








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































important to interleave these additional signal layers with 
ground or power planes in order to increase shielding and to 
achieve good trace impedance control. 

Embedding the signal layers within the board does increase 
the number of vias which will be required to route to and 
from the active and passive components on the top and 
bottom layers. This will add some cost to the board and can 
result in transmission line traces that are marginally less 
than ideal. However, the potential for good EMI perform­
ance is worth the compromise. 

Eel Vee 

Differential t----,.-.----...... -:...-t 
Signal 

Source t---------... --c!t-4 

For lOOn trace impedance: 

Rl, R2 = 160n 
R3, R4 = 260n 

For other trace impedance: 

Rl, A2 = 1.6 x desired impedance 
R3, A4 = 2.6 x desired impedance 

Eel GND 

TLI F 112505 -21 

FIGURE 21. Thevenin Equivalent PECl Termination 

8.4 Power Supply Isolation and Filtering 

Proper power supply isolation and adequate filtering will 
help to reduce system noise sensitivities. The DP83223 and 
DP83840 devices posses unique analog and digital circuitry 
that require careful isolation and filtering techniques. Figure 
26 illustrates the Vee and Ground isolation connections rec­
ommended for a each port within a typical 100BASE-TX 
repeater design. Recommended filtering for the DP83850 is 
also provided. 

Due to power handling limitations of the Ferrite Beads, it is 
recommended that each port be configured as illustrated in 
Figure 26. 

Eel Vee 

�L�-�~�-�-�+�-�~�~�-�-�-�-�-�-�-�-�-�-�~�~�-�'�-�-�-�-�-�+�+�3�V� 

TL/F/12505-22 

R 1, R2 = toOn or desired resistance (Between 50n and lOOn) 

FIGURE 22. Direct PECEl Termination 

TL/F/12505-23 

FIGURE 23. Board layer Assignment Recommendation 
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DP83840 

Digital 

Vee 

To+ 
To-

SO+ 
SO-

Ro­
Ro+ 

."." 

"'''' SO+ 00 

So-
+ I 

Analog 

To+ DP83223 TXO+ Vee 
DP83840 TD- PEel TXO- Magnetics 

Vee PMlo+ 
so+ PMlo-
so- 1+ 
Ro-
Ro+ 

so+ 
so- Analog 

PEel DP83223 TXO+ Vee 
Vee TXO- Magnetics 

DP83840 
To+ Analog 
To- TXO+ Vee DP83223 TXO- Magnetics 
so+ PEel 

PMlo+ so- Vee PMIO- x x 
Ro- 1+ 
Ro+ 

FIGURE 24. Vee Plane Isolation Example for 100BASE·TX Repeater 
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0.25 inch gap between Chassis 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~9romd'~ ~a~~~ ~ 

System 
Ground 

DP83840 
TO+ 
TO-

50+ 
50-

RO­
RO+ 

DP83840 

DP83840 

TO+ 
TO-

50+ 
50-

RO­
RO+ 

TO+ 
TO-

50+ 
50-

RO­
RO+ 

Magnetics 

Magnetics 

Magnetics 

FIGURE 25. GND Plane Isolation Example for 100BASE-TX Repeater 
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FIGURE 26. Power Supply Isolation and Filtering Recommendation 
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Understanding Integrated 
Circuit Package Power 
Capabilities 

INTRODUCTION 

The short and long term reliability of National Semiconduc­
tor's interface circuits, like any integrated circuit, is very de­
pendent on its environmental condition. Beyond the me­
chanical/environmental factors, nothing has a greater influ­
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im­
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter­
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known "bathtub" curve plotting fail­
ure rate versus time. Similar to all system hardware (me­
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 

~ \(FANT t:! ~ORTALITY 
~ (SH"'"'''' ~ 

~r------I 

w n ~ 
EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/F/5280-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to t1 (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem­
bly and handling, and initial system test and operation. AI· 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 
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Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
"units of measure" for device reliability are inversely relat­
ed: 

MTBF = . 1 
Failure Rate 

Although the "bathtub" curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between t1 and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me­
chanical stress, thermal cycling, and electrical stress. How­
ever, die temperature during the device's useful life plays an 
equally important role in triggering the onset of wearout. 

FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur­
rence of these failures is a function which can be represent­
ed by the Arrhenius Model. Well validated and predominant­
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex­
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow­
ing equation: 

F = X1 = exp [~ (~ - ~) ] 
X2 K T2 T1 

Where: X1 = Failure rate at junction temperature T1 

X2 = Failure rate at junction temperature T2 

T = Junction temperature in degrees Kelvin 

E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman's constant 
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However, the dramatic acceleration effect of junction tem­
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en­
ergies in Figure 2. This graph clearly demonstrates the im­
portance of the relationship of junction temperature to de­
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re­
sults in a 10 to 1 increase in failure rate. 

~ 1000k 

~ := 100k t--+-t--+-+-~'---I 

~ 10k 
:::J 
00: 

~ 1k 
0 
~ 
w 100 !c ..: 
w 

10 a: 
3 
if 

60 90 120· 150 180 210 
JUNCTION TEMPERATURE (OC) 

TL/F/52BO-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte­
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 

DEVICE LEAD 

flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack­
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient' air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac­
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela­
tionship is: 

TJ = TA + Po (OJA) 
Where: T J = Die junction temperature 

T A = Ambient temperature in the vicinity device 

Po = Total power diGsipation (in watts) 

OJA = Thermal resistance junction-to-ambient 

OJA, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur­
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All interface circuit data sheets speCify the ther­
mal' characteristics and capabilities of the packages avail­
able for a given device under specific conditions-these 
package power ratings directly relate to thermal resistance 
junction-to-ambient or 0JA. 

Although National provides these thermal ratings, it is crit­
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using interface components. 

TL/F/52BO-3 

FIGURE 3. Integrated Circuit Soldered Into a Printed Circuit Board (Cross-Sectional View) 

DIE 
DIE PRINTED JUNCTION --+ DIE r--+ ATIACH r--+ PACKAGE r--+ LEAD r--+ CIRCUIT r--+ AMBIENT (ENERGY MATERIAL FRAME 
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AROUND r--+ AMBIENT 
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FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
(JJA, worst-case ambient operating temperature, T A(max), 
the only unknown parameter is device power dissipation, 
Po. In calculating this parameter, the dissipation of the inte­
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re­
sistance of 63°C/W is 108°C. 

TJ = 70°C + (63°C/W) x (0.6W) = 108°C 

The next obvious question is, "how safe is 108°C?" 

MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 

What is an acceptable maximum operating junction temper­
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in­
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life­
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack­
ages, the maximum allowable junction temperature is 
175°C. The numbers are different because of the differenc­
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 

Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex­
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi­
mum allowable temperature is 150°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1.98W as given by the following calculation: 

. T J(max) - T A 150°C - 25°C 98W 
Po @ 25°C = = = 1. 

(JJA 63°C/W 
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The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re­
ferred to as the derating factor. 

. 1 
Derating Factor = --

(JJA 
As mentioned, Figure 5 is a plot of the safe thermal operat­
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi­
mum package thermal capability line the junction tempera­
ture will remain below 150°C-the limit for a molded pack­
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 150°C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 150°C and 
is not an appropriate operating condition. 

2.4 t----t--+-_t_ I ~6-PIN-
t--t--t---ir-MO~DED PACKAGE­

~ 2.0 k---+--+--+---+--f---I 
~ " ~ MAXIMUM PAcbGE I---
~ 1.6 I~ THERMAL CAPABILITY I---
- t-:::---::-:-I-I-"\, ':-.LlNE I I--
~ 1.2 OPERATING~-.::IIj~-+_-t._~_-I 
C AREA " SLOPE= _.-1.._ 
ffi 08 ~ ()JA 

~ • Po=600mW " 

~ 0 4 ... OPERATlNGj ~ 
• POINTJTA=70°C_-f"~M-_-l 
o L..---L---Lli '--....LI_..J.-~"--J 
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TEMPERATURE (Oel 
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FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all interface circuits are ex­
pressed as a pow~r capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mWrC. For our example-a (JJA of 
63°C/W relates to a derating factor of 15.9 mW rc. 
FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri­
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist­
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases-this 
relates directly to having a larger area with which to dissi­
pate a given power. 
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FIGURE 6. Thermal Resistance vs Ole Size 

Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 43 type lead 
frame-these are lead frame materials commonly used in 
tho industry. Obviously the thermal conductivity of the lead 
framo material has a significant impact in package power 
capability. Molded interface circuits from National Semicon­
ductor use the copper lead frame exclusively. 
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FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol­
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa­
bilities of National Semiconductor's interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 
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When a high power situation exists and the ambient temper­
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor­
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor's interface 
circuits data sheets relate to the still air environment. 
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FIGURE 9. Thermal Resistance vs Air Flow 

Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech­
niques are required only in the very highest of power appli­
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (OJA) and thermal resistance 
junction-to-case (OJd. The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor­
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem­
perature. This is only used in extreme cases and is the ex­
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Interface Circuits product family. 
Figure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther­
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist­
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Interface Prod­
ucts define power dissipation (thermal) capability. This infor­
mation can be found in the Absolute Maximum Ratings sec­
tion of the data sheet. The thermal information shown in this 
application note represents average data for characteriza­
tion of the indicated package. Actual thermal resistance can 
vary from ± 1 0% to ± 15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the interface data 
sheets reflect a 15% safety margin from the average num-
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24- to 40-pin 0.6 mil width 

FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 

bers found in this application note. Insuring that total pack­
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter­
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation· at 25°C 
Cavity Package 1509 mW 
Molded Package 1476 mW 

• Derate cavity package at 10 mWI'C above 25°C; derate molded package 
at 11.8 mW fOC above 25°C. 

If the molded package is used at a maximum ambient tem­
perature of 70°C, the package power capability is 945 mW. 

PD @ 70°C= 1476 mW-(11.8 mWrC) X (70°C-25°C) 

= 945mW 

Cavity (J Package) DIp· 
Poly Ole Attach Board 
Mount-Still Air 

140 ,.....----,--,---r-r"T"'1rT'"M 

3 4 5 6 7 8910 

DIE SIZE (kMIL2) 
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22-pin 0.4 mil width 

24- to 48-pin 0.6 mil width 
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FIGURE 11. Thermal Resistance vs Ole Size 
vs Package Type (Cavity Package) 
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Operating Eel from a 
Single Positive Supply 

INTRODUCTION 

ECl is normally specified for operation with a negative VEE 
power source and a negative Vn termination supply. This is 
the optimum operating configuration for ECl but not the 
only one. Operating ECl from a positive Vee supply is a 
practical alternative that is gaining in popularity. Positive ref­
erenced ECl, or PECl as it is referred to, has been imple­
mented in various mixed signal ASIC for use in the Video 
Graphics and Communications fields and is used in clock 
distribution as well. New single supply translator chips are 
becoming available to facilitate the interface of PECl logic 
levels to TTL and back again. logic designers who strive for 
maximum speed in a system, now can easily replace sec­
tions of TTL logic with ECl and operate in PECl fashion 
from the common TTL Vee supply. 

STANDARD NEGATIVE SUPPLY 
ECl OPERATION AND WHY 

Figure 1 shows FlOOK logic elements operating in standard 
negative supply ECl configuration. The most positive poten­
tial is the primary voltage reference for ECl operation. Stan­
dard ECl input and output levels are therefore negative po­
tentials referenced to the stable passive Ground (OV). The 
inherent FlOOK voltage compensation permits stable input 
and output levels over a broad range of VEE'S; i.e., -4.2 to 
-5.7 VDC for 300 Series FlOOK. Thus ECl logic operating 
from a -4.2V VEE is compatible to logic operating from a 
-5.7V supply assuming both are referenced to a common 
OV Ground. 

Since ECl logic outputs only source currents that originate 
from the potential applied to its VeelVeeA pins, the use of a 
OV low impedance and low inductance ground potential is 
the optimum choice for operation. The use of a continuous 

Zo = son 

National Semiconductor 
Application Note 780 
John Davis 

copper ground plane as the primary ECl reference is the 
ideal source for the high frequency transient currents de­
manded by the logic during switching. Note that despite the 
ideal nature of a ground plane as the primary ECl refer­
ence, when mixing TTL (or other noisy circuitry) into ECl 
systems, the recommendation is to reference the TTL to a 
separate ground plano. This is to keep the high transient 
TTL switching energy out of the primary ECl reference and 
preserve ECl nOise margins. 

