or during a DMA Initiator receive
when REQ goes active. The DMA Mode bit (port 2, bit 1)
must be set before data can be latched in the Input Data
Register. This register may be read under DMA control
using RD and DACK. Parity is optionally checked when
the Input Data Register is loaded.

DB7 DBe DBs DBs4 DB3 DB2 DB1 DBo

12582C-006A
Figure 3. Input Data Register

AmRRCAN n 4an
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Initiator Command Register—Address 1
(Read/Write)

The Initiator Command Register is a read/write register
that is used to assert certain SCSI Bus signals, to moni-
torthose signals, and to monitor the progress of bus arbi-
tration. Many of these bits are significant only when be-
ing used as Initiators; however, most can be used during
Target role operation.

Assert AIP LA Assert Assert Assert Assert Assert
RST CK BSY SEL ATN Data
Bus
12582C-007A

Figure 4-1. Initiator Command Register—Register Read

7 6 5 4 3 2 1 0

0

Assert Test Diff Assert Assert Assert Assert Assert
SEL ATN Data

RST Mode Enbl ACK SY
Bus

12582C-008A
Figure 4-2. Initiator Command Register—Register Write

The following describes the operation of all bits in the
Initiator Command Register.

Bit 7—Assert RST

Whenever a one is written to bit 7 of the Initiator Com-
mand Register, the RST signal is asserted on the SCSI
Bus. The RST signal will remain asserted until this bit is
reset or until an external RESET occurs. After this bit is
set (1), IRQ goes active and all internal logic and control
registers are reset (except for the interrupt latch and the
Assert BST bit). Writing a zero to bit 7 of the Initiator

Command Register de-asserts the RST signal. Reading

this register simply reflects the status of this bit.
Bit 6—AIP (Arbitration in Progress) (Read Bit)

This bit is used to determine if Arbitration is in progress.
For this bit to be active, the Arbitrate bit (port 2, bit 0)
must have been set previously. It indicates that a Bus-
Free condition has been detected and that the chip has
asserted BSY andthe contents of the Output Data Regis-
ter (port 0) onto the SCSI Bus. AIP willremain actlve until
the Arbitrate bit is reset.

Bit 6-—Test Mode (Write Bit)

This bit may be written during a test environment to
disable all output drivers, effectively removing the
Am85CB80 from the circuit. Resetting this bit returns the
part to normal operation.

Bit 5—LA (Lost Arbitration) (Read Bit)

This bit, when active, indicates that the Am85C80 de-
tected a Bus-Free condition, arbitrated for use of the bus
by asserting BSY andits ID on the Data Bus, and lost Ar-

bitration due to SEL being asserted by another bus de-
vice. For this bitto be active, the Arbitrate bit (port 2, bit 0)
must be active.

Bit 5—-Diff Enbl (Differential Enable) (Write Bit)

This bit should be written with a zero for proper
operation. ‘

Bit 4—Assert ACK

This bit is used by the bus initiator to assert ACK onthe
SCSI Bus. In order to assert ACK, the Targetmode bit
(port 2, bit 6) must be False. Writing a zero to this bit re-
sets ACK on the SCSI Bus. Reading this register simply
reflects the status of this bit.

Bit 3—Assert BSY

Writing a one (1) into this bit position asserts BSY onto
the SCSI Bus. Conversely, a zero resets the BSY signal.
Asserting BSY indicates a successful selection or
reselection and resetting this bit creates a Bus-Discon-
nect condition. Reading this register simply reflects the
status of this bit.

Bit 2—Assert SEL

Writing a one (1) into this bit position asserts SEL onto
the SCSI Bus. SEL is normally asserted after Arbitra-
tion has been successfully completed. SEL may be de-
asserted by resetting this bit to a zero. A read of this
register simply reflects the status of this bit.

Bit 1—Assert ATN

ATN may be asserted on the SCSI Bus by setting this bit
to aone (1) if the Targetmode bit (port 2, bit 6) is Faise.
ATN is normally asserted by the initiator to request a
Message Out bus phase. Note that since Assert SEL and
Assert ATN are in the same register, a select with ATN
may be implemented with one CPU write. ATN may be
de-asserted by resetting this bit to zero. A read of this
register simply reflects the status of this bit.

Bit 0—Assert Data Bus

The Assert Data Bus bit, when set, allows the contents of
the Output Data Register to be enabled as chip outputs
on the signals DBo—DB7. Parity is also generated and

~ asserted on DBP.

When.connected as an initiator, the outputs are only
enabled if the Targetmode bit (port 2, bit 6) is False, the
received signal I/O is False, and the phase signals (C/D,
170, and d MSG) match the contents of the Assert C/D,
Assert VO, and Assert MSG in the Target Command
Register.

This bit should also be set QUring DMA send operations.

Mode Register—Address 2 (Read/Write)

The Mode Register is used to control the operation of the
chip. This register determines whetherthe Am85C80 op-
erates as an Initiator or a Target, whether DMA transfers
are being used, whether parity is checked, and whether
interrupts are generated on various external conditions.
This register may be read to check the value of these

3-14
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internal control bits. Figure 5 describes the operation of
these control bits.

Block Target Enbl Enbl Enbl Monitor DMA Arbi-
Mode Mode Pamz Parity EOP Busy Mode trate
DMA Inter- Inter-

ing  rupt  rupt 12582C-009A

Figure 5. Mode Register

Bit 7—Block Mode DMA

The Block Mode DMA bit controls the characteristics of
the DMA DRQ-DACK handshake. When this bit is reset
(0) and the DMA Mode bit is active (1), the DMA hand-
shake uses the normal interlocked handshake, and the
rising edge of DACK indicates the end of each byte being
transferred. In block mode operations, Block Mode DMA
bit set (1), and DMA Mode bit set (1), the end of RD or WR
signifies the end of each byte transferred and DACK is al-
lowed to remain active throughout the DMA operation.
Ready can then be used to request the next transfer.

Bit 6—Target Mode

The Targetmode bit allows the Am85C80 to operate as
either an SCSI Bus Initiator, bit reset (0), or as an SCSI
Bus Target device; bitset (1). In order for the signals ATN
and ACK to be asserted on the SCSI Bus, the Target-
mode bit must be reset (0). In order for the signals C/D,
70, MSG, and REQto be asserted on the SCSI Bus, the
Targetmode bit must be set (1).

Bit 5—Enable Parity Checking

The Enable Parity Checking bit determines whether par-
ity errors will be ignored or saved in the parity error latch.
If this bit is reset (0), parity will be ignored. Conversely, if
this bit is set (1), parity errors will be saved.

Bit 4——ENABLE PARITY INTERRUPT

The Enable Parity Interrupt bit, when set (1), will cause
an interrupt (IRQ) to occur if a parity error is detected. A
parity interrupt will only be generated if the Enable Parny
Checking bit (bit 5) is also enabled (1).

Bit 3—Enable EOP Interrupt

The Enable EOP Interrupt bit, when set (1), causes anin-
terrupt to occur when the EOP (End of Process) signal is
received from the DMA controlier logic.

Bit 2—Monitor Busy

The Monitor Busy bit, when True (1), causes an interrupt
to be generated for anunexpected loss of BSY. Whenthe
interrupt is generated due to loss of BSY, the lower six
bits of the Initiator Command Register are reset (0) and
all signals are removed from the SCSI Bus.

Bit 1—DMA Mode

The DMA Mode bit is normally used to enable a DMA
transfer and must be set (1) prior to writing ports 5
through 7. Ports 5 through 7 are used to start DMA trans-
fers. The Targetmode bit (port 2, bit 6) must be consis-

tent with writes to port 6 and 7 [i.e., set (1) for a write to
port 6 and reset (0) for a write to port 7). The control bit
Assert Data Bus (port 1, bit 0) must be True (1) for all
DMA send operations. Inthe DMA mode, REQ and ACK
are automatically controlled.

The DMA Mode bit is not reset upon the receipt of an
EOPsignal. Any DMA transfer may be stopped by writing
a zero into this bit location; however, care must be taken
notto cause CE2 and DACK to be active simultaneously.

Bit 0—Arbitrate

The Arbitrate bit is set (1) to start the Arbitration process.
Prior to setting this bit, the Output Data Register should
contain the proper SCSI device ID value. Only one data
bit should be active for SCSI Bus Arbitration. The
AmB5C80 willwait for a Bus-Free condition before enter-
ing the Arbitration phase. The results of the Arbitration
phase may be determined by reading the status bits LA
and AIP (port 1, bits 5 and 6, respectively).

Target Command Register—Address 3
(Read/Write)

When connected as a target device, the Target Com-
mand Register allows the CPU to contro! the SCSI Bus
Information Transfer phase and/or to assert REQ simply
by writing this register. The Targetmode bit (port 2, bit 6)
must be True (1) for bus assertion to occur. The SCSI
Bus phases are described in Table 2.

Table 2. SCSI Information Transfer Phases

Assert | Assert | Assert
Bus Phase /0. C/D MSG
Data Out - 0 0 0
Unspecified 0 0 1
Command 0 1 0
Message Out 0 1 1
Data In 1 0 0
Unspecified 1 0 1
Status 1 1 0
Message In 1 1 1

When connected as an Initiator with DMA Mode True, if
the phase lines (I/0, C/D, and MSG) do not match the
phase bits in the Target Command Register, a phase-
mismatch interrupt is generated when REQ goes active.
Inorderto send data as an Initiator, the Assert 1/0, Assert
C/D, and Assert MSG bits must match the corresponding
bitsinthe Current SCS1 Bus Status Register (port 4). The
Assert REQ bit (bit 3) has no meanlng when operatlng as
an Initiator.

7 6 5 4 3 2 1- 0

Last X X X  Assert Assert A_s_s_e_n Aien
ggtnet REQ MSG TD 1O

12582C-010A
Figure 6. Target Command Register

The Am85C80 uses bit 7 of the SCSI Target Command
Register to determine when the last byte of a DMA
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transfer is sent to the SCSI bus. This flag is necessary
since the end of DMA bit in the Bus and Status Register
only indicates when the last byte was received from the
DMA : '

Current SCSI Bus Status Register—
Address 4 (Read Only)

The Current SCSI Bus Status Register is a read-only
register that is used to monitor.seven SCSI Bus control
signals plus the Data Bus parity bit. For example, an In-
itiator device can use this register to determine the cur-
rent bus phase and to poll REQ for pending data trans-
fers. This register may also be used to determine why a
particular interrupt occurred. Figure 7 describes the Cur-
rent SCSI Bus Status Register.

SEL DBP
12582C-011A
Figure 7. Current SCSI Bus Status Register

RST BSY REQ MSG CTD 1O

The Am85C80 uses bit 7 of this register to determine
when the last byte of a DMA transfer is sent to the SCSI
bus. Thisflag is necessary since the end of DMA bitinthe
Bus and Status Register only reflects when the last byte
was received from the DMA.

Select Enable Register—AddreSs 4
(Write Only)

The Select Enable Register is a write-only register which
is used as a mask to monitor a signal ID during a
selection attempt. The simultaneous occurrence of the
correct 1D bit, BSY False, and SEL True will cause an in-
terrupt. This interrupt can be disabled by resetting all bits
in this register. If the Enable Parity Checking bit (port 2,
bit 5) is active (1), parity will be checked during selection.

DB7 DBs DBs DBs DB3 DB2 DB1 DBo

12582C-012A
Flgure 8. Select Enable Register

Bus and Status Register—Address 5
(Read Only)

The Bus and Status Register is a read-only register that
can be used to monitor the remaining SCSI control
signals not found in the Current SCSI Bus Status Reg-
ister (ATN and ACK), as well as six other status bits. In-
dividual descriptions of each bit of the Bus and Status
Register follow.

7 6 5 4 3 2 1 0

End DMA Parity Inter- Phase Busy ATN ACK

of  Re- Error rupt Match Error
DMA quest
quest
Active 12582C-013A

Figure 9. Bus and Status Register

Bit 7—End of DMA Transfer

The End Of DMA Transfer bit is set if EOP, DACK, and
either RD or WR are simultaneously active for at least
100 ns. Since the EOP signal can occur during the > last
byte sent to the Output Data Register (port 0), the REQ
and ACK signals should be monitored to ensure that the
last byte has been transferred. This bit is reset when the
DMA Mode bit is reset (0) in the Mode Register (port 2).

Bit 6—DMA Request

The DMA Request bit allows the CPU to sample the out-
put pin DRQ. DRQ canbe cleared by asserting DACK or
by resetting the DMA Mode bit (bit 1) in the Mode Regis-
ter (port 2). The DRQ signal does not reset when a
phase-mismatch interrupt occurs. -

Bit 5—Parity Error

. Thisbitis setif a parity error occurs during a data receive

or a device selection. The Parity Error bit can only be set
(1) if the Enable Parity Check bit (port 2, bit 5) is active
(1). This bit may be cleared by reading the Reset Parity/
Interrupt Register (port 7).

Bit 4—Interrupt Request Active

This bit is set if an enabled interrupt condition occurs. It
reflects the current state of the IRQ output and can be
cleared by reading the Reset Parity/Interrupt Register
(port 7). '

Bit 3—Phase Match

The SCSI signals, MSG, C/D, and I/0O, represent the cur-
rent Information Transter phase. The Phase Match bitin-
dicates whether the current SCSI Bus phase matches
the lower 3 bits of the Target Command Register. Phase
Match is continuously updated and is only significant
when operating as a Bus Initiator. A phase match is re-
quired for data transfers to occur on the SCSI Bus.

Bit 2—Busy Error -

The Busy Error bit is active if an unexpected loss of the
BSY signal has occurred. This latch is set whenever the
Monitor Busy bit (port 2, bit 2) is True and BSY is False.
Anunexpected loss of BSY will disable any SCS!I outputs
and will reset the DMA MODE bit (port 2, bit 1).

3-16

Am85C80



PRELIMINARY

AMD n

Bit 1—ATN

This bit_reflects the condition of the SCSI Bus control
signal ATN. This signal is normally monitored by the
Target device.

Bit 0—ACK

This bit_reflects the condition of the SCSI Bus control
signal ACK. This signal is normally monitored by the
Target device.

DMA Registers

Three write-only registers are usedto initiate all DMA ac-
tivity. They are Start DMA Send (port 5), Start DMA Tar-
get Receive (ponrt 6), and Start DMA I[nitiator Receive
(port 7). Simply writing these registers starts the DMA
transfers. Data presented to the Am85C80 on signals
Do-Dy7 during the register write is meaningless and has
no effect on the operation. Prior to writing these regis-
ters, the Block Mode DMA bit (bit 7), the DMA Mode bit
(bit 1) and the Targetmode bit (bit 6) in the Mode Register
(port 2) must be appropriately set. The individual regis-
ters are briefly described as follows.

Start DMA Send—Address 5 (Write Only)

This register is written to initiate a DMA send, from the
DMA to the SCSI Bus, for either Initiator or Target role
operations. The DMA Mode bit (port 2, bit 1) must be set
prior to writing this register.

Start DMA Target Receive—Address 6 (Wnte Only)
This register is written to initiate a DMA receive—from
the SCS! Bus to the DMA—for Target operation only.
The DMA Mode bit (bit 1) and the Targetmode bit (blt 6)in
the Mode Register (port 2) must both be set (1) prior to
writing this register.

Start DMA Initiator Receive—Address 7

(Write Only)

This register is written to initiate a DMA receive—from
the SCSI Bus to the DMA, for Initiator operation only. The
DMA Mode bit (bit 6) must be False (0) inthe Mode Reg-
ister (port 2) prior to writing this register.

Reset Parity/Interrupt—Address 7 (Read Only)
Reading this register resets the Parity Error bit (bit 5), the
Interrupt Request bit (bit 4), and the Busy Error bit (bit 2)
in the Bus and Status Register (port 5).

On-Chip SCSI Hardware Support

The AmB5C80 is easy to use because of its simple archi-
tecture. The chip allows direct control and monitoring of
the SCSI Bus by providing a latch for each signal. How-
ever, portions of the protocol define timings that are
much too quick for traditional microprocessors to control.
Therefore, hardware support has been provided for DMA
transfers, bus arbitration, phase-change monitoring, bus
disconnection, bus reset, parity generation, parity check-
ing, and device selection/reselection.

Arbitration is accomplished using a Bus-Free filter to
continuously monitor BSY. If BSY remains inactive for at
least 400 ns, then the SCSI Bus is considered free and
Arbitration may begin. Arbitration will begin if the bus is
free, SEL is inactive, and the Arbitration bit (port 2, bit 0)
is active. Once arbitration has begun (BSY asserted), an
arbitration delay of 2.2 us must elapse before the Data
Bus can be examined to determine if Arbitration has
been won. This delay must be implemented in the con-
trolling software driver.

The Am85C80 has no clock. Delays such asbus-free de-
lay, bus-set delay, and bus-settle delay are implemented
using gate delays. These delays may differ between de-
vices because of inherent process variations, but are
well within the proposed ANSI X3T9.2 specification.

Interrupts

The Am85C80 provides an interrupt output (IRQ) to indi-
cate a task completion or an abnormal bus occurrence.
The use of interrupts is optional and may be disabled by
resetting the appropriate bits in the Mode Regls!er (port
2) or the Select Enable Register (port 4).

When an interrupt occurs, the Bus and Status Register
and the Current SCSI Bus Status Register must be read
to determine which condition created the interrupt. IRQ
canbe reset simply by reading the Reset Parity/Interrupt
Register (port 7) or by an external chip reset (RESET
active for 100 ns).

Assuming the Am85C80 has been properly initialized, an
interrupt will be_generated if the chip is selected or
reselected, if an EOP signal occurs during a DMA trans-
fer, if a SCSI Bus reset occurs, if a parity error occurs dur-
ing adatatransfer, if abus phase mismatch occurs, orif a
SCSI Bus disconnection occurs.

Selection/Reselection

The Am85C80 can generate a select_interrupt if SEL is
True (1), its device ID is True (1), and BSY is False for at
least a bus-settle delay (400 ns). If VO is active, this
should be considered a reselect interrupt. The correct ID
bit is determined by a match in the Select Enable Regis-
ter (port 4). Only a single bit match is required to gener-
ate an interrupt. This interrupt may be disabled by writing
zeros into all bits of the Select Enable Register.

If parity is supported, parity should also be good during
the selection phase. Therefore, if the Enable Parity bit
(port 2, bit 5) is active, then the Parity Error bit should be
checked to ensure that a proper selection has occurred.
The Enable Parity Interrupt bit need not be set for this in-
terrupt to be generated.

The proposed SCSI specification also requires that no
more than two device IDs be active during the selection
process. To ensure this, the Current SCSI Data Register
{(port 0) should be read.

Am85C80
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The proper values for the Bus and Status Register (port
5) and the Current SCSI| Bus Status Register (port 4) for
Selection/Reselection interrupt are displayed in Flgures
10 and 11, respectively.

7 6 s 4 3 2 1 o

o oo | 1t [X]|]o[|X]o

End DMA Parity Inter- Phase Busy ATN ACK

of Re- Error rupt Match Error
DMA quest Re-
: quest
Active 12582C-013A

Figure 10. Condition of Bus and Status Register
: for Select Interrupt to Occur

o[ ol o x| x [ X[ 1] X

ST BSY REQ MSG CD 7O SEL DBP
' 12582C-014A

Figure 11. Condition of Current SCSI Bus
Status Register for Select Interrupt to Occur

End of Process (EOP) Interrupt

An End of Process signal (EOP) that occurs during a
DMA transfer (DMA Mode True) will set the End Of DMA
Statusbit (port 5, bit 7) and will optionally generate an in-
terrupt if the Enable EOP Interrupt bit (port 2, bit 3) is
True. The EOP pulse will not be recognized (End Of DMA
bit set) unless EOP, DACK, and either RD or WR are con-
currently active for at least 100 ns. DMA transfers can
still occur if EOP was not asserted at the correct time.
This interrupt can be disabled by resetting the Enable
EOP Inlerrupt bit (port 2, bit 3).

The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4)
for this interrupt are shown in F|gures 12 and 13,
respectively.

7 6 -5 4 3 2 A 0

1l o]l o | 1] ofo] o] X

End DMA Parity Inter- Phase Busy ATN ACK
of . Re- Error rupt Match Error i
DMA quest Re-

ﬂ‘c’ﬁvsé 12582C-015A
"Figure 12. Condition of Bus and Status Register
for End of Process Interrupt to Occur

0 1 X X1 X X 0 X

RST BSY REQ MSG CD 7O SEL DBP
12582C-016A
Figure 13. Condition of CUrrent SCSI Bus

Status Register for End of Process Interrupt

to Occur

The End Of DMA bit (port 5, bit 7) is used to determine
when a'block transfer is complete. Receive operations
are complete when there are no data left in the chip and
no additional handshakes occurring. The only exception
to this is receiving data as an Initiator when the Target
opts to send additional data for the same phase. In this
case, REQgoes active and the new data is present in the
Input Data Register (port 6). Since a phase-mismatchin-
terrupt will not occur, REQ and ACK need to be sampled
to determine that the Target is attempting to send more
data.

