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3   
Serial Communication Standards 

 
This chapter discusses the main physical interface standards associated with data 
communications for instrumentation and control systems. It includes information on 
balanced and unbalanced transmission lines, current loops, and serial interface 
converters. 

Objectives 
When you have completed studying this chapter you will be able to: 

• List and explain the function of the important standards organizations 
• Describe and compare the serial data communications interface standards: 

–    RS-232 
– RS-449 
–    RS-423 
–    RS-422 
–    RS-485 
–    RS/TIA-530A 
–    RS/TIA-562 

• Explain troubleshooting in serial data communication circuits 
• Describe commonly used serial interface techniques: 

–    20 mA current loop 
–    Serial interface converters 
–    Interface to serial printers 

• Describe the most important parallel data communication interface standards: 
–    General purpose interface bus  
–    Centronics 



  Practical Data Communications for Instrumentation and Control 

 

32 

3.1 Standards organizations 
There are seven major organizations worldwide involved in drawing up standards or 
recommendations, which affect data communications. These are: 

• ISO: International Standards Organization 
• ITU-T: International Telecommunications Union (ITU formerly CCITT) 
• IEEE: Institute of Electrical and Electronic Engineers  
• IEC: International Electrotechnical Commission 
• RS: Electronic Industries Association 
• ANSI: American National Standards Institute  
• TIA: Telecommunication Industries Association 
 

ANSI is the principal standards body in the USA and is that country’s member body to 
the ISO. ANSI is a non-profit, non-governmental body supported by over 1000 trade 
organizations, professional societies, and companies. 

The International Telecommunications Union (ITU) is a specialist agency of the United 
Nations Organization (UNO). It consists of representatives from the Postal, Telephony, 
and Telegraphy organizations (PTTs), common carriers and manufacturers of 
telecommunications equipment. In Europe, administrations tend to follow the ITU 
defined recommendations closely. Although the US manufacturers did not recognize 
them in the past, they are increasingly conforming to ITU recommendations. 

The ITU defines a complete range of standards for interconnecting telecommunications 
equipment. The standards for data communications equipment are generally defined by 
the ITU-T ‘V’ series recommendations. 

 The two ITU-T physical interface standards are: 
• V.24: equivalent to RS-232 for low speed asynchronous serial circuits 
• V.35: equivalent to RS-449 for wide bandwidth circuits 
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Figure 3.1 
ITU-T V series 

The RS is a voluntary standards organization in the USA, specializing in the electrical 
and functional characteristics of interface equipment. It mainly represents the manu-
facturers of electronic equipment. Since the RS and the TIA merger in 1988, the TIA 
represents the telecommunications sector of the RS and its initials appear on certain RS 
standard documents. 

The IEC is an international standards body, affiliated to ISO. It concentrates on 
electrical standards. The IEC developed in Europe and is used by most Western countries, 
except the USA or those countries closely affiliated with the USA. 

The IEEE is a professional society for electrical engineers in the USA and issues its 
own standards and codes of practice. The IEEE is a member of ANSI and ISO. 

The ISO draws members from all countries of the world and concentrates on 
coordination of standards internationally.  
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3.2 Serial data communications interface standards  
An interface standard defines the electrical and mechanical details that allow equipment 
from different manufacturers to be connected and able to communicate.  

The RS have produced several well known data interface standards, which will be 
discussed in this chapter. They are: 

• RS-232 and revisions 
• RS-449 
• RS-423 
• RS-422 
• RS-485 
• RS/TIA-530A 
• RS/TIA-562 

 
Specific interfacing techniques discussed here also include: 

• The 20 mA current loop 
• Serial interface converters 
• Interface to serial printers 

3.3 Balanced and unbalanced transmission lines  
The choice between unbalanced and balanced transmission lines is an important 
consideration when selecting a data communications system. 

Unbalanced transmission 
In an unbalanced system, the signal common reference conductor is simultaneously 
shared by many signals and other electronic circuitry. Only one wire carries the signal 
voltage, which is referenced to a signal common wire, sometimes called the signal 
ground. The transmitted signal is the voltage between the signal conductor and the 
common reference conductor.  

Theoretically, unbalanced transmission should work well if the signal currents are small 
and the common conductor has very low impedance. In practice, unbalanced systems 
only work over short communication links. The signal common conductor has 
characteristics similar to other conductors (resistance, inductance and capacitance) and is 
not a perfect reference point. For long communication distances, the common conductor 
does not have the same zero voltage at all points along its length or at its ends. The 
common conductor can also pick up noise and have other voltages superimposed on it. 
Sometimes the shield conductor is used as the common reference wire. This practice can 
introduce excessively high noise-levels and should be avoided. Unbalanced transmission 
is used in the RS-232 and RS-423 interfaces. 

The fact that the common reference conductor may carry superimposed interference 
voltages means that the voltages V1, V2, and V3 measured at the receiver will be affected 
(Figure 3.2). 
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Figure 3.2  
Data communication with unbalanced interfaces 

Balanced transmission 
Balanced communication interfaces require two conductors to transmit each signal. The 
voltage at the receiving end is measured as the voltage difference between these two 
wires. This is known as a balanced or differential system. This eliminates many of the 
interference problems associated with the common reference wire. 

 

 

Figure 3.3   
Data communications with balanced interfaces 
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The balanced transmission line permits a higher rate of data transfer over longer dis-
tances. The differential method of data transfer is preferable in industrial applications 
where noise can be a major problem. The disadvantage is that a balanced system requires 
two conductors for every signal. 

The successful transfer of voltage signals across two conductors in the presence of, say 
noise or voltage drops is based on the assumption that the conductors have similar 
characteristics and will be affected equally. It does not mean that noise does not exist in 
the balanced differential system. The voltages on both conductors should rise and fall 
together, and the differential voltage should remain the same. The voltage between the 
signal conductor and the common reference conductor is called the common mode 
voltage (CMV). The CMV is an indication of the induced voltage or noise on the 
communication link. Ideally, the CMV on the two wires will cancel out completely. 
However, the greater the CMV, the higher the likelihood of output voltage distortion and 
damage to the device. 

The receiver circuitry of a 2-wire differential system is designed to ignore or reject the 
CMV, using a technique called common mode rejection (CMR). The effect of noise on 
the signal is measured as the ratio of the voltage after passing through the receiver to the 
CMV. The success of the receiver in rejecting the noise is measured as the common mode 
rejection ratio (CMRR).  

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

V
V
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OUTCMRR(dB) log20  

 

Balanced transmission is used in most of the fast interfaces such as RS-422 and         
RS-485.  

3.4 EIA/TIA-232 (RS-232) interface standard (CCITT V.24 
interface standard) 
The RS-232 interface standard was developed for the single purpose of the interface 
between data terminal equipment (DTE) and data circuit terminating equipment (DCE) 
employing serial binary data interchange. In particular, RS-232 was developed for 
interfacing data terminals to modems. 

The RS-232-C interface standard was issued in the USA in 1969.  The prefix ‘RS’ 
(Recommended Standard), was superseded by ‘EIA/TIA’ in 1988. The current revision is 
EIA/TIA-232E (1991), which brings it into line with the international standards ITU 
V.24, ITU V.28, and ISO-2110. The common convention is to call all revisions of the 
EIA/TIA 232 standards as EIA-232, as they are effectively functionally equivalent. Only 
where the differences between specific versions are being discussed, will the version 
letters be added. 

Poor interpretation of RS-232 has been responsible for many problems in interfacing 
equipment from different manufacturers. This had led some users to dispute whether it is 
a ‘standard’. It should be emphasized that RS-232 and other related RS standards define 
the electrical and mechanical details of the interface and do not define a protocol.  

The RS-232 interface standard specifies the method of connection of two devices – the 
DTE and DCE. 
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DTE:       Data terminal equipment, for example, a computer or a printer. A DTE device 
communicates with a DCE device. A DTE device transmits data on pin 2 and 
receives data on pin 3. 

 
DCE:       Data communications equipment, for example a modem, now also called data 

circuit-terminating equipment in RS-232E. A DCE device receives data from 
the DTE and retransmits via another data communications link, such as the 
telephone system. A DCE device transmits data on pin 3 and receives data on 
pin 2. 

 
 

 

Figure 3.4   
Connections between the DTE and the DCE 
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The major elements of RS-232 
The RS-232 standard consists of three major parts, which define: 

• Electrical signal characteristics 
• Mechanical characteristics of the interface 
• Functional description of the interchange circuits 

Electrical signal characteristics 
RS-232 defines electrical signal characteristics such as the voltage levels and grounding 
characteristics of the interchange signals and associated circuitry for an unbalanced 
system.  

The RS-232 transmitter is required to produce voltages in the range: 
• Logic 1: –5 V to –25 V 
• Logic 0: +5 V to +25 V 
• Undefined logic level: +5 V to –5 V 

 
At the RS-232 receiver the following voltage levels are defined: 

• Logic 1: –3 V to –25 V 
• Logic 0: +3 V to +25 V 
• Undefined logic level: –3 V to +3 V 

 
Note: The RS-232 transmitter requires the slightly higher voltage to overcome voltage 

drop along the line. 
The voltage levels associated with a microprocessor are 0 V to +5 V for transistor–

transistor Logic (TTL). A line driver is required at the transmitting end to adjust the 
voltage to the correct level for the communications link. Similarly, at the receiving end a 
line receiver is required to translate the voltage on the communications link to the correct 
voltages for interfacing to the microprocessor. 

Modern PC power supplies usually have a standard +12 V output that could be used for 
the line driver. 

The control, or ‘handshaking’, lines have the same range of voltages as transmission of 
logic 0 and logic 1, except that they are of opposite polarity. This means that: 

• A control line asserted or made active by the transmitting device has a voltage 
range of +5 V to +25 V. The receiving device connected to this control line is 
allowed a voltage range of +3 V to +25 V. 

• A control line inhibited or made inactive by the transmitting device has a 
voltage range of –5 V to –25 V. The receiving device of this control line is 
allowed a voltage range of –3 V to –25 V. 
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Figure 3.5  
Voltage levels for RS-232 

At the receiving end, a line receiver is necessary in each data and control line to convert 
the line voltage levels back to the 0 V and +5 V logic levels required by the internal 
electronics. 
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Figure 3.6  
RS-232 transmitters and receivers 

The RS-232 standard defines 25 electrical connections. The electrical connections are 
divided into four groups: 

•  Data lines 
•  Control lines 
•  Timing lines 
•  Special secondary functions 
 

Data lines are used for the transfer of data. Data flow is designated from the perspective 
of the DTE interface. The transmit line, on which the DTE transmits and the DCE 
receives, is associated with pin 2 at the DTE end and pin 2 at the DCE end. The receive 
line, on which the DTE receives, and the DCE transmits, is associated with pin 3 at the 
DTE end and pin 3 at the DCE end. Pin 7 is the common return line for the transmit and 
receive data lines. The allocations are illustrated in Table 3.2. 