When FlOOK ECl output signal interconnection lengths are 
direct and short enough, transmission line effects may be 
ignored and then only a RE output biasing resistor is re­
quired for logic operation. Please refer to section seven of 
the "FlOOK ECl logic Databook and Design Guide" for a 
more detailed explanation of transmission line effects and 
ECl termination techniques. The RE resistor provides bias 
to keep the ECl emitter follower output transistor on for 
both high and low logic states. The RE resistor is normally 
connected between the ECl output and the most negative 
potential (VEE) thus permitting "single" supply operation. 

The VEE potential will ideally be distributed to the ECl logic 
from a power plane or bus which has low DC series resist­
ance and low AC impedance. The low AC impedance is 
essential to supply the transient energy needed during 
switching. Although the inherent nature of ECl by design is 
to maintain essentially constant lEE current even during 
switching, the charging and discharging of internal and ex­
ternal capacitances and the switching currents in the RE 
resistors place transient demands on VEE. The degree to 
which the user can maintain complementary balance of ECl 
output loading will greatly influence the nature of the tran­
sient lEE demands .. 

ZERO VOLT 
- ...... -~I-t-------4M----+-t---~ .... - GROUND PLANE 

FlOOK 300 Series Voltage levels 
Specified for Standard Negative 

VEE Supply Operation 

50 

500 RE 

.... ----il--- -2.0V VTT PLANE 

-~""'---""---+-----"I---""-- -4.5V VEE PLANE 

0.01 I. 0.01 I. 0.01 I. 0.01I. 0.01I. 

TLIF/10919-1 

level Min Typ Max Units 

VOH -1.025 -0.955 -0.87 VDC 
VIH -1.165 -0.87 VDC 
VBB -1.320 VDC 
VIL -1.83 -1.475 VDC 
VOL -1.83 -1.705 -1.62 VDC 

Conditions: VCCIVCCA = 0.0 VDC Ground 
VEE = -4.2 to -5.7 VDC 
RT = 500; Vn = - 2.0 VDC 
All Levels W.R.T. Ground 

FIGURE 1. ECl Standard Operation from a Negative VEE Supply 
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The usual recommendation for the VEE plane is to bypass 
every ECl device at its VEE pin with a good RF quality ce­
ramic capacitor. The point at which the RE resistors return 
to the VEE plane should also be bypassed particularly if it is 
a single return from a multiple resistor R-PAK. Values from 
0.01 J-LF to 0.10 J-LF of the "High K Class II Dielectric" ce­
ramic Z5U grade capacitor are recommended for commer­
cial applications. The lower series inductance inherent in 
the leadless chip style capacitor is preferred over leaded 
types for highest frequency performance. The "Mid K Class 
II Dielectric" ceramic X7R grade capacitor offers acceptable 
bypass operating characteristics over the broader tempera­
ture range of - 55°C to + 125°C. 

Bulk bypassing of the VEE plane with a 1 J-LF to 10 J-LF is 
recommended at the point where the VEE supply connects 
to the plane. Aluminum or Tantalum Electrolytic capacitors 
are usually used for bulk bypassing. Miniaturized surface 
mount Electrolytic capacitors are available for use in high 
density component applications. 

In typical ECl system designs, some inter-connection 
lengths will exceed the critical values and force the consid­
eration of transmission line effects. The most common high 
performance and power efficient termination scheme re­
quires the use of a negative 2.0V Vn termination supply. A 
single RT resistor in conjunction with the Vn supply will 
terminate each output's transmission line in its characteris­
tic impedance and will also provide optimum bias to the ECl 
output transistor. 

The Vn potential will ideally be distributed to the RT termi­
nators from a power plane which has low DC series resist-

ance and low AC impedance. The low AC impedance is 
essential to supply the transient energy in the termination 
resistors during switching. Bypassing VTT wherever RT re­
sistors return to the Vn plane is essential to maintaining the 
low AC impedance of the plane. Capacitor recommenda­
tions for bypassing Vn are the same as for VEE above. 

The regulation of the Vn supply is not critical. A variation of 
±5% from nominal causes typically only ± 12 mV variation 
in output levels for 50n terminations or ± 7 mV variation for 
1 oon terminations. Note that in standard ECl configuration, 
the Vn supply need only sink current into its negative termi­
nal (single ended Vn operation with positive terminal 
grounded). Vn here will typically be a simple series regulat­
ed supply. If the need for single negative supply operation is 
paramount, a less power efficient Thevenin termination 
scheme can be used between the VeelVeeA and VEE 
planes and selective use of series damping in conjunction 
with RE resistors may also be implemented. 

THE PEel TRANSFORMATION 

Transforming ECl from negative supply to positive supply 
operations is conceptually quite easy. Just offset all stan­
dard ECl operating potentials by a positive amount equal to 
an absolute value within the normal VEE operating range. 
For F100K 300 Series the normal VEE range is -4.5 to 
- 5.7 VDC. A 5V offset fits nicely within the range and hap­
pens to match the nominal potential for TIL systems. Thus 
VEE becomes the OV ground with VcclVCCA offset to + 5V 
and Vn (if required) offset to + 3 VDC. Figure 2 illustrates 
the transformation (from Figure 1). 

- ........ --t--4f-----M .... ---+-t---~._- +S.OV Vee PLANE 

.... ---If---- +3.0V VTT PLANE 

ZERO VOLT 
--O----~---~----~----.. ---GROUND PLANE 

O.01

I 

F100K 300 Series Voltage levels Specified for 
Positive Vee Supply [PEel] Operation 

level Min Typ 

VOH Vee - 1.025 Vee - 0.955 

VIH Vee - 1.165 

Vee Vee - 1.320 

VIL Vee - 1.83 

VOL Vee - 1.83 Vee - 1.705 

Conditions: VCCIVCCA = 4.2 to 5.7 VDC 
VEE = O.OV to Ground 
RT = 50!}; Vn = VCC - 2.0 VDC 
All Levels W.R.T. Ground 

Max Units 

Vee - 0.87 VDC 
Vee - 0.87 VDC 

VDC 
Vee - 1.475 VDC 
Vee - 1.62 VDC 

FIGURE 2. Eel Operation from a Positive Vee Supply [PEel] 
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CONSIDERATIONS FOR PEel OPERATION 

All the considerations previously discussed for standard op­
eration still apply; i.e., solid isolated and well bypassed ref­
erence planes, etc. Some additional considerations apply 
for PECL operation. 

PEeL input and output levels are referenced to the active 
positive Vee rail that is variable and subject to line and load 
regulation. PECL level compatibility between sub-systems 
or systems can be difficult if precise Vee distribution and 
accuracy are not maintained throughout. Differential PECL 
signal transmission and reception between systems may be 
necessary to ease the Vee accuracy burden. 

This active positive Vee potential is the primary reference 
for PECl levels and the source of PECl switching currents. 
The distribution of Vee to PECL logic is just as important as 
is the ground distribution to the standard ECL configuration. 
Vee should be delivered from a continuous copper plane 
with liberal use of high frequency decoupling capacitors at 
each PECL device's VeelVeeA pins. 

If TTL or other noisy circuitry is to share the Vee, a separate 
powerplane should be provided. TIL switching transients 
should be isolated from the PECL Vee plane to preserve 
PEeL noise immunity. Again, differential PECL operation 
may be warranted for situations where noise control is limit­
ed and good common mode noise rejection is required. 

The various requirements for output termination and bias 
previously discussed for standard ECl applies directly to 
PEeL operation. Note that the nominal + 3V Vn supply in 
PEeL mode is required to sink current into its positive termi­
nal (single ended Vn operation with negative terminal 
grounded) from the emitter follower outputs throught the RT 
resistors. A current sinking Vn supply will be necessary if 
operated single ended to ground. The Vn supply should 
track the Vee supply keeping a nominal 2V offset to assure 
optimum biasing of the outputs. 

The VEE for PECL operation is OV or ground potential and 
should be distributed from a continuous copper plane in 
consideration of handling the transients switching currents 
from the RE bias resistors. Although the PECL VEE plane 
will be somewhat tolerant of TIL noise, the recommenda-
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tion is to isolate TTL transient switching energy in a sepa­
rate TIL ground plane. 

POWERPlANES 

The dedication and organization of powerplanes is essential 
to successful ECL system design. 

Figure 3 illustrates an optimum powerplane implementation 
for Standard ECL operation on a printed circuit mother 
board in conjunction with TIL circuitry. Figure 4 shows an 
optimum powerplane configuration for PECL operation. 
Note that the dedication and positioning of separate ECL 
and TIL powerplanes is intended to preserve ECL noise 
immunity when operating in a mixed signal environment. 

Copper Plane 1 Signal 

2 TIL OV Ground 

3 TIL +5VVee 

4 Auxiliary GND/Power/Thermal 

5 ECL - 2VVn 

6 ECL - 4.5V VEE 

7 ECL OV Ground 

8 Signal 

FIGURE 3. Powerplane layup for 
Standard Eel Operation 

Copper Plane 1 Signal 

2 TILOVGround 

3 TIL +5VVee 

4 Auxiliary GND/Power/Thermal 

5 ECL + 3VVn 

6 ECL OV VEE/Ground 

7 ECL + 5VVee 

8 Signal 

FIGURE 4. Powerplane layup for Positive 
Referenced Eel 



The optimum multiple powerplane approach may not be fea­
sible for some designs. logic and powerplane partitioning 
(islands) can be used to control noise when Eel and TTL 
must share the same powerplane. Figure 5 illustrates the 
basic concept where areas of a system board are organized 
by logic type and share the same horizontal powerplane. 
low pass filters are usually used to help isolate high fre­
quency signals in sections of the shared plane. 

A A 

POWER SUPPLY SEQUENCING CONSIDERATIONS 

In logic systems where multiple independent power supplies 
are used, or where two independently powered systems are 
connected logically, some consideration must be given to 
supply sequencing. This is particularly true for Eel/PEel 
logic due to placement of ESD (Electrostatic Discharge) 
protection diodes on the inputs and outputs. Figure 6 shows 
the typical ESD diode placement in a F100K 300 Series 
device. Figures 78 and 7b illustrate independently powered 
Eel driver and receiver operating with an independent 
ground referenced Vn termination supply. 

PECL TO TTL PECl lOGIC (TTL PEeL 
TRANSLATOR 

L-J 

'4 '4 

~ TTL TO PECL t.. 

TTL lOGIC TTL I TRANSLATOR 
PEeL) 

I • 
V' 

))( +5V TTL vee PLANE )(f) .1 +5V PECl Vee PLANE 

I II I 
..l ..l = Fl FERRITE BEAD 

C 1 = PARALLEL COMBO 10//0.1 }J.F 

300 

FIGURE 5. Powerplane and Logic Partitioning 

Vee 

300 SERIES 
CIRCUIT 

SERIES C>--o-....J\Mr---+---1 
INPUT 

VEE 

FIGURE 6. F100K 300 Series ESD Diode Circuit Placement 
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When the devices (Figure 7a) are operated in Standard ECl 
fashion, VEE1 may be off while VEE2 and Vn remain on 
without causing a forward bias potential on any of the ESD 
diodes. Note that both the true and complement outputs of 
the ECl1 driver will source logic one current simultaneously 
to the Vn supply when VEE1 is off while Vn remains on. 
Emitter follower transistors of ECl1 are biased on to a logic 
high level by the Vn/RT even in absence of VEE1. The 
potential for Vn current overload exists under these cir­
cumstances. 

When VEE2 is powered off and Vn remains on, the low rail 
input ESD diode of ECl2 (connected to VEE2) will forward 
bias and conduct heavily as Vn tries to re-power the VEE2 
rail. The diode conduction will be limited by the RT resistor 
and the impedance of the off VEE2 supply in parallel with the 
ECL2 logic impedance. Although the ESD diode current 
density rating will typically support this current overstress, 
the recommendation is to avoid this by insuring that VEE2 
and Vn are ramped together and that VEE2 is never more 
positive than Vn by O.5V. 

When the devices (Figure 7b) are operated in PECl fashion, 
there is a very clear forward bias hazard to ESD diodes 
when supplies are sequenced. If VCC2 is dropped before 
VCC1, the positive referenced emitter followers of ECl1 will 
attempt to re-power up ECl2 through its high rail input ESD 
diode (connected to Vce). The ECl emitter follower outputs 
are low impedance voltage sources (6n typical) and can 
source an incredible amount of current (greater than 
200 mA each output). Thus VCC2 must never be more nega­
tive than VCC1 by 1.0V to avoid current overstress. 

When VCC1 is powered off and Vn and VEE2 remain on, 
the output ESD diode of ECl1 (connected to VCC1) will for-

ward bias and conduct heavily as Vn tries to re-power the 
VCC1 rail. The diode conduction will be current limited by the 
RT resistor and the impedance of the off VCC1 supply in 
parallel with the ECl1 impedance. Although the ESD diode 
current density rating will typically support this current over­
stress, the recommendation is to avoid this by insuring that 
Vn is never more positive than VCC1 by O.5V. 