For send operations, the End Of DMA bit (port 5, bit 7) ‘is
set when the DMA finishes its transfer, but the SCSI
transfer. may still be in progress. If connected as a Tar-
get, REQ and ACK should be sampled until both are
False. If connected as an Initiator, a phase change inter-
rupt canbe used to signal the completion of the previous
phase. It is possible for the Target to request additional
data for the same phase. In this case, a phase change
will not occur and both REQ and ACK must be sampledto
determine when the last byte was transferred.

"SCSI Bus Reset

The Am85C80 generates an interrupt whenthe ﬁ—STsig-
nal transitions to True. The device releases all bus sig-
nals within a bus-clear delay (800 ns) of this transmon
This interrupt also occurs after setting the Assert RST bit
{port 1, bit 7). This interrupt.cannot be disabled. (Note:
RST is not latched in bit 7 of the Current SCSI Bus Status
Register (port 4) and may not be active when this port is
read. For this case, the Bus Reset mterrupt may be de-
termined by default.)

The proper values forthe Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4) for
this interrupt are dlsplayed in Figures 14 and 15, respec-
tively.
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7 6 5 4 3 2 1 0

o | x| ol t | x| of x| x

End DMA Parity Inter- Phase Busy A ACK
of Re- Error rupt Match Error
DMA quest Re-

ggt?\fé . 12582C-017A

Figure 14. Condition of Bus and Status Register
for SCSI Bus Reset to Occur

7 6 5§ 4 3 2 1 0

X X X X X X X X .

RST BSY REQ M /D 10 EL DBP

12582C-018A

Figure 15. Condition of Current SCSI Bus
Status Register for SCSI Bus Reset to Occur

Parity Error

Aninterrupt is generated for a received parity error if the
Enable Parity Check (bit 5) and the Enable Parity Inter-
rupt (bit 4) bits are set (1) in the Mode Register (port 2).
Parity is checked during a read of the Current SCSI Data
Register (port 0) and during a DMA receive operation. A
parity error can be detected without generating an inter-
rupt by disabling the Enable Parity Interrupt bit (port 2,
bit 4) and checking the Parity Error flag (port 5, bit 5).

The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4) for
Parity Error interrupt are displayed in Figures 16 and 17,
respectively.

Bus Phase Mismatch

The SCSI phase lines are composed of the signals 70,
C/D, and MSG. These signals are compared with the cor-
responding bits inthe Target Command Register: Assert
170 (bit 0), Assert C/D (bit 1), and Assert MSG (bit 2). The
comparison occurs continually and is reflected in the
Phase Match bit (bit 3) of the Bus and Status Register
(port 5). If the DMA Mode bit (port 2, bit 1) is active and a
phase mismatch occurs when REQ changes from False
to True, an interrupt (IRQ) is generated.

Aphase mismatch prevents the recognition of REQ and
removes the chip from the bus during an initiator send
operation [DBe~DB> and DBP will not be driven even
though the Assert Data Bus bit (port 1, bit 0) is active].
This interrupt is only significantwhen connected asanin-
itiator and may be disabled by resetting the DMA Mode
bit. (Note: It is possible for this interrupt to occur when
connected as a Target if another device is driving the
phase lines to a different state.)

The proper values for the Bus and Status Register (port
5) and the Current SCSI Bus Status Register (port 4) for
Bus Phase Mismatch interrupt to occur are displayed in
Figures 18 and 19, respectively.

7 6 5 4 3 2 1 0

0 0 0 1 0 0 X 0

End DMA Parity Inter- Phase Busy ATN ACK
of Re- Error rupt Match Error
DMA quest Re-

Juest 12582C-021A

Figure 18. Condition of Bus and Status Register
for Bus Phase Mismatch Interrupt to Occur

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1

o

0 X 1 1 1 0 X X

End DMA Parity Inter- Phase Busy ATN ACK
of Re- Error rupt Match Error
DMA quest Re-
quest

Active 12582C-019A

Figure 16. Condition of Bus and Status Register
for Parity Error Interrupt to Occur

7 6 5 4 3 2 1 0

0 1 X X X X X

o

RST BSY REQ MSG TD 1710 @.’DBP
12582C-020A
Figure 17 Condition of Current SCSI Bus

Status Reglster for Parity Error Interrupt
to Occur

0 1 X X X X 0 X

ST BSY RE SG CD 7O SEL DBP

. '12582C-022A
Figure 19. Condition of Current SCSI Bus Status
Register for Bus Phase Mismatch Interrupt
to Occur

Loss of BSY

If the Monitor Busy bit (bit 2) in the Mode Register (port 2)
is active, an interrupt will be generated if the BSY signal
goes False for at least a bus-settle delay (400 ns). This
interrupt may be disabled by resetting the Monitor Busy
bit. Register values are displayed in Figures 20 and 21.
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7 6 5 4 3 2 1 0

0 o] 0 1 X 1 0 0

End DMA Parity Inter- Phase Busy ATN ACK

of Re- Error rupt Match Error
DMA quest Re-

quest

Active

12582C-023A
Figure 20. Bus and Status Register
7 6 5 4 3 2 1 0

0 0 0 X X X 0 0
RST BSY REQ MSG CD VO SEL DBP
12582C-024A

Figure 21. Current SCSI Bus Status Register

Reset Conditions
Three possible reset situations exist with the Am85C80.

Hardware Chip Reset

When the signal RST is active for at least 200 ns, the
SCS! device is re-initialized and all internal logic and
control registers of SCSI are cleared. This is a chip reset
only and does not create an SCSI Bus-Reset condition.

SCSI Bus Reset (RST) Received

When an SCSI RST signalis received, an IRQ interrupt is
generated and a SCSI chip reset is performed. All inter-
nal logic and registers are cleared, except for the IRQin-
terrupt latch and the Assert RST bit (bit 7) in the Initiator
Command Register {port 1). (Note: The RST signal may
be sampled by reading the Current SCSI Bus Status
Register (port 4); however, this signal is not latched and
may not be present when this port is read.)

SCSI Bus Reset (RST) Issued

If the CPU sets the Assert RST bit (bit 7) in the Initiator
Command Register (port 1), the RST signal goes active
on the SCS! Bus and an internal reset is performed.
Again, allinternal logic and registers are cleared except
forthe IRQinterrupt latch and the Assert RST bit (bit 7) in
the Initiator Command Register (port 1). The RST signal
will continue to be active until the Assert RST bit is reset
or until a hardware reset occurs.

Data Transfers

Data may be transferred between SCSI Bus devices in
one of four modes: (1) Programmed I/O, (2) Normal
DMA, (3) Block Mode DMA, or (4) Pseudo DMA. The fol-
lowing sections describe these modes in detail. (Note:
For all data transfer operations, DACK and CE2 should
never be active simultaneously.)

Programmed I/O Transfers

Programmed I/O is the most primitive form of datatrans-
fer. The REQ and ACK handshake signals are individu-
ally monitored and asserted by reading and writing the
appropriate register bits. This type of transfer is normally

used when transferring small blocks of data, such as
command blocks or message and status bytes.

An Initiator send operation would begin by setting the
C/D, 170, and MSG bits in the Target Command Register
to the correct state so that a phase match exists. In addi-
tion to the phase match condition, it is necessary for the
Assert Data Bus bit (port 1, bit 0) to be True and the
received I/0 signal to be False for the Am85C80 to send
data.

For eachtransfer, the data is loaded into the Output Data
Register (port 0). The CPU then waits for the REQ bit
(port 4, bit 5) to become active. Once REQ goes active,
the Phase Match bit (port 5, bit 3) is checked and the As-
sert ACK bit (port 1, bit 4) is set. The REQ bit is sampled
until it becomes False and the CPU resets the Assert
ACK bit to complete the transfer.

Normal DMA Mode

DMA transfers are normally used for large block trans-
fers. The SCSIchip outputs a DMArequest (DRQ) when-
ever it is ready for a byte transfer. External DMA logic
uses this DRQ signal to generate DACK and an RDoran
WR pulse to the Am85C80. DRQ goes inactive when
DACK is asserted, and DACK goes inactive some time
afterthe minimum read orwrite pulse width, This process
is repeated for every byte. For this mode, DACK should
not be allowed to cycle unless a transfer is taking place.

Block Mode DMA

Some popular DMA controllers such as the Am9517A
provide a Block Mode DMA transfer. This type of transfer
allows the DMA controller to transfer blocks of data with-
outrelinquishing the use of the Data Bus to the CPU after
each byte is transferred; thus, faster transfer rates are

achieved by . eliminating the repetitive access and
release of the CPU Bus.

If the Block Mode DMA bit (port 2, bit 7) is active, the
AmB85C80 will begin the transter by asserting DRQ. The
DMA controller then asserts DACK for the remainder of
the block transfer. DRQ goes inactive for the duration of
the transfer.

Non-Block Mode DMA transfers end when DACK goes
False, whereas Block mode transfers end when RD or
WRbecomes inactive. Since this is the case, DMA trans-
fers may be started sooner in a Block Mode transfer.

The methods described under “Halting a DMA Opera-
tion” apply for all DMA operations.

Pseudo DMA Mode

To avoid the tedium of monitoring and asserting the re-
quest/acknowledge handshake signals for programmed
I/0 transfers, the system may be designed to implement
apseudo DMA mode. This mode is implememed by pro-
gramming the Am85C80 to operate in the DMA mode,
but usingthe CPU to emulate the DMA handshake. DRQ
may be detected by polling the DMA Request bit (bit 6) in
the Bus and Status Register (port 5), by sampling the sig-
nal through an external por, or by using it to generate a
CPU interrupt. Once DRQ is detected, the CPU can per-
form a read or write data transfer. This CPU read/write is
externally decoded to generate the appropriate DACK
and RD or WR signals.
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Otten, external decoding logic is necessary to generate
the Am85C80 CEZ signal. This same logic may be used
to generate DACK at no extra system cost and provide
an increased performance in programmed [/O transfers.

Halting a DMA Operation

The EOP signalis notthe only way to halt a DMA transfer.
A bus phase mismatch or a reset of the DMA Mode bit
(port 2, bit 1) can also terminate a DMA cycle for the cur-
rent bus phase.

Using the EOP Signal

if EOP is used, it should be asserted for at least 100 ns
while DACK and RD or WR are simultaneously active.
Note, however, that if RD or WR is not active an interrupt
will be generated, but the DMA activity will continue. The
EOP signal does not reset the DMA Mode bit. Since the
EOP signal can occur during the last byte sent to the Out-
put Data Register (port 0), the REQ and ACK signals
should be monitored to ensure that the last byte has
transferred.

Bus Phase Mismatch Interrupt

A bus phase mismatch interrupt may be used to halt the
transfer if operating as an Initiator. Using this method
frees the host from maintaining a data length counter
and frees the DMA logic from providing the EOP signal.
If performing an Initiator send operation, the Am85C80
requires DACK to cycle before ACK goes inactive. Since
phase changes cannot occur if ACK is active, either

DACK must be cycled after the last byte is sent or the
DMA Mode bit must be reset in order to receive the
phase mismatch interrupt.

Resetting the DMA Mode Bit

A DMA operation may be halted at any time simply by re-
setting the DMA Mode bit. It is recommended that the
DMA Mode bit be reset after receiving an EOP or bus
phase-mismatch interrupt. The DMA Mode bit must then
be set before writing any of the start DMA registers for
subsequent bus phases.

If resetting the DMA Mode bit is used instead of EOP for
Target role operation, then:care must be taken to reset
this bit at the propertime. If receiving data as a Target de-
vice, the DMA Mode bit must be reset once the last DRQ
is received and before DACK is asserted to prevent an
additional REQ from occurring. Resetting this bit causes
DRQ to go inactive. However, the last byte received re-
mains in the Input Data Register and may be obtained
either by performing a normal CPU read or by cycling
DACK and RD. In most cases ECP is easier to use when
operating as a Target device.

Flowcharts

Flowcharts are provided (see Figures 22 through 25) as
aguideline to facilitate your firmware development. Firm-
ware will vary depending on the application and the level
of the SCSI protocol being supported.
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Figure 22. Arbitration and (Re) Selection
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Figure 23. Command Transfer Phase (Target)
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Figure 24. Data Transfer to Host via Programmed I/O
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Figure 25. Data Transfer via DMA
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Read
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Figure 26. Register Reference Chart
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Figure 26. Register Reference Chart (continued)




n AMD

PRELIMINARY

ESCC ARCHITECTURE

The ESCC internal structure includes two full-duplex
channels, two 10 x 19 bit SDLC/HDLC frame status
FIFOs, two baud rate generators, internal control and in-
terrupt logic, and a bus interface to a non-multiplexed
bus. Associated with each channel are a number of read
and write registers for mode control and status informa-
tion, as well as logic necessary to interface with modems
or other external devices (see Logic Symbol).

The logic for both channels provides formats, synchroni-
zation, and validation for data transferred to and fromthe
channel interface. The modem control inputs ‘are moni-
tored by the control logic under program control. All of the
modem control signals are general-purpose in nature
and can optionally be used for functions other than mo-
dem control.

The register set for each channel includes ten control
(write) registers, two SYNC character (write) registers,
and four status (read) registers. In addition, each baud
rate generator has two (read/write) registers for holding
the time constant that determines the baud rate. Finally,
associated with the interrupt logic is a write register for
the interrupt vector accessible through either channel, a
write-only Master Interrupt Control register and three

read registers: one containing the vector with status in-
formation (Channel B only), one containing the vector
without status (A only), and one containing the interrupt
Pending bits (A only).

The registers for each channe! are designated as fol-
lows:

WRO0-WR15—Write Registers 0 through 15. An addi-
tional write register, WR7 Prime (WR7’), is available for
enabling or disabling additional SDLC/HDLC enhance-
ments if bit DO of WR15 is set.

RR0-RR3, RR10, RR12, RR13, RR15—Read Registers
0 through 3, 10, 12, 13, 15.

If bit D2 of WR15 is set, then two additional Read Regis-
ters, RR6 and RR7, are available. These registers are
used with the 10 x 19 bit Frame Status FIFO.

Table 3 lists the functions assigned to each read and
write register. The ESCC contains only one WR2 and
WRS, but they can be accessed by either channel. All
otherregisters are paired (one for each channel).

Internal
Control
Logic

Channel

Reglsters

N

pad 5 ) % it

Control € 5 >

CPU

Bus IO \r_j Internal Bus
- v4 N

Interrupt| ] Interrupt Channel
Control Control B
Lines Logic Registers
—

bt

+5 V GND PCLK

— » TxDA
G Ratet Transmitter RxDA
eneralorf | Raceiver ba— RTXCA
— -
10x19 Bit
Frame
Status NC
_> FIFO p-- STNCA
Control L1 o RTSA
Logic Ll _ &TSA
Channe! A :
pe— DCDA
| TXDB
l«—— RxDB
pe— RTxCB
— P TR
Channel B
p—» RTSB
> pe— CTSB
p<— DCDB
12582C-031A

Figure 27. Block Diagram of ESCC Architecture
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Data Path

The transmit and receive data path illustrated in Figure
28 is identical for both channels. The receiver has three
8-bit buffer registers in a FIFO arrangement, in addition
to the 8-bit receive shift register. This scheme creates
additional time for the CPU to service an interrupt at the
beginning of a block of high-speed data. Incoming data
are routed through one of several paths (data or CRC)
depending on the selected mode (the character length in
asynchronous modes also determines the data path).

The transmitter has an 8-bit transmit data buffer register
loaded from the internal data bus and a 20-bit transmit
shift register that can be loaded either from the sync-
character registers or from the transmit data register. De-
pending on the operational mode, outgoing data are
routed through one of four.main paths before they are
transmitted from the Transmit Data output (TxD).

Table 3. Read and Write Register Functions

Read Register Functions

Write Register Functions

RRO Transmit/Receive buffer status and External status
RR1 Special Receive Condition status
(also 10 x 19 bit FIFO Frame Reception Status if
WR15 bit D2 is set)
Modified interrupt vector ’
(Channel B only)
Unmodified interrupt vector
(Channel A only)
RR3 Interrupt Pending bits

(Channel A only)

RR2

RR6 LSB Byte Count (14-bit counter)

(if WR15 bit D2 set)
RR7  MSB Byte Count (14-bit counter)

and 10 x 19 bit FIFO Status (if WR15 bit D2 is set)
RR8 Receive buffer
RR10 Miscellaneous XMTR, RCVR status
RR12  Lower byte of baud rate generator time constant
RR13  Upper byte of baud rate generator time constant
RR15  External/Status interrupt information

WRO0 Command Register, Register Pointers CRC
initialize, initialization commands for the various
modes, shift right/shift left command

WR1 Interrupt conditions and data transfer mode
definition

WR2  Interrupt vector (accessed through either channel)

WR3  Receive parameters and control

WR4  Transmit/Receive miscellaneous parameters and
modes

WR5  Transmit parameters and controls

WR6 Sync character or SDLC address field

WR7?  Sync character or SDLC flag

WR7" SDLC/HDLC enhancements (if bit DO of WR15 set)

WR8  Transmit buffer

WR9  Master interrupt control and reset (accessed
through either channel)

WR10 Miscellaneous transmitter/receiver control bits, data
encoding .

WR11 Clock mode control, Rx and Tx clock source

WR12 Lower byte of baud rate generator time constant

WR13 Upper byte of baud rate generator time constant

- WR14 Miscellaneous control bits, DPLL control

WR15 External/Status interrupt control

AmB85C80 2 na
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DETAILED DESCRIPTION

The functional capabilities of the ESCC can be described
from two different points of view; as a data communica-
tions device, it transmits and receives data in a wide vari-
ety of data communications protocols; as a microproces-
sor peripheral, it interacts with the CPU and provides
vectored interrupts and handshaking signals.

Data Communications Capabilities

The ESCC provides two independent: full-duplex
channels programmable for use in any common
asynchronous or SYNC data-communication protocol.
Figure 29 and the following description briefly detail
these protocols.

Asynchronous Modes

Transmission and reception can be accomplished inde-
pendently on each channel with five to eight bits per
character, plus optional even or odd parity. The transmit-
ters can supply one, one-and-a-half or two stop bits per
character and can provide a break output at any time.
The receiver break-detection logic interrupts the CPU
both at the start and at the end of a received break. Re-
ception is protected from spikes by a transient spike-
rejection mechanism that checks the signal one-half a bit
time after a Low level is detected on the receive data in-
put. If the Low does not persist (as in the case of a tran-
sient), the character assembly process does not start.

Framing errors and overrun errors are detected and buff-
ered together with the partial character onwhich they oc-

cur. Vectored interrupts allow fast servicing of error con-
ditions using dedicated routines. Furthermore, a built-in
checking process avoids the interpretation of framing er-
ror as a new start bit; a framing error results in the addi-
tion of one-half a bit time to the point at which the search
for the next start bit begins.

The ESCC does not require symmetric transmit and re-
ceive clock signals—a feature allowing use of a wide va-
riety of clock sources. The transmitter and receiver can
handle data at a rate of 1, 1/16, 1/32, or 1/64 of the clock
rate supplied to the receive and transmit clock inputs. In
asynchronous modes, the SYNC pin may be pro-
grammed as an input used for functions, such as moni-
toring a ring indicator.

Synchronous Modes

The ESCC supports both byte-oriented and bit-oriented
synchronous communication. SYNC byte-oriented pro-
tocols can be handled in several modes, allowing char-
acter synchronization with a 6-bit or 8-bit SYNC charac-
ter (Monosync), any 12-bit or 16-bit SYNC pattern
(Bisync), or with an external SYNC signal. Leading
SYNC characters can be removed without interrupting
the CPU.

Five- or 7-bit SYNC characters are detected with 8- or
16-bit patterns in the ESCC by overlapping the larger
pattern across multiple incoming SYNC characters as
shown in Figure 30.

Parity

Start
top

Marking Line

ol 7| [T Lo [ s

Asyn(\:{\ronous

—

l Sync I Data |

| Data

| cre | cre. |

L)Y
\\

Monosync
J)

A%

l Sync I Sync I Data I

| Data | CRC'J CRC:

3}
A3

Si%nal Bisync

J)
ANY
L Data |

32

| pata | croi | cRe. |

R
External Sync

' ——
| Flag lAddress | Information
——

| CRC: | CRC. | Flag |

SDLC/HDLC x 25
_ Figure 29. ESCC Protocols
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CRC checking for Synchronous byte-oriented modes is
delayed by one character time so that the CPU may dis-
able CRC checking on specific characters. This permits
the implementation of protocols, such as IBM BISYNC.

Both CRC-16 (X'®'+ X"+ X2+ 1) and CCITT (X' + X'2 4
X5 + 1) error checking polynomials are supported. Either
polynomial may be selected in BISYNC and
MONOSYNC modes. Users may preset the CRC gen-
erator and checker to all “1”s or all “0"s. The ESCC also
provides a feature that automatically transmits CRC data
when no other data are available for transmission. This
allows for high-speed transmissions under DMA control
with no need for CPU intervention at the end of a mes-
sage. When there are no data or CRC to send in SYNC
modes, the transmitter inserts 6-, 8-, or 16-bit SYNC
characters, regardless of the programmed character
length..