Control lines are used for interactive device control, which is commonly known as 
hardware handshaking. They regulate the way in which data flows across the interface. 
The four most commonly used control lines are: 

•  RTS:  request to send 
•  CTS:  clear to send 
•  DCE Ready:     or data set ready (DSR in RS-232-C) 
•  DTE Ready or data terminal ready (DTR in RS-232-C) 

 
It is important to remember that with the handshaking lines, the enabled state means a 

positive voltage and the disabled state means a negative voltage. 
Hardware handshaking is the cause of most interfacing problems. Manufacturers 

sometimes omit control lines from their RS-232 equipment or assign unusual app-
lications to them. Consequently, many applications do not use hardware handshaking but 
instead use only the three data lines (transmit, receive and signal common ground) with 
some form of software handshaking. The control of data flow is then part of the 
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application program. Most of the systems encountered in data communications for 
instrumentation and control use some sort of software-based protocol in preference to 
hardware handshaking. These protocols are discussed in Chapter 8. 

There is a relationship between the allowable speed of data transmission and the length 
of the cable connecting the two devices on the RS-232 interface. As the speed of data 
transmission increases, the quality of the signal transition from one voltage level to 
another, for example from –25 V to +25 V, becomes increasingly dependent on the capa-
citance and inductance of the cable.  

The rate at which voltage can ‘slew’ from one logic level to another depends mainly on 
the cable capacitance, and the capacitance increases with cable length. The length of the 
cable is limited by the number of data errors acceptable during transmission. The       RS-
232 D&E standard specifies the limit of total cable capacitance to be 2500 pF. With 
typical cable capacitance having improved from around 160 pF/m to only 50 pF/m, the 
maximum cable length has extended from around 15 meters (50 feet) to about 50 meters 
(166 feet). 

The common data transmission rates used with RS-232 are 110, 300, 600, 1200, 2400, 
4800, 9600 and 19 200 bps. Based on field tests, Table 3.1 shows the practical relation-
ship between selected Baud rates and maximum allowable cable length, indicating that 
much longer cable lengths are possible at lower Baud rates. Note that the achievable 
speed depends on the transmitter voltages, cable capacitance (as discussed above) as well 
as the noise environment. 

 

Baud Rate Cable Length (metres) 

110 850 
300 800 
600 700 

1200 500 
2400 200 
4800 100 
9600 70 

19 200 50 
115 K 20 

 

Table 3.1   
Demonstrated maximum cable lengths with RS-232 interface 

Mechanical characteristics of the interface 
RS-232 defines the mechanical characteristics of the interface between the DTE and the 
DCE. This section dictates that the interface must consist of a plug and socket and that the 
socket will normally be on the DCE. The familiar DB-25 connector is specified together 
with a smaller 26 pin alternative connector. 

Although not specified by RS-232C, the DB-25 connector (25 pin, D-type) is closely 
associated with RS-232 and became the de facto standard with revision D. Revision E 
formally specifies a new connector in the 26-pin alternative connector (known as the ALT 
A connector). This connector supports all 25 signals associated with RS-232. ALT A is 
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physically smaller than the DB-25 and satisfies the demand for a smaller connector 
suitable for modern computers. Pin 26 is not currently used. On most RS-232 compatible 
equipment, where little or no handshaking is required, the DB-9 connector (9 pin, D-type) 
is common. This practice originated when IBM decided to make a combined 
serial/parallel adapter for the AT personal computer. A small connector format was 
needed to allow both interfaces to fit onto the back of a standard ISA interface card. 
Subsequently, the DB-9 connector has also became an industry standard to reduce the 
wastage of pins. The pin allocations commonly used with the DB-9 and DB-25 
connectors for the RS-232 interface are shown in Table 3.2. The pin allocation for the 
DB-9 connector is not the same as the DB-25 and often traps the unwary. 

The data pins of a DB-9 IBM connector are usually allocated as follows: 
•  Data transmit pin 3 
•  Data receive pin 2 
•  Signal common pin 5 
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Table 3.2  
Common DB-9 and DB-25 pin assignments for RS-232 and EIA/TIA-530 (often used for RS-422 and RS-485) 
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Functional description of the interchange circuits 
RS-232 defines the function of the data, timing, and control signals used at the interface 
of the DTE and DCE. However, very few of the definitions in this section are relevant to 
applications for data communications for instrumentation and control. 

The circuit functions are defined with reference to the DTE as follows: 
•  Protective ground (Shield)  

The protective ground ensures that the DTE and DCE chassis are at equal 
potentials. (Remember that this protective ground could cause problems with 
circulating earth currents.) 

• Transmitted data (TxD)  
This line carries serial data from the DTE to the corresponding pin on the 
DCE. The line is held at a negative voltage during periods of line idle. 

•  Received data (RXD)  
This line carries serial data from the DCE to the corresponding pin on the 
DTE. 

• Request to send (RTS)  
(RTS) is the request to send hardware control line. This line is placed active 
(+V) when the DTE requests permission to send data. The DCE then activates 
(+V) the CTS (clear to send) for hardware data flow control. 

• Clear to send (CTS)  
When a half duplex modem is receiving, the DTE keeps RTS inhibited. When 
it is the DTE’s turn to transmit, it advises the modem by asserting the RTS 
pin. When the modem asserts the CTS, it informs the DTE that it is now safe 
to send data.    

• DCE ready  
Formerly called data set ready (DSR) – the DTE Ready line is an indication 
from the DCE to the DTE that the modem is ready. 

•  Signal ground (Common)  
This is the common return line for all the data transmit and receive signals and 
all other circuits in the interface. The connection between the two ends is 
always made. 

• Data carrier detect (DCD) 
This is also called the received line signal detector. It is asserted by the 
modem when it receives a remote carrier and remains asserted for the duration 
of the link. 

•  DTE ready (data terminal ready) 
Formerly called data terminal ready (DTR) – DTE ready enables, but does not 
cause, the modem to switch onto the line. In originate mode, DTE ready must 
be asserted in order to auto dial. In answer mode, DTE ready must be asserted 
to auto answer. 

• Ring indicator  
This pin is asserted during a ring voltage on the line. 

• Data signal rate selector (DSRS)  
When two data rates are possible, the higher is selected by asserting DSRS, 
however, this line is not used much these days. 



Serial communication standards   

 

45

 

Table 3.3 
ITU-T V24 pin assignment (ISO 2110) 
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The half duplex operation of the RS-232 interface 
The following description of one particular operation of the RS-232 interface is based on 
a half duplex data interchange. The description encompasses the more generally used full 
duplex operation. 

Figure 3.7 shows the operation with the initiating user terminal, DTE, and its associated 
modem, DCE, on the left of the diagram, the remote computer, and its modem on the 
right. 

The following sequence of steps occurs when a user sends information over a telephone 
link to a remote modem and computer. 

• The initiating user manually dials the number of the remote computer. 
•  The receiving modem asserts the ring indicator line (RI) in a pulsed ON/OFF 

fashion reflecting the ringing tone. The remote computer already has its data 
terminal ready (DTR) line asserted to indicate that it is ready to receive calls. 
Alternatively, the remote computer may assert the DTR line after a few rings. 
The remote computer then sets its request to send (RTS) line to ON. 

•  The receiving modem answers the phone and transmits a carrier signal to the 
initiating end. It asserts the DCE Ready line after a few seconds. 

•  The initiating modem asserts the data carrier detect (DCD) line. The initiating 
terminal asserts its DTR, if it is not already high. The modem responds by 
asserting its DTE ready line. 

•  The receiving modem asserts its clear to send (CTS) line, which permits the 
transfer of data from the remote computer to the initiating side. 

•  Data is transferred from the receiving DTE (transmitted data) to the receiving 
modem. The receiving remote computer then transmits a short message to 
indicate to the originating terminal that it can proceed with the data transfer. 
The originating modem transmits the data to the originating terminal. 

•  The receiving terminal sets its request to send (RTS) line to OFF. The 
receiving modem then sets its clear to send (CTS) line to OFF. 

•  The receiving modem switches its carrier signal OFF. 
•  The originating terminal detects that the data carrier detect (DCD) signal has 

been switched OFF on the originating modem and switches its RTS line to the 
ON state. The originating modem indicates that transmission can proceed by 
setting its CTS line to ON. 

•  Transmission of data proceeds from the originating terminal to the remote 
computer. 

•  When the interchange is complete, both carriers are switched OFF and in 
many cases the DTR is set to OFF. This means that the CTS, RTS, and DCE 
Ready lines are set to OFF. 

 
Full duplex operation requires that transmission and reception occur simultaneously. In 

this case, there is no RTS/CTS interaction at either end. The RTS line and CTS line are 
left ON with a carrier to the remote computer. 
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Figure 3.7  
Half duplex operational sequence of RS-232 
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Summary of the RS/TIA-232 revisions 
A summary of the main differences between RS-232 revisions, C, D, and E are discussed 
below. 

Revision D (RS-232D) 
The 25-pin D type connector was formally specified. In revision C, reference was made 
to the D type connector in the appendices and a disclaimer was included revealing that it 
was not intended to be part of the standard, however it was treated as the de-facto 
standard. 

The voltage ranges for the control and data signals were extended to a maximum limit 
of 25 volts from the previously specified 15 volts in revision C. 

The 15 meter (50 foot) distance constraint, implicitly imposed to comply with circuit 
capacitance, was replaced by ‘circuit capacitance shall not exceed 2500 pF’. (Standard 
RS-232 cable has a capacitance of 50 pF/ft.) 

Revision E (RS-232E) 
Revision E formally specifies the new 26-pin alternative connector, the ALT A 
connector. This connector supports all 25 signals associated with RS-232, unlike the      9-
pin connector, which has become associated with RS-232 in recent years. Pin 26 is 
currently not used. The technical changes implemented by RS-232E do not present 
compatibility problems with equipment confirming to previous versions of RS-232. 

This revision brings the RS-232 standard into line with international standards CCITT 
V.24, V.28, and ISO 2110. 

Limitations 
In spite of its popularity and extensive use, it should be remembered that the RS-232 
interface standard was originally developed for interfacing data terminals to modems. In 
the context of modern requirements, RS-232 has several weaknesses. Most have arisen as 
a result of the increased requirements for interfacing other devices such as PCs, digital 
instrumentation, digital variable speed drives, power system monitors and other 
peripheral devices in industrial plants. 

The main limitations of RS-232 when used for the communications of instrumentation 
and control data in an industrial environment are: 

•  The point-to-point restriction is a severe limitation when several ‘smart’ 
instruments are used 

•  The distance limitation of 15 meters (50 feet) end to end is too short for most 
control systems 

•  The 20 kbps rate is too slow for many applications 
•  The –3 to –25 V and +3 to +25 V signal levels are not directly compatible 

with modern standard power supplies. 
 

Consequently, a number of other interface standards have been developed by the RS, 
which overcome some of these limitations. The RS-422 and RS-485 interface standards 
are increasingly being used for instrumentation and control systems. 
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3.5 Troubleshooting serial data communication circuits  
When troubleshooting a serial data communications interface, you need to adopt a logical 
approach in order to avoid frustration and wasting many hours. A procedure similar to 
that outlined below is recommended: 

•  Check the basic parameters. Are the baud rate, stop/start bits, and parity set 
identically for both devices? These are sometimes set on DIP switches in the 
device. However, the trend is towards using software, configured from a 
terminal, to set these basic parameters. 

• Identify which is DTE or DCE. Examine the documentation to establish what 
actually happens at pins 2 and 3 of each device. On the 25-pin DTE device, 
pin 2 is used for transmission of data and should have a negative voltage 
(mark) in idle state, whilst pin 3 is used for the receipt of data (passive) and 
should be at approximately 0 volts. Conversely, at the DCE device, pin 3 
should have a negative voltage, whilst pin 2 should be around 0 Volts. If no 
voltage can be detected on either pin 2 or 3, then the device is probably not 
RS-232 compatible and could be connected according to another interface 
standard, such as RS-422, RS-485, etc. 