If VCC1 and VCC2 are dropped while Vn remains on, then 
Vn tries to re-power both VCC rails through the output ESD 
diode of ECl1 and the high rail input ESD diode of ECl2. 
The forward bias current is limited by the RT resistor and 
the VCC1IVCC2 supply impedance in parallel with the collec­
tive logic impedance. This diode overstress is undesirable 
and should be avoided by insuring that Vn is never more 
positive than VCC1 or VCC2 by more than O.5V. 

If Vn is dropped before VCC1, then increased load current 
can flow through the RT resistor from the emitter follower 
output of ECl1. Therefore Vn ramping should be timed 
with VCC1 and VCC2. 

From the previous discussion, the most critical concern is 
that no PECl receiver should be powered down if driven 
directly by a powered up PECl driver without some form of 
current limiting. The inputs to the receiver must be current 
limited with external resistors of 100n or greater to be able 
to survive the overstress caused if V CC1 is ever permitted to 
be more positive than VCC2 by more than 1.0V. Although 
the use of current limiting resistors will alter the effective 
input edge rates and device propagation delays slightly, 
careful selection and placement of resistors will minimize 
device performance degradation. Use of surface mounted 
chip resistors located close to the input is recommended. 

----~--_4~----~--------------~--_4~----~----OVGROUND 

10 = 50 

50 

-4.5V Vm --+-_ ........ 1-.--_4.---------- -4.5 V VEE2 

1--------------------- -2. OV VTT 
TL/F/l0919-3 

FIGURE 7a. ESD Diodes In Standard ECl Operation 

+5V vee 1 ----~--_4~----.., r----~ .... --~~--- +5V Vee2 

10 = 50 

50 

----~----~----------------~--~----__ ----------OVGROUND 

'--------------------- +3V VTT 
TL/F/l0919-4 

FIGURE 7b. ESD Diodes In PECl Operation 
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DUAL SUPPLY TRANSLATORS-THE CONVENTIONAL family to operate in their conventional and Data Book speci-
APPROACH fied manner. System designers typically are most comfort-

Dual supply ECl-to-TTl and TTl-to-ECl IC translators have able with the dual supply aproach. This conventional meth-

been in general use for several years. These devices per- od permits the use of the most familiar design practice for 

form the logic level translations between ECl operating ECl and should easily yield reliable mixed signal system 

from a negative VEE supply and TTL operating from a posi- operation. The growing list of F1 OOK 300 Series Dual Supply 

tive Vee supply. This approach naturally allows each logic Translators, as shown in Figure 8, is testimony to the contin-
ued popularity and versatility of this approach. 

Features 100324 100325 100328 100329 100393 100395 100397 100398 

Data Bits 6 6 8 8 9 9 4 4 

ECl-to-TTl X X X X X X X 

TTl-to-ECl X X X X X 

Flow-Thru X X 

latched X X X X 

Registered .. X X 

ECl Differential Input X1 X X 

ECl Differential Output X X X 

ECl Output Drive (0) 50 50 50 25 25 

ECl Cutoff (Hi Z) X X X X 

TTL Output Drive (mA) (IOL/IOH) 20/-2 23/-3 24/-3 64/-15 64/-15 64/-15 64/-15 

TTL TRI-STATE® X X X X X X 

ECl Control Pins X X X X X 

TTL Control Pins X X X 

TPD E to T (ns Max) 4.8 5.9 7.7 5.3 6.4 5.8 5.8 

TPD T to E (ns Max) 3.0 3.8 3.9 2.4 2.2 

lEE (mA Max) -70 -37 -169 -199 -39 -67 -99 -99 

lEE (mA Max) (Cutoff) -169 -199 -159 -159 

lee (mA Max) 38 65 74 74 65 65 36 45 

1Vss provided for Single-ended Operation 

FIGURE 8. Table of F100K 300 Series Dual Supply Translators 
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SINGLE SUPPLY TRANSLATORS-THE NEW WAVE Ap· 
PROACH 

Single Supply Translators that allow PECl-to-TTl or TTl­
to-PECl interfaces are a recent addition to the F100K 300 
Series ECl family. Development of these devices is motivat­
ed by the need for a convenient technique by which higher 
performance ECl logic can be integrated into existing TTL 
systems containing a single positive supply. These devices 
should also provide a vehicle for new lower cost designs of 
mixed signal single supply systems. 

Figure 9 describes three such devices being offered in the 
F100K 300 Series family. The popularity of PECl operation 

Features 100390 

Data Bits 6 

ECl-to-TTl X 

TTl-to-ECl 

CMOS-to-ECl 

ECl Differential Input X2 

ECl Differential Output 

ECl Output Drive (.0.) 

ECl Cutoff (Hi Z) 

TTL Output Drive (mA) (IOLIIOH) 24/-3 

TTL TRI-STATE X 

TTL Control Pins X 

CMOS Control Pins 

TPD E to T (ns Max) 6.4 

TPD T to E (ns Max) 

TPD C to E (ns Max) 

lEE (mA Max) (Cutoff) 

lee (mA Max) 48 

2VSB provided for Single-ended Operation 

is expected to grow significantly as designers become more 
familiar with the technique. As interest and usage of Single 
Supply Translators increase, the family of this type of device 
can be expected to expand. 

A simple illustration of the ease with which the Single Sup­
ply Translator can accomplish the interface from TTL to 
PECl and back to TTL is shown in Figure 10. No'te that the 
translator devices have on chip Vee partitions that facilitate 
the use of dual powerplanes for the preservation of ECl 
noise immunity. Differential operation on the PECl side of 
the translator is recommended to be used to maximize 
noise immunity. A VBB reference voltage output is provided 
on the 100390 device to facilitate single ended operation. 

100391 100392 100389 

6 5 6 

X 

X X 

X X X 

50 25 50 

X 

X 

X X 

1.7 

TBD TBD 

TBD 

60 TBD TBD 

FIGURE 9. Table of F100K 300 Series Single Supply Translators 

+5V TTL Vee PLANE 

+5V ECL Vee PLANE 

I I I 
Vee TTLVee ECLVee Vee veeA ECLVee TTLVee Vee 

TTL I--- 100391 PECL 100390 I--- TTL 
LOGIC - ,. LOGIC LOGIC 

GND GND VEE GND GND 

1 RE :: RE 1 RE : ~ . ~ RE 1 .. 

OV GROUND PLANE 
TL/F/l0919-7 

FIGURE 10. Use of Single Supply Translators 
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tflNational Semiconductor 

Transmission Line Concepts 

Introduction La = 8Zo (3-3) 

(3-4) The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter­
connections as transmission lines. A brief review of basic 
concepts is presented and simplified methods of analysis 
are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 

Simplifying Assumptions 
For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir­
cumstances allow such factors as attenuation, phase distor­
tion, and bandwidth limitations to be ignored. With these 
simplifications, interconnections can be dealt with in terms 
of characteristic impedance and propagation delay. 

Characteristic Impedance 
The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. 
For any length in which these distributed parameters are 
constant, the pair of conductors have a characteristic im­
pedance zoo Whereas quiescent conditions on the line are 
determined by the circuits and terminations, Zo is the ratio 
of transient voltage to transient current passing by a point 
on the line when a signal charge or other electrical distur­
bance occurs. The relationship between transient voltage, 
transient current, characteristic impedance, and the distrib­
uted parameters is expressed as follows: 

T = Zo = #, (3-1) 

where La = inductance per unit length, Co = capacitance 
per unit length. Zo is in ohms, La in Henries, Co in Farads. 

Propagation Velocity 
Propagation velocity v and its reciprocal, delay per unit 
length 8, can also be expressed in terms of La and Co. A 
consistent set of units is nanoseconds, micro henries and 
picofarads, with a common unit of length. 

1 
v = ~LoCo (3-2) 

Equations 3-1 and 3-2 provide a convenient means of deter­
mining the La and Co, of a line when delay, length and im­
pedance are known. For a length I and delay T, 8 is the ratio 
Til. To determine La and Co, combine Equations 3-1 and 
3-2. 
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8 
Co=­

Zo 
More formal treatments of transmission line characteristics, 
including loss effects, are available from many sources.1- 3 

Termination and Reflection 
A transmission line with a terminating resistor is shown in 
Figure 3-1. As indicated, a positive step function voltage 
travels from left to right. To keep track of reflection polari­
ties, it is convenient to consider the lower conductor as the 
voltage reference and to think in terms of current flow in the 
top conductor only. The generator is assumed to have zero 
internal impedance. The initial current 11 is determined by V 1 
and Zoo 

V1,h_ 11_ IT 

V'~. 
...- --+- 1) 

V, Ir 

V1 v~r RT 11=20 

LINE LENGTH = I DELAY=T= III 

TL/F/9900-1 

FIGURE 3-1. Assigned Polarities and 
Directions for Determining Reflections 

If the terminating resistor matches the line impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm's law, 
always prevail at RT. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and RT had been connected directly across the terminals of 
the generator. From the RT viewpoint, the only thing the line 
did was delay the arrival of the voltage step by the amount 
of time T. 

When RT is not equal to Zo, the initial current starting down 
the line is still determined by V 1· and Zo but the final steady 
state current, after all reflections have died out, is deter­
mined by V1 and RT (ohmic resistance of the line is as­
sumed to be negligible). The ratio of voltage to current in the 
initial wave is not equal to the ratio of voltage to current 
demanded by RT. Therefore, at the instant the initial wave 
arrives at RT, another voltage and current wave must be 
generated so that Ohm's law is satisfied at the line­
load interface. This reflected wave, indicated by Vr and Ir in 
Figure 3-1, starts to return toward the generator. Applying 
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Termination and Reflection (Continued) 

Kirchoff's laws to the end of the line at the instant the initial 
wave arrives, results in the following. 

11 + Ir = IT = current into RT (3-5) 

Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 

V1 + Vr = VT 

VT V1 + Vr 
thus IT = -- = --- (3-6) 

RT RT 

also 

with the minus sign indicating that Vr is moving toward the 
generator. 

Combining the foregoing relationships algebraically and 
solving for Vr yields a simplified expression in terms of V1, 
Zo and RT. 

V1 _ Vr = V1 + Vr = V1 + Vr 

Zo Zo RT RT RT 

V1 (~ - ~) = Vr (~ + ~) 
Zo RT RT Zo 

Vr =V1 (RT - Zzo) = PL V1 
RT + 0 

(3-7) 

The term in parenthesis is called the coefficient of reflection 
p. With RT ranging between zero (shorted line) and infinity 
(open line), the coefficient ranges between -1 and + 1 re­
spectively. The subscript L indicates that P refers to the 
coefficient at the load end of the line. 

Equation 3-7 expresses the amount of voltage sent back 
down the line, and since 

VT = V1 + Vr (3-8) 

then VT = V1 (1 + pd. 
VT can also be determined from an expression which does 
not require the preliminary step of calculating PL. Manipulat­
ing (1 + pd results in 

RT - Zo . ( RT ) 1 + PL = 1 + --- = 2 ---
RT + Zo RT + Zo 

Substituting in Equation 3-8 gives 

VT=2(~)V1 
RT + Zo 

(3-9) 

The foregoing has the same form as a simple voltage divid­
er involving a generator V1 with internal impedance Zo driv­
ing a load RT, except that the amplitude of VT is doubled. 

The arrow indicating the direction of Vr in Figure 3-1 correct­
ly indicates the Vr direction of travel, but the direction of Ir 
flow depends on the Vr polarity. If Vr is positive, Ir flows 
toward the generator, opposing 11. This relationship be­
tween the polarity of Vr and the direction of Ir can be de­
duced by noting in Equation 3-7 that if Vr is positive it is 
because RT is greater than Zoo In turn, this means that the 
initial current Ir is larger than the final quiescent current, 
dictated by V1 and RT. Hence, Ir must oppose 11 to reduce 
the line current to the final quiescent value. Similar reason­
ing shows that if Vr is negative, Ir flows in the same direction 
as 11. 
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It is sometimes easier to determine the effect of Vr on line 
conditions by thinking of it as an independent voltage gener~ 
ator in series with RT. With this concept, the direction of Ir is 
immediately apparent; its magnitude, however, is the ratio of 
Vr to Zo, i.e., RT is already accounted for in the magnitude of 
Yr. The relationships between incident and reflected signals 
are represented in Figure 3-2 for both cases of mismatch 
between RT and Zoo 
The incident wave is shown in Figure 3-2a, before it has 
reached the end of the line. In Figure 3-2b, a positive Vr is 
returning to the generator. To the left of Vr the current is still 
11, flowing to the right, while to the right of Vr the net current 
in the line is the difference between 11 and Ir. In Figure 3-2c, 
the reflection coefficient is negative, producing a negative 
Yr. This, in turn, causes an increase in the amount of current 
flowing to the right behind the Vr wave. 

