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SEMI EQUIPMENT COMMUNICATION STANDARD 1

DATA LINK (SECS-I)

1. Introduction

L1 Intent — This standard is intended for systems
that consist of interconnected intelligent equipment
operating in real time for the purpose of production
control in an integrated circuit manufacturing facili-
ty. This standard establishes the requirements neces-
sary for 1) independent manufacturers to produce
equipment which can be tied to a host computer or a
network of host computers without requiring specific
knowledge of the host computer system and for 2)
host system designers to plan a network without spe-
cific knowledge of the equipment functions. Some
considerations of the standard are chosen to reduce
the problems in a network that may not be apparent
from the equipment viewpoint alone while not sig-
nificantly complicating the implementation.

1.1.1 This standard differs from other standards such
as ANSI X3.28-1976 in that the emphasis is not on
CRT/modem systems, but rather on a process control
environment. The communication messages are
allowed to contain BINARY as well as ASCH stand-
ard characters. This can prove valuable in reducing
the software in microprocessor nodes of the system
and aflow the possibility for hinary downloading to
programmable systems. A message header is specified
to unify the system handling of messages.

1.2 Overview -- The SECS standard defines point-
to-point communication of messages utilizing the
international standard known in the U.8.A, as EIA
RS-232-C for the connector and voltage levels. The
actual fransmission consists of eight bit bytes sent
serially by bit with one start and one stop bit. The
communicaton is bi-directional and asynchronous,
but flows in one direction at a time. The direction is
established by special characters and a handshake
after which the message itself is sent. The message
uses positional significance rather than special charac-
ters. It consists of a header containing information
about the routing, transmission control and format of
the data and a body containing any string of 244 or

less eight bit bytes. Multiple blocks allow longer mes-

sages to be sent.

1.2.1 This standard specifies the connector and pin
assignments, the character structure, the data link
protocol and the message protocol, Appendix 1 to
this standard amplifies its use by example. The actual
*Formerly published as E2. No technical changes have been
made to this standard.
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messages must depend on the specific application.

1.3 Application — The SECS standard applies to
semiconductar processing equipment intended for
coupling into a host computer network. It can also be
used for process measuring equipment where specific
data such as film thickness or sheet resistivity may
need to be recorded. It ds not intended for massive
data transfers such as might be requested by high
speed functional test systems. The equipment manu-
facturers wishing to use the SECS standard may elect
to use the standard for any part of their system or
only for the communication to the host.

NOTE 1 - Many manufacturers have already chosen
their own internal bus structure and there is no need
to change, However, if SECS is used for the internal
communications, it will be as easy to connect to parts
of the system as it is to the whole, A typical applica-
tion such as coupling a masking line to a2 host com-
puter would include such capabilities as down-load-
ing recipes to the masking equipment, lopging errors
or alarms, sending status or recording wafer move-
meints in the equipment.

1.4 Applicable Documents

1.4.1 Electronic Industries Association Standards
RS8-232.C, Interface Between Data Terminal Equip-
ment and Data Communication Equipment Employ-
ing Serial Binary Data Interchange.

1.4.2 RS-269-B, Synchronous Signaling Rates for
Data Transmission.

1.4.3 RS-334, Sigral Quality at Interface Between
Data Processing Terminal Equipment and Synchro-
nous Data Communication Equipment for Serial Data
Transmission.

1.4.4 EIA standards available from EIA Engineering
Department, Standards Sales Office, 2001 Eye Street,
N.W., Washington, DC 20006.