 

 

Figure 3.8   
Flowchart to identify an RS-232 device as either a DTE or DCE 

•  Clarify the needs of the hardware handshaking when used. Hardware 
handshaking can cause the greatest difficulties and the documentation should 
be carefully studied to yield some clues about the handshaking sequence. 
Ensure all the required wires are correctly terminated in the cables. 
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• Check the actual protocol used. This is seldom a problem but, when the above 
three points do not yield an answer; it is possible that there are irregularities in 
the protocol structure between the DCE and DTE devices. 

•  Alternatively, if software handshaking is utilized, make sure both have 
compatible application software. In particular, check that the same ASCII 
character is used for XON and XOFF. 

3.6 Test equipment 
From a testing point of view, section 2.1.2 in the RS-232-E interface standard states that: 

‘...The generator on the interchange circuit shall be designed to withstand an open 
circuit, a short circuit between the conductor carrying that interchange circuit in the 
interconnecting cable and any other conductor in that cable... including signal ground, 
without sustaining damage to itself or its associated equipment...’ 

In other words, any pin may be connected to any other pin, or even earth, without 
damage and, theoretically, one cannot blow anything up! This does not mean that the 
RS-232 interface cannot be damaged. The incorrect connection of incompatible external 
voltages can damage the interface, as can static charges.  

If a data communication link is inoperable, the following devices may be useful when 
analyzing the problem: 

• A digital multimeter 
Any cable breakage can be detected by measuring the continuity of the cable 
for each line. The voltages at the pins in active and inactive states can also be 
ascertained by the multimeter to verify its compatibility to the respective 
standards. 

•  An LED 
The use of LED is to determine which the asserted lines are or whether the 
interface conforms to a particular standard. This is laborious and accurate pin 
descriptions should be available.  

• A breakout box 
• PC-based protocol analyzer (including software) 
• Dedicated protocol analyzer (e.g. Hewlett Packard) 

The breakout box 
The breakout box is an inexpensive tool that provides most of the information necessary 
to identify and fix problems on data communications circuits, such as the serial RS-232, 
RS-422, RS-423, RS-485, etc., interfaces and also on parallel interfaces. 
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Figure 3.9  
Breakout box showing test points 

A breakout box is connected into the data cable, to bring out all 25 (or 9, 37, 50, etc.) 
conductors in the cable to accessible test points. Many versions of this equipment are 
available on the market, from the ‘homemade’ using a back-to-back pair of male and 
female DB-25 sockets, to fairly sophisticated test units with built in LEDs, switches and 
test points.  

Breakout boxes usually have a male and a female socket and by using 2 standard serial 
cables the box can be connected in series with the communication link. The 25 test points 
can be monitored by LEDs, a simple digital multimeter, an oscilloscope, or a protocol 
analyzer. In addition, a switch in each line can be opened or closed while trying to 
identify where the problem is. 

The major weakness of the breakout box is that, while one can interrupt any of the data 
lines, it does not help much with the interpretation of the flow of bits on the data 
communication lines. A protocol analyzer is required for this purpose.  

Null modem 
Null modems look like DB-25 ‘through’ connectors and are used when interfacing two 
devices of the same gender (e.g. DTE–DTE, DCE–DCE) or devices from different 
manufacturers with different handshaking requirements. A null modem has appropriate 
internal connections between handshaking pins that ‘trick’ the terminal into believing 
conditions are correct for passing data. A similar result can be achieved by soldering extra 
loops inside the DB-25 Plug. Null modems generally cause more problems than they cure 
and should be used with extreme caution and preferably avoided. 
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Figure 3.10  
Null modem connections 

Note that if the null modem connects pin 1 (end-to-end) together, thus providing a 
combined shield; as in Fig 3.10 – you may end up with a ground loop problem. 

Loop back plug 
This is a hardware plug, which loops back the transmit data pin to receive data pin and 
similarly for the hardware handshaking lines. This is another quick way of verifying the 
operation of the serial interface without connecting to another system. 

Protocol analyzer 
A protocol analyzer is used to display the actual bits on the data line, as well as the 
special control codes, such as STX, DLE, LF, CR, etc. The protocol analyzer can be used 
to monitor the data bits as they are sent down the line and compared with what should be 
on the line. This helps to confirm that the transmitting terminal is sending the correct data 
and that the receiving device is receiving it. The protocol analyzer is useful in identifying 
incorrect setting of baud rate, parity, stop bit, noise or incorrect wiring and connection. It 
also makes it possible to analyze the format of the message and look for protocol errors. 

When the problem has been shown not to be due to the connections, baud rate, bits, or 
parity, then the content of the message will have to be analyzed for errors or 
inconsistencies. Protocol analyzers can quickly identify these problems. 

Purpose built protocol analyzers are expensive devices and it is often difficult to justify 
the cost when it is unlikely that the unit will be used very often. Fortunately, software has 
been developed that enables a normal PC to be used as a protocol analyzer. The use of a 
PC as a test device for many applications is a growing field, and one way of connecting a 
PC as a protocol analyzer is shown in Figure 3.11. 
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Figure 3.11  
Protocol analyzer connection 

Typical RS-232 problems 
Below is a list of typical RS-232 problems, which can arise because of inadequate 
interfacing. These problems could equally apply to two PCs connected to each other or to 
a PC connected to a printer.  
 

Problem Probable Cause of Problem 

Garbled or lost data Baud rates of both connecting ports may be different 
 Connecting cables could be defective 
 Data Formats may be inconsistent (Stop Bit/Parity/No of data bits) 
 Flow control may be inadequate 
 High error rate due to electrical interference 
 Buffer size of receiver is inadequate 
First characters garbled The receiving port may not be able to respond quickly enough. Precede the first few 

characters with the ASCII (DEL) code to ensure frame synchronization. 
No data 
communications 

Power for both devices may not be ON 

 Transmit and receive lines of cabling may be incorrect 
 Handshaking lines of cabling may be incorrectly connected 
 Baud rates for both ports may not match 
 Data format may be inconsistent 
 Earth loop may have formed for EIA-232 line 
 Extremely high error rate due to electrical interference for transmitter and receiver 
 Protocols may be inconsistent Intermittent communications 
 Intermittent interference on cable 
ASCII data has incorrect 
spacing 

There is a mismatch between ‘LF’ and ‘CR’ characters generated by transmitting device 
and for receiving device. 

Table 3.4   
A list of typical RS-232 problems 
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3.7 RS-449 interface standard (November 1977) 
RS-449 was the intended successor to the functional portion of RS-232. It defined a 
mechanical specification for plugs and sockets based on a 37-pin and 9-pin assembly. 
Apart from its improved speed and distance specification, it also offered a number of 
enhancements such as the provision for automatic modem testing, new grounding 
arrangements and a number of new signals. Little support was given to RS-449 because 
of the popularity of RS-232. One problem was that the 37- and 9-pin connectors were not 
commonly used in the RS-232 domain. In recent years, RS-449 has gained support from 
the users of RS-422 and RS-485 whose standards do not specify any mechanical 
connectors. (Refer to Table 3.5 for pinouts). RS-449 has now been superseded by RS/TIA 
530-A. 

3.8 RS-423 interface standard  
The RS-423 standard defines an unbalanced data communications interface similar to RS-
232, but with some improvements. It allows an increase in cable length between devices, 
improved data transmission rates and multiple receivers on a line. RS-423 permits reliable 
communication for: 

•  Distances of up to 1200 meters (4000 feet) 
•  Data rates of up to 100 kbps 
•  Only one line driver on a line, but the driver current rating has been increased 

to permit multiple receivers 
•  Up to 10 line receivers, with lower current requirements, to be driven by the 

line driver 
 
The improvements in performance have mainly been achieved by reducing the voltages 

to 
•  Logic 1: –3.6 V to –6 V 
•  Logic 0: +3.6 V to +6 V 

 
Compared to RS-232, the total voltage slew is reduced by a factor of 4, with 12 V 

swings compared to 50 V swings. The effect of the line capacitance is reduced which 
allows faster data rates. Like the RS-232 interface, the data link is unbalanced and 
requires 3 wires for a full duplex signal path. Figure 3.12 illustrates the transmit 
connections. 
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Figure 3.12   
The RS-423 unbalanced line driver connection 

The ability to support up to 10 receivers is achieved by increasing the current capacity 
of the line drivers, reducing the current drain of the line receivers, and connecting the 
receivers in a differential mode. 

The RS-423 standard does not specify the mechanical connections or assign pin 
numbers. It is common to use the DB-25 connector with pin allocations as specified by 
RS-232. 

3.9 The RS-422 interface standard  
The RS-422 standard introduced in the early ’70s defines a balanced, or differential, data 
communications interface using two separate wires for each signal. This permits very 
high data rates and minimizes problems with varying ground potentials because the 
ground is not used as a voltage reference, as in RS-232 and RS-423. RS-422 is an 
improvement on RS-423 and allows: 

•  Data to be communicated at distances of up to 1200 m (4000 feet, similar to 
RS-423) 

•  Data rates of up to 10 Mbps (increase of 100 times) 
•  Only one line driver on a line 
•  Up to 10 line receivers to be driven by one line driver 

 
The differential voltages between the A and B lines are specified as: 

• –2 V to –6V with respect to the B line for a binary 1 (MARK or OFF) state 
• +2 V to +6V with respect to the B line for a binary 0 (SPACE or ON) state 

 
The specification refers to the lines as A and B, but there are also called A(–) and B(+), 

or TX+ and TX–. 
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The line driver for the RS-422 interface produces a 5 V differential voltage on two 
wires. These voltage levels allows the transmitters and drivers to be supplied by the 5 V 
supply, common in today’s computers. 

 
Figure 3.13 illustrates the connection of RS-422 devices. 
 

 

Figure 3.13  
The RS-422 balanced line driver connections 

As the differential receiver is only sensitive to the difference between two signals on its 
inputs, common noise signals picked up in both wires will have little effect on the ope-
ration of the receiver. Differential receivers are therefore said to have good common 
mode rejection (CMR) characteristics. 

The major feature of the RS-422 standard is the differential voltage signal, which 
allows an increase in speed and provides higher noise immunity. Each signal is 
transferred on one pair of wires and is the voltage difference between them. The penalty 
is that two wires are required for each signal, compared to one wire for RS-232 and     
RS-423. A common ground wire is preferred to aid noise rejection. Consequently, 3 wires 
are required for a half duplex, and 5 wires for a full duplex system. 

The balanced line driver can also have an input signal called an enable signal. The 
purpose of this signal is to connect the driver to its output terminals, A & B. If the enable 
signal is off, one can consider the driver as disconnected from the transmission line or in 
a high impedance state. (This tri-state approach is discussed under RS-485.) 

The differential lines of the RS-422 are normally terminated with a resistor equal to the 
characteristic impedance (Z0) of the line. This will prevent signal distortion due to 
reflections from the end of line. A typical value of Z0 would be in the order of 120 Ω, for 
a twisted pair line. 
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The RS-422 standard does not specify mechanical connections or assign pin numbers. It 
is common practice to use the pin assignment of RS-449 for a DB-37 connector (see 
Table 3.5). 