The ESCC supports SYNC bit-oriented protocols, such
as SDLC and HDLC, by performing automatic flag send-
ing, zero bit insertion, and CRC generation. A special
command can be used to abort a frame in transmission.
At the end of a message, the ESCC automatically trans-
mits the CRC and trailing flag when the transmitter un-
derruns. The transmitter may also be programmed to
send an idle line consisting of continuous flag characters
or a steady marking condition.

If atransmit underrun occurs in the middle of a message,
an external/status interrupt warns the CPU of this status
change so that an abort may be issued. The ESCC may
also be programmed to send an abort itself in case of an
underrun, relieving the CPU of this task. One to eight bits
per character can be sent allowing reception of a mes-
sage with no prior information about the character struc-
ture in the information field of a frame.

The receiver automatically acquires synchronization on
the leading flag of a frame in SDLC or HDLC and pro-
vides a synchronization signalonthe SYNC pin (aninter-
rupt can also be programmed). The receiver can be pro-
grammed to search for frames addressed by a single
byte (orfour bits within a byte) of auser-selected address
or to a global broadcast address. In this mode, frames
not matching either the user-selected or broadcast ad-

dress are ignored. The number of address bytes can be -

extended under software control. For receiving data, an
interrupt onthe first received character, or aninterrupton
every character, or on special condition only (end-of-
frame) can be selected. The receiver automatically de-
letes all“0"s inserted by the transmitter during character
assembly. CRC is also calculated and is automatically
checked to validate frame transmission. At the end of
transmission, the status of a received frame is available
in the status registers. In SDLC mode, the ESCC must
be programmed to use the SDLC CRC polynomial,
but the generator and checker may be preset to all “1”s
or all “0"s. The CRC is inverted before transmission
and the receiver checks against the bit pattern
“0001110100001111.”

NRZ, NRZI or FM coding may be used in any 1X mode.
The parity options available in asynchronous modes are
available in synchronous modes.

The ESCC can be conveniently used under DMA control
to provide high-speed reception or transmission. In re-
ception, for example, the ESCC can interrupt the CPU
when the first character of a message is received. The
CPU then enables the DMA to transfer the message to
memory. The ESCC then issues an end-of-frame inter-
rupt and the CPU can check the status of the received
message. Thus, the CPU is freed for other service while
the message is being received. The CPU may also en-
able the DMA first and have the ESCC interrupt only on
end-of-frame. This procedure allows all data to be trans-
ferred via the DMA. :

SDLC Loop Mode

The ESCC supports SDLC Loop mode in addition to nor-
mal SDLC. Inan SDLC Loop, there is a primary controller
station that manages the message traffic flow and any
number of secondary stations. In SDLC Loop mode, the
ESCC performs the functions of a secondary station
while an ESCC operating in regular SDLC mode can act
as a controller (Figure 31).

Secondary #1
Secondary #3

Figure 31. An SDLC Loop

Secondary #2
Secondary #4

12582C—035A

A secondary station in an SDLC Loop is always listening
to the messages being sent around the loop and, infact,
must pass these messages to the rest of the loop by
retransmitting them with a 1-bit time delay. The sec-
ondary station can place its own message on the loop
only at specific times. The controller signals that secon-
dary stations may transmit messages by sending a spe-
cial character, called an EOP (End of Poll), around the
loop. The EOP character is the bit pattern “11111110.”
Because of zero insertion during messages, this bit pat-
tern is unique and easily recognized.

When a secondary station has a message to transmit
andrecognizes an EOP onthe line, it changes the last bi-
nary one of the EOP to a zero before transmission. This
has the effect of turning the EOP into a flag sequence.
The secondary station now places its message on the
loop and terminates the message with an EOP. Any sec-
ondary stations further down the loop with messages to
transmit can then append their messages to the mes-
sage of the first secondary station by the same process.
Any secondary stations without messages to send
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merely echo the incoming messages and are prohibited
from placing messages on the loop (except upon recog-
nizing an EOP).

SDLC Loop mode is a programmable option in the
ESCC. NRZ, NRZI, and FM coding may all be used in
SDLC Loop mode.

Baud Rate Generator

Each channel in the ESCC contains a programmable
baud rate generator. Each generator consists of two 8-bit
time constant registers that form a 16-bit time constant, a
16-bitdown counter, and a flip-flop on the output produc-
ing a square wave. On start-up, the flip-flop on the output
is setin aHigh state; the value inthe time constant regis-
ter is loaded into the counter; and the counter starts
counting down. The output of the baud rate generator
toggles upon reaching zero; the value in the time con-
stant register is loaded into the counter, and the process
is repeated. The time constant may be changed at any
time, but the new value does not take effect until the next
load of the counter.

The output of the baud rate generator may be used as
either the transmit clock, the receive clock, or both. It
can also drive the digital phase-locked loop (see next
section).

If the receive clock or transmit clock is not programmed
to come from the TRxC pin, the output of the baud rate
generator may be echoed out via the TRxC pin.

The following formula relates the time constant to the
baud rate where PCLK or RTxC is the baud rate genera-
tor input frequency in Hz. The clock mode is X1, X186,
X32, or X64 as selected in Write Register 4, bits D6 and
D7. Synchronous operation modes should select X1 and
Asynchronous should select X16, X32, or X64.

PCLK or RTxC Frequency :| 0

Time Constant =
2 (Baud Rate)(Clock Mode)

The following formula relates the time constant to the
baud rate. (The baud rate is in bits/second and the BR
clock period is in seconds given by Clock
Mode/Clock Frequency.)

1
2 (Time Constant + 2) x (BR Clock Period)

baud rate =

Time Constant Values
for Standard Baud Rates at BR Clock
= 3.9936 MHz
Rate Time Constant
(Baud)  (decimal/Hex notation) Error
19200 102 (0066) 0
9600 206 (00CE) , 0
7200 275 (0113) 0.12%
4800 414  (019E) 0
3600 553  (0229) 0.06%
2400 830 (033E) 0
2000 996 (03E4) 0.04%
1800 1107  (0453) 0.03%
1200 1662 (067E) 0
600 3326 (OCFE) Y
300 6654 (19FE) 0
150 13310 (33FE) 0
134.5 14844  (39FC) 0.0007%
110 18151  (46E7) 0.0015%
75 26622 (67FE) 0
50 39934 (98FE) 0

Digital Phase-Locked Loop

The ESCC contains a digital phase-locked loop (DPLL)
to recover clock information from a data stream with
NRZI or FM encoding. The DPLL is driven by a clock that
is nominally 32 (NRZl) or 16 (FM) times the data rate.
The DPLL uses this clock, along with the data stream, to
construct a clock for the data. This clock may then be
used as the ESCC receive clock, the transmit clock,
or both.

For NRZI encoding, the DPLL counts the 32X clock to
create nominal bit times. As the 32X clock is counted, the
DPLL is searching the incoming data stream for edges
(either 1/0 or 0/1). As long as no transitions are detected,
the DPLL output will be free running and its input clock
source will be divided by 32, producing an output clock
without any phase jitter. Upon detecting a transition the
DPLL will adjust its clock output (during the next counting
cycle) by adding or subtracting a count of 1, thus produc-
ing aterminal count closer to the center of the bit cell. The
adding or subtracting of a count of 1 will produce a phase
jitter of +5.63° on the output of the DPLL. Because the
ESCC's DPLL uses both edges of the incoming signal to
compare with its clock source, the mark-space ratio
(50%) of the incoming signal should not deviate by more
than +1.5% if proper locking is to occur.

For FM encoding, the DPLL still counts from 0 to 31, but
with a cycle corresponding to two bit times. When the
DPLL is locked, the clock edges in the data stream
should occur between counts 15 and 16 and between
counts 31 and 0. The DPLL looks for edges only during a
time centered on the 15/16 counting transition.

Am85C80 : 2 an
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The 32X clock forthe DPLL can be programmed to come
from either the RTxC input or the output of the baud rate
generator. The DPLL output may be programmed to be
echoed out of the ESCC via the TRxC pin (if this pin is not
being used as an input).

Crystal Oscillator

When using a crystal oscillator to supply the receive or
transmit clocks to a channel of the ESCC, the user
should :

1. Select a crystal oscillator which satisfies the
following specifications:
B 30 ppm @ 25°C
m 50 ppm over temperature of —20°to 70°C
B 5 ppm/yr aging
B 5 mW drive level

2. Place crystal across RTxC and SYNC pins

3. Place 30 pF capacitors to ground from both RTxC
and SYNC pins

4. Setbit D7 of WR11 to “1.”

Data Encoding

The ESCC may be programmed to encode and decode
the serial data in four different ways (Figure 6). In NRZ
encoding, a“1”is represented by a High level,and a “0”is
represented by a Low level. In NRZI encoding, a “1” is

" represented by no change in level, and a “0” is repre-

sented by a change in level. In FM, (more properly, bi-
phase mark), a transition occurs at the beginning of
every bit cell. A“1" is represented by an additional transi-
tion at the center of the bit cell, and a “0" is represented
by no additional transition at the center of the bit cell. In
FMo (bi-phase space), a transition occurs at the begin-
ning of every bitcell. A“0" is represented by an additional
transition at the center of the bit cell, and a “1” is repre-
sented by no additional transition at the center of the bit
cell. In addition to these four methods, the ESCC can be
used to decode Manchester (bi-phase level) data by us-
ing the DPLL in the FM mode and programming the re-
ceiver for NRZ data. Manchester encoding always pro-
duces a transition at the center of the bit cell. If the
transitionis 0/1, the bitis a“ 0.” I the transition is 1/0, the
bitis a “1.”

Data 1 ! 0 0 ! 0 Bit Cell Level
NRZ High =1
i Low=0
NRZI No Change =1
Change =0 '
FM; _1[3'11 Center Trflnsﬂloﬂ
. ransition =
(Biphase Mark) No Transition = 0
. No Transition = 1
(Biphase Mark) Transition = 0
M, High L 1
i oW =
Manchester Lo?N High =
12582C-036A

Figure 32. Data Encoding Methods

Auto Echo and Local Loopback

The ESCC is capable of automatically echoing every-
thing it receives. This feature is useful mainly in
asynchronous modes but works in SYNC and SDLC
modes as well. In Auto Echo mode, TxD is RxD. Auto
Echo mode can be used with NRZI or FM encoding with
no additional delay, because the data stream is not
decoded before retransmission. In this mode, the trans-
mitter is actually bypassed, and the programmer is re-

sponsible for disabling transmitter interrupts and WAIT/
REQUEST on transmit.

The ESCC is also capable of Local Loopback. In this
mode, TxD is RxD just as in Auto Echo mode. However,
in Local Loopback mode, the internal transmit data is tied
to the internal receive data and RxD is ignored (except
to be echoed out via TxD). The DCD input is also ignored
astransmit and receive enables. However, transitions on
these inputs can still cause interrupts. Local Loopback
works in asynchronous, SYNC and SDLC modes with
NRZ, NRZ! or FM coding of the data stream.

3-34
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1/0 Interface Capabilities

The ESCC offers the choice of Polling, Interrupt (vec-
tored or nonvectored), and Block Transfer modes to
transfer data, status, and control information to and from
the CPU. The Block Transfer mode can be implemented
under CPU or DMA control.

Polling

All interrupts are disabled. Three status registers in the
ESCC are automatically updated whenever any function
is performed. For example, end-of-frame in SDLC mode
sets a bit in one of these status registers. The idea be-
hind poliing is for the CPU to periodically read a status
register until the register contents indicate the need for
data to be transferred. Only one register needs to be
read; depending on its contents, the CPU either writes
data, reads data, or continues. Two bits in the registerin-
dicate the need for data transfer. An alternative is a poll
of the Interrupt Pending register to determine the source
of an interrupt. The status for both channels resides in
one register.

Interrupts

When an ESCC responds to an Interrupt Acknowledge
signal (INTACK) from the CPU, an interrupt vector may
be placed on the data bus. This vector is written in WR2
and may be read in RR2A or RR2B (Figures 34 and 35).

To speed interrupt response time, the ESCC can modify
three bits in this vector to indicate status. If the vector is
read in Channel A, status is never included; if itis read in
Channel B, status is always included.

Each of the six sources of interrupts inthe ESCC (Trans-
mit, Receive and External/Status interrupts in both chan-
nels) has three bits associated with the interrupt source:
Interrupt Pending (IP), Interrupt Under Service (IUS),
and Interrupt Enable (IE). Operation of the IE bit is
straightforward. If the IE bit is set for a given interrupt
source, then that source can request interrupts. The ex-
ception is when the MIE (Master Interrupt Enable) bit in
WR9 is reset and no interrupts may be requested. The IE
bits are write-only.

Inthe ESCC, the [P bit signals a need for interrupt servic-
ing. When an IP bit is set to “1” and the IEl input is High,
the INT output is pulled Low, requesting an interrupt. In
the ESCC, if the IE bit is set for an interrupt, then the IP
forthat source can never be set. The IP bits are readable
in RR3A.

There are three types of interrupts: Transmit, Receive
and External/Status. Each interrupt type is enabled un-
der program control with Channel A having higher prior-
ity than Channel B, and with Receive, Transmit and Ex-
ternal/Status interrupts prioritized in that order within
each channel. When the Transmit interrupt is enabled,
the CPU is interrupted when the transmit buffer becomes

empty. (Thisimplies that the transmitter must have hada
data character written into it so that it can become
empty.) When enabled, the Receive can interrupt the
CPU in one of three ways:

® Interrupt on First Receive Character or Specxal
Receive condition

® Interrupt on all Receive Characters or Special
" Receive condition

m interrupt on Special Receive condition only

Interrupt on First Character or Special Condition and In-
terrupt on Special Condition Only are typically used with
the Block Transfer mode. A Special Receive Conditionis -
one of the following: receiver overrun, framing error in
asynchronous mode, end-of-frame in SDLC mode, and
optionally, a parity error. The Special Receive Condition
interrupt is different from an ordinary Receive Character
Available interrupt only in the status placed in the vector
during the Interrupt Acknowledge cycle. In Interrupt on
First Receive Character, an interrupt can occur from
Special Receive Conditions any time after the first Re-
ceive Character Interrupt.

The main function of the External/Status interrupt is to
monitor the signal transitions of the DCD, and SYNCA
pins; however, an External/Status interrupt is also
causedby a Transmit Underrun condition, azero countin
the baud rate generator, the detection of a Break (asyn-
chronous mode), Abort (SDLC mode) or EOP (SDLC
Loop mode) sequence in the data stream. The interrupt
caused by the Abort or EOP has a special feature allow-
ing the ESCC to interrupt when the Abort or EOP se-
quence is detected or terminated. This feature facilitates
the proper termination of the current message, correct
initialization of the next message, and the accurate tim-
ing of the Abort condition in external logic in SDLC mode.
In SDLC Loop mode, this feature allows secondary sta-
tions to recognize the wishes of the primary station to re-
gain contro! of the loop during a poll sequence.

CPU/DMA Block Transfer

The ESCC provides a Block Transfer mode to accommo-
date CPU block transfer functions and DMA controllers.
The Block Transfer mode uses the WAIT/REQUEST out-
put in_conjunction with the Wait/Request bits in WR1.

The WAIT/REQUEST output can be defined under soft-

~ware control as a WAIT line in the CPU Block Transfer

mode or as a REQUEST line in the DMA Block Transfer
mode.

To a DMA controller, the ESCC REQUEST output indi-
cates that the ESCC is ready to transfer data to or from
memory. To the CPU, the WAIT line indicates that the
ESCC is not ready to transfer data, thereby requesting
that the CPU extend the 1/0 cycle. The DTR/REQUEST
can be used as the transmit request line, thus allowing
full-duplex operation under DMA control.

Am8oT80
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PROGRAMMING INFORMATION

Each channel has fifteen Write registers that are indi-
vidually programmed from the system bus to configure
the functional personality of each channel. Each channel
also has eight Read registers from which the system can
read Status, Baud rate, or Interrupt information.

On the ESCC, only four data registers (Read and Write
for Channels A and B) are directly selected by a Highon
the D/C input and the appropriate levels on the RD, WR
and A/B pins. All other registers are addressed indirectly
by the content of Write Register 0 in conjunction with a
Low on the D/C C input and the appropnate levels on the
RD, WR and A/B pins. If bit D3 in WRO is 1 and bits 5 and
6 are 0, then bits 0, 1, 2 address the higher registers 8
through 15. If bits 4, 5, 6 contain a different code, bits 0, 1,
2 address the lower registers 0 through 7 as shown in
Table 4.

Writing to or reading from any register except RR0, WRO0
and the Data Registers thus involves two operations:

First, write the appropriate code into WRO, then follow
this by a write or read operation on the register thus
specified. Bits 0 through 4 in WR0 are automatically
cleared after this operation, so that WRO then ponnts to
WRO or RRO again.

Channel A/Channel B selection is made by the A/B input
(HIGH = A, Low = B)

The system programf{irstissues a series of commands to
initialize the basic mode of operation. This is followed by
other commands to qualify conditions within the selected
mode. For example, the asynchronous mode, character
length, clock rate, number of stop bits, even or odd parity
might be set first. Then the interrupt mode would be set
and, finally, receiver or transmitter enable.

Table 4. Register Addressing

“Point High” D2, D1, DO Write Read
D/C . Code In WRO: In WRO: Register Register
HIGH Either Way X X X Data Data -
LOwW Not True 0 0 0 0 0
LOW Not True 0 0 1 1 1
LOW Not True 0 1 0 2 2
LOW Not True o] 1 1 3 3
LOW Not True 1 0 0 4 (0)
LOW Not True 1 0 1 5 (1).
LOW Not True 1 1 0 6 (2)
LOW Not True 1 1 1 7 (3)
LOW True 0 0 0 Data Data
Low True 0 0 1 9 -
LOW True 0 1 0 10 10
LOW True 0 1 1 11 (15)
LOW True. 1 0 0 12 12
LOW True 1 0 1 13 13
LOW True 1 1 0 14 (10)
LOW True 1 1 1 15 15
3-36 Am85C80
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Read Registers

The ESCC contains eight read registers [actually nine,
counting the receive buffer (RR8) in each channel]. Four
of these may be read to obtain status information (RRO,
RR1, RR10, and RR15). Two registers (RR12 and
RR13) may be read to learnthe baud rate generatortime
constant. RR2 contains either the unmodified interrupt
vector (Channel A) or the vector modified by status infor-
mation (Channel B). RR3 contains the Interrupt Pending
(IP) bits (Channel A). In addition, if bit D2 of WR15 is set,

RR6 and RR7 are available for providing frame status
from the 10 x 19 bit Frame Status FIFO. Figure 33 shows
the formats for each read register.

The status bits of RR0 and RR1 are carefully grouped to
simplify status monitoring, for example, when the inter-
rupt vector indicates a Special Receive Condition inter-
rupt, all the appropriate error bits can be read from a
single register (RR1).

Read Register 0

|D7IDsLDSIDA|D=I DzID' IDOI

Rx Character Available
Zero Count

Tx Buffer Empty
——— DCD
SYNC Hunt
CTS
Tx Underrun/EOM
Break Abort

12582C-037A°

Read Register 1

D;| Ds| Ds| D« Ds| 02| D\ [ D)

All Sent

Residue Code 2
Residue Code 1
Residue Code 0
Parity Error

Rx Overrun Error
CRC Framing Error
End-of-Frame (SDLC)

12582C-038A

Read Register 2

lD7IDs Dle4lDal DzIDt lDoI

.
e e

*Modified in B Channel

12682C-039A

Interrupt Vector”

Read Register 3

[D,| De| Ds| 0. D:] D2| D, | Do

Channel B EXT STAT IP*
Channel B Tx IP*
Channel B Rx IP*
Channel A EXT STAT IP*
Channel A Tx IP*
Channel A Rx IP*

0

L ——

0
“Always 0 in B Channel
12582C-040A
Read Register 6
{Ds] 0| Ds| D4 | D3] D2/ D1 [ D
BCO
— BC1
—— BC2 14-Bit
BC3 LSB Byte
BC4 Count
BCS
BC6
BC7
12582C-041A
Read Register 7
[0:1 | Ds[ D4 | Ds | D2[ D1 [ Do)
BC8
— BC9 )
——— BC10 14-Bit
——— BCi1 MSB Byte
BC12 Count
BC13
FDA* 10 x 19 bit
FOY** FIFO Status
*FIFO Data Available Status
**FIFO Overflow Status
125682C-042A

Figureras. Read Register Bit Functions

AMB8SC80
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Read Register 10

[p,{D:| Ds| D.]Da} D2{ D. | Do)

0

On Loop
L — ¢

Loop Sending
0

Two Clocks Missing
One Clock Missing

Read Register 13

[D,{pe| Ds] D] D21 D.| D) | Do}

TCs
— TC,
b Upper Byte of
TC er Byte o
Tc:; Tlfrbﬁe Co)r,1tstant
TCus X
TCia
TCis

12582C-045A

Read Register 15

{0,| De| Ds| D[ D:} D2| D, [ D4

SDLC/HDLC Enhancement Status*
—— Zero Count IE
10 x 19 bit FIFO Enable/Disable*
DCDIE -
SYNC Hunt IE
CTSIE

Tx Underrun/EOM IE

12582C-043A
Read Register 12
{p,|pe[Ds|D.] D:] D.] D, IDIiI
TC
by
&
100 [ o o
TCs
TCe
TC,
12582C-044A

*Added Enhancement

Break/Abort |E
12582C-046A

Figure 33. Read Register Bit Functions (contlnued)

Write Registers

The ESCC contains 15 write registers (16 counting WR8,
the transmit buffer) in each channel. These write regis-
ters are programmed separately to configure the func-
tional “personality” of the channels. Two registers (WR2
and WR9) are shared by the two channels that can be
accessed through either of them. WR2 contains the
interrupt vector for both channels, while WR9 contains

the interrupt control bits. In addition, if bit DO of WR15 is
set, write register seven prime (WR7’) is available for
programming additional SDLC/HDLC enhancements.
When bit DO of WR15 is set, executing a write to WR7
actually writes to WR7’ to further enhance the functional
“personality” of each channel. Figure 34 shows the for-
mat of each write register.