VI Vl,ll-

v1r--------'-<-T------=r::-, 

a. Incident Wave 

v, 1,-1, -
VI ~----.---t---I-;-t - - - - VT I, } 

T < t < 2T 

b, Reflected Wave for RT > Zo 

v"~ 
VI t---------+--...,..!.. - - -1 

T <, < 2T t }VT 

c. Reflected Wave for RT < Zo 
FIGURE 3-2, Reflections for RT =1= Zo 
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Source Impedance, Multiple Reflections 
When a reflected voltage arrives back at the source (gener­
ator), the reflection coefficient at the source determines the 
response to Vr. The coefficient of reflection at the source is 
governed by Zo and the source resistance Rs. 

Rs - Zo 
ps = Rs + Zo (3-10) 

If the source impedance matches the line impedance, a re­
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 

VT = V1 + Vrand IT = 11 - Ir (3-11) 

If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis­
matched on both ends is shown in Figure 3-3. The source is 
a step function of 1 V amplitude occurring at time to. The 
initial value of V 1 starting down the line is 0.75V due to the 
voltage divider action of Zo and Rs. The time scale in the 
photograph shows that the line delay is approximately 6 ns. 
Since neither end of the line is terminated in its characteris­
tic impedance, multiple reflections occur. 

The amplitude and persistence of the ringing shown in Fig­
ure 3-3 become greater with increasing mismatch between 
the line impedance and source and load impedances. Re-

Zo=93 {J 

RT= 00 t 
VT I 

TL/F/9900-5 

31 - 93 
Ps = 31 + 93 = -0.5 

00 - 93 
PL = 00 + 93 = + 1 

Initially: VI = ~. Vo = ~. 1 = 0.75V 
Zo + Rs 124 

H = 20 ns/div 
V =0.5 V/div 

TL/F/9900-6 

FIGURE 3-3. Multiple Reflections Due to 
Mismatch at Load and Source 
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ducing Rs (Figure 3-3) to 13!1 increases ps to - O. 75V, and 
the effects are illustrated in Figure 3-4. The initial value of 
VT is 1.8V with a reflection of 0.9V from the open end. When 
this reflection reaches the source, a reflection of 0.9V X 
-0.75V starts back toward the open end. Thus, the second 
increment of voltage arriving at the open end is negative 
going. In turn, a negative-going reflection of 0.9V X -0.75V 
starts back toward the source. This negative increment is 
again multiplied by -0.75 at the source and returned 
toward the open end. It can be deduced that the difference 
in amplitude between the first two positive peaks observed 
at the open end is 

VT - V'T = (1 + pd V1 - (1 + pd V1 p2L p2s 

= (1 + pd V1 (1 - p2L p2s)· 
(3-12) 

The factor (1 - p2L p2s) is similar to the damping factor 
associated with lumped constant circuitry. It expresses the 
attenuation of successive positive or negative peaks of ring­
ing. 

- Vr 

- V1 

H = 20 ns/div 
V=0.4 V/div 

TLIF/9900-7 

FIGURE 3-4. Extended Ringing when Rs 
of Figure 3-3 is Reduced to 130 

Lattice Diagram 
In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 
ends becomes a bookkeeping chore. A convenient and sys­
tematic method of indicating the conditions which combines 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram.4 A lattice diagram for the line condi­
tions of Figure 3-3 is shown in Figure 3-5. 

The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at to for V1 and T for VT. The 
diagonal lines indicate the incremental voltages traveling 
between the ends of the line; solid lines are used for posi­
tive voltages and dashed lines for negative. It is helpful to 
write the reflection and transmission multipliers p and 
(1 + p) at each vertical line, and to tabulate the incremental 
and net voltages in columns alongside the vertical lines. 
Both the lattice diagram and the waveform photograph 
show that V1 and VT asymptotically approach 1V, as they 
must with a 1 V source driving an open-ended line. 
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Lattice Diagram (Continued) 

Vl 
(1 +p)- +0.5 P = -0.5 

SUM: 
+0.75 V 

+ 0.375 V 
+ill5V 

-0.188V 
+D.i37V 

+0.094V 
+1.031 V 

-0.047 V 
+O:984V 

1=10 

2T 

4T 

8T 

8T 

Vy 

p_+l (l+p)-+2 

3T 

5T 

7T 

9T 

SUM: 

+1.50V 

-0.75V 
+0.75V 

+0.375 V 
+1.125V 

-0.IS8V 
+ 0.937 V 

+ 0.094 V 
+1.031 V 

TlIF/9900-8 

FIGURE 3-5, Lattice Diagram for the Circuit of FIgure 3-3 

Shorted Line 
The open-ended line in Figure 3-3 has a reflection coeffi­
cient of + 1 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt­
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of -1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 

Shorted line conditions are shown in Figure 3-6a with the 
reflection coefficient at the source end of the line also nega­
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect­
ed in the opposite polarity. Figure 3-6b shows the response 
to an input step-function with a duration much longer than 
the line delay. The initial voltage starting down the line is 
about +0.75V, which is inverted at the shorted end and 
returned toward the source as -0.75V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + ps), 
causing a -0.37V net change in V1. Concurrently, a reflect­
ed voltage of +0.37V (-0.75V times Ps of -0.5) starts 
back toward the shorted end of the line. The voltage at V 1 is 
reduced by 50% with each successive round trip of reflec­
tions, thus leading to the final condition of zero volts on the 
line. 

When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 
3-6c. The amplitude decreases by 50% with each succes­
sive occurrence as it did in Figure 3-6b. 
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a. Reflection Coefficients for Shorted Line 
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b. Input Pulse Duration ~ Line Delay 
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c. Input Pulse Duration < Line Delay 

FIGURE 3-6. Reflections of Long and Short Pulses on a Shorted Line 
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Series Termination 
Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the backplane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. Figure 3-7 shows a 9311 line driven from a 1 V 
generator through a source impedance of 9311. The photo­
graph illustrates that the amplitude of the initial signal sent 
down the line is only half of the generator voltage, while the 
voltage at the open end of the line is doubled to full ampli­
tude (1 + PL = 2). The reflected voltage arriving back at 
the source raises V1 to the full amplitude of the generator 
signal. Since the reflection coefficient at the source is zero, 
no further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con­
nected at or near the end of the line to avoid receiving a 2-
step input signal. 

An ECl output driving a series terminated line requires a 
pull-down resistor to VEE, as indicated in Figure 3-8. The 
resistor Ro shown in Figure 3-8 symbolizes the output resist­
ance of the ECl gate. The relationships between Ro, Rs, RE 
and Zo are discussed in Chapter 4. 

Rs .. 93n Zo=93n 

':f--J-1 --J.7 
TL/F/9900-12 

H = 10 nsldiv 
V=0.4 Vldiv 

TL/F/9900-13 

FIGURE 3·7. Series Terminated Line and Waveforms 

RS Zo 

RE 

VEE 

FIGURE 3·8. ECl Element Driving 
a Series Terminated Line 
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Extra Delay with Termination 
Capacitance 
Designers should consider the effect of the load capaci­
tance at the end of the line when using series termination. 
Figure 3-9 shows how the output waveform changes with 
increasing load capacitance. Figure 3-9b shows the effect 
of load capacitances of 0, 12, 24, 48 pF. With no load, the 
delay between the 50% points of the input and output is just 
the line delay T. A capacitive load at the end of the line 
causes an extra delay t:. T due to the increase in rise time of 
the output signal. The midpoint of the output is used as a 
criterion because the propagation delay of an ECl circuit is 
measured between the 50% points of the input and output 
signals. 

TLIF/9900-15 

a. Series Terminated Line with load Capacitance 

H = 1 nsldiv 
V =0.2 Vldlv 

TL/F/9900-16 

b. Output Rise Time Increase with 
Increasing load Capacitance 

LO% 
LINE 
INPUT T 

LINE 
OUTPUT 

TLIF/9900-17 

c. Extra Delay t:. T Due to Rise Time Increase 

FIGURE 3·9. Extra Delay with Termination Capacitance 
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Extra Delay with Termination Capacitance (Continued) 
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a. Thevenln Equivalent for 
Series Terminated Case 

Z'=~ 
Zo 2 
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VIN(t)~ VIN(I)~ + 

C I r-20Q "z'c_~C cI'v

e 

b. Thevenln Equivalent for 
Parallel Terminated Case 

I 
1=0 I=a 

V 
Vin(t) = a [tu(t) - (t - a)u (t - a)] 

o fort < 0 
u(t) = 1 for t > 0 

u(t - a) = 0 for t < a, 
1 for t > a 

V 
VIN(S) = as2 (1 - e-as) 

v 

Ir= 0.8 a 
8=1.25Ir 

V 1 
Vc(S) = -. (1 - e-as) 

ar s2 (s + 1 IT) 

V 
vc<t) = - [t - T(1 - e- tlT)] u(t) 

a 

V - a [(t - a) 

!..=..! 
- T(1 - e- T )] u (t - a) 

TLIF/9900-19 
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c. Equations for Input and Output Voltages 

FIGURE 3-10" Determining the Effect 
of End-of-Llne Capacitance 
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The increase in propagation delay can be calculated by us­
ing a ramp approximation for the incident voltage and char­
acterizing the circuit as a fixed impedance in series with the 
load capacitance, as shown in Figure 3-10. One general 
solution serves both series and parallel termination cases 
by using an impedance Z' and a time constant T, defined in 
Figure 3-1 Oa and 3-10b. Calculated and observed increases 
in delay time to the 50% point show close agreement when 
T is less than half the ramp time. At large ratios of Tla 
(where a = ramp time), measured delays exceed calculated 
values by approximately 7%. Figure 3-11, based on mea­
sured values, shows the increase in delay to the 50% point 
as a function of the Z'C time constant, both normalized to 
the 10% to 90% rise time of the input signal. As an example 
of using the graph, consider a 100n series terminated line 
with 30 pF load capacitance at the end of the line and a no­
load rise time of 3 ns for the input signal. From Figure 3-10a, 
Z' is equal to 100n; the ratio Z'C/tr is 1. From the graph, 
the ratio AT Itr is 0.8. Thus the increase in the delay to the 
50% point of the output waveform is 0.8 tr, or 2.4 ns, which 
is then added to the no-load line delay T to determine the 
total delay. 

Had the 100n line in the foregoing example been parallel 
rather than series terminated at the end of the line, Z' would 
be 50n. The added delay would be only 1.35 ns with the 
same 30 pF loading at the end. The added delay would be 
only 0.75 ns if the line were 50n and parallel terminated. 
The various trade-ofts involving type of termination, line im­
pedance, and loading are important considerations for crit­
ical delay paths. 
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to Capacitive Loading at the End 
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Distributed Loading Effects on Line Characteristics 
When capacitive loads such as ECl inputs are connected 
along a transmission line, each one causes a reflection with 
a polarity opposite to that of the incident wave. Reflections 
from two adjacent loads tend to overlap if the time required 
for the incident wave to travel from one load to the next is 
equal to or less than the signal rise time.s Figure 3-12a 
illustrates an arrangement for observing the effects of ca­
pacitive loading, while Figure 3-12b shows an incident wave 
followed by reflections from two capacitive loads. The two 
capacitors causing the reflections are separated by a dis­
tance requiring a travel time of 1 ns. The two reflections 
return to the source 2 ns apart, since it takes 1 ns longer for 
the incident wave ,to reach the second capacitor and an 
additional 1 ns for the second reflection to travel back to the 
source. In the upper trace of Figure 3-12b, the input signal 
rise time is 1 ns and there are two distinct reflections, al­
though the trailing edge of the first overlaps the leading 
edge of the second. The input rise time is longer in the 
middle trace, causing a greater overlap. In the lower trace, 
the 2 ns input rise time causes the two reflections to merge 
and appear as a single reflection which is relatively constant 
(at::::: -10%) for half its duration. This is about the same 
reflection that would occur if the 930 line had a middle sec­
tion with an impedance reduced to 750. 

With a number of capacitors distributed all along the line of 
Figure 3-12a, the combined reflections modify the observed 
input waveform as shown in the top trace of Figure 3-12c. 
The reflections persist for a time equal to the 2-way line 
delay (15 ns), after which the line voltage attains its final 
value. The waveform suggests a line terminated with a re­
sistance greater than its characteristic impedance (RT > 

RS=93Q 

t 
I 

Vo Ie 2V 

Vl 

-=-

Zo). This analogy is strengthened by observing the effect of 
reducing RT from 930 to 750, which leads to the middle 
waveform of Figure 3-12c. Note that the final (steady state) 
value of the line voltage is reduced by about the same 
amount as that caused by the capacitive reflections. In the 
lower trace of Figure 3-12c the source resistance Rs is re­
duced from 930 to 750, restoring both the initial and final 
line voltage values to the same amplitude as the final value 
in the upper trace. From the standpoint of providing a de­
sired signal voltage on the line and impedance matching at 
either end, the effect of distributed capacitive loading can 
be treated as a reduction in line impedance. 