 

 

Table 3.5   
Common DB-9 pin assignments for RS-422 and RS-485 and DB-37 pin assignments specified according to 
RS-449 
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3.10  The RS-485 interface standard  
The RS-485 standard is the most versatile of the four RS interface standards discussed in 
this chapter. It is an extension of RS-422 and allows the same distance and data speed but 
increases the number of transmitters and receivers permitted on the line.  

RS-485 permits a ‘multidrop’ network connection on 2 wires and allows reliable serial 
data communication for: 

•  Distances of up to 1200 m (4000 feet, same as RS-422) 
•  Data rates of up to 10 Mbps (same as RS-422) 
•  Up to 32 line drivers on the same line 
•  Up to 32 line receivers on the same line 

 
Note: You can have 32 transceivers on a RS-485 network. If you require more than 32 

devices, you would have to use repeaters (which is not defined in the RS-485 standards). 
The differential voltages between the A and B lines are specified as: 

 
• –1.5 V to –6V with respect to the B line for a binary 1 (MARK or OFF) state 
• +1.5 V to +6V with respect to the B line for a binary 0 (SPACE or ON) state 

 
The specification refers to the lines as A and B, but there are also called A(–) and B(+), 

or TX+ and TX–. 
As with RS-422, the line driver for the RS-485 interface produces a ±5V differential 

voltage on two wires. 
The major enhancement of RS-485 is that a line driver can operate in three states called 

tri-state operation: 
•  Logic 1 
•  Logic 0 
•  High-impedance 

 
In the high impedance state, the line driver draws virtually no current and appears not to 

be present on the line. This is known as the ‘disabled’ state and can be initiated by a 
signal on a control pin on the line driver integrated circuit. Tri-state operation allows a 
multidrop network connection and up to 32 transmitters can be connected on the same 
line, although only one can be active at any one time. Each terminal in a multidrop 
system must be allocated a unique address to avoid conflicting with other devices on the 
system. RS-485 includes current limiting in cases where contention occurs. 

The RS-485 interface standard is very useful for systems where several instruments or 
controllers may be connected on the same line. Special care must be taken with the 
software to coordinate which devices on the network can become active. In most cases, a 
master terminal, such as a PC or computer, controls which transmitter/receiver will be 
active at any one time. 

The 2-wire data transmission line does not normally require special termination unless 
required by the manufacturer. On long lines, the leading and trailing edges of data pulses 
will be much sharper if terminating resistors approximately equal to the characteristic 
impedance (Z0) of the line are fitted at the extreme ends. This is indicated in Figure 3.14. 
For twisted pair systems, the resistor used is typically 120 Ω. 

Figure 3.14 shows a typical two wire multidrop network. Note that the transmission line 
is terminated on both ends of the line but not at drop points in the middle of the line. The 



Serial communication standards   

 

59

signal ground line is also recommended in an RS-485 system to keep the common mode 
voltage that the receiver must accept within the –7 to +12 volt range. 

 

 

Figure 3.14  
Typical two wire multidrop network 

An RS-485 network can also be connected as a four wire configuration as shown in 
Figure 3.15. In this type of connection, it is necessary that one node be a master node and 
all others be slaves. The master node communicates to all slaves, but a slave node can 
communicate only to the master. Since the slave nodes never listen to another slave’s 
response to the master, a slave node cannot reply incorrectly to another slave node. This 
is an advantage in a mixed protocol environment. 
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Figure 3.15  
Four wire network configuration 

During normal operation, there are periods when all RS-485 drivers are off, and the 
communications lines are in the idle, high impedance state. In this condition the lines are 
susceptible to noise pick up, which can be interpreted as random characters on the 
communications line. If a specific RS-485 system has this problem, it should incorporate 
10 kΩ bias resistors as indicated in Figure 3.16. These resistors will maintain the data 
lines in a mark condition (idle) when the system is in the high impedance state. 

The ground resistors shown in figure 3.15 are recommended in the specification and 
should be 100 ohms ½ watt. Their purpose is to reduce any loop currents if the earth 
potentials are significantly different. 

The bias resistors are chosen in such a way that the B line will be kept at least 200 mV 
HIGHER than the A line with no input signal (i.e. all transmitters in the high impedance 
state).  For the purpose of the calculation, remember that the two 120 Ω terminating 
resistors appear in parallel for this purpose. This particular example uses bias resistors on 
only one node.  

Some systems employ bias resistors on all nodes, in which case the values of the bias 
resistors will be significantly higher since they appear in parallel. 
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Figure 3.16  
Suggested installation of resistors to minimize noise 

RS-485 line drivers are designed to handle 32 nodes. This limitation can be overcome 
by employing an RS-485 repeater connected to the network. When data occurs in either 
side of the repeater, it is transmitted to the other side. The RS-485 repeater transmits at 
full voltage levels, consequently another 31 nodes can be connected to the network. A 
diagram for the use of RS-485 with a bi-directional repeater is given in Figure 3.17. 
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Figure 3.17  
RS-485 used with repeaters 

 
The ‘decision threshold’ of the RS-485 receiver is identical to that of both RS-422 & 

RS-423 receivers at ±200 mV (0.2 V), as indicated in Figure 3.18. 

 

 

Figure 3.18   
RS-485/422 & 423 receiver sensitivities 



Serial communication standards   

 

63

3.11  Troubleshooting and testing with RS-485 
A few suggestions and testing procedures for RS-485 systems are outlined below. Both 
hardware and software testing will be discussed. There are also some examples of real 
problems and their solutions.  

Hardware test procedure 
•  Check cabling connections for proper and complete connections. This should 

be done off-line (no power to the circuit). It maybe helpful to do a continuity 
check at this point, while the power is off. 

•  Check the polarity of the connections between each device on the RS-485 
network. They should be A to A and B to B. Usually the black wire is B and 
the white wire is A, but this can be different for the various systems on the 
market. In most systems, the red wire of the voltmeter is to go on A and the 
black lead goes on the B. Check for your system by following the 
manufacturer’s instructions. 

•  Check the voltage of the RS-485 system when the system is in an idle state. 
The idle state on most RS-485 systems is when the transmitters are not 
sending any data. Most RS-485 systems bias their transmitters to a minus 
voltage output (a mark or ‘1’) using the voltage divider network indicated in 
an earlier discussion. However, this is not always the case. Some systems bias 
the lines with a positive voltage (a space or a ‘0’) via the software while 
others turn the transmitters off (and have no voltage divider network 
connected externally) with a resultant zero voltage. Remember the true output 
of the RS-485 driver chip is usually an open collector output. Biasing keeps 
the lines from floating. 

•  Check that the shield (if there is one) is connected to ground at only one point. 
Ensure that there are no other connections to earth or ground. This is of course 
more important if the RS-485 devices are far away from each other. It would 
be wise if the devices were far away (100 meters/300 feet or more), to 
visually check the shield at each of the locations. The shields of different pairs 
must be connected.  

•  Check that the single shield ground is properly connected to an independent, 
clean earth ground. A clean ground is an earth ground that is as free as 
possible from noise. 

•  Check for common mode voltage problems. This is a difficult problem to 
detect, as it can be intermittent and sporadic. Usual symptoms may include 
intermittent failures and/or unusual events such as every other unit failing to 
communicate. The common mode voltage can be measured from each line to 
ground using a hand-held voltmeter. These voltages should not approach the 
maximum voltage of the driver chip.  

•  Ensure that the lines are terminated with the correct resistance terminators (if 
needed or required). The manufacturer’s requirements must be followed.  

Solution 
The manufacturer’s recommended termination resistors were added, one at each end. 
The reflections disappeared and the system worked correctly. 
Note 1: Termination resistors on an RS-485 system are not necessarily required for 
operation but are preferable to reduce reflections (especially above cable lengths longer 
than 100 m and baud rates exceeding 40 kbaud). 
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Note 2: Reducing the baud rate (if possible) is another possible solution. 
Note 3: Adding the terminating resistors effectively loads down the RS-485 line drivers. 
This can cause problems of its own. Do not put a resistor in any location except at the 
ends of the line. Never install a lower resistance than the manufacturer’s specifications. 

Example 2 
A two wire master/slave RS-485 system had errors in the responses. The situation was: 

• Master dispatched request to slave  
• The slave responded with the information. Unfortunately, the master had 

given up and sent out another request.  
• The problem was the delay in the slave responding. 
• The master then recorded this as a communication error 

Solution 
The timeout for the master, before sending out another request to the slave for 
information, was extended. 

Alternative solution 
An increase in the baud rate may have improved the situation slightly (minor fix). 

Example 3 
A two wire master/slave RS-485 system had errors in the responses. The situation was: 

• Master dispatched request to slave. 
• Slave responded very quickly. 
• Master transmitter lines had not gone into the high impedance state. 
• Hence, the response from the slave was ‘flattened’ by being transmitted into 

low impedance. 
• The master then recorded this as a communication error. 

Solution 
The master was put into the high impedance state quicker by disabling the RTS line. 
Obviously, ensure that this does not worsen the situation by disabling the transmitter 
before it has completed transmitting the signal. 

Alternative solution 
Slow down the response from the slave so that the master has a chance to go into the high 
impedance state. 

3.12 EIA/TIA-530A interface standard (May 1992) 
This standard supersedes RS-449. It is intended that the standard be used for applications 
where a balanced system is required such as RS-422 and RS-485. 

3.13 EIA/TIA-562 interface standard (June 1992) 
EIA/TIA-562 supports the new 3.3 V technology, which enables systems to have higher 
clock speeds, faster data communication rates, lower energy consumption, and to be 
smaller and lighter. The EIA/TIA-562 standard allows 64 kbps operation compared with 
the RS-232 maximum limit of 20 kbps.  

Typical features of the EIA-562 standard are: 
•  64 kbps operation (maximum) 
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•  Stringent wave form specifications (ripple no larger than 5% of voltage 
swing) 

•  Maximum slew rate of 30 V/microsecond 
•  Ability to interface to RS-232 

 
One of the disadvantages of the EIA-562 standard, compared to RS-232 is the reduction 

of the noise margin from 2 V to 0.7 V. 

3.14 Comparison of the EIA interface standards  
The main features of the four most common EIA interface standards are compared below: 

 

Transmitter EIA-232 EIA-423 EIA-422 EIA-485 

Mode of operation Unbalanced Unbalanced Differential Differential 
Max No. of Drivers & 
Receivers on line 

1 Driver 
1 Receiver 

1 Driver 
10 Receivers 

1 Driver 
10 Receivers 

32 Drivers 
32 Receivers 

Recommended cable 
length 

75 m 1,200 m 1,200 m 1,200 m 

Maximum Data Rate 20 kbps 100 kbps 10 Mbps 10 Mbps 
Maximum Common Mode 
Voltage 

±25 V ±6 V ±6 V to  
–0.25 V 

+12 V to –7 V 

Driver Output Signal ±5.0 V min 
±25 V max 

±3.6 V min 
±6.0 V max 

±2.0 V min 
±6.0 V max 

±1.5 V min 
±6.0 V max 

Driver Load > 3 ohm > 450 ohm 100 ohm 60 ohm 
Driver Output 
Resistance 

Power 
On 

n/a n/a n/a 100 μA 
–7 V ≤ Vcm 
≤12V 

(high-Z state) Power 
Off 

300 ohm 100 μA 
@ ±6 V 

100 μA 
–0.25 V ≤Vcm 
≤6 V 

100 μA 
–7V ≤ Vcm ≤ 
12 V 

Receiver input resistance 3 kohm to 
7 kohm 

> 4 kohm > 4 kohm > 12 kohm 

Receiver sensitivity ±3.0 V ±200 mV ±200 mV 
–7 Vcm 7 V 

±200 mV 
–12 V ≤ Vcm 
≤12 V 

 

Table 3.6   
Comparison of main features of RS-232, RS-423, RS-422, and RS-485 
 
 

 

 

The data signaling rate versus cable length for balanced interface using 24 AWG 
twisted pair cable is shown in Figure 3.19. 
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Figure 3.19  
Data signaling rate vs. cable length 

From a practical point of view, many RS-422/485 systems run up to  
5000 meters (16 000 feet) at 1200 bps without any problems. 