Write Register 0

|Dy|Ds|Dle.|DalDzIDI-IDl]

[ [o} (o] =}

ojo|~—=jojo

b = = e L= B =)

Null Code

Reset Rx CRC Checker

Reset Tx CRC Generator
Reset Tx Underrun/EOM Latch

~lok b

T Register

01010 0

0] 0] 1 1

ol 1] 0 2

0f 1 3
010 4
ol 1 5
i1 0 6
111 7

Null Code

Point High Register Group
Reset Ext/Status Interrupts
Send Abort

Enable Int on Next Rx Character
Reset Tx Int Pending
Error.Reset

Reset Highest [US

Figure 34. Write Register Bit Functions

12582C-047A
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Write Register 1 i Write Register 4
[D,]os] D] D] Ds [ D:[ D[ D [0, 0| 05[] D3| D2 D1 | D6
Ext Int Enable : Parity Enable
— Tx Int Enable Parity Even/Odd
) Parity is Special Condition 0] 0] SyncModes Enable
Q Rx Int Disable 0} 11 1 Stop Bit/Character
01 11 Rx Int on First Character or Special Condition 11 01 1 1/2 Stop Bits/Character
1 Int on All Rx Characters or Special Condition 11 1] 2 Stop Bits/Character
111} Rx Int on Special Condition only
Wait/DMA Request on Receive/Transmit Q1 01 8-Bit Sync Character
Wait/DMA Request Function 01 11 16-Bit Sync Character
Wait/DMA Request Enable 11 0] SDLC Mode (01111110 Flag)
11 11 External Sync Mode

Write Register 2 12582C-048A
0] 0] X1 Clock Mode
[o-]oe[o.]o.]0:[0.[D.] D] 25 {18 Cleck Moda
Vo 11 1] X64 Clock Mode
L : 12582C-051A
— V2 )
xi Interrupt Vector* Write Register 5
Vs , [o.lp.lp.J 0. D:] DAl I DM
v7 Tx CRC Enable
12582C-049A° — RTS
—— SDLC/CRC-16
Write Register 3 DEE— 1S'X Edngb'e v
| SendBreal
D] De] Ds| D« Ds [ D2 D1 [ o]
0l o] Tx 5 Bits (or less)/Character
Rx Enable 01 1] Tx 7 Bits/Character
'——  Sync Character Load Inhibit 1 ? Tx 6 Bits/Character
~———— Address Search Mode (SDLC) Tx 8 Bits/Character
) Rx CRC Enable DTR
Enter Hunt Mode
Auto Enable 12582C_052A -
0l 0| Rx 5 Bits/Character
0] 1] -Rx 7 Bits/Character 12582C-050A
11 0] Rx 6 Bits/Character
1111 Rx 8 Bits/Character

Write Register 6

{p.| 0] D] D.]D:] D:| . | Do

SYNC; SYNC: SYNCs SYNC. SYNC: SYNC. SYNC, SYNC, Monosync 8 Bits
SYNC,' SYNCo, SYNCs SYNC. SYNC, SYNC: SYNC, SYNC, Monosync 8 Bits
SYNC: SYNCs SYNCs SYNC. SYNC; SYNC. SYNC: SYNC, Bisync 16 Bits
SYNC: SYNC. SYNC, SYNC, 1 1 1 Bisync 12 Bits

1
ADR; ADRs ADRs ADR, ADR; ADR. ADR, ADR. SDLC
ARD; ARDs ARDs ARD. 1 1 1 1 SDLC (Address 0)

12582C-053A

Figure 34. Write Register Bit Functions (continued)
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Write Register 7

{p,| .| p:|D.{D:|D:| D [ D]

]

SYNC; SYNCs SYNCs SYNC, SYNC; SYNC. SYNC, SYNC, Monosync 8 Bits
SYNCs SYNC. SYNCs SYNC. SYNC,; SYNCo 1 1 M_onosync 8 Bits
SYNCs SYNCis SYNCis SYNCi:. SYNCi SYNCiwo SYNCs SYNCs B!sync 16 Bgts
SYNC:i SYNCiwo SYNCs SYNCs SYNC; SYNCe SYNCs SYNC. glg{réc 12 Bits

0 1 1 1 1 1 1 o

12582C-054A
Write Register 7’

{p,10| Ds| .| 05| D] D | Do)

Auto Tx Flag .
— Auto EOM Latch Reset
Auto RTS .
TxD Pulled High in SDLC NRZI Mode
Fast DTR/REQ Mode
CRC Check Bytes Completely Received
Extended Read Enable
Must Be Setto “0"

12582C-055A
Write Register 9 . : Write Register 11
[o,]o¢]Ds]D.] Ds[ 2] 2. [ D] [0 0] 0s] 0. Ds[ D2 [ | Do
Nt oT0] TRXCOut = XTAL Output
L Dble 01 1] TRXC Out = Transmit Clock
L ME } ? TRxC Out = BR Generator Output
Status High/Status Low TRxC Out = DPLL Output
_Interrupt Masking TRxC O/I
0] 0] No Reset without INTACK* .
O] 1] Channel Reset B 0] 0] Transmit Clock = RIxC-Pin
1] O] Channel Reset A ol 1] Transmit Clock = TRxC Pin
11 1] Force Hardware Reset 1] O] Transmit Clock = BR Generator Output
1111 Transmit Clock = DPLL Output
*Added Enhancement .
12582C-056A 0] 0] Receive Clock = RTxC Pin
0] 1] Receive Clock = TRxC Pin
1] 0| Receive Clock = BR Generator Output
11 1] Receive Clock = DPLL Output
RTxC XTAL/No XTAL

12582C-057A

Figure 34. Write Register Bit Functions (continued)
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Write Register 10

{p,| 0| bs]D.] D, D] D/ [ Do

6 Bit/8 Bit Sync

Loop Mode

Abort/Flag on Underrun
Mark/Flag ldle

Go Active on Roll

NRZ
NRZI
FM1 (Transition = 1)
FMO (Transition = 0)

CRC Preset IO

12582C-058A

NCYN'SY

Write Register 12

[p.|0|ps|D.{D:| DD\ | D6

TCo

— TC,

— TC.

B -Tr.cz Lower Byte of

TC. Time Constant
TCs

TCs
TC,

12582C-059A

Write Register 13

— TG,

[D:| Ds| 05| D] D3] D2 [ D1 [ Do

TCs
TCs

TC‘:J Upper Byte of

TCr2 Time Constant
TCis )

Write Register 14

TCa

|0, 0| 0s1D. D, | D:f D, [Do]

BR Generator Enable
BR Generator Source
DTR/Request Function

TCis

12582C—-60A

Write Register 15

Auto Echo
Local Loopback

[p,|ps|Ds| D] Ds[ 02| D | Do)

ST o6l Nullc d SDLC/HDLC Enhancements Enable*
ull Comman — Zero Count |IE
01 01 1} Enter Search Mode 10 19 Bit FIFO Enable*
0 0] Reset Missing Clock DCD IE
0 1] Disable DPLL Sync/Hunt IE
1] 0] 0] Set Source = BR Generator ync/maun
1} 0] 1] Set Source = RTxC CTSIE
11 11 0] Set FM Mode Tx Underrun/EOM IE
11111 Break/Abort IE
Set NRZI Mode 12582C-061A - Added Enramcomant 12582C-062A
Figure 34. Write Register Bit Functions (continued)
ESCC Timing Read Cycle Timing

The ESCC generates internal control signals from WR
and RD that are related to PCLK. Since PCLK has no
phase relationship with WR and RD, the circuitry gener-
ating these internal control signals must provide time for
metastable conditions to disappear. This gives rise to a
recovery time related to PCLK. The recovery time ap-
plies only between bus transactions involving the ESCC.
The recovery time required for proper operation is speci-
fied fromthe falling edge of WRor RD in the first transac-
tion involving the ESCC, to the falling edge of WRor RD_
in the second transaction involving the ESCC. This time
must be at least 3 1/2 PCLK regardless of which register
or channel is being accessed.

Interrupt Acknowledge Cycle Timing

Figure 37 illustrates Interrupt Acknowledge cycle timing.
The ESCC may be programmed to respondto RD Low by

Figure 35 illustrates Read cycle timing. Addresses on
A/B and D/C and the status .on INTACK must remain sta-
ble throughout the cycle. If CEl falls after RD falls or if it
rises before RD rises, the effective RD is shortened. CE2
and DACK must be inactive.

Write Cycle Timing

Figure 36 illustrates Write Cycle timing. Addresses on
A/B and D/C and the status on INTACK must remain sta-
ble throughout the cycle. If CET falls after WRfalls or if it
rises before WR rises, the effective WR is sl shortened.
Data must be valid before the rising edge of WR. CE2 and
DACK must be inactive.

placing its interrupt vector on D0-D7 and it then sets the
appropriate Interrupt-Under-Service latch internally.

AmB85C80
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Address Valid

X
)
—
—

X DataValid y}———

12582C-063A

Figure 35. Read Cycle Timing .

Address Valid

12582C-064A

NTACK N\ N /
o RN S
De-D7; — N : - < i X Vector, >———

12582C-065A

Figure 37. Interrupt Acknowledge Cycle Timing
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FIFO
FIFO Enhancements

When used with a DMA controller, the ESCC Frame
Status FIFO enhancement maximizes the ESCC's ability
to receive high-speed back-to-back SDLC messages
while minimizing frame overruns due to CPU latencies in
responding to interrupts.

Additional logic was added to the industry-standard
NMOS Am8530H consisting of a 10-deep by 19-bit
status FIFO, a 14-bit receive byte counter, and control
logic as shown in Figure 38. The 10x 19 bit status FIFQis
separate from the existing three-byte receive data and
Error FIFOs.

[¢— Reset on Flag Detect
ESCC Status . [¢— Increment on Byte DET
RR1| Reg (Existing) 14-Bit Byte Counter | £a01e Count in SDLC
—| 6Bis 4 14Bits  End-of-Frame Signa——
Status Read Comp'
Residue Bits(3)
Overrun
CRC Error
10 x 19 Bit FIFO Array
Tail Pointer
4-Bit
Counter
Head Pointer
4-Bit Counter
4-Bit
Comparator
Over Equal
|
LENF
A6 Bits 4.8 Bits
it 6l Bits 0-5 FIEQ Enable
)4 ?'f‘_iﬂm ..... JRRE. ... ;%
Interface to ESCC T - fWH(15) Bit 2 Set
Byte Counter Contains 14 Bits Enables Status FIFO
for a 16-Kb Maximum Count
FIFO Data Available Status Bit
Status Bit Set to 1
When Reading From FIFO
FIFO Overilow Status Bit
MSB of RR(7) is Set on Status FIFO
Overflow
In SDLC mode, the following definitions apply:
« All Sent bypasses MUX and equals contents of ESCC Status Register
 Parity bits bypasses MUX and does the same 12582C-066A

« EOF is set to 1 whenever reading from the FIFO

Figure 38. ESCC Status Register Modifications

When the enhancement is enabled, the status in Read
Register 1 (RR1) and byte count for the SDLC frame will
be stored in the 10 x 19 bit status FIFO. This allows
the DMA controller to transfer the next frame into
memory while the CPU verifies that the message was
properly received.

Summarizing the operation, data is received, assem-
bled, and loaded into the three-byte receive FIFO before
being transferred to memory by the DMA' controller.
When aflag is received at the end of an SDLC frame, the
frame byte count from the 14-bit counter and five status
bits are loaded into the status FIFO for verification by the
CPU. The CRC checker is automatically reset in prepa-
ration for the next frame which can begin immediately.

Since the byte count and status are saved for each
frame, the message integrity can be verified at a later
time. Status information for up to 10 frames can be
stored before a status FIFO overrun could occur.

If receive interrupts are enabled while the 10x 19 FIFO is
enabled, an SDLC end-of-frame special condition will
not lock the three-byte Receive data FIFO. An SDLC
end-of-frame still locks the three-byte Receive data FIFO
in “Interrupt on first Receive Character or Special Condi-
tion” and “Interrupt on Special Condition Only” modes
when the 10 x 19 FIFO is disabled. This feature allows
the 10 x 19 SDLC FIFOto accept multiple SDLC frames
without CPU intervention at the end of each frame.

Am85C80
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FIFO Detail

For a better understanding of details of the FIFO opera-
tion, refer to the block diagram contained in Figure 38.

Enable/Disable

This FIFO is implemented so that it is enabled when
WR15 bit 2 is set and the ESCC is in the SDLC/HDLC
mode, otherwise the status register contents bypass the
FIFO and go directly to the bus interface (the FIFO
pointer logic is reset either when disabled or via a chan-
nel or power-onreset). When the FIFO mode is disabled,
the ESCC is completely downward-compatible with the
NMOS Am8530H. The FIFO mode is disabled on power-
up (WR15 bit 2is setto “0” on reset). The effects of back-
ward compatibility on the register set are that RR4 is an
image of RRO, RR5 is animage of RR1, RR6is animage
of RR2, and RR7 is an image of RR3. For the details of
the added registers, refer to Figure 15. The status of the
FIFO Enable signal can be obtained by reading RR15
bit 2. Ifthe FIFO is enabled, the bit will be set to “1”; other-
wise, it will be reset.

Read Operation

When WR15 bit 2 is set and the FIFO is not empty, the
next read to status register RR1 or the additional regis-
ters RR7 and RR6 will actually be from the FIFO. Read-
ing status register RR1 causes one location of the FIFO
to be emptied, so status should be read after reading the
byte count, otherwise the count will be incorrect. Before
the FIFO underflows, itis disabled. In this case, the multi-
plexer is switched to allow status to be read directly from
the status register, and reads from RR7 and RR6 will

contain bits that are undefined. Bit 6 of RR7 (FIFO Data
Available) can be usedto determine if status data is com-
ing from the FIFO or directly from the status register,
since it is set to “1” whenever the FIFO is not empty.

Because not all status bits are stored in the FIFO, the All
Sent, Parity, and EOF bits will bypass the FIFO. The
status bits sent through the FIFO will be Residue Bits (3),
Overrun, and CRC Error.

The sequence for proper operation of the byte count and
FIFO logic is to read the registers in the following order,
RR7, RR6, and RR1 (reading RR6 is optional). Addi-
tional logic prevents the FIFO from being emptied by
multiple reads from RR1. The read from RR7 latches the
FIFO empty/full status bit (bit 6) and steers the status
multiplexer to read from the ESCC megacell instead of
the status FIFO (since the status FIFO is empty). The
read from RR1 allows an entry to be read fromthe FIFO
(if the FIFO was empty, logic is added to prevent a FIFO
underflow condition).

Write Operation

When the end of an SDLC frame (EOF) has been re-
ceived and the FIFO is enabled, the contents of the
status and byte-count registers are loaded into the FIFO.
The EOF signal is-used to increment the FIFO. If the
FIFO overflows, the MSB of RR7 (FIFO Overflow) is set
to indicate the overflow. This bit and the FIFO control

“logic is reset by disabling and re-enabling the FIFO con-

trol bit (WR15 bit 2). For details of FIFO control timing
during an SDLC frame, refer to Figure 39. .

ByteCount —= ¢ 'y 2 3 4 5 6 7
Data Stream
Internal Byte Strobe
Increments Counter
Don't Load Reset
Counter On Byte Counter
1st Flag Load Counter
Reset Byte Into FIFO and
Key Counter Here Increment PTR
F : Flag
A : Address Field
D : Data

C : Control Field

012 3 456 7

-+ [FlA[o]o[o]o[c[c]F]

Internal Byte Strobe
Increments Counter
Reset Reset
Byte Counter Byte Counter
Load Counter
Into FIFO and
Increment PTR

12582C-067A

Figure 39. SDLC Byte Counting Detail

Byte Coumer Detail

The 14-bit byte counter allows for packets up to' 16K
bytes to be received. For a better understanding of its op-
eration, refer to Figures 38 and 39.

Enable

The byte counter is enabled when the ESCC is in the
SDLC/HDLC mode and WR15 bit 2 is setto “1.”

Reset '

The byte counter is reset whenever an SDLC flag char-
acter is received. The reset is timed so that the contents
of the byte counter are successfully written into the FIFO.

Increment

The byte counter is incremented by writes to the data
FIFO. The counter represents the number of bytes re-
ceived by the ESCC, rather than the number of bytes
transferred from the ESCC. (These counts may differ by
up to the number of bytes in the receive data FIFO con-
tained in the ESCC.)

3-44
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7 6 5 4 3 2 1 0

Bc | Bc | BC | BC |BC |BC
RR7 | FOY|FDA | 13 |12 |11 {10 |9 |8

FIFO Data Available Status )
1 Status Reads Will Come From FIFO

0 = Status Reads Will Come From SCC
FIFO Overtlow Status
1 = FIFO Overtlowed During Operation
= Normal
6 5 4 3 2 1

BC | BC |BC |BC [BC [BC | BC | BC Read From FIFO
RR6 | 7 [ e || al a3l 21| 7| 5| LSBByteCount

. ENH: SDLC/HDLC Enhancement Status
FEN ENRL 1 = Enhancements Enabled

0 = Enhancements Disabled
Status FIFO Enable Control Bit

1 = Status and Byte Count Will be
Held in the Status FIFO Until Read

0 = Status Will Not be Held (SCC Emulation Mode)

RR1S . 3 3 o .

e = No Change From NMOS Am8530H DFN
12582C-068A

Figure 40. ESCC Additional R'egisters

ESCC SDLC/HDLC Enhancement Register Access status FIFQ is enabled while bit DO determines whether

SDLC/HDLC enhancements on the ESCC are enabled or not other enhancements are enabled via WR7’. Table
or disabled via bits D2 or D0 in WR15. Bit D2 determines 5 Shows what functions on the ESCC are enabled when

whether or not the 10 x 19 bit SDLC/HDLC frame  these bits are set.

Table 5. Enhancement Options

WR15 Bit D2 WR15 Bit DO WR7’ Bit D6
10 x 19 Bit SDLC/HDLC Extended Functions
FIFO Enabled Enhancement Enabled Read Enabled Enabled
1 0 X 10 x 19 bit FIFO
. enhancement enabled only
0 1 0 SDLC/HDLC enhancements
: enabled only
SDLC/HDLC enhancements
0 1 1 enabled with extended read
enabled
) 10 x 19 bit FIFO and
1 1 0 SDLC/HDLC enhancements
enabled
10 x 19 bit FIFO and
1 1 1 SDLC/HDLC enhancements
: with extended read enabled

When bit D2 of WR15 is set to “1,” two additional regis-  register map when this function is enabled is shown in
ters (RR6 and RR7) per channel specifictothe 10 x 19  Table 6.
~ bit Frame Status FIFO are made available. The ESCC

Am85C80 3-45
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Table 6. 10 x 19 Bit FIFO Enabled

A/B PNT. PNT, PNT, Write Read
0 0 0 0 WR0B RROB
0 0 0 1 WR1B RR1B
0 0 1 0 WR2 RR2B
0 0 1 1 " WR3B RR3B
0 1 0 0 WR4B (RROB)
0 1 0 1 WR5B (RR1B)
0 1 1 0 WR6B RR6B
0 1 1 1 WR7B RR7B
1 0 0 0 WROA RROA
1 0 0 1 WR1A RR1A
1 0 1 0 WR2 RR2A
1 0 1 B WR3A RR3A
1 1 0 0 WR4A (RROA)
1 1 0 1 WR5A (RR1A)
1 1 1 0 WR6A RR6A
1 1 1 1 WR7A RR7A
With the Point High command:
0 0 0 0 WR8B RR8B
0 0 0 1 WR9 RR13B
0 0 1 0 WR10B RR10B
0 - 0 1 1 WR11B (RR15B)
0 1 0 0 WR12B RR12B
0 1 0 1 WR13B RR13B
0 1 1 0 WR14B (RR10B)
0 1 1 1 WR15B RR15B
1 0 0 0 WRB8A RR8A
1 0 0 1 WR9 (RR13A)
1 0 1 0 WR10A RR10A
1 0 1 1 WR11A (RR15A)
1 1 0 0 WR12A RR12A
1 1 0 1 WR13A RR13A
1 1 1 0 WR14A (RR10A)
1 1 1 1 WR15A RR15A

Bit DO of WR15 determines whether or not other en-
hancements pertinent only to SDLC/HDLC Mode opera-
tion are available for programming via WR7’ as shown
below. Write Register 7 prime (WR7’) can be written to
when bit DO of WR15 is set to “1.” When this bit is set,
writing to WRY7 (flag register) actually writes to WR7". if
bit D6 of this register is set to “1,” previously unreadable

registers WR3, WR4, WR5, and WR10 are readable by
the processor. In addition, WR7’ is also readable by hav-
ing this bit set. WR3 is read when abogus RR9 register is
accessed during a read cycle. WR10 is read by access-
ing RR11, and WR7' is accessed by executing a read to
RR14. The ESCC register map with bit DO of WR15 and
bit D6 of WR7’ set is shown in Table 7.