The reduced line impedance can be calculated by consider­
ing the load capacitance CL as an increase in the intrinsic 
line capacitance Co along that portion of the line where the 
loads are connected.6 Denoting this length of line as /, the 
distributed value Co of the load capacitance is as follows. 

CD is then added to Co in Equation 3-1 to determine the 
reduced line impedance Zo0 

/TO ~ lo 
Z'o = "\fCo+Co =Co ( CD) 

1 +-
Co (3-13) 

fLO 
z' + "\fCc = Zo 

o~~ 1+~ 1+~ 
Co Co 

Zo=930 

I I I 
-L -L -L 

I r r R,=,," 

-=-
TL/F/9900-22 

a. Arrangement for Observing Capacitive Loading Effects 

1,=1 ns 

1,=1.5 ns 

1,=2ns 

H =2 ns/div 
V = 0.25 V/div 

TL/F/9900-23 

b. Capacitive Reflections Merging 
as Rise Time Increases 

H=5 ns/dlv 
V = 0.25 V/div 

_Rs=RT= 
93 !! 

Rs = 93!! 

- RT= 75!! 

- Rs= RT= 
75 r. 

TLIF/9900-24 

c. Matching the Altered Impedance 
of a Capacitively Loaded Line 

FIGURE 3-12. Capacitive Reflections and Effects on Line Characteristics 
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Distributed Loading Effects on 
Line Characteristics (Continued) 

In the example of Figure 3-12c, the total load capacitance is 
33 pF while the total intrinsic line capacitance ICo is 60 pF. 
(Note that the ratio ColCo is the same as Cli I Co.) The 
calculated value of the reduced impedance is thus 

Z' 93 93 
o = ~ 1 + 33 = ~ = 75n 

60 

(3-14) 

This correlates with the results obse.rved in Figure 3-12c 
when RT and Rs are reduced to 75n. 

The distributed load capacitance also increases the line de­
lay, which can be calculated from Equation 3-2. 

0' = ~Lo (Co + Co) == ~LoCo ~1 + ~~ 
=0~1 + Co 

Co 

(3-15) 

The line used in the example of Figure 3-12c has an intrinsic 
delay of 6 ns and a loaded delay of 7.5 ns which checks 
with Equation 3-15. 

18' = 18~ = 6~ = 7.5 ns (3-16) 

Equation 3-15 can be used to predict the delay for a given 
line and load. The ratio ColCo (hence the loading effect) 
can be minimized for a given loading by using a line with a 
high intrinsic capacitance Co. 

A plot of Z' and 8' for a 50n line as a function of CD is 
shown in Figure 3-13. This figure illustrates that relatively 
modest amounts of load capacitance will add appreciably to 
the propagation delay of a line. In addition, the characteris­
tic impedance is reduced significantly. 
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FIGURE 3-13, Capacitive Loading 
Effects on Line Delay and Impedance 

Worst case reflections from a capacitively loaded section of 
transmission line can be accurately predicted by using the 
modified impedance of Equation 3-9.6 When a signal origi­
nates on an unloaded section of line, the effective reflection 
coefficient is as follows. 

Z'o - Zo 
p = Z'o + Zo (3-17) 
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Mismatched Lines 
Reflections occur not only from mismatched load and 
source impedances but also from changes in line imped­
ance. These changes could be caused by bends in coaxial 
cable, unshielded twisted-pair in contact with metal, or mis­
match between PC board traces and backplane wiring. With 
the coax or twisted-pair, line impedance changes run about 
5% to 10% and reflections are usually no problem since the 
percent reflection is roughly half the percent change in im­
pedance. However, between PC board and backplane wir­
ing, the mismatch can be 2 or 3 to 1. This is illustrated in 
Figure 3-14 and analyzed in the lattice diagram of Figure 
3-15. Line 1 is driven in the series terminated mode so that 
reflections coming back to the source are absorbed. 

The reflection and transmission at the point where imped­
ances differ are determined by treating the downstream line 
as though it were a terminating resistor. For the example of 
Figure 3-14, the reflection coefficient at the intersection of 
lines 1 and 2 for a signal traveling to the right is as follows. 

Z2 - Z1 93 - 50 
P12 = Z2 + Z1 = ~ = +0.3 (3-18) 

Thus the signal reflected back toward the source and the 
signal continuing along line 2 are, respectively, as follows. 

V1r = P12 V1 = +0.3V1 (3-19a) 

V2 = (1 + P12)V1 = +1.3V1 (3-19b) 

At the intersection of lines 2 and 3, the reflection coefficient 
for signals traveling to the right is determined by treating Z3 
as a terminating resistor. 

Z3 - Z2 39 - 93 
P23 = Z3 + Z2 = ~ = -0.41 (3-20) 

When V2 arrives at this point, the reflected and transmitted 
signals are as follows. 

V2r = P23 V2= -0.41 V2 
= (-0.41) (1.3) V1 (3-21 a) 

= -0.53V1 

V3 = (1 + P23) V2 = 0.59 V2 
= (0.59) (1.3) V1 (3-21 b) 

= 0.77V1 

Voltage V3 is doubled in magnitude when it arrives at the 
open-ended output, since Pl is + 1. This effectively cancels 
the voltage divider action between Rs and Z1. 

V4 = (1 + pd V3 = (1 + pd (1 + P23) V2 

= (1 + pd (1 + P23) (1 + P12) V1 (3-22) 

Vo 
= (1 + pd (1 + P23) (1 + P12) "2 

V4 = (1 + P23) (1 + P12) Vo 

Thus, Equation 3-22 is the general expression for the initial 
step of output voltage for three lines when the input is series 
terminated and the output is open-ended. 



Mismatched Lines (Continued) 

Note that the reflection coefficients at the intersections of 
lines 1 and 2 and lines 2 and 3 in Figure 3-15 have reversed 
signs for signals traveling to the left. Thus the voltage re­
flected from the open output and the signal reflecting back 
and forth on line 2 both contribute additional increments of 
output voltage in the same polarity as Vo. Lines 2 and 3 
have the same delay time; therefore, the two aforemen­
tioned increments arrive at the output simultaneously at 
time 5T on the lattice diagram (Figure 3-15). 

In the general case of series lines with different delay times, 
the vertical lines on the lattice diagram should be spaced 
apart in the ratio of the respective delays. Figure 3-16 
shows this for a hypothetical case with delay ratios 1 :2:3. 
For a sequence of transmission lines with the highest im-

Rs=50 (J 

pedance line in the middle, at least three output voltage 
increments with the same polarity as Vo occur before one 
can occur of opposite polarity. On the other hand, if the 
middle line has the lowest impedance, the polarity of the 
second increment of output voltage is the opposite of VO. 
The third increment of output voltage has the opposite po­
larity, for the time delay ratios of Figure 3-16. 

When transmitting logic signals, it is important that the initial 
step of line output voltage pass through the threshold region 
of the receiving circuit, and that the next two increments of 
output voltage augment the initial step. Thus in a series ter­
minated sequence of three mismatched lines, the middle 
line should have the highest impedance. 
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+ 0.65 V 
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+O.IIV 

+0.24 V 
+l.lSV 

Ps=O P12= +0.3 
P21= -0.3 

P23= -0.41 
P32= + 0.41 

H = 20ns/div 
V= 0.4 V/dlv 
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FIGURE 3·14, Reflections from Mismatched Lines 

VI 
p=O 

1=0 

2T 

3T 

4T 

ST 

8T 

7T 

8T 

9T 

V2 
P12= +0.3 
P21 = -0.3 

V3 
P23= -0.41 
P32= + 0.41 

V4 
PL=1 (l+PU= +2 --

+O.77V 

+0.40V 
+l.17V 

-~~" -,0.0&\1 

ETC. 

-0.12V 
+1.0SV 

TL/F/9900-28 

FIGURE 3·15, Lattice Diagram for the Circuit of Figure 3·14 
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Mismatched Lines (Continued) 

V~Tl~~~I~:~ ___ ~ ______ ·V+(~. _________ T3 ________ ~·~14 
1=0 

TL/F/9900-29 

FIGURE 3-16. Lattice Diagram for Three Lines with Delay Ratios 1:2:3 

Rise Time versus Line Delay 
When the 2-way line delay is less than the rise time of the 
input wave, any reflections generated at the end of the line 
are returned to the source before the input transition is com­
pleted. Assuming that the generator has a finite source re­
sistance, the reflected wave adds algebraically to the input 
wave while it is still in transition, thereby changing the shape 
of the input. This effect is illustrated in Figure 3-17, which 
shows input and output voltages for several comparative 
values of rise time and line delay. 

I n Figure 3-17b where the rise time is much shorter than the 
line delay, V 1 rises to an initial value of 1 V. At time T later, 
VT rises to 0.5V, Le., 1 + PL = 0.5. The negative reflection 
arrives back at the source at time 2T, causing a net change 
of -OAV, Le., (1 + PS) (-0.5) = -004. 

The negative coefficient at the source changes the polarity 
of the other 0.1 V of the reflection and returns it to the end of 
the line, causing VT to go positive by another 50 mV at time 
3T. The remaining 50 mV is inverted and reflected back to 
the source, where its effect is barely distinguishable as a 
small negative change at time 4T. 

In Figure 3-17c, the input rise time (0% to 100%) is in­
creased to such an extent that the input ramp ends just as 
the negative reflection arrives back at the source end. Thus 
the input rise time is equal to 2T. 

The input rise time is increased to 4T in Figure 3-17d, with 
the negative reflection causing a noticeable change in input 
slope at about its midpoint. This change in slope is more 
visible in the double exposure photo of Figure 3-17e, which 
shows V1 (tr still set for 4T) with and without the negative 
reflection. The reflection was eliminated by terminating the 
line in its characteristic impedance. 

4-190 

The net input voltage at any particular time is determined by 
adding the reflection to the otherwise unaffected input. It 
must be remembered that the reflection arriving back at the 
input at a given time is proportional to the input voltage at a 
time 2T earlier. The value of V1 in Figure 3-17d can be 
calculated by starting with the 1 V input ramp. 

1 
V1 = -. t for 0 ~ t ~4T (3-23) 

tr 
= 1V fort ~ 4T 

The reflection from the end of the line is 

V _ pdt - 2T). 
r - tr ' (3-24) 

the portion of the reflection that appears at the input is 

V' _ (1 + ps) PL (t - 2T). 
r - t

r
' (3-25) 

the net value of the input voltage is the sum. 

V
/1 __ .!. + (1 + PS) + pdt - 2T) 

tr tr 
(3-26) 

The peak value of the input voltage in Figure 3-17d is deter­
mined by substituting values and letting t equal 4T. 

v, (0.8) (-0.5) (4T - 2T) 
1 = 1 + (3-27) 

tr 

= 1 - 004 (0.5) = 0.8V 

After this peak point, the input ramp is no longer increasing 
but the reflection is still arriving. Hence the net value of the 
input voltage decreases. In this example, the later reflec­
tions are too small to be detected and the input voltage is 
thus stable after time 6T. For the general case of repeated 
reflections, the net voltage V1(t) seen at the driven end of 
the line can be expressed as follows, where the signal 
caused by the generator is V 1 (t). 



Rise Time versus Line Delay (Continued) 

V'1(t) = V1(t) 

forO < t < 2T 

V'1(t) = V1(t) + (1 + PS) PL V1(t-2T) 

for 2T < t < 4T 

V'1(t) = V 1(t) + (1 + PS) PL V1(t-2T) 

+ (1 + PS) PSPL2 V1(t-4T) (3-28) 
for4T<t<6T 

V'1(t) = V1(t) + (1 + PS) PL V1(t-2T) 

+ (1 + PS) PSPL2 V1(t-4T) 

+ (1 + PS) PS2pL3 V1(t-6T) 

for 6T < t < 8T, etc. 

The voltage at the output end of the line is expressed in a 
similar manner. 

VT(t) = 0 

forO < t < T 

VT(t) = (1 + pd V1(t-T) 

forT < t < 3T 

VT(t) = (1 + pdV1(t-T) 

+(1 + pd PSPL V1(t-3T) 
for3T < t < 5T 

VT(t) = (1 + pd V1(t - T) 

+ (1 + pd PSPLV1(t-3T) 

+ (1 + pd PS2PL2 V1(t-5T) 

for 5T < t < 7T, etc. 