3.15 The 20 mA current loop  
Another commonly used interface technique is the current loop. This uses a current signal 
rather than a voltage signal, employing a separate pair of wires for the transmitter current 
loop and receiver current loop. 

A current level of 20 mA, or up to 60 mA, is used to indicate logic 1 and 0 mA logic 0. 
The use of a constant current signal enables a far greater separation distance to be 
achieved than with a standard RS-232 voltage connection. This is due to the higher noise 
immunity of the 20 mA current loop which can drive long lines of up to 1 km, but at 
reasonably slow bit rates. Current loops are mainly used between printers and terminals in 
the industrial environment. Figure 3.20 illustrates the current loop interface. 
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Figure 3.20  
The 20 mA current loop interface 

3.16 Serial interface converters  
Serial interface converters are becoming increasingly important with the move away from 
RS-232 to industrial standards such as RS-422 and RS-485. Since many industrial devices 
still use RS-232 ports, it is necessary to use converters to interface a device to other 
physical interface standards. Interface converters can also be used to increase the 
effective distance between two RS-232 devices. 

The most common converters are: 
•  RS-232/422 
•  RS-232/485 
•  RS-232/current loop 
 

Figure 3.21 is a block diagram of an RS-232/RS-485 converter. Figure 3.22 shows a 
circuit wiring diagram. 

 

Figure 3.21 
Block structure of RS-232/RS-485 converter 
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Figure 3.22 
RS-232/485 converter 

The RS-232/422 and RS-232/485 interface converters are very similar and provide bi-
directional full-duplex conversion for synchronous or asynchronous transfer between RS-
232 and RS-485 ports. These converters may be powered from an external AC source, 
such as 240 V, or smaller units can be powered at 12 V DC from pins 9 and 10 of the  
RS-232 port. For industrial applications, externally powered units are recommended. The 
RS-232 standard was designed for communications, not as a power supply unit! 

The connections for a typical, externally powered RS-232/485 converter (Black Box 
Corporation) are shown below. Black Box does not recommend operating both ports on 
the converter at both DCE and DTE. LEDs are provided to show the status of incoming 
signals from both EIA-232 and EIA-485. 

 

 

Figure 3.23  
Wiring diagram for EIA-232/485 converter 

When operating over long distances, a useful feature of interface converters is optical 
isolation. This is especially valuable in areas prone to lightning. Even if the equipment is 
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not directly hit by lightning, the earth potential rise (EPR) in the surrounding area may be 
sufficient to damage the communications equipment at both ends of the link. Some 
specifications quote over 10 kV isolation, but these figures are seldom backed up with 
engineering data and should be treated with some caution. 

Typical specifications for the RS-232/422 or RS-232/485 converters are: 
•  Data transfer rate of up to 1 Mbps 
•  DCE/DTE switch selectable 
•  Converts all data and control signals 
•  LEDs for status of data and control signals 
•  Powered from AC source   
•  Optically isolated (optional) 
•  DB-25 connector (male or female) 
•  DB-37 connector (male or female) 

 
Typical specifications for the RS-232/current loop converters are: 

•  20 mA or 60 mA operation 
•  DCE/DTE, full/half-duplex selectable 
•  Active or passive loops supported 
•  Optically isolated (optional) 
•  Powered from AC source   
•  Data rates of up to 19 200 kbps over 3 km (10 000 feet) 
•  DB-25 connector (male or female) 
•  Current loop connector – 5 screw 

3.17 Interface to serial printers  
It is important that the serial interface for serial printers is set up correctly. The following 
points should provide a guide: 

•  Select the correct terminator for the end of each block of characters (or bytes) 
sent down from the PC to the printer: This can either be a CR or LF (although 
CR is more common). 

•  Check what sort of flow control is being supported between the PC and the 
printers. If XON/XOFF is selected on the printer (as opposed to DTR), the 
printer cable must have the transmit and receive data pins connected and the 
PC software must support the XON/XOFF flow control. The PC’s hardware 
and firmware itself does not directly support XON/XOFF. Ensure that the 
ASCII characters used to represent XON and XOFF are the same for both the 
printer and the PC. 

•  Select the appropriate settings for the buffer full (XOFF) and buffer empty 
(XON) codes on the printer. Most PCs have a maximum line buffer length of 
256 bytes. The printer should send an XOFF when the buffer has 256 free 
bytes of storage remaining and XON when the buffer has emptied to less than 
256 bytes. Typical printers have at least 2 K bytes of buffer memory. 

•  Check that the option of using pin 20 or pin 11 for the indication of DTR or 
printer ready line has been set correctly. 

•  Check that the correct selection has been made for either parallel or serial 
connections to the PC if this is optional on the printer. 
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•  Ensure that the baud rate is not set too high, which do not employ any form of 
handshaking or flow control at all, as there could be loss of data.  
 

 

Figure 3.24  
PC to printer serial connection 

3.18 Parallel data communications interface standards  
The two most important parallel data communication interface standards are: 

•  The general purpose interface bus (GPIB) or IEEE-488, used mainly for 
scientific purposes and automatic testing/measurement 

•  The Centronics standard – used mainly for cabling between PCs and printers. 

3.19 General purpose interface bus (GPIB) or IEEE-488 or      
IEC-625 
The GPIB was originally developed for automatic testing and for use with scientific 
equipment in laboratories, manufacturing, and other industrial and power system 
applications. In the early days of automatic testing, it became clear to manufacturers of 
digital test and scientific equipment that a universally accepted data communications 
interface was required between the computer controlling the testing sequence, the test 
equipment and recording devices, such as plotters and printers. 

The standard used today was originally defined by Hewlett-Packard in 1965 as a digital 
data interface standard for the interconnection of engineering test instruments and was 
initially called the Hewlett-Packard Interface Bus (HPIB). This standard was adopted by 
other manufacturers and was published in 1975 as the IEEE-488 standard. IEEE-488 was 
updated in 1978 and issued internationally as IEC-625. There have been further revisions 
to the standard since 1978. IEC-625 is the common designation for GPIB in Europe. 

The GPIB is an interface design that allows the simultaneous connection of up to 15 
devices or instruments on a common parallel data communications bus. This allows 
instruments to be controlled or data to be transferred to a controller, printer, or plotter. It 
defines methods for the orderly transfer of data, addressing of individual units, standard 
bus management commands and defines the physical details of the interface. 

Physical connection configurations 
The devices on the GPIB can be connected in one of two ways: 

•  A star configuration 
•  A chain (linear) configuration 
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A star configuration is one in which each instrument is connected directly to the 
controller by means of a separate GPIB cable. The connectors are all connected to the 
same port as the controller, as shown in Figure 3.25. A drawback to this simple 
arrangement is that all devices on the same bus must be relatively close to the controller 
because of the length limitation of each cable. 

 

 

Figure 3.25 
The GPIB star connection 

The chain configuration, each device, including the controller, is connected to the next 
in a chain. The controller does not have to be the first or last device in the chain, but can 
be linked in anywhere as shown in Figure 3.26. A controller is a controller in the sense 
that it coordinates the events on the bus. Physically and electrically, it is similar to any 
other device connected to the GPIB. This configuration is usually the most convenient 
way to connect equipment. 

 

Figure 3.26  
The GPIB chain (linear) configuration 
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Although the star and chain configurations are suggested for GPIB, connections can be 
made in any other way, if the following rules are observed: 

•  All devices are connected to the bus 
•  No more than 15 devices, including the controller, may be on the bus with no 

less than two thirds powered on 
•  Cable length between any two devices may not exceed 4 meters (13.33 feet) 

with an average separation of 2 meters (6.66 feet) over the entire bus 
•  Total cable length may not exceed 20 meters (66.66 feet) 
 

A single device on the GPIB can transfer data to up to 14 other devices. The GPIB uses 
asynchronous handshaking, so the actual data transfer rate is determined by the devices 
themselves. Generally, the hardware limits the maximum data rate to about 250 kbps. 

Device types 
There are many thousands of different types of GPIB-compatible devices available for 
various applications. There are 4 different groups of devices: 

•  Talkers 
•  Listeners 
•  Talkers/listeners 
•  Controllers 

 
A talker is a one-way communicating device that can only send data to other devices. It 

does not receive data. The talker waits for a signal from the controller and then places its 
data on the bus. Common examples are simple digital voltmeters (DVMs) and some A/D 
converters. 

A listener is a one-way communicating device that can only receive data from another 
device. It does not send data. It receives data when the controller signals it to read the 
bus. Common examples are printers, plotters, and recorders. 

A talker/listener has the combined characteristics of both talkers and listeners, with the 
limitation that it is never a talker and a listener at the same time. A common example is a 
programmable one, which is a listener while its range is being set by the controller, and a 
talker while it sends the results back to the controller. Most modern digital instruments 
are talker/listeners as this is the most flexible configuration. 

A controller manages and controls everything that happens on the GPIB. It is usually an 
intelligent or programmable device, such as a PC or a microprocessor controlled device. 
The controller determines which devices will send and which will receive data and when. 
To avoid confusion in any GPIB application, there can only be one active controller, 
called the controller in charge (CIC). There can be several controllers, but to avoid 
confusion, only one can be active at any time. A controller also has the features of a 
talker/listener. In some cases, when several PCs are simultaneously connected on a GPIB, 
one is usually configured as the controller and the others configure as talkers/listeners. 
The controller needs to be involved in every transfer of data. It needs to address a talker 
and a listener before the talker can send its message to a listener. After the message is 
sent, the controller unaddresses both units. 

Some GPIB configurations do not require a controller, for example, when only one 
talker is connected to one or more listener. A controller is necessary when the active or 
addressed talker or listener must be changed. 
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Electrical or mechanical characteristics 
The GPIB bus is carried inside a shielded 24-wire cable with standard connectors at each 
end. The standard connector used is the ‘Amphenol’ as shown in Figure 3.27. Adding a 
new device to the bus is done by connecting a new cable in a star or chain configuration. 
Screws hold one connector securely to the next. Since the 24-pin connectors are usually 
stackable, it is easy to connect or disconnect devices to the bus. 
 

 

Figure 3.27   
GPIB connector and pin assignment 

The 24 lines in each cable consist of 8 data lines and 8 pairs (16) of control and bus 
management lines. The data lines are used exclusively to carry data, in a parallel 
configuration (byte by byte), along the bus. The control and bus management lines are 
used for various bus management tasks that synchronize the flow of data. When data or 
commands are sent down the bus, the bus management lines distinguish between the two. 
Detailed knowledge of how these management lines interact is useful but not necessary to 
effectively use the GPIB. 