D7 D6 D5 D4 D3 D2 D1 DO
SDLC/HDLC [ SDLC/HDLC | SDLC/HDLC
Must Be Set | Ext. Read Rx comp. | DTR/REQ | Force TxD | Auto RTS Auto EOM Auto
to0 Enable CRC Fast Mode High Turnoff Reset Tx Flag
WR7’—SDLC/HDLC Programmable Enhancements*
*Note:

Options 3, 4, 5, and 6 may be used regardless of whether SDLC/HDLC mode is selected.

AmB5C80
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Table 7. SDLC/HDLC Enhancements Enabled

AB PNT PNT; PNT, Write Read
0 0 0 0 WR0B RROB
0 0 0 1 WR1B RR1B
0 0 1 0 WR2 RR2B
0 0 1 1 WR3B RR3B
0 1 0 0 WR4B RR4B (WR4B)
0 1 0 1 WR5B RR5B (WR5B)
0 1 1 0 WR6EB (RR2B)"
0 1 1 1 WR7B (RR3B)
1 0 0 0 WR0A RROA
1 0 0 1 WR1A RR1A
1 0 1 0 WR2 RR2A
1 0 1 1 WR3A RR3A
1 1 0 0 WR4A RR4A (WR4A)
1 1 0 1 WR5A RR5A (WRb5A)
1 1 1 0 WR6A (RR2A)
1 1 1 1 WR7A (RR3A)
With the Point High command:
0 0 0 0 WR8B RAR8B
0 0 0 1 WR9 RR9 (WR3B)
0 0 1 0 WR10B RR10B
0 0 1 1 WR11B RR11B (WR10B)
0 1 0 0 WR12B RR12B
0 1 0 1 WR13B RR13B
0 1 1 0 WR14B RR14B (WR7'B)
0 1 1 1 WR15B RR15B
1 0 0 0 WR8A RR8A
1 ‘ 0 0 1 WR9 RRY9A (WR3A)
1 0 1 0 WR10A RR10A
1 0 1 1 WR11A RR11A (WR10A)
1 1 0 0 WR12A RR12A
1 1 0 1 WR13A RR13A
1 1 1 0 WR14A RR14A (WR7A)
1 1 1 1 WR15A RR15A
If both bits DO and D2 of WR15 are set to “1” and D6 of
WR7’is set to “1,” then the ESCC register map is as
shown in Table 8.
Am85C80 a_47
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Table 8. SDLC/HDLC Enhancementé and 10 x 19 Bit FIFO Enabled

AB PNT: PNT: PNTo Write Read
0 0 0 0 WRO0B RROB
0 0 0 1 WR1B RR1B
0 0 1 0 WR2 RR2B
0 0 1 1 WR3B RR3B
0 1 0 0 WR4B RR4B (WR4B)
0 1 0 1 WR5B RR5B (WR5B)
0 1 1 0 WR6B RR6B
0 1 1 1 WR7B RR7B
1 0 0 0 WROA RROA
1 0 0 1 WR1A RR1A
1 0 1 0 WR2 RR2A
1 0 1 1 WR3A RR3A
1 1 0 0 WR4A RR4A (WR4A)
1 1 0 1 WR5A RR5A (WR5A)
1 1 1 0 WR6A RR6A
1 1 1 1 WR7A RR7A

With the Point High command:

0 0 0 0 WR8B RR8B
0 . 0 0 1 WR9 RR9 (WR3B)
0 - 0 1 0 WR10B RR10B
0 0 1 1 WR11B RR11B (WR10B)
0 1 0 0 WR12B RR12B

0 1 0 1 WR13B RR13B
0 1. 1 0 WR14B RR14B (WR7’B)
0 1 1 1 WR15B RR15B
1 0 0 0 WRSBA RR8A
1 0 0 1 WR9 RR9A (WR3A)
1 0 1 0 WR10A RR10A
1 0 1 1 WR11A RR11A (WR10A)
1 1 0 0 WR12A RR12A
1 1 0 1 WR13A RR13A
1 1 1 0 WR14A RR14A (WR7'A)
1 1 1 1 WR15A RR15A

Auto RTS Reset

On the CMOS ESCC, if bit DO of WR15 and bit D2 of
WRY7’ are set to “1” and the channelis in SDLC Mode, the
RTS pin may be reset early in the Tx Underrun routine

and the RTS pin will remain active until the last zero bit of

the closing flag leaves the TxD pin as shown in Fig-
ure 16. Note that in order for this to function properly,
bits D3 and D2 of WR10 must be set to “1” and “0”
respectively.

Data Being Sent ~————»

Tx Underrun/EOM

RTS Bit D1 WR5

| paa KNCRC |

CRC | Flag

RTS Pin (Active Low)

4 NE2

Figure 41. Auto RTS Reset Mode

12582C-069A
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CRC Character Reception

NMOS Am8530H

On the NMOS Am8530H , when the end-of-frame flag
is detected, the contents of the Receive Shift Register
are transferred to the Receive Data FIFO regardless of
the number of bits accumulated. Because of the 3-bit de-
lay between the Receive SYNC Register and Receive
Shift Register, the last two bits of the CRC check charac-
ter received are never transferred to the Receive Data
FIFO. Thus, the received CRC characters are unavail-
able for use. :

CMOS ESCC

On the ESCC, the option of being able to receive the
complete CRC characters generated by the Transmitter
is provided when both bit DO of WR15 and bit D5 of WR7’
are setto “1.” Whenthese two bits are set and an end-of-
frame flag is detected, the last two bits of the CRC will
be clocked into the Receive Shift Register before its
contents are transferred to the Receive Data FIFO.The
data-CRC boundary and CRC character bit formatsfor
each Residue Code provided is shown in Figures 42A
through 42D for each character length selected.

Residue Residue
Code Code
012 1
001 101
DID|D {D ID IColCi|C> D|D|DID [D ID |Co|C
Co| C1]C2{C3|Cs |Cs |Cs [Cr D | Cof C1]C2|C3!Cs|Cs5]Cs
Cs| Ce| C7{Cs | Co [Ci10}C11|C12 Cs] Cs| Cs|C7]Cs |Cs |Ciof C11
Cs| Cs| Ci10f C11] C12} C13|C14|C1s Cs| Ca| Ciof C11] C12|C13[C14] C1s
‘ |
Residue Residue
Code Code
012 912
100 010
D|D|D |D |D ID |D |Co D|{D{D |D |D |D ID |D
DD |CofCi]C2]|Cs|Cs|Cs DID|D |ColCi[C2|Cs|Cs
C3} Cs|[Cs|Cs |C7{Cs |Cs |Cio C2| Ca] C4[Cs|Cs |C7 |Cs |Co
Cs| Ca| Ci1of C11| C12| C13| C14|C1s C7| Cs] Ca [C10| C11]C12|C13|C1a
Cs| Cof Ciof C11] C12| C13|C14[C1s
Residue
Code
012
110
DID|D |D (D |ID |D |D
D|D|D |D |Co|Ci|C2]|Cs
Ci1] C2f C3|Ca|Cs |Cs [C7 |Cs
Cs| C7| Cs|Cs {C10[C11[|C12|Cia
Cs| Ca| Ciof C11]C12|C13|C14|C1s 12582C-070A

Figure 42A. 5 Bits/Character

Am85C80
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Residue : . Residue
Code : Code
012 012
010 . 110
DI[DID ID |D |D |Co|Cs D|D|D [D |ID |ID_|ID |Co |
Col C1| C2]C3{Cs |Cs [Cs |C7 D | Co| C1 |C2 |Ca |C4 |Cs [Cs
Cs| C7| Cs [Co [C10{C11{C12|Cia ’ Cs| Ce| C7 [Cs |Co |C10|C11{Cr2 ("
Cs| Co| C1of C15|C12{C13|C14|Ci5 | Cs| Cs| C10[C11|C12[C13[C14{C15
Residue . Residue
-~ Code : Code
012 . ‘ D12
001 101
DID|D (D |D |D |D ID D|D|D [D |D |D |ID |D
DD [Co}Ci|C2|Cs |Cs [Cs D|D|D |Co|Ci[C2|C3]|Cs
Ca} Cs] Cs | C7 [Cs [Cs [C10]|Cin Cs] Ca| Cs |Cs [C7 |Cs [Co [Cro
Cs| Ca| C10] C11[ C12| C13[C14|C1s Cs| Co} C10[C11|Ci12|C13[C14|C15s
Residue Residue
Code e Code
012 i 012
011 100
D|{D|D |ID |ID |D [D |D D|D[D |IDID D ID D
D|{D |D |ID |Co |Ci.|C2 [Cs D|D[D |D |D [Co{C: |C2
C2| C3[Cs |Cs |Cs |C7 |Cs |Cs C4| C2) C3 {Ca|Cs |Ce {C7 |Cs
Cs| Co|C10[C11[C12[C13|C14|C1s Cr| Cs| Co [C1o[ C11[C12|C13{C1a
Cs| Cs| C10|C11]C12]C13[C14|C1s

12582C-071A
Figure 42B. 6 Bits/Character
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Residue Residue
Code Code
012 012
111 100
D({D|D ID [D |D |D |Co D|D|D|DID [D |ID |D
Co|C1|C2|Ca|Cs[Cs |[Cs |Cr D | Col C1]C2[C3 |Cs |Cs{Cs
C7| Cs| Co [ Cio] C11| C12[C13]Cia Cs| C7] Cs{Cs [ C10|C11|C12] Cia
Ca| Cs| Ci10] C11] C12| C13[C124|C1s Cs| Cs| Cio| Ci1| C12|Ci13|Ci14] Ci1s
[ .
Residue Residue
Code Code
012 012
010 110
D|DI|D |D |D (D |D |D DiID|D |[D |D |D |D |D
D [D |Co]Ci[C2]|Cs |C4|Cs DID|D [Co|Ci]|C2|Cs|Ca
Cs| Cs| C7 |Ca |Co [C10{C11|C12 Caf Cs| Cs |C7|Cs |Cs |C10[C1s
Cs| Cg| C10|C11] C12| C13[C14|C1s Cs| Cs| C10|C11| C12| C13| C14|Cis
Residue Residue
Code Code
Nz 012
001 101
D|D|D D |D |D |ID [D D|D|D |D |ID {D [D ID
D|D|D [D |Co|Ci|C2[Cs D|(D|DID |D [|Co[Ci{C2
Cs| C4| Cs{Ce |C7|Cs [Ca [Cio C2| Ca] Ca|Cs{Cs|C7[Cs |Co
Ca| Cs| C10 C11| C12|C13|Ci14|Cis i Cs| Cs| Cio] C11{ C12| C13| C14|C1s
|

Residue
Code
012
011

D|D|D|D |D {D |[D [D
D[{D|D |D [D ID |Co|Cs
Ci| C2| C3{Cs|Cs |Cs [C7 |Cs
Cs} Cs| Ciof C11| C12[C13|C14|Cis

12582C-072A

Figure 42C. 7 Bits/Character
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Residue Residue
Co1dze Cod2e
011 (No Residue) 111 (1 Residue Bit)
D(D|D |D (D [D ID [D DID|D |D |D |D |D |D
Co| C1]C2|Ca |Cs [Cs {Cs [Cr D | Col Ci|C2|C3{Cs |Cs|Ce
Cs| Co| C10|C11[C12{ C13|C14|C1s C7| Cs| Co|Ci0 C11{C12|C13| Cia

Cs| Cs| Cig C11] C12| C13|C14| C1s

Residue Residue

Co1c|2e } Cc%de

000 (2 Residue Bits) 00 (3 Residue Bits)
D{D|D |D|D |ID {D |D D(DID[D|D [D |ID D
D|D |CofCi]|C2|Cs|Cs|Cs D|D|D |ColCis|C2 |C3|Cs
Cs| C7{ Cs | Co| C10][C11|{C12| C13 Cs| Ce| C7[Cs| Co |C10|C11]|C12
Cs| Co| C1o] C11 C12|C13|[C14| Cis Cs| Co] Ciol C11| C12|/C13|C14|Cis

[
Residue Residue
Co<12e Co1dze
1 .

%W (4 Residue Bits) '?W (5 Residue Bits)
D|D|D (D |D |D (D |ID D|{D|D |D ID |D |[D |D
D|D|{D [D |Co|Ci]|C2{Ca D|D|D |D ID |Co [Cy |C2
Ca4| Cs| Cs |C7|Cs |Cs [C10]C11 Cs| Ca| Cs |Cs |C7|Cs |Cs [Cio
Cs| Cso| Cio] C11| C12| C13[C14|C1s Cs| Cs| C10{C11] C12|/C13[C14|C15

Residue Residue

Codze Code

001 (6 Residue Bits) m101 (7 Residue Bits)
D|D|ID |D |D |ID |D.{D D|IDID D |D D |D D
D|D|D |D |D |D |Co{Cs D|D|{D |D |D [D [D [Co
C2| C3] C4|Cs|Cs [C7 {Ce |Co Cy| C2| Ca{Cs|Cs|Cs |C7 |Cs
Cs| Co]| Cio| C11]C12[C13|C14|Cis Cs| Ca| Cio] C11| C12| C13| C14|Cis

12582C-073A

Figure 42D. 8 Bits/Character
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Auto Flag Mode

On the NMOS Am8530H, if the transmitter is actively
markidling and aframe of data is ready to be transmitted,
the MARK/FLAG idle bit must be set to “0” before data is
written to WR8, otherwise the opening flag will not be
sent properly. However, care must be exercised in doing
this because the mark idle pattern (eight “1" bits) is trans-
mitted eight bits at a time, and all eight bits must have
transferred out the Transmit Shift Register before a flag
may be loaded and sent. if data is written into the Trans-
mit Buffer (WR8) before the flag is loaded into the Trans-
mit Shift Register, the data character written to WR8 will
supersede flagtransmission and the opening flag will not
be transmitted.

On the CMOS ESCC, if bit DO of WR15 is set to “1,” and
the ESCC is programmed for SDLC operation, an option
is provided via bit DO of WR7’ that eliminates this require-
ment. If bit DO of WR7’is setto “1” and a character is writ-
ten to the Transmit Buffer while the Transmitter is mark
idling, the Mark/Flag Idle bitin WR10 need not be resetto
“0” in order to have the opening flag sent because the
Transmitter will automatically send it before commenc-
ing to send data.

In addition, as long as bit D0 of WR15 and bit D1 of WR7"
are set to “1,” the CRC transmit generator will be auto-
matically preset to the initial state programmed by bit D7

of WR10 (so the Reset Tx CRC Generator command is-

also not necessary), and the Tx Underrun/EOM latch will
be reset automatically on every new frame sent. This en-
sures that an opening flag and proper CRC generation
and transmission will always be sent without processor
intervention under varying bus latency conditions.

Auto Transmit CRC Generator Preset

The NMOS Am8530H does not automatically preset the
CRC generator prior to frame transmission. This must be
done in software, usually during the initialization routine.
This is accomplished by issuing the Reset Tx CRC Gen-
erator Command via WRO. For proper results, this com-
mand must be issued while the transmitter is enabled
and idling and before any data are written to the Transmit
Buffer.

In addition, if CRC is to be used, the transmit CRC gen-
erator must be enabled by setting bit DO of WR5 to “1.”
CRC is normally calculated on all characters between
opening and closing flags, so this bit should be set to “1”
at initialization and never changed.

On the CMOS ESCC, setting bit DO of WR15 to “1” will
cause the transmit CRC generator to be preset automati-
cally every time an opening flag is sent, so the Reset Tx
CRC Generator Command is not necessary.

Auto Tx Underrun/EOM Latch Reset

On the ESCC, the transmission of the CRC check char-
acters is controlled by the Transmit CRC Enable bit in
WR5 (D0) and the Tx Underrun/EOM bit in RRO (D6).
However, if the Transmit Enable bit is set to “0” when a
transmit underrun (i.e., both the Transmit Buffer and
Transmit Shift Register go empty) occurs, the CRC
check characters will not be sent regardless of the state
of the Tx Underrun/EOM bit. )

If the Transmit Enable bit is set to “1” when an underrun
occurs, then the state of the Tx Underrun/EOM bit and
the Abort/Flag on Underrun bit in WR10 (D2) determine
the action taken by the Transmitter. The Abort/Flag on

- Underrun bit may be set or reset by the processor,

whereas, the Tx Underrun/EOM bit is set by the Trans-
mitter and can only be reset by the processor via the Re-
set Tx Underrun/EOM Command in WRO.

Ifthe Tx Underrun/EOM bitis setto “1”when an underrun
occurs, the Transmitter will close the frame by sending a
flag; however, if this bit is set to “0,” the frame data will be
appended with either the accumulated CRC characters
followed by a flag or an abort pattern followed by a flag,
depending onthe state of the Abort/Flag on Underrun bit
inthe WR10 (D2). In either case, after the closing flag is
sent, the Transmitter will idle the transmission line as
specified by the Mark/Flag Idle bit D3 in WR10.

Hence, if the CRC check characters are to be properly
appended to a frame, the Abort/Flag on Underrun bit
must be set to “0,” and the Reset Tx Underrun/EOM
Command must be issued after the first but before the
last character is written to the Transmit Buffer. This will
ensure that either an abort orthe CRC will be transmitted
if an underrun occurs. Normally, the Abort/Flag on Un-
derrun bitin WR10 should be set to “1" around the same
time that the Tx Underrun/EOM bit is reset so that an
abort will be sent if the transmitter accidentally under-
runs, andthen set to “0” nearthe end of the frame to allow
the correct transmission.of CRC.

Onthe ESCC, if bit DO of WR15 is setto “1,” the option of
having the Tx Underrun/EOM bit reset automatically at
the start of every frame is provided via bit D1 of WR7".
This helps alleviate the software burden of having to re-
spond within one character time when high-speed data
are being sent.

SDLC/HDLC NRZI Transmitter Disabling

Onthe NMOS Am8530H, if NRZl encoding is being used
and the Transmitter is disabled, the state of the TxD pin
will depend on the last bit sent. That is, the TxD pin may
either idle in a Low or High state as shown in Figure 43.

Am85C80
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On the CMOS ESCC, an option is provided that allows
setting the TxD pin High when operating in SDLC Mode
with NRZI encoding enabled. If bit DO of WR15 is set to
“1," then bit D3 of WR7’ can be used to set the TxD pin
High. Note that the operation of this bit is independent of
the Tx Enable bit in WR5. The Tx Enable bit in WR5 is
used to disable and enable the transmitter, whereas bit
D3 of WR7 acts as a pseudo transmitter disable and en-
able by just forcing the TxD pin High when set even
though the transmitter may actually be mark or flag
idling. Care must be used when setting this bit because
any character being transmitted at the time this bit is set
will be “chopped off,” and data written to the Transmit
Buffer while this bit is set will be lost.

When the transmit underrun occurs and the CRC and
closing flag have been sent, bit D3 canbe set to pull TxD
High. When ready to start sending data again this bit
must be reset to “0" before the first character is written to
the Transmit Buffer. Note that resetting this bit causes
the TxD pin to take whatever state the NRZ! encoder isin
at the time so synchronization at the Receiver may take
longer because the first transition seen on the TxD pin
may not coincide with a bit boundary. Note that in order
for this to function properly, bits D3 and D2 of WR10 must
be set to “1” and “0" respectively.