1.4.5 Also applicable is the International Organiza-
tion for Standardization (ISO)} 2110-1979 presently
called Data Communications, interspace connectors
and pin assignment available from American National
Standards Institute (ANSI) 1430 Broadway, New
York, NY 10018,

2. Coupling
2.1 Flectrical Interfuce — A serial line will be used to
connect the nodes of the network. The connaction
will be made according to EIA standard RS-232C for
interface type E, duplex communication, with the
following additions.
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Specifications

2.1.1 Connector — The standard 25-pin connector
as used on the Bell modemns wil} be utilized. This con-
nector will have femnale pins mounted on the body of
the equipment and male pins mounted on the cable.
Suitable 25-pin connectors known as type “D” are
similar to Amphenol MIN RAC 17 series with jack
screw locks. (See draft international standard 2110-
1979)

2.1.2 Data Rate — The data rate will be any 9600,
4800, 2400, 1200, 300 or 150 baud selectable at the
equipment using jumpers or switches. 19,200 baud is
an optional high speed selection. The baud rate shall
be controlled to better than 0.5%. (See RS-269.B and
RS8-334)

2.1.3 Supplies — The equipment will provide a
voltage source on pin 18 of +12 to +15 volts and on
pin 25 of -12 to ~15 volts with a current capability
of 50 mA or greater. These voltages are for use in
external line driving circuits on the equipment side
{see Appendix 2}.

2.1.4 Pinoutr — The pertinent signat lines from the
equipment are summarized in Table 1.

Table 1
Signal Connections
Pin RS-232.C Circuit Description
i AA Shield
2 BA Transmitted Data
3 BB Received Data
7 AB Signal Ground
18 s +12 to +15 volts
25 - —~12 to ~15 volts

NOTE 2 — All other signals are not considered part
of this standard but may be used to drive modems
according to RS-232-C. Where modems are used on
standard lines the communication is bi-directional
asynchronous and is normally limited to 1200 baud.
For most hardwired applications the 9600 baud rate
is preferred.

When connecting an RS-232-C line to the signal con-
nector, care should be taken to make sure that the
pins 18 and 25 are not shorted to ground or con-
nected to any load drawing more than 5¢ mA. Also,
when twao RS-232-C lines are connected together, the
transmitted data from pin 2 on one end must be tied
to the received data on pin 3 at the other end.

2.2 Cabling — The connection between two nodes in
the network may involve any medium that provides
the required RS-232-C signal levels and quality at the
connector. The quality of signal should be suck that
the effective bit error rate is less than 1 x [0E-6. This
rate can be achieved easily with hardwired systems.

NOTE 3 — For systems that have well controiled

commeon grounds, RS-232-C can be used up to 50
feet. For longer runs in a semiconductor factory the
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need for common ground isolation is important, RS-
232-C does not provide this isolation, Consequently,
some conversion of the R8-232-C to another form
may be required. Such methods which may involve
standards such as RS-423 or R§-422, current loops,
or optic isclation are not included as part of this
standard. An example circuit for conversion of RS-
232-C to an optically isolated line is piven in Appen-
dix 2,

3. Character Structure

3.1 Characters — The data will be transmitted or re-
ceived in 10 bit characters transmitted asynchronous-
ly at one of the specified bit rates. The standard
character has one start bit (0), 8 data bits and one
stop bit (1), All bits are of the same duration. The &
data bits may be any arbitrary code. For weighted
codes, the first bit transmitted is the least significant
(Isk) and the sighth bit is the most significant (msh).
{See Figure 1.}

START | Isb msb | STOP
Bit 1|2 |3 |4!5i6|7;8 Bit
0] Time =1
Figure 1

Character Structure

3.2 ASCIT — ASCII coded characters are transmitted
with bit one first and bit eight last. Bit eight is nor-
mally the parity bit. The checkirg of individual parity
is not part of SECS since the determination of ASCI!
or binary data is part of the format chosen by the
user and is known only to the application software,
The eighth bit in ASCII will be assumed to be set to
zero (no parity) unless otherwise indicated. If even or
odd parity is desired by the user, it must be generated
and checked in the application software,

4, Data Link Protocol

4.1 The procedure used by the serial line to establish
the direction of communication and provide the envi-
ronment for passing messages is called the data link
protocol. Most of the protocol is accomplished by
single characters sent in one direction at a time, When
both ends of the line try to send at the same time, it
is known as line contention. The protocol resolves
contention by forcing one end of the line, designated
as the slave, to postpone its tranmission and turn to
receive. Retries are used to correct communication
errors. The foilowing paragraphs describe the require-
ments for the SECS data link protocol.