In the RS-232, the UART is used to coordinate the ‘housekeeping’ activities associated 
with the serial interface. The full capacity of the microprocessor can then be directed to 
other duties. In a similar way, the coordination of the GPIB parallel interface is controlled 
by a GPIB IC. The most common GPIB ICs used for this purpose are the Texas 
Instruments TMS9914A and the NEC-7210.  
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GPIB bus structure 
The GPIB consists of 8 data lines (DI01–DI08) and 8-pairs of control lines. Three of the 
eight control line pairs are the handshaking lines, which coordinate the transfer of data 
(DAV, NRFD and NDAC). The other five pairs are for bus control and management 
(ATN, REN, IFC, SRQ and EOI). The 8 ‘ground’ wires provide electronic shielding and 
prevent bus control signals from interfering with one another or from being influenced by 
external signals. 
 

 

Figure 3.28 
The GPIB bus structure 

The signal lines can be separated into three groups: 

 

Table 3.7   
Three groups of signal lines 

The eight data lines DI01 to DI08 carry both data and command messages. All 
commands and most data use the 7-bit ASCII code, in which case the eighth bit, DI08, is 
either unused or used for parity. 

The GPIB uses binary signals to represent the information that is carried on the lines of 
the bus. It uses the symbols ‘true’ and ‘false’ to represent the two states of voltages on the 
lines. The GPIB uses the logic convention called ‘low-true’ or negative logic, where the 
lower voltage state is ‘true’, and the higher voltage states are ‘false’. Standard TTL 
voltage levels are used. For example, when DAV is ‘true’, the TTL voltage level is low 
(±0.8 V), when DAV is false, the TTL level is high (±2.0 V). Despite low being ‘true’, no 
line can be high (i.e. ‘false’), unless all devices on that line allow it to go high. This is 



Serial communication standards   

 

75

convenient when there are several listeners accepting data. The ‘not data accepted’ 
(NDAC) line cannot go to the ‘false’ state, indicating data accepted, until the last listener 
has accepted the data. Consequently, the handshaking process waits for the slowest 
listener on the bus. 

Each device connected to the GPIB has a unique device address and must be designed 
with enough intelligence to identify whether the data or command sent down the data line 
is meant for it or for another device. Device addresses are arbitrary and are set by the 
user, usually on a DPI switch on the back of the device, or by programming the device 
software. Each connected device is identified in the software of the controllers program. 
The only limitation in choosing a device address is that it must be an integer number in 
the range 1 to 30. 

GPIB handshaking 
Data is transmitted asynchronously on the GPIB parallel interface one byte at a time. The 
transfer of data is coordinated by the handshake voltage signals on the 3 bus control lines 
(DAV, NDAC and NRFD), called a three-wire interlocked handshake. Handshaking 
ensures that a talker will put a data byte on the bus only when all listeners are ready and 
will keep the data on the bus until it has been read by all listeners. It also ensures that 
listeners will accept data only when a valid byte is available on the bus. 

The talker must wait for the NRFD line to go high (false) before any data can be put 
onto the bus. The NRFD line is controlled by the listeners. Only when NRFD voltage is 
high (false) are all listeners ready to receive data. The talker then asserts DAV ‘true’ 
(voltage low) and when the listeners detect the low level on DAV, they read the byte on 
the data lines. As each listener accepts the data, it releases NDAC. After the last listener 
has accepted the data, the NDAC line voltage goes high (false) and this signals the talker 
that the data has been accepted. Only when the data byte has been accepted by all the 
listeners can the talker allow DAV voltage to go high (false) and remove its data from the 
bus. Figure 3.29 illustrates this handshaking sequence. 

 

 

Figure 3.29  
The GPIB handshaking timing diagram 
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Interface management lines 
The other five lines manage the flow of information across the interface: 

•  ATN 
•  REN 
•  IFC 
•  SRQ 
•  EOI 

Data transfers 
Device addresses are any integer in the range of 1 to 30. There are 2 kinds of addresses 
for a device: 

•  Talk address (maximum of 15) 
•  Listen address (maximum of 15) 

 
If a device sees its talk address on the bus, it knows it will act as a talker and will be 

required to send data. Conversely, when it sees its listen address on the bus, it will be 
required to act as a listener and receive data. 

Both command/response with polling and interrupt driven protocols are allowed under 
the IEEE-488 specification. 

3.20 The Centronics interface standard  
The parallel printer or Centronics interface standard is used primarily to interface printers 
to computers or other intelligent devices and includes a 36-pin connector. This interface 
has a limited distance capability because of its low level +5 V signals. Full signal 
definitions are given in Table 3.8. 

 
Signal Name Signal 

Pin 
Return 
Pin 

Signal Definition 

*DSTB 1 19 Low level pulse of 0.5 microseconds or more, used to 
strobe the DATA signals into the printer. The printer 
reads the data at the Low Level of this signal. Ensure an 
Acknowledge has been returned before using the next 
Data Strobe. Data Strobe is ignored if the BUSY is high. 

*DATA 1-8 2-9 20-27 8 data lines from the host.  High level represents binary 
1, Low level represents binary 0. DATA 8 is the most 
significant bit. Signal must be High at least 0.5 
microseconds before the falling edge of the Data Strobe 
signal and held at least 0.5 microseconds after the rising 
edge. 

Acknowledge 10 28 Low level pulse of 2 to 6 microseconds indicates input 
of a character into the print data buffer, or the end of an 
operation. 

BUSY 11 29 High level indicates the printer cannot receive data.  
Typical conditions that cause a High BUSY level are 
buffer full or ERROR condition. 

PE(Paper 
Empty) 

12  High Level indicates that the printer is out of paper. 

SLCT (Select) 13  High Level indicates that the printer is ON LINE. 
*AUTO FEED 14  Low Level indicates LF (Line Feed) occurs after each 
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XT CT (carriage return) code. 
No Connection 15  Reserved Signal Line. 
Signal Ground  16 Logic/Signal Ground Level (0 V) 
Frame Ground  17 Printer Cabinet/Frame Ground line 
No Connection   Reserved Signal Line 
Signal Ground  19-30 Twisted Pair cable return lines. 
*INIT Initialize 31  Low Level pulse of 50 microseconds or more, resets the 

buffer and initializes the printer. 
ERROR 32  Low Level indicates the printer is OFF LINE, has a 

PAPER OUT or has sensed an ERROR condition. 
Signal Ground 33  Logic/Signal Ground Level (0 V) 
No Connection 34  Not used. 
+5 V Regulate 35  Connected to the +5 V source through a 3.n k Ohm 

Resistor. 
*SLCT IN  
(-Select In) 

36  Low level indicates the printer is placed ON LINE 
(Selected) when the power is turned ON. 
 

Table 3.8   
Centronics pin assignment 

* Indicates that the signal is generated by the host system, for example, the PC.771. 

3.21 The universal serial bus (USB) 
In September 1998, Microsoft, Intel, Compaq, and NEC developed revision 1.1 of the 
universal serial bus. The objective was to standardize the input/output connections on the 
IBM PC for devices like printers, mice, keyboards, and speakers. Data acquisition (DAQ) 
devices were not envisioned to be connected to the USB system. However, that does not 
mean that the USB cannot be used for DAQ. In many ways, the USB is well suited for 
DAQ systems in the laboratory or other small-scale systems.  

Small-scale DAQ systems have traditionally suffered from the need for an easy to use 
and standardized bus system for connecting smart DAQ devices. The nearest thing was 
the IEEE 488 GPIB system. The GPIB system can be expensive and is not supported on 
every PC without purchasing additional hardware. There is a need for an easy to operate, 
inexpensive, and standardized bus system to connect small-scale DAQ devices. The USB 
can fill those needs. With its plug-and-play ability, it is extremely easy to implement and 
use. In addition, it is now standard on all IBM compatible PCs. Although it is not in any 
way as cheap as say an RS-232 connection, it is affordable.  

The USB is limited by its very nature for its application to DAQ systems. The biggest 
problem is the maximum cable distance. The low-speed version is limited to 3 meters (10 
feet) and the high-speed version is limited to 5 meters (16 feet) in total cable length. This 
requirement reduces the ability of USB to be used in the large factory or plant 
environment. Typically, the DAQ systems in these industries need to cover distances of 
up to 1 km (0.6 miles). Due to the timing requirements of the USB, the length of the cable 
cannot be increased with repeaters. This limits the use of the USB to the laboratory or 
bench top systems.   
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Figure 3.30   
Connecting the USB 

USB – overall structure 
The USB is a master/slave, half-duplex, timed communication bus system designed to 
connect close peripherals and hubs to an IBM compatible PC. It runs at either 1.5 Mbps 
(low-speed) or 12 Mbps (high-speed). The PC’s software program (using device drivers) 
creates packets of information that are going to be sent to devices connected on the USB 
bus. The USB drivers in the computer allocate a certain time within a frame for the 
information. The packet is then placed in this 1 ms frame that can contain many packets. 
One frame might contain information for many devices or it may contain information for 
only one device. The frame is then sent to the physical layer via the USB drivers, and 
then on to the bus.  

The device receives its part of the packet and if necessary formulates a response. It 
places this response on the bus. The USB drivers in the PC detect the response on the bus 
and verify that the frame is correct using a CRC checking method. If the CRC indicates 
that the frame is correct, the software in the PC accepts the response.  

The devices connected to the USB bus can also be powered off the bus cable. Devices 
can use no more than 500 mA. This works well for small scale DAQ devices, larger DAQ 
devices usually use external power supplies. Both power and communications are on the 
same cable and connector. 

There are many parts in the USB system that make the communication possible. These 
include: 

•  Host hubs  
•  External hubs  
•  Type A connector 
•  Type B connector 
•  Low-speed cables 
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•  High-speed cables 
•  USB devices  
•  Host hub controller hardware and driver  
•  USB software driver 
•  Device drivers 

Topology 
The USB uses a pyramid-shaped topology with everything starting at the host hub. The 
host hub usually consists of two USB ports on the back of the PC. These ports are 
basically in parallel with each other.  

Each port is a four-pin socket with two pins reserved for power and two for 
communications. The cables from external hubs or USB devices are plugged into the host 
hub ports. One or both of the ports can be used. It does not matter which one is used if 
only one connection is being made. If the external device or hub has a removable cable 
then a ‘type A or type B’ cable is used to make the connection. The ‘A’ plug goes into the 
back of the PC (host hub) and the ‘B’ plug goes into the device or external hub. If the 
external hub or device has an in-built cable then the ‘A’ plug is plugged into the host hub 
port. The socket on the host hub is keyed so the plug will only go in one way. ‘B’ plugs 
will not go into ‘A’ sockets and vice-versa. 
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Figure 3.31 
USB topology 

The limitations on cable lengths are very important for the USB system. All cables, 
even if they come out of repeater hubs, must be counted in the total length of the cables.  