Liladolofalalils]1]4]0| 0

- Transmitter Disabled Here ——>|

TxD Pin Output (NRZI Encoded)

NN
Lo

12582C-074A

Figure 43. Transmitter Disabling with NRZI Encoding

Interrupt Masking Without INTACK

The NMOS Am8530H's ability to mask lower priority in-
terrupts is done via the 1US bit. This bit is internal to the
ESCC and is not observable by the processor. Being
able to automatically mask lower priority interrupts al-
lows a modular approach to coding interrupt ioutines.
However, using the masking capabilities of the NMOS
ESCC requires that the INTACK cycle be generated. In
stand-alone applications, having to generate INTACK
through external hardware in order to use this capability
is an unnecessary expense. )

Onthe CMOS ESCC, if bit D5 in WR9 is setto “1,”the IN
TACK cycle does not need to be generated in order to
have the IUS bit set. This allows the user to respond to
ESCC interrupt requests with a software acknowledg-
ment through RR2. When bit D5 in WR9 is set and aniin-
terrupt occurs, a read to RR2 emulates a hardware Inter-
rupt Acknowledge cycle as it functions in Vectored Mode.
Inthis case the CPU must first read RR2 to determine the
internal interrupt source and then jumpto'the appropriate
interrupt routine. Reading RR2 sets the 1US bit for the
highest priority IP. After the interrupting condition is
cleared, the routine can then read RR3 to determine if
any other IPs are set and clear them. Atthe end of the in-

terrupt roUtine, aReset IUS Command must be issued to
unlock the internal daisy chain.

Since the CPU can acknowledge the ESCC of highest

priority with a read of its RR2 interrupt vector, there is no

need for an external daisy chain. When acknowledging

an ESCC interrupt request, the CPU mustissue one read

to RR2 perinterrupt request. The modified interrupt vec-

tor can be read from Channel B, or the original vector

stored in WR2 can be read from Channel A. Either action
will produce the same internal actions on the IUS logic.

Note that the No Vector and Vector Includes Status bits

in WR9 are ignored when bit D5 in WR9 is set to “1.”

1 Mb/s FM Data Transmission and Reception

The 8-MHz version of the CMOS ESCC (ESCC-8) is ca-
pable of transmitting and receiving FM-encoded data at
the rate of 1 Mb/s. This_is accomplished by applying a
16-MHz clock to the RTxC pin and assigning this
waveform to drive the Internal Digital Phase Locked
Loop (DPLL) clock. This feature allows the user to send
both clock and data information over the same line at
1 Mb/s and can eliminate external DPLLs required for
high-speed NRZ data clock generation.

3-54
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature

Voltage at any Pin

Relative to Vss

Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent device failure.

OPERATING RANGES

Functionality at or above these limits is not implied. Ex-
posure to absolute maximum ratings for extended peri-
ods may affect device reliability.

—65t0 +150°C  Commercial (C) Devices
Ambient Temperature (Ta)
-05t0+7.0V Supply Voltage (Vcc)

0to +70°C
+5V 5%

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating ranges

Parameter Parameter

Symbol Description Test Conditions Min. Max. Unit
ViH Input High Voltage Commercial 2.2 Vee +0.3* \
Vi Input Low Voltage -0.3" 0.8 Vv
Von1 Qutput High Voltage low = =3.0 MA 24 Y
Vot Qutput High Voltage lon = —250 pA (Note 2) Vec—0.8 Vv
Vou Output Low Voltage loo = +2.4 mA 0.5 Vv
VoL Output Low Voltage loo = +48 mA (Note 1) 0.5 Vv
i Input Leakage 04V<VNc24V +10.0 uA

SCSI Bus Pins Vi = 525V,

Except RST Vi=0 +50 1A
lou Output Leakage 04V<Vour<24V +10.0 HA
lec Vce Supply Current CLK = 8 MHz, inputs at 40 mA

voltage rails, output unloaded
Cin Input Capacitance Unmeasured pins returned 10 pF
Cour Output Capacitance toground.f = 1 MHz over 15 pF
Cwo Bidirectional Capacitance | specified temperature range 20 pF
Except SCSI Bus Pins

* Viu Max. and Vi Min. not tested. Guaranteed by design.

Notes:

1. SCSI Bus Pins only.
2. SCC outputs only.

Standard Test Conditions
The characteristics below apply for the following stan-
dard test conditions, unless otherwise noted. Allvoltages
are referenced to GND. Positive current flows into the
referenced pin. Standard conditions are as follows:

+4.75V<Vec < +5.25V

GND

ov

0°C<Ta<70°C

AmB85C80
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SWITCHING TEST CIRCUITS
Standard Test Dynamic Load Circuit

Open-Drain Test Load

+5V
l lov=2.4 mA
Threshold 2.2K
Voltage §
Erom Output From Output
nder Test Under Test
Vi=14V _4L100 pF
— 100 pF
1 Ion =3 mA I
12582C-075A 12582C-076A
SWITCHING TEST INPUT/OUTPUT WAVEFORM
24V -
><2;ov \PTE%S‘ —~ 20 v><
& Points~a
04V 0.8V 0.8V,
12582C-077A

AC testing: Inputs are driven at 2.4 V for a Iogric “1”and 0.4 V for a logic "0.”
Timing measurements are made at 2.0 V for alogic “1” and 0.8 V for logic “0.”

KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS
Must be
Steady
May
Change
fromHtolL

May
Change
fromLtoH
Don't Care,
Any Change

Permitted

Does Not
Apply

OUTPUTS

Will be
Steady

Will be
Changing
fromHto L

Will be
Changing
from Lto H

Changing,
State
Unknown

Center

Line is High-
Impedance
“Off” State
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ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range
General Timing (see Figure 44)

Parameter 8.192 MHz 16.384 MHz
No. Symbol Parameter Description Min. Max. Min. Max. Unit
1 TdPC(REQ) PCLK | to W/REQ Valid Delay 250 80 ns
2 TdPC(W) PCLK | to Wait Inactive Delay 350 180 ns
3 TsRXC(PC) RxC 1 to PCLK 7T Setup Time NA NA NA NA
(Notes 1,4 & 8) i
4 TsRXD(RXCr) RxD to RxC T Setup Time 0 0 ns
(Xl Mode) (Note 1)
5 ThRXD(RXCr) RxD to RxC T Hold Time 150 50 ns
(X1 Mode) (Note 1)
6 TsRXD(RXCf) RxD to RxC | Setup Time 0 0 ns
(XI Mode) (Notes 1,5)
7 ThRXD(RXCH) RxD to RxC { Hold Time 150 50 ns
(XI Mode) (Notes 1, 5)
8 TsSY(RXC) SYNCA to RxC T Setup Time -200 -100 ns
(Note 1) i
9 ThSY(RXC) SYNCA to RxC T Hold Time 5TcPc 5TcPc ns
(Note 1)
10 TsTXC(PC) TxC | to PCLK T Setup Time NA NA
~(Notes 2, 4 & 8)
11 TdTXCHTXD) TxC | to TxD Delay (X! Mode) 200 80 ns
(Note 2)
12 | TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 200 80 ns
(Notes 2, 5) )
13 TdTXD(TRX) TxD to TRXC Delay 200 80 ns
(Send Clock Echo)
14a TwRTXh RTxC High Width (Note 6) 150 80 ns
14b | TwRTxh(E) RTxC High Width (Note 9) 50 15.6 ns
15a TwRTXI RTxC Low Width (Note 8) 150 80 ns
15b TwBTXIE) BIxC Low Width (Note 9). 50 156 ns
16a TcRTX RTxC Cycle Time (Notes 6, 7) 488 244 ns
16b TIcBTx(E) RIxC Cycle Time {Note 9) 125 31.25 _ns |
17 TcRTXX Crystal Oscillator Period {Note 3) 125 1000 62 1000 ns
18 TwTRXh TRxC High Width (Note 6) 150 80 ns |
19 TwTRXI TRxC Low Width (Note 6) 150 80 ns
20 TcTRX TBxC Cycle Time (Notes 6, 7) 488 244 ns
21 TwEXT DCD Pulse Width 200 70 ns
22 TwSY SYNCA Pulse Width 200 70 ns
Notes: .
1. BxC is RTxC or TRxC, whichever is supplying the receive clock.
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock.
3. Both RTxC and SYNCA have 30-pF capacitors to ground connected to them.
4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC
and PCLK or TxC and PCLK is required.
5. Parameter applies only to FM encoding/decoding.
6. Parameter applies only for transmitter and receiver, DPLL and baud rate generator timing requirements are identical to chip
PCLK requirements. :
7. The maximum receive or transmit data is 1/4 PCLK.
8. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation.

TRxC and RTxC rise and fall times are identical to PCLK. Reference timing specs Tipc and Trpc.

Tx and Rx input clock slow rates should be kept to a maximum of 30 nsec. All parameters related to input CLK edges should
be referenced at the point at which the transition begins or ends, whichever is worst case.

ENHANCED FEATURE— RTxC used as input to internal DPLL only.
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Figure 44. General Timing
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ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)
System Timing (see Figure 45)

Parameter ' 8.192 MHz 16.384 MHz
No. Symbol Parameter Description Min. Max. Min. Max. Unit
1 TdRXC(REQ) RXC T W/REQ Valid Delay 8 12 8 12 TcPc
(Note 2)
2 TdRXC(W) RXC T to Wait Inactive Delay 8 14 8 14 TcPc
(Notes 1, 2) )
3 TdRXC(SY) RxC T to SYNC Valid Delay 4 7 4 7 TcPc
(Note 2)_
4 TdRXC(INT) RxC Tto INT Valid Delay 10 16 10 16 TcPc
(Notes 1, 2)
5 TdTXC(REQ) TxC T to WIREQ Valid Delay 5 . 8 5 8 TcPc
(Note 3}
6 TdTXC(W) TxC | to Wait Inactive Delay 5 1 5 1 TePe
(Notes 1, 3)
7a | TdTXC(DRQ) TxC | 1o DTR/REQ Valid Delay 4 7 4 7 TcPe
(Note 3)
7b | TdTXC(EDRQ) TxC | to DTR/REQ Valid Delay 5 8 5 8 TePc
{Notes 3, 4)
8 TATXC(INT) TxC ! to INT Valid Delay 6 10 6 10 TcPc
- (Notes 1. 13} .
9 TASY(INT) SYNCA Transition to INT Valid 2 6 2 6 TcPe
Delay (Note 1)
10 | TAEXT(INT) DCD Transition to INT 2 6 2 6 TcPe
Valid Delay (Note 1) :
Notes:
1. Open-drain output, measured with open-drain test load.
2. RxC.is RTxC or TRxC, whichever is supplying the receive clock.
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock.
4. Parameter applies to Enhanced Request mode only.
Am85C80 2_ga
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ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)
Read and Write Timing (see Figure 46)

Parameter B 8.192 MHz 16.384 MHz
No. Symbol Parameter Description Min. Max. Min. Max. Unit
1 TwPCl PCLK Low Width 50 2000 26 2000 ns
2 TwPCh PCLK High Width 50 2000 26 2000 ns
3 T{PC PCLK Fall Time 15 8 ns
4 | TiPC PCLK Rise Time___ v 15 8 ns
5 TcPC PCLK Cycle Time 122 4000 61 4000 ns
6 TsA(WR) Address to WR | Setup Time 70 35 ns
7 ThA(WR) : Address to WR T Hold Time 0 0 ns
8 TsA(RD) Address to RD | Setup Time 70 35 ns
9 ThA(RD) Address to RD T Hold Time 0 0 ns
10 | TsIA(PC) INTACK to PCLK T Setup Time 20 15 ns
1 TsIA(WR) INTACK to WR | Setup Time 145 70 ns
(Note 1)
12 | ThIA(WR) | INTACK to WR T Hold Time 0 - 0 ns
13 | TsIA(RD) INTACK to RD | Setup Time 145 70 ns
(Note 1) : : ) :
14__| ThIAI(RD) INTACK to RD T Hold Time 0 0 ns
15 ThIA(PC) INTACK to PCLK T Hold Time 40 15 ns
16 | TsCENWR) CET Low to WR | Setup Time 0 0 ns
17__| ThCE(WR) CET to WR T Hold Time 0 0 ns.
18 TsCEh(WR) CF1 High to WR | Setup Time &80 k) ns
19 | TsCEJ)RD) CE1 Low to RD | Setup Time 0 0 - ns
I‘Nmp 1’\
20 | ThCE(RD) CF1 to BD T Hold Time (Note1) 0 0 ns
21 TsCEh(RD) :C;lﬁ H1ig3h to RD | Setup Time 60 30 ns
- ote
22 | TwRDI BD | aw Width (Note 1) 150 75 ns
23 | TdRD(DRA) RD | to Bead Data Active Delay 0 0 ns
24 TdRDr(DR) g_Dl T to Read Data Not Valid 0 0 ns
olay
25 TdBDI(DR) BD | to Read Data Valid Delay 140 70 ns
26 TdRD(DRz) RD T to Read Data Float Delay 40 20 ns
(Note 2)
Notes:

1. Parameter does not apply to Interrupt Acknowledge transactions.
2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC Load and mini-
mum AC load.
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- ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued)

Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 47—-49)

Parameter 8.192 MHz 16.384 MHz
No. Symbol Parameter Description Min. Max. Min. Max. Unit
27 TdA(DR) Address Required Valid to Read 220 100 ns
Data Valid Delay
28 TWwWRI WR Low Width 150 75 ns
29 TdWRi(DW) WR | 1o Write Data Valid 35 20 ns
30 ThDW(WR) Write Data to WR T Hold Time 0 10 ns
31 TdWR(W) WR | to Wait Valid Delay (Note 2) 170 50 ns
32 TdRD(W) RD | to Wait Valid Delay (Note 2) 170 50 ns
33 TdWRI(REQ) WR | to WREQ Not Valid Delay 170 70 ns
34 TdRDf(REQ) RD | to W/REQ Not Valid Delay 170 70 ns
35a | TdWRr(REQ) WR | to DTR/REQ Not Valid Delay 4.0TcPc 4.0TcPc ns
35b | TdWRr(EREQ) WR | to DTR/REQ Not Valid Delay 120 70 ns
36 TJRDr(REQ) RD T DTR/REQ Not Valid Delay NA NA ns
37 TdPC(INT) PCLK | to INT Valid Defay 500 175 . ns
(Note 2)
38 | TdIAI(RD) TDNTITC_K to RD | (Acknowledge) 150 50 ns
elay
39 TwRDA RD (Acknowledge) Width 150 75 ns
40 TdRDA(DR) RD ! (Acknowledge) to Read 140 70 ns
Data Valid Delay .
41 TsIEI(RDA) |T5| to RD | (Acknowledge) Setup 50 ns
ime
42 ThIEI(RDA) |T5| to RD T (Acknowledge) Hold 0 ns
ime
43 TJIE(IEQ) |IEl to IEQ Delay Time 45 ns
44 TdPC(IEQ) PCLK T to IEO Delay 80 ns
45 | TARDA(INT) RD | to INT Inactive Delay 450 200 ns
(Note 2)
46 TdRD(WRQ) RD T to WR | Delay for No Reset 15 10 ns
47 | TdWRQ(RD) WR T to RD | Delay for No Reset 15 10 ns
48 | TwWRES WR and RD Coincident Low for 150 75 ns
Reset
49 Trc Valid Access Recovery Time 35 35 TcPc
{Note 1)
Notes:

1. Parameter applies only between transactions involving the ESCC, if WR/RD falling edge is synchronized to PCLK falling

edge, then TrC = 3TcPc.

2. Open-drain output, measured with open-drain test load.

Am85C80
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12582C-081A

Figure 47. Reset Timing
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Figure 49. Interrupt Acknowledge Timing
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS
DMA Write (Non-Block Mode) Target Send Cycle (see Figure 50)

Parameter Parameter
Symbol Description Min. Max. Unit
T DRQ False from DACK True 100 ns
T2 - DACK False to DRQ True 30 ns
T3 Write Enable Width* 70 ns
T4 DACK Hold from End of WR o ns
T5 Data Setup to End of Write Enable* 30 ns
T6 Data Hold Time from End of WR 40 ns
T7 Width of EOP Pulse (Note 1) 70 ns
T8 ACK True to REQ False 125 ns
T9 REQ from End of DACK (ACK False) 120 ns
T10 ACK True to DRQ True (Target) 110 ns
T11 REQ from End of ACK (DACK False) 120 ns
T12 Data Hold from Write Enable ‘0. ns
T13 Data Setup to REQ True (Target) 60 ns

*Write Enable is the occurrence of WR and DACK

Note:

1. EOP, WR, and DACK must be concurrently True for at least T7 for proper recognition of the EOP pulse.

De-D7
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O

b
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X

—
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N, |
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M

T7

fe—18 —
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'
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fe—T12—2
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Figure 50. DMA Write (Non-Block Mode) Target Send Cycle
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)
DMA Write (Non-Block Mode) Initiator Send Cycle (see Figure 51)

Parameter Parameter
Symbol Description Min. Max. Unit
T1 DRQ False from DACK True 100 ns
T2 DACK False to DRQ True 30 ns
T3 " Write Enable Width* 70 ns
T4 DACK Hold from End of WR 0 ns
T5 Data Setup to End of Write Enable* 30 ns
T6 Data Hold Time from End of WR 40 ns
T7 Width of EOP Pulse (Note 1) 70 ns
T8 REQ True to ACK True 110 ns
T9 . REQ False to DRQ True 110 ns
T10 DACK False to ACK False 130 ns
T11 WR False to Valid SCS! Data 100 ns
T12 Data Hold from Write Enable ‘0 ns

*Write Enable is the occurrence of WR and DACK
Note:
1. EOP, WR, and DACK must be concurrently True for at least T7 for proper recognition of the EOP pulse.

ora fe—11 —+] — Tz—j

fe—T3 —fe— T4 —>!

o | \k"lrs—zc-—re——l
o0, 7777777777777 X

N/

REQ H
o T8 fe—{ T9 : | T10 !

AK——+\ 12,__

o] L
2777

12582C-085A

Figure 51. DMA Write (Non-Block Mode) initiator Send Cycle
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)
DMA Read (Non-Block Mode) Target Receive Cycle (see Figure 52)

Parameter Parameter

Symbol Description Min. Max. Unit
T1 DRQ False from DACK True 100 ns’
T2 DACK False to DRQ True - 30 ns
T3 DACK Held Time from End of RD 0 ns
T4 Data Access Time from Read Enable* 100 ns
15 Data Hold Time from End of RD 0 ns
T6 Width of EOP Pulse (Note 1) 70 ns
T7 ACK True to DRQ True 110 ns
T8 DACK False to REQ True (ACK False) 120 ns
T9 ACK True to REQ False 125 ns
T10 ACK False to REQ True (DACK False) 120 ns
T11 Data Setup Time to ACK 10 ns
T12 Data Hold Time from ACK 65 ns

opR@a 7

*Read Enable is the occurrence of RD and DACK
Note:
. EOP, RD, and DACK must be concurrently True for at least T6 for proper recognition of the EOP pulse.

—
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Figure 52. DMA Read (Non-Block Mode) Target Receive Cycle
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)
DMA Read (Non-Block Mode) Initiator Receive Cycle (see Figure 53)

Parameter Parameter
Symbol Description Min. Max. Unit
T ' DRQ False from DACK True 100 ns
T2 DACK False to DRQ True 30 ns
T3 DACK Hold Time from End of RD 0 ns
T4 Data Access Time from Read Enable” 100 ns
T5 Data Hold Time from End of RD 0 ns
T6 Width of EOP Pulse (Note 1) 70 ns
T7 REQ True to DRQ True 140 ns
T8 DACK False to ACK False (REQ False) 100 ns
T9 REQ True to ACK True ‘ 110 ns
T10 REQ False to ACK False (DACK False) 100 ns
T11 Data Setup Time to REQ 10 ns
T12 Data Hold Time from REQ 65 ns

*Read Enable is the occurrence of RD and DACK

Note:

1. EOP, RD, and DACK must be concurrently True for at least T6 for proper recognition of the EOP pulse.
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Figure 53. DMA Read (Non-Block Mode) Initiator Receive Cycle
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)
DMA Write (Block Mode) Target Send Cycle (see Figure 54)

Parameter Parameter
Symbol Description Min. Max. Unit
T1 DRQ False from DACK True 100 ns
T2 Write Enable Width* 70 ns
T3 Write Recovery Time 120 ns
T4 Data Setup to End of Write Enable” 30 ns
T5 Data Hold Time from End of WR 40 ns
T6 Width of EOP Pulse (Note 1) 70 ns
T7 ACK True to REQ False 125 ns
T8 REQ from End of WR (ACK False) 130 ns
T9 REQ from End of ACK (WR False) 110 ns
T13 Data Hold from ACK True 0 ns
T14 Data Setup to REQ True 60 ns

“Write Enable is the occurrence of WR and DACK

Note:

1. EOP, WR, and DACK must be concurrently True for at least T6 for proper recognition of the ECP pulse.

DRQ \ \
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Figure 54. DMA Write (Block Mode) Target Send Cycle

12582C-088A

Am85C80

3-69



aAMD PRELIMINARY

SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)
DMA Read (Block Mode) Target Receive Cycle (see Figure 55)

Parameter Parameter
Symbol Description Min. Max. Unit
T1 DRQ False from DACK True 100 ns
T2 RD Recovery Time 120 ns
T3 Data Access Time from Read Enable* 100 ns
T4 Data Hold Time from End of RD 0 ns
T5 Width of EOP Pulse (Note 1) 70 ns
T6 RD False to REQ True (ACK False) ’ 130 ns
17 . ACK True to REQ False 125 ns
T8 ACK False to REQ True (RD False) 110 ns
T12 Data Setup Time to ACK *10 ns
T13 ‘ Data Hold Time from ACK 65 ns

*Read Enable is the occurrence of RD and DACK
Note:
1. EOP, RD, and DACK must be concurrently True for at least T5 for proper recognition of the EOP pulse.
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Figure 55. DMA Read (Block Mode) Target Receive Cycle
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)

Reset
Parameter " Parameter
Symbol Description Min. Max. Unit
T1 Minimum Width of RESET 100 ns
) I‘—— T _’{
RESET _M
12582C-090A
Arbitration
Parameter Parameter
Symbol Description Min. Max. “Unit
T _ Bus Clear from SEL True 600 ns
T2 Arbitrate Start from BSY False v 1200 2400 ns
T3 Bus Clear from BSY False 1100 ns.
RST

12582C-091A
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued)

CPU Write Cycle
Parameter Parameter

Symbol Description Min. Max. Unit
T1 Address Setup to Write Enable* 10 ns
T2 : Address Hold from End Write Enable* ] ns -
T3 Write Enable Width* 40 ns
T4 Chip Select Hold from End of WR 0 , ns
T5 Data Setup to End of Write Enable* 20 ns
Te Data Hold Time from End of WR . 30 ns

*Write Enable is the occurrence of WR and CE2.