TLIF/9900-30 

(3-29) 

a. Test Arrangement for Rise Time Analysis 

_Vy -Vy 

-v, _v, 

H = 10 ns/div H = 10 ns/div 
V=0.5 V/div V=0.5 V/div 

TLIF/9900-31 TL/F/9900-33 

b. Line Voltages for tr <!:; T 

H = 10 ns/div 
V= 0.5 V/div 

d. Line Voltages for tr = 4T 

H = 10 ns/div 
V = 0.5 V/div 

TLIF/9900-32 TL/F/9900-34 

c. Line Voltages for tr = 2T e. Input Voltage with and without Reflection 

FIGURE 3·17. Line Voltages for Various Ratios of Rise Time to Line Delay 
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Ringing 
Multiple reflections occur on a transmission line when nei­
ther the signal source impedance nor the termination (load) 
impedance matches the line impedance. When the source 
reflection coefficient PS and the load reflection coefficient 
PL are of opposite polarity, the reflections alternate in polari­
ty. This causes the signal voltage to oscillate about the final 
steady state value, commonly recognized as ringing. 

When the signal rise time is long compared to the line delay, 
the signal shape is distorted because the individual reflec­
tions overlap in time. The basic relationships among rise 
time, line delay, overshoot and undershoot are shown in a 
si mplified diagram, Figure 3-18. The incident wave is a ramp 
of amplitude 8 and rise duration A. The reflection coefficient 
at the open-ended line output is + 1 and the source reflec­
tion coefficient is assumed to be -0.8, i.e., Ro = Zo/9. 

.-£: 
r' Ps= -0.8 

VG=1.118 ~ 

Figure 3-18b shows the individual reflections treated sepa­
rately. Rise time A is assumed to be three times the line 
delay T. The time scale reference is the line output and the 
first increment of output voltage Vo rises to 28 in the time 
interval A. Simultaneously, a positive reflection (not shown) 
of amplitude 8 is generated and travels to the source, 
whereupon it is multiplied by -0.8 and returns toward the 
end of the line. This negative-going ramp starts at time 2T 
(twice the line delay) and doubles to -1.68 at time 2T + A. 
The negative-going increment also generates a reflection of 
amplitude -0.88 which makes the round trip to the source 
and back, appearing at time 4T as a positive ramp riSing to 
+ 1.288 at time 4T + A. The process of reflection and re­
reflection continues, and each successive increment chang­
es in polarity and has an amplitude of 80% of the preceding 
increment. 

Po= +1 

lo=T t 
I 

TLIF/9900-35 

a_ Ramp Generator Driving Open-Ended Line 

w 
z 
::i 
c 
w +8 c 
z 
w 
Z 
W 
Q. 

0 
a: e cc a: 
w 
z 
w 
CI -8 
Q. 

:Ii cc a: 

-28 

Vo 
+28 

+8 

b, Increments of Output Voltage Treated Individually 

T 2T 3T 4T ST 6T 7T 8T 9T lOT l1T l2T 13T 

c. Net Output Signal Determined by Superposition 

FIGURE 3-18, Basic Relationships Involved In Ringing 
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Ringing (Continued) 

In Figure 3-1Bc, the output increments are added algebrai­
cally uy superposition. The starting point of each increment 
is shifted upward to a voltage value equal to the algebraic 
sum of the quiescent levels of all the preceding increments 
(Le., 0, 28, 0.48, 1.688, etc.). For time intervals when two 
ramps occur simultaneously, the two linear functions add to 
produce a third ramp that prevails during the overlap time of 
the two increments. 

It is apparent from the geometric relationships, that if the 
ramp time A is less than twice the line delay, the first output 
increment has time to rise to the full 28 amplitude and the 
second increment reduces the net output voltage to 0.48. 
Conversely, if the line delay is very short compared to the 
ramp time, the excursions about the final value V G are 
small. 

Figure 3-1Bc shows that the peak of each excursion is 
reached when the earlier of the two constituent ramps 
reaches its maximum value, with the result that the first 
peak occurs at time A. This is because the earlier ramp has 
a greater slope (absolute value) than the one that follows. 

Actual waveforms such as produced by ECl or TTL do not 
have a constant slope and do not start and stop as abruptly 
as the ramp used in the example of Figure 3-1B. Predicting 
the time at which the peaks of overshoot and undershoot 
occur is not as simple as with ramp excitation. A more rigor­
ous treatment is required, including an expression for the 
driving waveform which closely simulates its actual shape. 
In the general case, a peak occurs when the sum of the 
slopes of the individual signal increment is zero. 

Summary 
The foregoing discussions are by no means an exhaustive 
treatment of transmission line characteristics. Rather, they 
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are intended to focus attention on the general methods 
used to determine the interactions between high-speed log­
ic circuits and their interconnections. Considering an inter­
connection in terms of distributed rather than lumped induc­
tance and capacitance leads to the line impedance concept, 
Le., mismatch between this characteristic impedance and 
the terminations causes reflections and ringing. 

Series termination provides a means of absorbing reflec­
tions when it is likely that discontinuities and/or line imped­
ance changes will be encountered. A disadvantage is that 
the incident wave is only one-half the signal swing, which 
limits load placement to the end of the line. ECl input ca­
pacitance increases the rise time at the end of the line, thus 
increasing the effective delay. With parallel termination, Le., 
at the end of the line, loads can be distributed along the line. 
ECl input capacitance modifies the line characteristics and 
should be taken into account when determining line delay. 
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Introduction 
All of National's ECl input and output impedances are de­
signed to accommodate various methods of driving and ter­
minating interconnections. Controlled wiring impedance 
makes it possible to use simplified equivalent circuits to de­
termine limiting conditions. Specific guidelines and recom­
mendations are based on assumed worst-casecombina­
tions. Many of the recommendations may seem conserva­
tive, compared to typical observations, but the intent is to 
help the designer achieve a reliable system in a reasonable 
length of time with a minimum amount of redesign. 

PC Board Transmission Lines 
Strictly speaking, transmission lines are not always required 
for F100K Eel but, when used, they provide the advan­
tages of predictable interconnect delays as well as reflec­
tion and ringing control through impedance matching. Two 
common types of PC board transmission lines are microstrip 
and stripline, Figure 4-1. Strip line requires multilayer con­
struction techniques; microstrip uses ordinary double-clad 
b~ards. Other board construction techniques are wire wrap, 
stitch weld and discrete wired. 

I-w-I 
------.:!'­

t 

"1-

TLlF/9901-1 

a. Mlcrostrip 

Stripline, Figure 4-1b, is used where packing density is a 
high priority because increasing the interconnect layers pro~ 
vides short signal paths. Boards with as many as 22 fayers 
have been used in ECl systems. 

Microstrip offers easier fabrication and higher propagation 
velocity than stripline, but the routing for a complex system 
may require more design effort. In Figure 4-1a, the ground 
plane can be a part of the VEE distribution as long as ade­
quate bypassing from VEE to Vee (ground) is provided. Also, 
signal routing is simplified and an extra voltage plane is ob­
tained by bonding two microstrip structures back to back 
Figure 4-1 c. ' 

Microstrip 

Equation 4-1 relates microstrip characteristic impedance to 
the dielectric constant and dimensions.1 Electric field fring­
ing requires that the ground extend beyond each edge of 
the signal trace by a distance no less than the trace width. 

Zo = C0,475 ~~ + 0.67) In (0.67 (O~: w + tJ (4-1) 

= ( 87 )In(~) 
Jfr + 1,41 0.8 w + t 

where h = dielectric thickness, w = trace width, t = trace 
thickness, fr = board material dielectric constant relative to 
air. 

TLlF/9901-2 

b. Stripline 

AC GROUND 

TLlF/9901-3 

c. Composite Microstrip 

FIGURE 4-1. Transmission Lines on Circuit Boards 
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PC Board Transmission Lines (Continued) 

Equation 4-1 was developed from the impedance formula 
for a wire over ground plane transmission line, Equation 4-2. 

Zo = (~) In (:h) (4-2) 

where d = wire diameter, h = distance from ground to wire 
center. 

Comparing Equation 4-1 and 4-2, the term 0.67 (0.8 w + t) 
shows the equivalence between a round wire and a rectan­
gular conductor. The term 0.475 Er + 0.67 is the effective 
dielectric constant for microstrip Ee, considering that a mi­
crostrip line has a compound dielectric consisting of the 
board material and air. The effective dielectric constant is 
determined by measuring propagation delay per unit of line 
length and using the following relationship. 

a = 1.0167. v'€; ns/ft (4-3) 

where a = propagation delay, ns/ft. 

Propagation delay is a property of the dielectric material 
rather than line width or spacing. The coefficient 1.0167 is 
the reciprocal of the velocity of light in free space. Propaga­
tion delay for microstrip lines on glass-filled G-10 epoxy 
boards is typically 1.77 ns/ft, yielding an effective dielectric 
constant of 3.03. . 
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c: 
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w 
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e.> 

~ a: 
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l­
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~ 60~~--~~----+---~~----~~ 

e.> 
I 
~ 
40~~ __ ~~ ____ ~~ __ ~ __ ~~~ 

0.020 0.040 0.060 0.080 0.100 
TRACE WIDTH - INCHES 

TL/F/9901-4 

FIGURE 4-2. Mlcrostrip Impedance 
Versus Trace Width, G-10 Epoxy 

Using Er = 5.0 in Equation 4-1, Figure 4-2 provides micros­
trip line impedance as a function of width for several G-10 
epoxy board thicknesses. Figure 4-3 shows the related Co 
values, useful for determining capacitive loading effects on 
line characteristics, (Equation 3-15). 

System designers should ascertain tolerances on board di­
mensions, dielectric constant and trace width etching in or­
der to determine impedance variations. If conformal coating 
is used the effective dielectric constant of microstrip is in­
creased, depending on the coating material and thickness. 
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FIGURE 4-3. Mlcrostrlp Distributed Capacitance 

Versus Impedance, G-10 Epoxy 

. Stripline 

Stripline conductors are totally embedded. As a result, the 
board material determines the dielectric constant. G-10 
epoxy boards have a typical propagation delay of 2.26 ns/ft. 
Equation 4-4 is used to calculate stripline impedances.1,2 

( 60) I ( 4b ) 
Zo = .fEr n 0.67 7T (0.8 w + t) (4-4) 

where b = distance between ground planes, w truco 
width, t = trace thickness, w/(b-t) < 0.35 and tlb < 0.25. 

Figure 4-4 shows stripline impedance as a function of traco 
width, using Equation 4-4 arid various ground plane separa­
tions for G-10 glass-filled epoxy boards. Related values of 
Co are plotted in Figure 4-5. 
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FIGURE 4-4. Stripline Impedance 
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PC Board Transmission Lines (Continued) 
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FIGURE 4-5. Stripline Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Wire Wrap 

Wire-wrap boards are commercially available with five volt­
age planes, positions for several 24-pin Dual-In-Line Pack­
ages (DIP), terminating resistors, and decoupling capaci­
tors. The devices are mounted on socket pins and intercon­
nected with twisted pair wiring. One wire at each end of the 
twisted pair is wrapped around a signal pin, the other around 
a ground pin. The #30 insulated wire is uniformly twisted to 
provide a nominal 93n impedance line. Positions for Single­
In-Line Package (SIP) terminating resistors are close to the 
inputs to provide good termination characteristics. 

Discrete Wired 

Custom Multiwire* boards are available with integral power 
and ground planes. Wire is placed on a controlled thickness 
above the ground plane to obtain a nominal impedance line 
of 55n. Then holes are drilled through the wire and board. 
Copper is deposited in the drilled holes by an additive-elec­
trolysis process which bonds each wire to the wall of the 
holes. Devices are soldered on the board to make connec­
tion to the wires. 
'Multiwire is a registered trademark of the Multiwire Corporation. 