Host hubs 
The controller chips for the host hub usually reside on the motherboard inside the PC, 
although the hub could be a PCB in a PCI slot. The host controller does the parallel to 
serial and serial to parallel conversion from the PCI bus to the USB connectors. 
Sometimes a pre-processor is used to improve efficiency of the USB system. This host 
controller and connector combination is called the root hub or host hub. The host hub’s 
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function is to pass the information to and from the PCI bus to the data lines (+D and –D) 
on the USB socket. The host controller can control the speed at which the USB operates. 
It also connects power lines (+5 V and ground) to a USB device via the USB cable. The 
external USB device may be another USB Hub or a USB type device like a printer  
 

 

Figure 3.32  
Host hub block diagram 

The host hub has complete control over the USB ports. This control would include: 
•  Initialization and configuration 
•  Enabling and disabling the ports 
•  Recognizing the speed of devices 
•  Recognizing that a device has been connected 
•  Getting information from the application software 
•  Creating a packet and then frame 
•  Sending the information on to the bus 
•  Waiting and recognizing a response 
•  Error correction 
•  Recognizing that a device has been disconnected  
•  Using the port as a repeater 
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The connectors (Type A and B)  
There are two types of connectors, type A and type B. The reason there are two types is 
that some devices have built in cables while others have removable cables. If the cables 
were the same, it would be possible to connect a host hub port to another host hub port. 
Because of the polarity of the connectors, the +5 V would be connected to ground. To 
keep this from happening the hub’s output ports use type A connectors and the device 
input ports are type B. This means that it is impossible to connect one hub port to another 
hub port. On an external hub, the input to the hub is a type B connector unless the cable 
on the hub is permanently connected (no connector). 

 

 

Figure 3.33 
USB connectors 

Low-speed cables and high-speed cables 
The USB standard states that the USB will run at either 1.5 Mbps (slow-speed) or 12 
Mbps (fast speed). The USB must have low-speed cables and high-speed cables. This is 
due to the impedance difference caused by the different frequencies of data transfer. The 
low-speed cables use untwisted unshielded cable. The data pair is 28 AWG and the power 
pair is 20–28 AWG. The low-speed cable is used on devices like keyboards and mice. 
The maximum distance for low-speed cabling is 3 meters (10 feet). The high-speed cables 
use twisted shielded cable pairs. The data pair is 28 AWG and the power pair is 20–28 
AWG. The maximum propagation delay must be less than 30 ns. The maximum distance 
for high-speed USB is 5 meters (16 feet).   
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External hubs 
The external hubs are used to increase the amount of devices connected to the system. 
Usually they have four USB output ports and either one type B input connector or a 
dedicated cable. This cable has a type A plug. It is usually connected to a host hub, but 
could be connected to the output socket (type A) of another external hub. Even though the 
external hub is a repeater, it cannot extend the overall length of the system. This is 
because of the timing requirements of the USB standard.  

The external hub is an intelligent device that can control the communication lines and 
power lines on its USB ports. It is a bi-directional repeater for information coming from 
the host hub and from USB devices. It talks to and even acts like an external USB device 
to the host hub. It plays an integral part in the configuration of devices at start up. There 
is no physical limit to the number of hubs.  

USB devices 
The USB system supports every existing peripheral that can be connected to a PC. It also 
can and has been adapted to devices that are not usually considered peripherals. This 
would include data acquisition devices such as digital I/O modules and analogue 
input/output modules. All USB devices must be intelligent devices. Smart devices 
obviously cost more than ‘dumb’ RS-232 and RS-485 connected devices. With this 
increased cost, the user gets more functions, ease of use and the ability to connect more 
devices to the PC. With the old non-USB system, the computer was limited to a few 
devices. The USB system allows 127 devices to be connected to the PC at the same time.  

There are two types of USB device: 
•  Low-speed, and  
•  High-speed 

 
The low-speed devices are not only limited in their speed but also in features. These 

devices include keyboards, mice, and digital joysticks. Since these devices put out small 
amounts of information, they are polled less frequently and are slower than other devices. 
When high-speed devices access the USB bus, the low-speed device communication is 
disabled. Turning off the low-speed device ports at the root or external hubs disables the 
low-speed devices. The hubs re-enable the low-speed ports after receiving a special 
preamble packet.  

High-speed devices like printers, CD–ROMs, and speakers need the speed of the          
12 Mbps bus to transfer the large amount of data required for these devices. All high-
speed devices see all traffic on the bus. They are never disabled like the low-speed 
devices. When a device like a microphone is ‘connected’ to the speakers most of the 
traffic and therefore packets will be used by the audio system. Other traffic like keyboard 
and mouse functions will have to wait. The host hub controller driver decides who has to 
wait and how long. 

Host hub controller hardware and driver  
The host hub controller hardware and software driver controls all transactions. The host 
hub controller hardware does the physical connections from the PCI bus to the USB 
connectors. It enables and initializes the host ports one at a time. It determines the speed 
and direction of data transfer on both host ports. The host controller in conjunction with 
the host hub software driver determines the frame contents, prioritization of the devices 
and how many frames are needed for a particular transfer. 
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Figure 3.34   
Host hub controller diagram 

USB software driver 
The USB software driver handles the interface between the USB devices, the device 
drivers, and the host hub driver. When it receives a request from a device driver in the PC 
to access a certain device, it coordinates the request with other device requests from the 
application software in the PC. It works with the host hub controller driver to prioritize 
packets before they are loaded into a frame. The USB software driver gets information 
from the USB devices during device configuration. It uses this information to tell the host 
hub controller how to communicate to the device. 

Device drivers 
For each USB device, a device driver must be loaded into the PC. This device driver is a 
software interface between the external USB device and the application software, the 
USB software driver and the host hub controller driver. It has information for the other 
drivers about that particular device’s needs. This information is used to determine things 
like the type, speed (although that information can be determined physically by the hub 
ports), priority, and function of the device, as well as the size of packet needed for the 
transfer of data. 
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Communication flow 
As mentioned before, the USB system is a master/slave, half duplex, timed 
communication bus system designed to connect peripherals and external hubs. This 
means that the peripherals cannot initiate a communication on the USB bus. The master 
(or host) hub has complete control over the transaction. It initiates all communications 
with hubs and devices. The USB is timed because all frames are sent within a 1 ms time 
slot. More than one device can place a packet of information inside that 1 ms frame. The 
host hub driver, in conjunction with the USB software driver determines the size of the 
packet and how much time each device is allocated in one frame. 

If the applications software wants to send or receive some information from a device, it 
initiates a transfer via the device driver. Either the manufacturer of the device supplies 
this device driver or it comes with the operating system. The USB driver software then 
takes the request and places it in a memory location with other requests from other device 
drivers. Working together the USB driver, the host hub driver and the host hub controller 
place the request, data, and packets from the device drivers into a 1 ms wide frame. The 
host controller then transfers the data serially to the host hub ports. Since all the devices 
are in parallel on the USB bus, all devices ‘hear’ the information (except low-speed 
devices, unless it is a low-speed transfer. Low-speed devices are turned off when they are 
not being polled.) If necessary, the host waits for a response. The remote USB device 
then responds with an appropriate packet of information. If a device does not see any bus 
activity for 3 ms, it will go into the suspend mode. 

 

 

Figure 3.35  
Example of an IN packet 

There are four types of IN packets (reading information from a device) and three types 
of OUT packets (sending information out to a device). 

Certain devices like mice and keyboards need to be polled (IN packets), but not too 
often. The USB software driver knows about these devices and schedules a regular poll 
for them. Included in the response are three levels of error correction. This type of 
transfer is very reliable. The peripherals are usually low-speed devices and therefore need 
a distinct low-speed packet to enable them. This packet is called a preamble packet. The 
preamble packet is sent out before the poll. The low-speed devices are disabled until they 
receive this preamble packet. Once they are enabled, they hear the poll and respond. Only 
one device can be polled at a time and therefore only one device will respond. USB has 
no provisions for multiple responses from devices.  
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On the other hand, there are devices that need constant attention but polling is not 
possible. These would be devices like microphones (IN packets), speakers (OUT 
packets), and CD-ROMs (both types of packets IN and OUT). The transfer rate is very 
important to these devices. Obviously, they would use the high-speed transfer rate and 
they would use a large portion of the frame (up to 90%). The receiving device does not 
respond to the data transfer. This transfer is a one-way data transfer (simplex). This 
means that error correction is effectively turned off for these types of transfers.  

The physical layer 
The physical layer of the Universal Serial Bus is based on a differential +/– 3 V dc 
communication system. It is in some ways very similar to the RS-485 voltage standard. 
Unfortunately, it does not have the range of RS-485. This is not because of the type of 
wire used or because of the USB voltage standard itself, but because of the timing 
requirements of the USB protocol. In order to fit in everything the peripherals do on a 
USB bus, it was necessary to put very strict time requirements on the USB.  

The USB physical standard has many benefits to the user. It is fast – 12 MHz – is very 
resistant to noise and is very reliable as long as the cabling rules are followed. With 
standardized cables and connectors, it is very hard for the user to get things wrong when 
cabling the USB system.  

 

 

 

Table 3.9   
USB connector pins 

The story goes that one day Bill Gates was watching his new computer being installed. 
When he saw the number of wires coming out of the back of the computer, he called the 
CEO at Intel and said, ‘We have to get rid of this mess of cables and connectors’. And as 
they say, the rest is history. 

Connectors 
The plugs and sockets on the USB have two wires for data communication and two wires 
for power. Using bus-powered devices is optional. The pins on the plug are not the same 
lengths. The power pins are 7.41 mm long and the communication pins are 6.41 mm long. 
This means that if a cable is plugged in ‘hot’ the power will be applied to the device 
before the communications lines. More importantly, it also means that when a cable is 
unplugged the data communications lines will be disconnected before the power. This 
reduces the possibility of back EMF voltage damaging the equipment. There are two 
types of connectors for the USB, type A and type B.  

Type A is a flat semi-rectangular keyed connector that is used on the host ports, 
external hubs, and devices. The type B keyed connector is half-round and smaller than the 
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type A connector is. Note that both type A and B plugs have the USB symbol on the top 
of the connector. This is for orientation purposes.  

The hubs and devices all have female sockets, while the cables have a type A male plug 
on one end and a type B on the other end. This is because if there were a type A on both 
ends it would be possible to connect two host hub sockets or external hub sockets. Cables 
that are not removable from the device or external hub only have a type A plug on one 
end. 

Cables 
The cables for the USB are specified as either low- or high-speed cables. Both the low- 
and high-speed cables can use type A connectors, but only a high-speed device can use 
type B connectors. Detachable cables are therefore always high-speed cables.  

Due to that fact that the impedance of a cable is determined in part by the frequency of 
the signal, the two speeds need two different cables. External hubs are always high-speed 
units, but they accept low- and high-speed cables. Low-speed devices like keyboards only 
connect to other low-speed devices using low-speed cables. The ports on the hub can 
detect the speed of the device on the other end. If the D+ line is pulled high (+3.0 V dc to 
+3.6 V dc) then the device is considered high-speed. If the D– line is pulled high then the 
device is considered low-speed.  

The low-speed (1.5 Mbps) cable is an unshielded, untwisted data cable. The 
communication pair is 28 AWG gauge but due to the lack of shielding and twisting, the 
overall diameter of the cable is smaller than a high-speed cable. The maximum distance 
for the low-speed cable is 3 meters (10 feet). This includes all host hub ports to external 
hub as well as the external hub to device cables. Usually on data communication systems, 
slower data speeds mean longer distances. In this case, the cable is unprotected against 
noise and because of the FCC restrictions on 1 to 16 Mbps communication the distance is 
severely limited. 

The high-speed (12 Mbps) cable uses shielded twisted pair 28 AWG gauge wire. The 
maximum distance for high-speed cables is 5 meters (16 feet). Again, this includes all 
hub-to-hub and hub-to-device connections. The shield is internally connected to chassis 
ground at both ends. Usually on data communication systems, the ground is connected at 
only one end, but because the distances are short, this is not a problem.  