A;._:; /////)121T1 — I-__Tz‘j<///////////////
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CPU Read Cycle

12582C-092A

Parameter . Parameter
Symbol Description Min. Max. Unit
T Address Setup to Read Enable* 10 ns
T2 Address Hold from End Read Enable” 0 ns
T3 Chip Select Hold from End of RD S0 ] ns
T4 Data Access Time from Read Enable* 100 ns
T5 Data Hold Time from End of RD 0 ns

*Read Enable is the occurrence of RD and CE2.
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Parameter Parameter
Symbol Description Min. Max. Unit
17 CET to CE2 Recovery 100 ns
T8 CEZ to CE2 Recovery 100 ns
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SLEEP MODE

The Am85C80 has a “sleep mode” feature which is ex-
tremely desirable in designing low power systems such
as laptop, notebook and tablet PCs. Basically, the “sleep
mode” feature saves power consumption by shutting
down all the active circuitries when they are not in use,
while keeping the necessary register values. While in
“sleep mode," any incoming clock has to be stopped, all
internal Voltage Controlled Oscillators and Ring Oscilla-
tors should be disabled, and to avoid driving any resistive
load, the outputs have to be in tri-state. System design-
ers should take necessary precautions to ensure no
glitches occurwhenthe system clock is being stopped or
started. This is a key design issue for systems with clock
stop/start capability.

The Am85C80’s sleep mode has been designed so that
the two different portions of the device (SCSI and SCC)
may be powered down separately or together, depend-
ing on user needs. For example, a SCSI disk can be shut
down while serial communication is active, or the serial
ports can be shut down while data is transferring to/from
the disk. To utilize the least current (typical 80 nA), both

the SCSI and SCC can be powered down, and this state
is called “Deep Sleep.” If a user exercises a shut down
and wake up session into and out of “Deep Sleep,” the
AmB5C80 will save all its SCC register values. On the
other hand, jts_SCSI reqister values will be _destroyed,
and the user has to program the SCSI portion once the
device is out of the “sleep mode.”

From the design point of view, the clock and host inter-
face of the Am85C80 are crucial. The SCSI timing gen-
eratorhas aninternal oscillatorthatis used for Arbitration
and Selection timing defined in the ANSI X3.131-1986
standard. Because WR is synchronized with PCLK, the
SCC writing registers are blocked when PCLK is
stopped. However, any read and write to SCSl is unaf-
fected by PCLK since it is still asynchronous. This fea-
ture enables SCSI and SCC portions of Am85C80 to be
in “sleep mode” separately or together. Typically, only
the SCSI or SCC portion of a Am85C80 will be active.
The diagram below is a simplified block diagram of the
AmB85C80 drawn to address the power down mode.

PCLK

Do-D7

RD
CE2

RESET

12582-001A

Simplified Block Diagram of the Am85C80
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Guidelines for Designing Battery Powered Computers Using the Am85C80:

1.

To save power, power-on reset (POR) circuitry is not
implemented in the Am85C80. A user needs to do a
soft reset, or assert both RD and WR simultaneously
to cause a hard reset to the SCC portion.

4. Inorderto putthe SCSI portion into “sleep mode,”RE
SET should be asserted logic 0 to stop internal timing
generator as shown on the diagram. RESET signal,
which affects only the SCSI portion, can be asserted
any time even in the middle of a CPU read or write.

2. :.n ordiLto'ensure the outputs (data fines) are inac- (Attention should be given to the software to first ter-
e, elther: minate any SCS! bus activity by going into bus free
a) RD should be kept at logic 1, or phase to avoid troubles onthe SCSI bus when RESET

b) CET and CE2 should be kept at logic 1. is asserted.) ‘

3. In order to put the SCC portion into “sleep mode,” 5. Inorderto putthe Am85C80 into “Dee Sleep” mode,
PCLK should be stopped at a logic 1 or 0 level. Users the user should put both the SCC and SCSI portion
should ensure PCLK is stopped and started cleanly, into their respective “sleep modes.” This is done by
with no double clocking or glitches. PCLK should be both stopping PCLK and asserting RESET.

S‘f‘:pptid a m'"'ml:mtz' tvgcétc:;ycles of PCLK before and The above guide lines are for designing the laptop com-
alterine acces§ ofhe T puters using Am85C80. The following is a typical timing
diagram the one could use. It is recommended that while
the chipisin “Deep Sleep” mode, CE1, CE2, RD, and WR

are at logic.1. . )

| »|
SCC power down

PCLK Clock stopped, high or low I

Stopped at logic 1 \_____

—_ - = - et e et e e e e e e e m o e - —_———
. WR \ N/ Stopped high, or in normal use < 7
N /N T — N/ \_.
——————————————— i Yl S St 2
P \ ’ N /
DACK N Stopped high, or in normal use v
AN VAR
________________ R . Y
---------------- A S’ S e il A
BEaET /. A Y 4
RESET N Stopped high, or in normal use v\
\ 4
________________ P .

12582-002A

SCC Power Down Mode (SCC PCLK Stopped)
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CLOCK stopped, or driven

PCLK _ _ o o e e e _ . I
--------------- b S 2l i e et N 2
— \ 4 A2
CE1 v Stopped high, or in normal use y
LN VY
________________ U U

1
1
o !
CE2, DACK ' Stopped at logic 1 \'
]
1

1
] ] 1 :
i e——————————> .
RESE :\- Stopped low ./: .
] |
! SCSI power down 1

f—— P
- -

12582-003A

SCSI Power Down (RESET Held Low)

PCLK Clock stopped, high or low |

Stopped at logic 1

- = -\ - - -

Szt (17T N
i N NI

1
1 1
! 1
! 1
! ]
CE2, DACK : Stopped at logic 1 : \{
! ! : <t
! 1 t
RESET Stopped at logic 0 ! /: 250 ns. Min :
L} 1 t )
} 1 I<—> f
‘= '
: Deep Sleep :
12582-004A

Power Down Mode: “Deep Sleep”
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Interface Products
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Am26LS38 Quad Differential Backplane Transceiver ....................... . 4-75
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Family in EIA RS-422 and 423 Applications .. .............. ... .. it 4-89
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Am26LS29

Quad Three-State Single Ended RS-423 Line Driver

P

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Four single ended line drivers in one package
for maximum package density

Output short-circuit protection
Individual rise time control for each output
High capacitive load drive capability

Low Icc and lee power consumption
(26mW/driver typ.)

W Meets all requirements of RS-423

B Three-state outputs for bus oriented systems

H Outputs do not clamp line with power off.
Outputs are in high-impedance state over entire
transmission line voltage range of RS-423

H Low current PNP inputs compatible with TTL,
MOS and CMOS

H Available in military and commercial
temperature range

W Advanced low. power Schottky processing

GENERAL DESCRIPTION

The Am26LS29 is a quad single ended line driver, de-
signed for digital data transmission. The.Am26LS29
meets all the requirements of EIA Standard RS-423 and
Federal STD 1030. it features four buffered outputs with
high source and sink current, and output short circuit
protection.

A slew rate control pin allows the use of an external ca-
pacitor to control slew rate for suppression of near end
cross talk to receivers in the cable.

The Am26L.S29 has three-state outputs for bus oriented
systems. The outputs in the high-impedance state will
not clamp the line over the transmission line voltage of
RS-423. A typical full duplex system would use the
Am26L.S29 line driver and up to twelve Am26L.S32 line
receivers oran Am26LS32 line receiver and up to thirty-
two Am26LS29 line drivers with only one enabled at a
time and all others in the three-state mode.

The Am26LS29 is constructed using advanced low-
power Schottky processing.

BLOCK DIAGRAM
SR Control A
Input A —-? Output A
SR Control B
Input B —>‘—— Output B
SR Control C
Input C ———>'—- Output C
SR Control D
Input D —>--— Output D
Ve ——
et S
Veg —— ENABLE
04599-001A
Publication# 04599 Rev. B Arnendmenllo 4-3
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RELATED PRODUCTS

Part Number | Description
26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver
26LS32 Quad Differential Line Receiver
26LS33 Quad Differential Line Receiver

CONNECTION DIAGRAMS

Top View
DIP LCC
<
B
g
[&]
2 <
\J 28923
. Slew Rate = @
vec[CJ1e 161 Control A MM ™
Input A [] 2 15]_] Output A Z 1 9
Input B[] 3 14]] Output B Input B
_— Slew Rate ENABLE
ENABLE [ 4 131 Control B e
Slew Rate
GND []5 12[] Sontrol G GND
c
InputC [ 6 1] outputC input
Input D [} 7 10[] Output D . n
Slew Rate
VEEEB 9:]ControlD 2&%%‘;
g £ g
3
04599-003A ﬁ
&
3
a
w
Note:

Pin 1 is marked for orientation

Output B

Slew Rate Control B

NC

Slew Rate Control C

Output C

04599-002A

Am26LS29
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TYPICAL APPLICATION
ENABLE
Data 14 ( £ {C
Input Am26L.S29, ’ ) ) 14 Data
TFCc Am26L.532 Output
(¢ £ {
_T_ ) 12) )
= Common Ground =
Return ENABLE
T
m Input
Data .
Output Cc
04599-005A
Am26LS29 4-5
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ORDERING INFORMATION
Standard Products

AMD products are available in several packages and operating ranges. The ardering number (Valid Combination) is formed

by a combination of:

AM26LS29

!
170

o

L

Am26LS29

DEVICE NUMBER/DESCRIPTION

ALTERNATE PACKAGING OPTION

OPTIONAL PROCESSING
Blank = Standard Processing
B = Burn-in

TEMPERATURE RANGE
C = Commercial (0 to 70°C)

PACKAGE TYPE

P = 16-Pin Plastic DIP (PD 016)

D = 16-Pin Ceramic DIP (CD 016)
S = 16-Pin Small Outline (SO 016)

SPEED OPTION
Not Applicable

Quad Three-state Single Ended RS-423 Line Driver

SC

PC, PCB,
AM26LS29 DC, DCB,

Valid Combinations

The Valid Combinations table lists configura-
tions planned to be supported in volume for
this device. Consuit the local AMD sales of-
fice to confirm availability of specific valid
combinations, to check on newly released
combinations, and to obtain additional data
on AMD’s standard military grade products.

Am26LS29
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ORDERING INFORMATION
Standard Military Drawing Products
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard

Military Drawing (SMD)/DESC products are fully compliant with MIL-STD-883C requirements. The ordering number for SMD/
DESC (Valid Combination) is formed by a combination of:

5962-87670 o1 E A
. -l—___ LEAD FINISH
A = Solder Dip
CASE OUTLINE
E = 16-Pin Ceramic DIP (CD 016)

F - 16-Pin Ceramic Flatpack (CF 016)

MILITARY DEVICE TYPE
01 = Am26LS29

MILITARY DRAWING NUMBER/DESCRIPTION
5962-8767001

Valid Combinations

5962-8767001{ EA, FA The Valid Combinations table lists configura-
tions planned to be supported in volume for
this device. Consult the local AMD sales of-
fice to confirm availability of specific valid
combinations, to check on newly released
combinations, and to obtain additional data
on AMD's standard military grade products.

Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9, 10, 11.

Am26LS29 4-7
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ORDERING INFORMATION

APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Ap-
proved Products List) products are fully compliant with MIL-STD-883C requirements. The ordering number (Valid Combina-
tion) is formed by a combination of:

AM26LS29

/B E

A

L

Am26LS29
Quad Three-state Single Ended RS-423 Line Driver

AM26L.S29

/BEA
/BFA
/B2A

L————  DEVICE NUMBER/DESCRIPTION

LEAD FINISH
A = Hot Solder Dip

PACKAGE TYPE (per 09-000)

E = 16-Pin Ceramic DIP (CD 016)

F = 16-Pin Ceramic Flatpack (CF 016)

2 = 20-Pin Leadless Chip Carrier (CL 020)
DEVICE CLASS

/B = ClassB

SPEED OPTION

Not Applicable

Valid Combinations

The Valid Combinations table lists configura-
tions planned to be supported in volume for
this device. Consult the local AMD sales of-
fice to confirm availability of specific valid
combinations, to check on newly released
combinations, and to obtain additional data
on AMD's standard military grade products.

Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9, 10, 11.

 Am26LS29
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature Range —65°C to +165°C
Supply Voltage:

V+ 70V

V- 7.0V
Power Dissipation 165 mW
Input Voltage -1.5t0+15V
Enable Voltage 15V
Qutput Sink Current 300°C

Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Temperature (Ta) 0°C to +70°C
Supply Voltage (Vcc) +475Vto +5.25V
(Vee) —4.75Vt0-5.25V

Military (M) Devices

Temperature (Ta) -55 to +125°C
Supply Voltage (Vcc) +45Vto+55V
(Vee) —-4.75Vto-55V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified

Parameter
Symbol Parameter Description Test Conditions Min. Typ. Max. | Unit
(Note 1) )
Vo [Veel = Veel =Min. [Vin - 24V | 4.0 44 | 6.0 v
Vo Output Voltage RL=co(Note 3)  |Vin. 04V | —4.0 | —44 | -60 | V
vr [Veel =|Veel =Min. [Vin - 24V | 3.6 4.1 Vv
Vr Output Voltage (Note 4) | g _450 o Vin. 04V | =36 | <44 v
[vi =V | Output Unbalance (Note 4) ||Vcc| =!|Veel, RL=450 Q 002 | 04 Y
Ix+ Vo. 10V 100 HA
Ix— Output Leakage Power Off | Vcc = Vee = 0V Vo.-10V -100 A
Is+ , . IVeel = Vel =Max|vin_. 24V | —20 -80 |-150 | mA
Output Short Circuit Current
o= (Note &) Vo. 0V VN .04V | 20 80 | 150 | mA
lec Positive Supply Current Vin = 0.4V, RL=]0o, 18 30 mA
[Veel = Veel = Max.
lee Negative Supply Current ViN = 0.4V, RL=|eo, -10 | -22 | mA
[ Vel = Veel = Max.
lo Off State (High Impedance) | Vcc = Max Vo. 10V 100 uA
Output Current IVeel = | Veel =Max.[Vo. =10V -100 | pA
ViH High Level Input Voltage {Note 7) 2.0 1 Vv
Vi Low Level Input Voltage (Note 7) 08 Vv
Vin = 2.4V, | Vedl = Veel = Max. 40 UA
hH High Level Input Current VIN <15V, Vec =55V, 100 pA
. Vee = -5.0 (Note 5)
I Low Level Input Current Vin = 0.4V, | Veel =1 Veel =Max. -30 |-200 | pA
Vi Input Clamp Voltage IIN = —12mA, Vce = Min., -15 \"
VEE = Max.
Notes:
1. Typica! limits are at Vcc = 5.0 V, VEE = -5.0 V, 25°C ambient and maximum loading.
2. Symbols and definitions correspond to EIA RS-423 where applicable.
3. Output voltage is +3.9 V minimum and -3.9 V minimum at -55°C.
4. This parameter is tested by forcing an equivalent current.
5. VEE = -5.0 V due to tester limitation.
6. Not more than one output should be shorted at a time. Duration of short circuit test should not exceed one second.
7. Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters.
Am26LS29 49



&\ Al

SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V)

Parameter ‘
‘Symbol | Parameter Description | Test Conditions Min. | Typ. Max. | Unit
e I RL =450 Q, CL = 500 pF,{Cc =50 pF 3.0 us
R
ise Time Fig. 1 Cc=0pF 120 | 300 | ns
tt Fall Time R.L =450 Q, CL =500 pF. Cc =50 pF 3.0 us
Fig. 1 . Cc=0pF 120 300 ns
todh Output Propagation RL = 450 Q, CL = 500 pF, 180 300 ns
Delay Cc=0pF
tpdl Output Propagation . RL =450 Q, CL = 500 pF, 180 300 ns
Delay Cc=0pF
tz RL =100 ©, CL = 500 pF, 180 | 300
th Output Enable to Output Ce = 0pF, Fig. 2 200 350 ns
tz S RL =100 Q, CL = 500 pF, 200 | 350
tzH ‘ Cc = 0 pF, Fig. 2 180 300
AC CHARACTERISTICS (Ta =-55°C to +125°C, Vec =4.75Vto 5.5 V)
Parameter
Symbol | Parameter Description | Test Conditions Min. | Typ. Max. | Unit
tr Rise Time RL =450 Q, ' 450 us
CL =500 pF, Cc=0pF
t Fall Time RL=450Q, 450 | ups
CL =500 pF, Cc = 0pF
“tpdh Output Propagation RL =450 Q, 450 ns
Delay CL =500 pF, Cc =0pF
tpdl Output Propagation RL =450 Q, 450 ns
Delay CL =500 pF, Cc = 0pF
(V4 RL=100Q, ‘ 400 ns
CL=500pF,Cc=0pF
tHz . . ) RL=100Q, 400 ns
Output Enable to Output Ct = 500 pF, Cc = 0 pF
tzu -] RL=1009Q, 400 ns
CL =500 pF, Cc =0 pF
tzH RL =100 Q, 400 ns
CL =500 pF, Cc = 0 pF
4-10 Am26LS29
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SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM

Vee 4——41 | |_
2 | = Cc
‘ O Output

1< 10ns

Input

RN
_;[ _

T
|
|
5 | 1 ' 0.9Vss I A 09Vss
| Il = - Output 0.1VssJZ Vss SL 0.1Vss
= | L) DU |
v gl Am26L. | 04599-006A tr , "
£ LI __"126_323_.! 04599-007A
Figure 1. Rise Time Control
SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM
' jFp——————— 116 ‘ 30V
15V 15V Input B

+ O Output ov

|

|

| .

115 l tPzH
| tPHZ

I RL '
I =

|

]

|

|

tpLz Output —=| tPzL 0.9Vss/RL
0.5Vss/RL

(Input A Low)

0.1Vss/RL

! .
Ve +—3  Am26LS29 04599-008A
L

04599-009A

Figure 2. Three-State Delays

Am26LS29 4-11
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Am26LS29 EQUIVALENT CIRCUIT

To other t
three drivers Rt
L Qi1

émz
—e
Q7
Rg§ Q18
R1o

Ris Rig
AV
R2o VEE
— _ 0
2 A INPUT 16 A SLEW 8
0 (3) B INPUT O (13) B SLEW
(6) C INPUT (12) C SLEW
(7) D INPUT (9) D SLEW
04599-010A
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TYPICAL PERFORMANCE CURVES

Slew Rate (Rise or Fall Time)
Versus External Capacitor

1k
ya
p4
100 /
7
'/
Rise Time — psec —
10
Yy
1 (4
10 100 1k 10k
Capacitance - pF 04599-011A
4-13
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Am26LS30

Dual Differential RS-422 Party Line/Quad Single Ended RS-423

Line Driver

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

M Dual RS-422 line driver or quad RS-423 line
driver

M Driver outputs do not clamp line with power off
or In hi-impedance state

H Independent output control in the differential
mode

B Low icc and lee power consumption
RS-422 differential mode; 35 mW/driver typ.
RS-423 single-ended mode; 26 mW/driver typ.

B Individual slew rate control for each output

N 50 Q transmission line drive capability (RS-422
-Into virtual ground)

B Low current PNP inputs compatible with TTL,
MOS and CMOS

B High capacitive load drive capability
W Exact replacement for DS16/3691
W Advanced low power Schottky processing

GENERAL DESCRIPTION

The Am26LS30 is a line driver designed for digital data
transmission. A mode control input provides a choice of
operation either as two differential line drivers which
meet all of the requirements of EIA Standard RS-422 or
four independent single-ended RS-423 line drivers.