Parallel Termination 

Terminating a line at the receiving end with a resistance 
equal to the characteristic line impedance is called parallel 
termination, Figure 4-6a. F1 OOK circuits do not have internal 
pull-down resistors on outputs, so the terminating resistor 
must be returned to a voltage more negative than VOL to 
establish the lOW-state output voltage from the emitter fol­
lower. A - 2V termination return supply is commonly used. 
This minimizes power consumption and correlates with 
standard test specifications for ECl circuits. A pair of resis­
tors connected in series between ground (Vee) and the VEE 
supply can provide the Thevenin equivalent of a single re­
sistor to - 2V if a separate termination supply is not avail­
able, Figure 4-6b. The average power dissipation in the 
Thevenin equivalent resistors is about 10 times the power 
dissipation in the single resistor returned to -2V, as shown 
in Figures 5-10 and 5-13. For either parallel termination 
method, decoupling capacitors are required between the 
supply and ground (Chapter 6). 
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a. Parallel Termination 

-Do-. -+--¢ -~ ¢...---.-~~ 
VTT 

TLIF/9901-6 

b. Thevenin Equivalent of RT and Vrr 

R1 = VEE RT 
VEE-VTT 

R1 R2= VEE RT 

"2~ --I"' V" 

V~ Vrr 

c. Equivalent Circuit for Determining 
Approximate VOH and VOL Levels 

6n 
EOH = - 0.85 V ---"W\.,...---, 

TLIF/9901-9 

r RT 

EOL=-1.67V ~ VOL 
an VTT 

TL/F /9901 -10 

d. F100K Output Characteristic with Terminating 
Resistor RT Returned to Vrr = - 2.0V 
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FIGURE 4-6. Parallel Termination 



PC Board Transmission Lines (Continued) 

F100K output transistors are designed to drive low-imped­
ance loads and have a maximum output current rating of 
50 mA. The circuits are specified and tested with a 50D. load 
returned to - 2V. This gives nominal output levels of 
- 0.955V at 20.9 mA and -1.705V at 5.9 mA. Output levels 
will be different with other load currents because of the tran­
sistor output resistance. This resistance is nonlinear with 
load current since it is due, in part, to the base-emitter volt­
age of the emitter follower, which is logarithmic with output 
current. With the standard 50D. load, the effective source 
resistance is approximately 6D. in the HIGH state and 8D. in 
the lOW state. 

The foregoing values of output voltage, output current, and 
output resistance are used to estimate quiescent output lev­
els with different loads. An equivalent circuit is shown in 
Figure 4-6c. The ECl circuit is assumed to contain two inter­
nal voltage sources EOH and EOL with series resistances of 
6D. and 8D. respectively. The values shown for EOH and 
EOL are - 0.85V and -1.67V respectively. 

The linearized portion of the F100K output characteristic 
can be represented by two equations: 

For VOH: VOUT = -850 -6 lOUT 
For VOL: VOUT = -1670 -8 lOUT 

where lOUT is in mA, VOUT is in mV. 

If the range of lOUT is confined between 8 mA to 40 mA for 
VOH, and 2 mA to 16 mA for VOL, the output voltage can be 
estimated within ± 10 mV (Figure 4-6d). 

An ECl output can drive two or more lines in parallel, pro­
vided the maximum rated current is not exceeded. Another 
consideration is the effect of various loads on noise mar­
gins. For example, two parallel 75D. terminations to - 2V 
(Figure 4-6d) give output levels of approximately -1.000V 
and -1.716V. Noise margins are thus 35 mV less in the 
HIGH state and 11 mV more in the lOW state, compared to 
50D. load conditions. Conversely, a single 75D. load to - 2V 
causes noise margins 38 mV greater in the HIGH state and 
11 mV less in the low state, compared to a 50D. load. 

The magnitude of reflections from the terminated end of the 
line depends on how well the termination resistance RT 
matches the line impedance ZOo The ratio of the reflected 
voltage to the incident voltage Vi is the reflection coefficient 
p. 

(4-5) 

The initial signal swing at the termination is the sum of the 
incident and reflected voltages. The ratio of termination sig­
nal to incident signal is thus: 

VT 2RT 
- = 1 + P = --- (4-6) 
Vi RT + Zo 

The degree of reflections which can be tolerated varies in 
different situations, but to allow for worst-case circuits, a 
good rule of thumb is to limit reflections to 15% to prevent 
excursions into the threshold region of the ECl inputs con­
nected along the line. The range of permissible values of RT 
as a function of Zo and the reflection coefficient limitations 
can be determined by rearranging Equation 4-5. 

1 + P 
RT = Zo -- (4-7) 

1 - P 
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Using 15% reflection limits as examples, the range of the 
RT/ZO ratio is as follows. 

1.15 RT 0.85 RT 
- > - > - 1.35> - > 0.74 (4-8) 
0.85 Zo 1.15 Zo 

The permissible range of the RT/ZO ratio determines the 
tolerance ranges for RT and Z00 For example, using the 
foregoing ratio limits, RT tolerances of ± 10% allow Zo toler­
ance limits of + 22% and -19%; RT tolerances of ± 5% 
allow Zo tolerance limits of +28% and -23%. 

An additional requirement on the maximum value of RT is 
related to the value of quiescent IOH current needed to in­
sure sufficient negative-going signal swing when the ECl 
driver switches from the HIGH state to the lOW state. The 
npn emitter-follower output of the ECl circuit cannot act as 
a voltage source driver for negative-going transitions. When 
the voltage at the base of the emitter follower starts going 
negative as a result of an internal state change, the output 
current of the emitter follower starts to decrease. The trans­
mission line responds to the decrease in current by produc­
ing a negative-going change in voltage. The ratio of the volt­
age change to the current change is, of course, the charac­
teristic impedance Z00 Since the maximum decrease in cur­
rent that the line can experience is from IOH to zero, the 
maximum negative-going transition which can be produced 
is the product IOH Z00 

If the IOH Zo product is greater than the normal negative-go­
ing signal swing, the emitter follower responds by limiting 
the current change, thereby controlling the signal swing. If, 
however, the IOH Zo product is too small, the emitter follow­
er is momentarily turned off due to insufficient forward bias 
of its base-emitter junctions, causing a discontinuous nega­
tive-going edge such as the one shown in Figure 4-14. In 
the output-lOW state the emitter follower is essentially non­
conducting for VOL values more positive than about 
-1.55V. Using this value as a criterion and expressing IOH 
and VOH in.terms of the equivalent circuit of Figure 4-6c, an 
upper limit on the value of RT can be developed. 

tl.V = IOHZO> 1.55 - IVOHI 

(
EOH - Vn) Zo > 1.55 _IVnRo = EOHRTI 

Ro + RT Ro + RT 

RT < (EOH - Vn) Zo - (1.55 - IVITI) Ro 
1.55 - IEoHI 

(4-9) 

For a Vn of -2V, Ro of 6D. and EOH of -0.85V, Equation 
4-9 reduces to 

RT < 1.64 Zo + 3.86D. 

For Zo = 50D., the emitter follower cuts off during a nega­
tive-going transition if RT exceeds 86,n. Changing the volt­
age level criteria to -1.60V to insure continuous conduction 
in the emitter follower gives an upper limit of 77D. for a 50D. 
line. For a line terminated at the receiving end with a resist­
ance to - 2V, a rough rule-of-thumb is that termination re­
sistance should not exceed line impedance by more than 
50%. This insures a satisfactory negatve-going signal swing 
to ECl inputs connected along the line. The quiescent VOL 
level, after all reflections have damped out, is determined by 
RT and the ECl output characteristic. 

Input Impedance 
The input impedance of ECl circuits is predominately ca­
pacitive. A single-function input has an effective value of 
about 2.5 pF for F100K flatpak, as determined by its effect 
on reflected and transmitted signals on transmission lines. 
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Input Impedance (Continued) 

In practical calculations, a value of 3 pF should be used. 
Approximately one third of this capacitance is attributed to 
the internal Circuitry and two thirds to the flatpak pin and 
internal bonding. 

For F100K flatpak circuits, multiple input lines may appear 
to have up to 4 pF to 5 pF but never more. For example, in 
the 100302, an input is connected internally to all five gates, 
but because of the philosophy of buffering these types of 
inputs in the F100K family this input appears as a unit load 
with a capacitance of approximately 2.5 pF. For applications 
such as a data bus, with two or more outputs connected to 
the same line, the capacitance of a passive-lOW output can 
be taken as 3 pF. 

Capacitive loads connected along a transmission line in­
crease the propagation delay of a signal along the line. The 
modified delay can be determined· by treating the load ca­
pacitance as an increase in the intrinsic distributed capaci­
tance of the line, discussed in Chapter 3. The intrinsic ca­
pacitance of any stubs which connect the inputs to the line 
should be included in the load capacitance. The intrinsic 
capacitance per unit length for G-1 0 epoxy boards is shown 
in Figure 4-3 and 4-5 for microstrip and stripline respective­
ly. For other dielectric materials, the intrinsic capacitance Co 
can be determined by dividing the intrinsic delay [) (Equation 
4-3) by the line impedance Zoo 

The length of a stub branching off the line to connect an 
input should be limited to insure that the Signal continuing 
along the line past the stub has a continuous rise, as op­
posed to a rise (or fall) with several partial steps. The point 
where a stub branches off the line is a low impedance point. 
This creates a negative coefficient of reflection, which in 
turn reduces the amplitude of the incident wave as it contin­
ues beyond the branch point. If the stub length is short 
enough, however, the first reflection returning from the end 
of the stub adds to the attenuated incident wave while it is 
still rising. The sum of the attenuated incident wave and the 
first stub reflection provides a step-free signal, although its 
rise time will be longer than that of the original signal. Satis­
factory signal transitions can be assured by restricting stub 
lengths according to the recommendations for unterminated 
lines (Figure 4-10). The same considerations apply when 
the termination resistance is not connected at the end of 
the line; a section of line continuing beyond the termination 
resistance should be treated as an unterminated line and its 
length restricted accordingly. 

Series Termination 
Series termination requires a resistor between the driver 
and transmission line, Figure 4-7. The receiving end of the 
line has no termination resistance. The series resistor value 
should be selected so that when added to the driver source 
resistance, the total resistance equals the line impedance. 
The voltage divider action between the net series resistance 
and the line impedance causes an incident wave of half 
amplitude to start down the line. When the signal arrives at 
the unterminated end of the line, it doubles and is thus re­
stored to a full amplitude. Any reflections returning to the 
source are absorbed without further reflection since the line 
and source impedance match. This feature, source absorp­
tion, makes series termination attractive for interconnection 
paths involving impedance discontinuities, such as occur in 
backplane wiring. 

A disadvantage of series termination is that driven inputs 
must be near the end of the line to avoid receiving a 2-step 
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signal. The initial signal at the driver end is half amplitude, 
rising to full amplitude only after the reflection returns from 
the open end of the line. In Figure 4-7, one load is shown 
connected at point D, aways from the line end. This input 
receives a full amplitude signal with a continuous edge if the 
distance I to the open end of the line is within recommended 
lengths for unterminated line (Figure 4-10). 

RS Zo 

Re 

vee 

TL/F 19901-12 

FIGURE 4-7. Series Termination 

The Signal at the end has a slower rise time that the incident 
wave because of capacitive loading. The increase in rise 
time to the 50% point effectively increases the line propaga­
tion delay, since the 50% point of the signal swing is the 
input signal timing reference point. This added delay asa 
function of the product line impedance and load capaci­
tance is discussed in Chapter 3. 

Quiescent VOH and VOL levels are established by resistor 
RE (Figure 4-7), which also acts with VEE to provide the 
negative-going drive into Rs and Zo when the driver output 
goes to the lOW state. To determine the appropriate RE 
value, the driver output can be treated as a simple mechani­
cal switch which opens to initiate the negative-going swing. 
At this instant, Zo acts as a linear resistor returned to VOH. 
Thus the components form a simple circuit of RE, Rs and Zo 
in a series, connected between VEE and VOH. The initial 
current in this series circuit must be sufficient to introduce a 
0.38V transient into the line, which then doubles at the load 
end to give 0.75V swing. 

VOH - VEE 0.38 (4-10) 
IRE = ~-

RE + Ps + Zo Zo 

Any IOH current flowing in the line before the switch opens 
helps to generate the negative swing. This current may be 
quite small, however, and should be ignored when calculat­
ing RE. 

Increasing the minimum signal swing into the line by 30% to 
0.49V insures sufficient pull-down current to handle reflec­
tion currents caused by impedance discontinuities and load 
capacitance. The appropriate RE value is determined from 
the following relationship. 

VOH ~ VEE ~ 0.49 (4-11) 
RE + Rs + Zo Zo 

For the RE range normally used, quiescent VOH averages 
approximately 0.955V and VEE = -4.5V. The value of Rs 
is equal to Zo minus Ro (Ro averages 7.0.). Inserting these 
values and rearranging Equation 4-11 gives the following. 

RE ~ 5.23 Zo + 7.0. (4-12) 
Power dissipation in RE is listed in Figure 5-14. The power 
dissipation in RE is greater than in RT of a parallel termina­
tion to -2V, but still less than the two resistors of the 
Thevenin equivalent parallel termination, see Figure 5-10, 
5-13 and 5-14. 

The number of driven inputs on a series terminated line is 
limited by the voltage drop across Rs in the quiescent HIGH 
state, caused by the finite input currents of the ECl loads. 
IIH values are specified on data sheets for various types of 



Series Termination (Continued) 

inputs, with a worst-case value of 265 I1-A for simple gate 
inputs. The voltage drop subtracts from the HIGH-state 
noise margin as outlined in Figure 4-8a. 