4.2 Parameters — The four standard ASCH character
codes in the data link protocol are shown in Table 2.
The five protocol parameters are listed in Table 3.

The intended interplay of these entities is s@ocuments
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the flow chart in Figure 2 which depicts the opera-
tion of five functions of the protocol — Receive,
ldle, Send, Data Link Control and Completion. This
flow chart depicts the logic flow of the software at
both ends of the line.

4.2.1 The values of the first four parameters are de-
termined by the performance characteristics of the
host system and the baud rate of the communication.
These values must be adjustable at the processing
equipment, either by software changes or by switches.
The minimum range of adjustment and the required
resolution are shown in Table 4. The M/S parameter
is set to master in the processing equipment and to
slave in the host,

4.3 Algorithm — The operation of the data link
protocol is best understood by following the logic
flow in Figure 2 assuming that the same algorithm is
present on each end of the SECS data link and that
the host computer is designated as the slave. A SECS
implementation must include all the logic described
in Figure 2.

4.3.1 Both ends of the data link are assumed to start
in the idle loop. There are three primary activities of
the protocol signified by the three exits from the idle
loop. These three are:

(a) Send — a message is to be sent.

(b) Scheduled Read — a read is requested with
timeout by the receiving end.

(c) Unscheduled Read - a read is requested by
the other end of the link.

4.3.2 A send and a scheduled read are never request-
ed at the same time on one end of a link. When a mes-
sage is sent having a reply expected, a timeout is
required on the read which can be handled in the
protocol by issuing a scheduled read after sending the
message, Altematively, the timeouts may be handied
outside the protocol and the message received as an
ordinary unscheduled read.

4.3.3 The data link control section establishes the
transmission direction, verifies proper data link status
and resolves contentions between ends competing to
send. The ENQ character is sent by the sender to re-
quest the other end to receive. When the other end re-
ceives the ENQ, it replies by sending an EQT charac-
ter and waits for the length character. When the
sender receives the EOT character in less than time
T2, it proceeds to send the message. If after the slave
sends the ENQ character it receives an ENQ charac-
ter, it assumss that a contention exists and sends an
EOT to the master to signify that it will now receive.
If there is 2 transmission error, the data link control
will also determine how many times to repeat the
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Table 2
Character Codes

Character Code :
Name  b1b2....... b8 Function
ENQ 10160000 Request the line to send
EQT 00100000 Ready to receive
ACK 01100000 Correct reception
NAK 10101000 Incorrect reception
Table 3

Data Link Protocol Parameters,
Fuanetions, And Typical Values

Symbol ?a.f\:?;:;er Function Ts’,’iﬁ::l
T1 Receive Detects an interruption 0.5 sec.
Timecout in the receive stream
T2 Protoeal Detects a lack of 10 sec.
Timeout vrotocol response
T3 Reply Detects a lack of 45 sec.
Timeout message reply
RTY Retry The maximum number 3
Count of send retries
M/S Master/ Contention resolution Tor0
Slave
Table 4
Data Link Protocol Paramefer Ranges
And Resolutions
Parameters Minimum Range Resolutions
T1 0.1~ 10 sec. .1 sec.
T2 0.2- 25 sec. .2 sec.
T3 1-120 sec. 1 sec.
RTY 0- 31 t

message or the ENQ before declaring a send failure.

4.3.4 Once a send or receive state has been properly
established, both ends of the data link are prepared
for the transmission of a message. The sender deter-
mines the behavior of the receiver. The first character
send is an 8 bit length (N). The following N byies are
sent and received, The receiver counts the bytes and
after N bytes, expects to receive two more bytes for
the checksum. At any time during the reception
should the time between characters exceed T1, the
reception is aborted and the link returns to IDLE.
After the last character is received, the receiver com-
pares the two check bytes against {ts own computa-
tion of the checksurn made by adding all of the N
bytes transmitted into a simple 16 bit sum. This
check may be augmented by additional checks should
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