In the. differential mode the outputs have individual
three-state controls. In the hi-impedance state these
outputs will not clamp the line over a common mode
transmission line voltage of 10 V. A typical full duplex
system would be the Am26LS30 differential line driver

and up to twelve Am26LS32 line receivers or a
Am26LS32 line receiver and up to thirty-two Am26LS30
differential drivers.

A slew rate control pin allows the use of an external ca-
pacitor to control slew rate for suppression of near end
cross talk to receivers in the cable.

The Am26LS30 is constructed using Advanced Low
Power Schottky processing.

BLOCK DIAGRAM

Logic for Am26LS30 with
Mode Control HIGH (RS-423)

Logic for Am26LS30 with
Mode Control LOW (RS-422)

\T SR Control A
Input A / Output A ENABLE B SR Control A
Output A
SR C | B Input A
Q l ontro P Output B
Input B / Output B SR Contro! B
Q— SR Control C SR Contro! C
Output C
D
Input C / Output C Input Output D
SR Control D SR Control D
. l ENABLEC
Input D / Output D Voo
Ground
s ch VEE Mode Control
roun
VEE Mode Contral
04600-001A 04600-002A
Publication# 04600 Rev. B Amendment/0
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RELATED AMD PRODUCTS
Part No. Description
261529 Quad Three-State Single Ended RS-423 Line Driver
26L532 Quad Differential Line Receiver
26LS33 Quad Differential Line Receiver

CONNECTION DIAGRAMS

Top View
DIP
—
Vec[]1® 16 {] Slew Rate Control A
Input A [ 2 15 :]OutputA
Input/ENABLEB [] 3 14 [] Output B
Mode [{ 4 13 [] Slew Rate Control B
GND [] 5 12 [] Slew Rate Contro! C
InputENABLEC [] 6 11 [ Output €
Input D [ 7 10 ]Output D
vee [] 8 9 [] Slew Rate Control D
04600-003A
LCC
<
Il
IS
o]
o
Q
T <
< x 5
5 o z Qa
a o009 3
£ zZzwmn O
OO
2 1 19
Input/ENABLEB J |4 Output B
Mode Slew Rate Control B
NCs Y |6 NG
GND ) |7 Slew Rate Control C
Input/ENABLEC Y 8 Output C
9 2 13
L A
owoaoano
535 235 3
g g 2
S 53
pcd
[
lid
=
@
»

» Note:
Pin 1 is marked for orientation.

04600-004A

Am26LS30 4-15
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ORDERING INFORMATION
Standard Products

-AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

AM26LS30 P 9]

_— P B
_[—— OPTIONAL PROCESSING

Blank = Standard processing
B = Burn-in

TEMPERATURE RANGE
C = Commercial (0 to +70°C)

PACKAGE TYPE
P = 16-Pin Plastic DIP (PD 016)
D = 16-Pin Ceramic DIP (CD 016)

SPEED OPTION
Not Applicable

DEVICE NUMBER/DESCRIPTION
Am26LS30

Dual Differential RS-422 Party Line/Quad
Single Ended RS-423 Line Driver

Valid Combinations Valid Combinations
PC. PCB Valid Combinations list configurations planned to be
AM26LS30 DC. DCB supported in volume for this device. Consult the lo-
. cal AMD sales office to confirm availability of specific

valid combinations or to check on newly released
combinations, and to obtain additional data on
AMD’s standard military grade products.

4-16 Am26LS30
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MILITARY ORDERING INFORMATION
Standard Military Drawing (SMD)/DESC Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard
Military Drawin ESMD)/DESC products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combi-
nation) for SMD/DESC products is formed by a combination of:

5962-86721 01 - E A
-[—- LEAD FINISH
A = Solder Dip
CASE OUTLINE
E = 16-Pin Cerdip (CD 016)

F - 16-Pin Ceramic Flatpack (CF 016)
2 = 20-Pin Leadless Chip Carrier (CL 020)

MILTARY DEVICE TYPE
01= AM26LS30

MILITARY DRAWING PART NUMBER/DESCRIPTION
5962-86720101 ‘

Valid Combinations Valid Combinations
. Valid Combinations list configurations planned
5962-8672101 EA, FA, 2A to be supported in volume for this device. Con-

sult the local AMD sales office to confirm avail-
ability of specific valid combinations, or to check
on newly released combinations.

Group A Tests

Group A tests consist of Subgroups
1,2,3,7,8,9,10,11.

Am26LS30 4-17
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MILITARY ORDERING INFORMATION
APL Products

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed
by a combination of:

AM26LS30 B E A

-L— LEAD FINISH

A = Hot Solder Dip

PACKAGE TYPE

E = 16-Pin Ceramic DIP (CD 016)

F = 16-Pin Ceramic Flatpack (CF 016)

2 = 20-Pin Leadless Chip Carrier (CL 020)

DEVICE CLASS
/B = Class B

SPEED OPTION
Not Applicable

DEVICE NUMBER/DESCRIPTION

Am26[.830

Dual Differential RS-422 Party Line/Quad Single
Ended RS-423 Line Driver

Valid Combinations Valid Combinations
Valid Combinations list configurations planned
AM26L530 /BEA, /BFA, /B2A to be supported in volume for this device. Con-
sult the local AMD sales office to confirm avail-
ability of specific valid combinations, or to check
on newly released combinations.

Group A Tests

Group A tests consist of Subgroups
. ‘ 1,2,3,7,8,9,10, 11,

4-18 Am26LS30
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Am26LS30 FUNCTION TABLE

Inputs Outputs
Mode A(D) B(C) A(D) B(C)
0 0 0 0 1
0 0 1 Z V4
0 1 0 1 0
0 1 1 Z Z
1 0 0 0 0
1 0 1 0 1
1 1 0 1 0
1 1 1 1 1
TYPICAL APPLICATION )
n
RT% x ' % AT
v
Am26LS30 Am26LS30 Am26LS30
Twisted Pair
b
Data Data Data
Three-State Three-State W Three-State
Enable Enable Enable
Data Data Data
Enable Enable Enable
Am26LS32 Am26LS32 Am26L.S32
" 04600-005A
Am26LS30 4-19
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature Range —65 to +150°C

- Supply Voltage S :
V+ 70V
V- 7.0V
Power Dissipation ‘ - 600 mW
Input Voltage ; -1.5t0+15.0V
Output Voltage (Power Off) +15V

Lead Soldering Temperature (10 seconds) 300°C
Stresses above those listed under Absolute Maximum Rat-
ings may cause permanent device failure. Functionality at or
above these limits is not implied. Exposure to absolute maxi-
mum ratings for extended periods may affect device reliability.

OPERATING RANGES
Commercial (C) Devices

Temperature 0to +70°C
Supply Voltage (Vcc) +4.75 V10 +5.25V
Supply Voltage (Vee) RS422 GND

Supply Voitage (Vee) RS423 —4.75Vto-5.25V

Military (M) Devices

Temperature -55 to +125°C
Supply Voltage (Vce) +45Vto +5.5V
Supply Voltage (Vee) RS422 GND

Supply Voltage (Vee) RS423 -4.75Vto-5.25V

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.

DC CHARACTERISTICS over operating ranges unless otherwise specified'
EIA RS-422 Connection, Mode Voltage <0.8 V, Vcc = +4.75 V to +5.5 V, Vee = GND

Parameter Typ.

Symbol |Parameter Description Test Conditions (Note 3) Min. |(Note 1)| Max. | Unit
Vo Differential Output Voltage, RL = Vin=2.0V 3.6 6.0 v
Vo Va, B VN=0.8V -3.6 -6.0
ﬁ Differential Output Voltage, |[RL=100Q Vin=2.0V 2.0 2.4 v
V1 Va, B Vin=0.8V -2.0 -2.4

Vos, Vos | Common Mode Offset Voltage| R = 100 Q 25 | 30| Vv

|VT|—|.\TT-| Difference in Differential RL=100Q 0.005 0.4 \

Qutput Voltage
[Vos|-|Vos] | Difference in Common Mode |RL =100 Q - 0.005 0.4 \"
Offset Voltage
Vss [Vr=Vr] RL =100 Q 4.0 48 Vv
Vewmr QOutput Voltage Common VENABLE =24V ) +10 Vv
Mode Range
:):; Output Leakage Current Vec=0V zzxz :_1_(1)(;/ v _110000 HA
Off State (High Impedance) Vemg =10V 100
X output Current Veo= Max. Vowr = —10 V S0 | M
Isa, Ise | Output Short Circuit Current | Vee = Max. Voa=6.0V 20 80 150
Vin=24V Vos =0V 20 | 0 | —150| ™
Vce = Max. Voa=0V -20 -80 -150 mA
Vin=0.4V Vos=6.0V 20 80 150
Icc Supply Current ViN= .4V, Vcc = Max. 18 30 mA
VIH High Level Input Voltage 2.0 Vv
Vi Low Level Input Voltage 0.8 Vv
I High Level Input Current Vce = Max. VIN=24V 40
ViN=15V 100 KA
I Low Level Input Current Vcc = Max. ViN=04V -30 —200 | pA
Vic Input Clamp Voltage Vce = Min. IN=-12 mA -15| V
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DC CHARACTERISTICS over operating ranges unless otherwise specified
EIA RS-423 Connection, Mode Voltage >22.0V

Parameter : Typ.
Symbol |Parameter Description Test Conditions (Note 4) Min. [(Note 1) Max. | Unit
Vo RL = = (Note 3) ViN=24V 4.0 4.4 6.0
Vo |outputVoltage - Vecle|Vee|=475V V=04V | —40 | —a4 | 60|
ﬁ Output Voltage (Noté 7) RL=450Q ) Vin=24V 3.6 41 \
VT |Vecl=|VEE]=4.75V | ViN=04V -3.6 | —-4.1
[VT|-[VT] |Output Unbalance (Note 7) ||Vcc|=|Vee|=4.75 V, RL = 450 Q 0.02 0.4 \Y
Ix+ Vo=6.0V 100
L Output Leakage Power Off |Vcc=VEE=0V Voo 60V T100 HA
Is + Vo=0V . Vw=24V | —20 | -80 | -150
Output Short Circuit Current| |Vcc|=|Vee|=Max. mA
Is— ‘ (Note 5) ViN=04V 20 80 150
IsLew Slew Control Current - Vstew = VEE Vin=27V -230 UA
lcc Positive Supply Current - |ViN= 0.4 V, RL = ,|Vcc|=|VEe|=Max. 18 30 mA
[53 Negative Supply Current  [ViN=0.4 V, RL = ,|Vcc|=|VEe|=Max. -10 -22 | mA
VIH High Level Input Voltage Note 6 2.0 \
ViL Low Level Input Voltage Note 6 0.8 Vv
IiH High Leve! Input Current Vin =24V, [Vee|=|Vee|-Max. 40 1A
ViN=15V,Vcc =55V, VEE=-5.0V 100
I Low Level Input Current | Vin = 0.4 V, |Vec]=|Vee|=Max. -30 | -200| pA
Vic Input Clamp Voltage IIN = -12 mA, Vcc = Min., VEE = Max. -1.5 \
Notes:
1. Typical limits are at Vcc = 5.0 V, VEE = -5.0 V, 25°C ambient and maximum loading.
2. Symbols and definitions correspond to EIA RS-423 where applicable.
3. Output voltage is +3.9 V minimum and —-3.9 V minimum at -55°C.
4. RL connected between each output and its complement.
5. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second.
6. Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters.
7. This parameter is tested by forcing an equivalent current.
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PERFORMANCE CURVE
Slew Rate (Rise or Fall Time)

Versus External Capacitor -

1k
p 4
/V

100

)

Z
pd
Slew Rate — psec /
Y/
VY
10 / 4
Z
P4
1
10 100 1k 10k
Capacitance — pF 04600-006A

SWITCHING CHARACTERISTICS
EIA RS-422 Connection, Vec = 5.0 V, Vee = GND, Mode = 0.4 V, Ta= 25°C

Parameter
Symbol | Parameter Description Test Conditions Min. | Typ. | Max. | Unit
tr Differential Output Rise Time Fig. 2, RL = 100 Q, C. = 500 pF 120 200 ns
i Differential Output Fail Time Fig. 2, RL =100 Q, CL = 500 pF 120 200 | ns
tPDH Output Propagation Delay Fig. 2, RL = 100 Q, CL = 500 pF 120 200 | ns
troL Output Propagation Delay Fig. 2, RL=100Q, CL = 500 pF 120 200.| ns
iz ‘Ru=100 Q, Cu = 500 pF, 180 | 300
thz Output Enable to Output Co=0phFlo 3 200 300 ns
tz RL= 100 Q, Ct = 500 pF, 200 300
tzH Cc = 0 pF, Fig. 3 180 | 300
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SWITCHING CHARACTERISTICS (Continued)

EIA RS-422 Connection, Vec = 4.5V to 5.5 V, Vee = GND, Mode = 0.4 V, Ta= 55°C to 125°C
Parameter
Symbol Parameter Description Test Conditions Min. | Typ.| Max. | Unit
tr Differential Output Rise Time | RL = 100 Q, CL = 500 pF 300 | ns
see Rise Time Control for RS-422
te Differential Output Fall Time | RL= 100 Q, CL =500 pF 300 | ns
see Rise Time Control for RS-422
tPDH Output Propagation Delay RL =100 Q, CL =500 pF _ 300 | ns
. see Rise Time Control for RS-422
teoL Qutput Propagation Delay RiL=100 Q, CL = 500 pF 300 ns
see Rise Time Control for RS-422
Lz RL= 100 Q, C. = 500 pF, Cc = 0 pF 400 ns
see Rise Time Control for RS-422 -
tHz RL=100 Q, C. = 500 pF, Cc = 0 pF 400 ns
see Rise Time Control for RS-422
Output Enable to Output
tzu RuL= 100 Q, CL =500 pF, Cc =0 pF 400 ns
see Rise Time Control for RS-422
tzH Ru= 100 Q, CL = 500 pF, Cc = 0 pF 400 ns
see Rise Time Control for RS-422
SWITCHING CHARACTERISTICS
EIA RS-423 Connection, Vcc = 5.0 V, Vee =—5.0 V, Mode = 2.4 V, Ta= 25°C
Parameter
Symbol Parameter Description |Test Conditions Min. Typ. Max. | Unit
te Rise Time Fig. 1, RL =450 Q, Cc =50pF 3.0 us
CL =500 pF Cc=0 120 300 | ns
t Fall Time Fig. 1, RL =450 Q, Cc =50 pF 3.0 us
CL =500 pF Cc=0 120 300 ns
Src Slew Rate Coefficient Fig. 1, RL =450 Q, CL = 500 pF .06 ps/pF
tPOH Output Propagation Delay |Fig. 1, RL = 450 Q, CL =500 pF, Cc =0 180 300 ns
tPDL Output Propagation Delay |Fig. 1, RL= 450 Q, CL = 500 pF, Cc = 0 180 300 ns

EIA RS-423 Connection, Vcc =4.75V1t0 5.5V, Vee =—4.75Vto 5.5V, Mode =24V,
Ta=-55°C to 125°C

Parameter
Symbol Parameter Description | Test Conditions Min. Typ. Max. | Unit
tr Rise Time RL =450 Q, CL =500 pF, Cc =0 pF 450 | ns
see Rise Time Control for RS-423
{ Fall Time RL =450 Q, CL =500 pF, Cc = 0 pF 450 | ns
see Rise Time Control for RS-423
tPDH Output Propagation RL =450 Q, CL =500 pF, Cc = 0 pF 450 | ns
Delay see Rise Time Control for RS-423
teoL Output Propagation RL =450 Q, CL =500 pF, Cc =0 pF 450 | ns
Delay see Rise Time Control for RS-423
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Am26LS30 EQUIVALENT CIRCUIT

(6) C Input
3 B Input Vee
> R R R R Ta 2R !
a 5 27 o : * s C=(Te) =™ Qs . Ds
ﬁ h — r‘: Q2
Qs Qs ar]es Ta
3 Ds (To) ‘E Rr 0 R
Cs Da -92
é d"(‘. D

Ru2
<

Rt
>

Control

X7 D7

D X7 (14)BOut
(11)cou
(10) D Out

ey
r e A 2
Vee
0
2 A Input 16 A Slew 8
(7) D Input © (13) B Slew
(12) C Slew
(9) D Slew
04600-007A
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KEY TO SWITCHING WAVEFORMS

WAVEFORM INPUTS OUTPUTS
’ &
Must Be Will Be
Steady Steady
May Will Be
Change Changing
fromHto L fromHto L
May Will Be
Change Changing
fromLto H from Lto H
\/ VQVQVQV \/ Don't Cavre, Changing,
Any Change State
AVAVAVAVAVA Permitted Unknown
Does Not Center
" Apply Line is High’
Impedance
“Off” State
KS000010
EIA RS-423 CONNECTION
Switching Test Circuit
(Mode Control = 0)
N A
Vee ‘_1;- jl Cc
50 pF
Input© : 1 51- ks 0 Qutput
l I CL Ru

L]
VEE ‘—BI

I 500 pF I 450 Q

DUT
L———d 04600-008A
Switching Test Waveform
3.0V
Input t<10ns
oV
o 0.9 Vss ) 0.9 Vss
utput V \
0.1 Vss,z ss X 0.1Vss
_.Itr —>l tife— 04800-009A

Figure 1. Rise Time Control for RS-423
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RS-422 CONNECTION
Switching Test Circuit
(Mode Control = 0)
ot 1[" - 1
Vcc‘—l |15 .
| | l RL.
Input 2 CL <100Q
| 500 pF -[ b Scope
5 14 )|
_[_ I | Output

vee 8] | *TEK CTR

Current Transfer
L or Equivalent

04600-010A

Rise Time Control for RS-422

tr<10ns ti<10ns
S f—————— e e e e e — 3.0V
Input . .
oV
tPOL
Output Avg.
.1 Vss/RL .1 Vss/RL
. e
04600-011A

Figure 2.
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RS-422 CONNECTION (Continued)

Switching Test Circuit
(Mode Control = 0)

Vcc<—1" A
Input A 0_2 | !
CL S RL
D B -[ >\ Scope

5 v
___[ Output
8 *TEK CTR
VEE <+ DUT Current Transfer

or Equivalent

04600-012A

Switching Test Waveform

M 3V
Input B

—> l-— tPHZ tPzH I-—
(Input A HIGH) __1@ VssL / |

— trrz Output —-l tpzL 0.3'VssmL
(Input A LOW)

oV

0.1 Vss/RL 0.5 Vss/RL

04600-013A

*Current probe is the easiest way to display a differential waveform

Figure 3. Three-State Delays

Am26LS30 4-27



Am26LS31

Quad High Speed Differential Line Driver

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

Output skew - 2.0 ns typical

Input to output delay — 12 ns

Operation from single +5 V supply

16-pin hermetic and molded DIP package
Outputs won't load line when Vec =0

Four line drivers In one package for maximum

package density

B Output short-circuit protection

Complementary outputs
Meets the requirements of EIA standard RS-422

High output drive capability for 100 Q
terminated transmission lines

Available in military and commercial
temperature range

Advanced low-power Schottky processing

GENERAL DESCRIPTION

The Am26LS31

is a quad-differential line driver,

designed for digital data transmission over balanced
lines. The Am26LS31 meets allthe requirements of EIA
standard RS-422 and federal standard 1020. It is
designed to provide unipolar differential drive to
twisted-pair or parallel-wire transmission lines.

The circuit provides an enable and disable function
common to all four drivers. The Am26LS31 features

3-state outputs and logical OR-ed complementary
enable inputs. The inputs are all LS compatible and are
all one unit load.

The Am26LS31 is constructed using advanced low-
power Schottky processing.

BLOCK DIAGRAM
Input Input Input Input
Enable Enable B c g A
Vecc GND Ogtput Output Og;tput Ogtput Output Output Output Output

05392-001A

RELATED PRODUCTS

Part No. Description
26L.S30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver
26L.S32 Quad Differential RS-422 Line Receiver
4-28 Publication# 05392 Rev. B Amendment/0

Issue Date: May 1991
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CONNECTION DIAGRAMS

Top View
e Y
Input A [} 161 Vee
15
] Input D
A Outputs { 3
- Yoo
4 utputs
. Output Ds - ENaBLE [} ol
o X O L] ENABLE
ENABLE utput D B Outputs{ g 12
NC NC E 11 j C Output
— utputs
Output B- ENABLE Inputs B (1= \[] i
Output B+ Output C- N [ 8 ] Input C
9
05392-0038
05392-002A
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is
formed by a combination of:

Am26LS31 _ P C B
L OPTIONAL PROCESSING .-
Blank = Standard processing
B = Burn-in
TEMPERATURE RANGE
C = Commercial (0 to +70°C)
PACKAGE TYPE
P 