Note: It is recommended to measure the chassis to chassis ground difference between 
both devices before making the connection. 
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Figure 3.36  
Low-speed and high-speed cables 

The power pair on both low- and high-speed cables is 20 to 28 AWG gauge. The power 
pair supplies between 500 and 100 mA to external devices at +5 V dc. Every port on a 
hub provides this power to the devices if enabled by the hub. All hubs can decide if a port 
has power applied to the connector. If an external hub is itself powered by the bus then it 
divides the 500 mA up into 100 mA or so per port.  

Signaling 
When a device is plugged in to a hub, the port on the hub immediately determines the 
speed of the device. The port looks at the voltage on the D+ and D– lines. If the D+ line 
goes positive, the port knows that the device is a high-speed device. If the D– line goes 
positive, the port knows that the device is a low-speed device.  

If both D+ and D– voltages fall below 0.8 V dc for more than 2.5 ms, the hub sees this 
as the device having been disconnected. If the voltage on either line is raised above 2 V 
dc for more than 2.5 ms, the port sees this as the device is plugged in.  
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Figure 3.37  
USB wiring diagram 

The idle states for low and high-speed devices are opposite each other. For the low-
speed device the idle state is the D+ line is a 0 V and the D– is a positive voltage. The 
idle state for the high-speed devices is such that the D+ is a positive voltage and the D– is 
0 V at idle. In most data communications, a positive voltage indicates a zero (0) condition 
and a one (1) is minus voltage. In the USB system, it is not possible to say this because it 
uses an encoding system called NRZI. 

The voltages used for the differential balanced signaling are: 
• Maximum voltage transmitted +3.6 V dc 
• Minimum voltage transmitted +2.8 V dc 
• Minimum voltage needed to sense a transition +/– 0.2 V dc 
• Typical line voltage as seen from the receiver +/– 3 V dc 
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NRZI and Bit Stuffing 

 

Figure 3.38 
NRZI example 

The USB uses the non-return to zero inverted (NRZI) encoding scheme. In NRZI a ‘1’ 
is defined as no change or transition of voltage whereas a “0” is a change or transition of 
voltage. A string of 0s would cause a clock-like data stream. The USB signaling system 
uses the transition from one voltage to another to synchronize the receivers. A stream of 
1s therefore would mean no transitions. This would cause the receiver to lose 
synchronization. To overcome this problem the USB system uses a 6 of 7 bit stuffing 
technique. If six or more 1s are to be transmitted in a row, the transmitter stuffs in a 0 (a 
transition). If the receiver sees six 1s in a row, it knows that the next transition (zero) is to 
be ignored. 

Power distribution 
Devices like keyboards and mice need power to operate. This power is supplied by the 
USB system through the cables and hubs. External hubs can be either self-powered or 
powered off the bus. The voltage supplied by a USB hub is +5 V dc. The hubs must be 
able to supply minimum of 100 mA and maximum of 500 mA through each port. If an 
external hub with four ports is powered off the bus it divides the 500 mA supplied off the 
bus between the ports. Four times 100 mA equals 400 mA. This leaves 100 mA to run the 
hub. It is not possible to connect two bus-powered hubs together unless the devices 
connected to the last hub are self-powered. If the external hub is self-powered (i.e. mains-
powered), it should be able to supply 500 mA to each of the ports. 

Data link layer 
The data link layer within the USB specification defines the USB as a master/slave, half 
duplex, timed communication bus system designed to connect close peripherals and 
external hubs. The hardware and software devices such as the host hub controller 
hardware and driver, USB software driver and device drivers all contribute to the data 
link layer of the USB.  
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With all these devices working together, the data link layer accomplishes the following: 
•  Collects data off the PCI bus via the device drivers 
•  Processes the information or data  
•  Verifies, determines and processes the different transfer types  
• Calculates and checks for errors in the packets and frames  
•  Puts the different packets into 1 ms frames 
•  Checks for start of frame delimiters 
•  Sends the packets to the physical layer 
•  Receives packets from the physical layer 
 

 

Figure 3.39  
USB data link layer block diagram 

Transfer types 
A good place to start when looking at the data link layer of the USB is with the four 
different transfer types. The wide range of devices that the USB has to deal with requires 
that there be multiple transfer types. These are: 

•  Interrupt transfer 
•  Isochronous transfer 
•  Control transfers 
•  Bulk transfers 
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As stated before, two speeds can be used in the USB system. For the most part the data 
link layer is the same, but there are some differences. The low-speed devices do not 
support bulk and isochronous transfers. The reason for this will become apparent in the 
following transfer descriptions.  

The interrupt transfer is used for devices that traditionally used IRQ lines. Devices 
like keyboards, mice, and DAQ cards use the IRQ lines to tell the computer that they 
needed service. The USB does not support devices that initiate requests to the computer. 
To overcome this problem the USB driver initiates a poll of those devices that it knows 
need periodical attention. This poll must be frequent enough so that data does not get lost, 
but not too frequent, as not to use up much needed bandwidth. When installed, the device 
determines its minimum requirements for polling. Devices that need to be polled are 
rarely polled on every frame. The keyboard is typically polled only every 100th frame.  

Isochronous transfer is used when the devices need to be written to or read from at a 
constant rate. This includes devices like microphones and speakers. The transfer can be 
done in an asynchronous, synchronous or device specific manner, depending on the 
device. This constant attention requires that the bulk of the bandwidth of the frame be 
allocated to one or two devices. If too many of these transfers take place at the same time, 
data could be lost. This type of transfer is not critical for data quality. There is no error 
correction and lost data or data that contains errors is ignored. Low-speed devices cannot 
use isochronous transfer because of the small amounts of data being transferred. It is not 
possible to move data fast enough using low-speed devices. In an isochronous transfer, 
the maximum amount of data that can be placed in one packet is 1023 bytes. There is no 
maximum number of packets that can be sent. 



Serial communication standards   

 

93

 

Figure 3.40  
Isochronous transfer example 

Control transfers are used to transfer specific requests and information to specific 
devices. This method is used mostly during the configuration and initialization cycles. 
These transfers are very data critical and require a response or acknowledgment from the 
device. Full error correction is in force for this type of transfer. All devices use this type 
of transfer at one time or another. These transfers use very little bandwidth but because 
the device must respond back to the host hub, the frames are dedicated to this one 
transfer.  

Bulk transfers are used to transfer large blocks of data to devices that are not time 
dependent but where data quality is important. A typical device that would use the bulk 
transfer method would be a writeable CD or printer. These devices need large amounts of 
data but there is no time constraint like there is for a speaker. Whether the data get there 
in this 10 ms block or the next is not a problem. However, they do need correct data, so 
this type of transfer includes handshaking and full error correction. 
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Figure 3.41  
 Bulk transfer example 

Packets and frames 
The USB protocol can and often does use a multi-packeted frame format. The USB frame 
is made up of up to three parts. One frame equals one transaction. 

The three parts of the USB frame are: 
•  The token packet  
•  The data packet 
•  Handshaking  

 
Every frame starts with a token packet. The token packet includes the other smaller 

packets. These include the synchronization pattern, packet type ID and token packet type.  
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Figure 3.42   
Packet format 

There are four types of token packets: 
•  Start of frame packets  
•  In packets 
•  Out packets 
•  Setup packets 

 
The start of frame token packet indicates the start of the packet. This tells the receiver 

that this is the beginning of the 1 ms frame. The ‘in’ packets transfer data in from the 
devices to the PC. The ‘out’ packets transfer data out from the PC to the device. The ‘set-
up’ packet is used to ask the devices or hubs for startup information. They have 
information for the devices or hubs. 

A special packet is only used on low-speed transfers. It is called the preamble packet. It 
is a shorter packet than the high-speed frame, only holds up to 64 bytes of data and 
always uses handshaking. It only has three variations, in packet, out packet and setup 
packet. 

 

 

Figure 3.43  
End of packet waveform 

At the end of all packets, except for isochronous frames, there is an error correction 
packet. On high-speed frames, this is a 16 bit CRC, low-speed devices use a 5 bit CRC 
because of their smaller packets. If a device or host hub sees an end of frame message, it 
checks the CRC. If the CRC is correct, it assumes that this is the end of the message. If 
the CRC is not correct and the timeout limit has not been reached, the receiver waits. If 
the CRC is not correct and the timeout has been reached, the receiver assumes that the 
frame is not correct. 



  Practical Data Communications for Instrumentation and Control 

 

96 

Application layer (user layer) 
The application layer can be divided into two sub-layers, the operating system, (such as 
Windows 2000) and the device application software (such as a modem application 
program).  

The application layer of the USB standard is really a user layer, because the USB 
standard does not define a true application layer. What it does define is a user layer that 
can be used (by an application programmer) to build an application layer.  

 
 

 

Figure 3.44  
Application software diagram 
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The operating system user layer includes: 
•  Commands  
•  Software drivers 
•  Hub configuration 
•  Bandwidth allocation  

 
Device applications would use:  

•  Commands 
•  Device drivers 
•  Device configuration 

 
Specific user layer information can be found in the universal serial bus specifications at 

the USB Implementers Forum web page at http://www.usb.org. 

Conclusion 
Designed as a peripheral connection system for the PC, the USB can be adapted to be 
used on data acquisition systems. Now that the DAQ industry is developing increasingly 
intelligent data acquisition and control systems, the USB is easily adaptable to modern 
DAQ. The devices can be either low- or high-speed devices and very quickly and easily 
connected to a PC. There are many devices on the market now and it is bound to grow in 
the future. With the plug and play, system incorporated in USB the user does not have to 
spend hours or even days configuring the DAQ system. These time savings often offset 
the extra cost of the devices. 

The target speed of USB 2.0 is 480 Mbps, as announced by the USB 2.0 promoter 
group, consisting of Compaq, Hewlett-Packard, Intel, Lucent, Microsoft, NEC, and 
Philips. The target speed announcement coincides with the release of the USB 2.0 
specification draft to industry developers. 

Acknowledgments 
Information from the following sources has been included in this section: 

•  Universal Serial Bus Specification, USB Implementers Forum web page at 
http://www.usb.org 

•  Universal Serial Bus System Architecture, MindShare Inc., by Don Anderson  
•  Intel USB Product Specifications Intel 8x930 and 8x931 USB Peripheral 

Controllers at:  
http://www.intel.com/design/usb/prodbref/29776501.htm 

•  Other Web sites of interest:  
http://www.lucent.com/micro/suite/usb.html  
http://www-us.semiconductors.philips.com/usb/ 

 
 
 
 
 
 
 
 



  Practical Data Communications for Instrumentation and Control 

 

98 

 
 

 



Practical Data 
Communications & 
Networking for 
Engineers & Technicians 

YOU MAY ALSO BE INTERESTED 
IN THE FOLLOWING TITLE: 

This book is available for purchase in 

printed form or as an ebook 
 

For more details about this title 

please visit the link below: 

http://www.idc-online.com/content/data-communications-networking-engineers-and-technicians-

22?id=30 

If you would like a quote or any further information  
please do not hesitate to contact us:  

 

books@idc-online.com 


	00-DC-Book Boon First Pg Cover Rev 2
	01_DC_Prelims_r6
	02_DC_TOC_r6
	06_DC_03__r6
	07_DC_Book Boon Last Page Advertising Rev 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