However, there is more HIGH-state noise margin initially, 
because there is less IOH with the RE load than with the 
standard 50n load to -2V. This makes VOH more positive; 
the increase ranges from 43 mV for a 50n line to 82 mV for 
a 100n line. Using this VOH increase as a limit on the volt­
age drop across RS assures that the HIGH-state noise mar­
gin is as good as in the parallel terminated case. Dividing 
the VOH increase by Rs + Ro (= 20) gives the allowed load 
input current (Ix in Figure 4-8a). This works out to 0.86 mA 
for a 50n line, 0.92 mA for a 75n line and 0.82 mA for a 
100n line. Load input current greater than these values can 
be tolerated at some sacrifice in noise margin. If, for exam­
ple, an additional 50 mV loss is feasible, the maximum val­
ues of current become 1.86 mA, 1.59 mA and 1.32 mA for 
50n. 75n and 100n lines respectively. 

An ECl output can drive more than one series terminated 
line, as suggested in A'gure 4-Bb, if the maximum rated out­
put current of 50 mA is not exceeded. Also, driving two or 
more lines requires a lower RE value. This makes the quies­
cent IOH higher and consequently VOH lower, due to the 
voltage drop across Ro. This voltage drop decreases the 
HIGH-state noise margin, which may become the limiting 
factor (rather than the maximum rated current), depending 
on the particular application. 

The appropriate RE value can be determined using Equation 
4-13 for VEE = - 4.5V. 

1 1 
-~ + +-----
RE 6.2321 - RS1 6.2322 - RS2 6.2323 - RS3 

(4-13) 

Circuits with multiple outputs (such as the 100313) provide 
an alternate means of driving several lines simUltaneous 
(Figure 4-Bc). Note, each output should be treated individu­
ally when assiging load distribution, line impedance, and RE 
value. 

Unterminated Lines 
Lines can be used without series or parallel termination if 
the line delay is short compared to the signal rise time. Ring­
ing occurs because the reflection coefficient at the open 
(receiving) end of the line is positive (nominally + 1) while 
the reflection coefficient at the driving end is negative (ap­
proximately - 0.8). These opposite polarity reflection coeffi­
cients cause any change in signal voltage to be reflected 
back and forth, with a polarity change each time the signal is 
reflected from the driver. Net voltage change on the line is 
thus a succession of increments with alternating polarity 
and decreasing magnitude. The algebraic sum of these in­
crements if the observed ringing. The general relationships 
among rise time, line delay, overshoot and undershoot are 
discussed in Chapter 3, using simple waveforms for clarity. 

Excessive overshoot on the positive-going edge of the sig­
nal drives input transistors into saturation. Although this 
does not damage an ECl input, it does cause excessive 
recovery times and makes propagation delays unpredict-
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a. Noise Margin Loss Due to Load Input Current 

RSI ZI 

'"'I}, 
---

RS2 Z2 --
VEE RS3 Z3 
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b. Driving Several Lines from one Output 

j ! ! :..--"""-: ==== 
VEE 
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c. Using Multiple Output Element for Load Sharing 

FIGURE 4-8. Loading Considerations 
for Series Termination 

able. Undershoot (following the overshoot) must also be lim­
ited to prevent Signal excursions into the threshold region of 
the loads. Such excursions could cause exaggerated tran­
sition times at the driven circuit outputs, and could also 
cause multiple triggering of sequential circuits. Signal swing, 
exclusive of ringing, is slightly greater on unterminated lines 
than on parallel terminated lines; IOH is less and IOL is 
greater with the RE load. (Figure 4-9aj making VOH higher 
and VOL lower. 

For worst case combinations of driver output and load input 
characteristics, a 35% overshoot limit insures that system 
speed is not compromised either by saturating an input on 
overshoot or extending into the threshold region on the fol­
lowing undershoot. 

For distributed loading, ringing is satisfactorily controlled if 
the 2-way modified line delay does not exceed the 20% to 
80% rise time of the driver output. This relationship can be 
expressed as follows, using the symbols from Chapter 3 and 
incorporating the effects of load capacitance on line delay. 

tr = 2T' = 2 t 8' = 2 t 8 ~ 1 + CL 
fCo 

Rearranging terms yields the quadratic equation: 

CL tr2 
t 2max + - t max + -2 = a 

Co 48 
(4-14) 
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Unterminated Lines (Continued) 

~ -D.--i~-E ~Zo --+-:~c 
VEE 
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a. Unterminated Line 

I~ 
I I0Il I 
I I 
I 
' 11 "'!"I !I'!'I 

, ~ I ... • 

The shorter the rise time, the shorter the permissible line 
length, For F1 OOK ECl, the minimum rise time from 20% to 
80% is specified as 0.4 ns, Using this rise time and 3 pF per 
fan-out load, calculated maximum line lengths for G-10 
epoxy microstrip are listed in Figure 4-10, The length (t) in 
the table is the distance from the terminating resistor to the 
input of the device(s), For other combinations of rise time, 
impedance, fan-out or line characteristics (8 and Co), maxi­
mum lengths are also calculated using Equation 4-14. 

Zo 
Number of Fan-Out Loads 

1 2 3 4 

50 0.94* 0,68 0.52 0.41 
62 0.87 0.59 0.44 0.34 

75 0.79 0.52 0.37 0.29 
90 0.72 0.45 0.32 0.25 

100 0.68 0.41 0.29 0.22 

'Length in inches. 

I· 

B Unit load = 3 pF, 0 = 0.148 ns/inch 

• -
• 

r;1'" 
::iiii:i 

H = 10 ns/div 
V=O.3 V/div 
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b. Line Voltages Showing Stair-step Trailing Edges 
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H = 1 ns/div 
V =0.3 V/div 
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c. Load Gate Output Showing Net 
Propagation Increase for Increasing 

Values of RE: 3300, 5100, 1 kO 

FIGURE 4-9. Effect on RE Value 
on Trailing-Edge Propagation 

4-200 

FIGURE 4·10. F100K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Distributed Loading 

Resistor RE must provide the current for the negative·going 
signal at the driver output. Line input and output waveforms 
are noticeably affected if RE is too large, as shown in Figure 
4-9b. The negative·going edge of the signal falls in stair­
step fashion, with three distinct steps visible at point A. The 
waveform at point B shows a step in the middle of the nega· 
tive·going swing. The effect of different RE values on the 
net propagation time through the line and the driven loads is 
evident in Figure 4-9c which shows the output signal of one 
driven gate in a multiple exposure photograph. The horizon· 
tal sweep (time axis) was held constant with respect to the 
input signal of the driver. The earliest of the three output 
signals occurs with an RE value of 3300. Changing RE to 
510n increases the net propagation delay by 0.3 n's, the 
horizontal offset between the first and second signals. 
Changing RE to 1 kn produces a much greater increase in 
net propagation delay, indicating that the negative-going 
signal at 8 contains several steps. In practice, a satisfactory 
negative·going signal results when the RE value is chosen 
to give an initial negative·going step of 0.6V at the driving 
end of the line. This gives an upper limit on the value of RE. 
as shown in Equation 4-15. 

. .. (VOH - VEE) Zo 
initial step = AI- Zo = 20.6 

RE +Zo 
RE = :S: 5 Zo (at VEE = 4.5V) (4-15) 



Unterminated Lines (Continued) 

An Eel output can drive two or more unterminated lines, 
provided each line length and loading combination is within 
the recommended constraints. The appropriate AE value is 
determined from Equation 4-15, using the parallel imped­
ance of the two or more lines for Zoo 
An Eel output can simultaneously drive terminated and un­
terminated lines, although the negative-going edge of the 
signal shows two or more distinct steps when the stubs are 
long unless some extra pull-down current is provided. Figure 
4-11 a shows an Eel circuit driving a parallel terminated 
line, with provision for connecting two worst-case untermi­
nated lines to the driver output. Waveforms at the termina­
tion resistor (point A) are shown in the multiple exposure 

a. Multiple Lines 

Rr 

VTT 

TLlF/9901-19 

photograph of Figure 4-11b. The upper trace shows a nor­
mal signal without stubs connected to the driver. The middle 
trace shows the effect of connecting one stub to the driver. 
The step in the negative-going edge indicates that the qui­
escent IOH current through AT is not sufficient to cause a 
full signal for both lines. The relationship between the quies­
cent IOH current through AT and the negative-going signal 
swing was discussed earlier in connection with parallel ter­
mination. 

The bottom trace in Figure 4-11 shows the effect of con­
necting two stubs to the driver output. The steps in trailing 
edge are smaller and more pronounced. The deteriorated 
trailing edge of either the middle or lower waveform increas-

b. Waveforms at Termination POint A 

H '" 5 ns/div 
V =0.5 V/div 

- NOSTUBS 

-1 STUB 

-2STUBS 

TLlF/9901-20 

c. Equivalent Circuit for Determining Initial 
Negative Voltage Step at the Driver Output 

x 

TL/F/9901-21 

FIGURE 4·11. Driving Terminated and Untermlnated Lines In Parallel 
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Unterminated Lines (Continued) 

es the switching time of the cirucit connected to point A. If 
this extra delay cannot be tolerated, additional pull-down 
current must be provided. One method uses a resistor to 
VEE as suggested in Figure 4-11a. The initial negative-going 
step at point A should be about 0.7V to insure a good fall 
rate through the threshold region of the driven gate. The 
initial step at the driver output should also be 0.7V. If the 
driver output is treated as a switch that opens to initiate the 
negative-going signal, the equivalent circuit of Figure 4-11c 
can be used to determine the initial voltage step at the driv­
er output (point X). The value of the current source IAT is the 
quiescent IOH current through RT. Using Z' to denote the 
parallel impedance of the transmission lines and t:. V for the 
desired voltage step at X, the appropriate value of RE can 
be determined from the following equation, using absolute 
values to avoid polarity confusion. 

RE = (IVEEI - IVOHI - t:. V I) • Ct:. V I ~'IIATIZ' ) 
For a sample calculation, assume that RT and the line im­
pedances are each 100n, VOH is -0.955V, t:. V is 0.750V, 
VEE is -4.5V and Vn is -2V. IAT is thus 10.45 mA and the 
calculated value of RE is 232n. In practice, this value is on 
the conservative side and can be increased to the next larg­
er (10%) standard value with no appreciable sacrifice in 
propagation through the gate at point A. 

Again, the foregoing example is based on worst-case stub 
lengths (the longest permissible). With shorter stubs, the 
effects are less pronounced and a point is reached where 
extra pull-down current is not required because the reflec­
tion from the end of the stub arrives back at the driver while 
the original signal is still falling. Since the reflection is also 
negative going, it combines with and reinforces the falling 
signal at the driver, eliminating the steps. The net result is a 
smoothly falling signal but with increased fall time compared 
to the stubless condition. 

The many combinations of line impedance and load make it 
practically impossible to define just with stub length begins 
to cause noticeable steps in the falling signal. A rough rule­
of-thumb would be to limit the stub length to one-third of the 
values given in Figure 4-10. 

Data Bussing 
Data bussing involves connecting two or more outputs and 
one or more inputs to the same signal line, (Figure 4-12). 
Anyone of the several drivers can be enabled and can ap­
ply data to the line. Load inputs connected to the line thus 
receive data from the selected source. This method of 
steering data from place to place simplifies wiring and tends 
to minimize package count. Only one of the drivers can be 
enabled at a given time; all other driver outputs must be in 
the LOW or CUT-OFF state. Termination resistors matching 
the line impedance are connected to both ends of the line to 
prevent reflections. For calculating the modified delay of the 
line (Chapter 3) the capacitance of a LOW (unselected) driv­
er output should be taken as 3 pF. 

An output driving the line sees an impedance equal to half 
the line impedance. Similarly, the quiescent IOH current is 
higher than with a single termination. For line impedance 
less than 100n, the IOH current is greater than the data 
sheet test value, with a consequent reduction of HIGH-state 
noise margin. This loss can be eliminated if necessary by 
using multiple output gates (100313) and paralleling two 
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FIGURE 4-12'" Data Bus or Party Line 

outputs for each driver. In the quiescent LOW state, termi­
nation current is shared among all the output transistors on 
the line. This sharing makes VOL more positive than if only 
one output were conducting all of the current. For example, 
a 100n line terminated at both ends represents a net 50n 
DC load, which is the same as the data sheet condition for 
VOL. If one worst-case output were conducting all the cur­
rent, the VOL would be -1.705V. If another output with 
identical DC characteristics shares the load current equally, 
the VOL level shifts upward by about 25 mV. Connecting two 
additional outputs for a total of four with the same charac­
teristics shifts VOL upward another 22 mV. Connecting four 
more identical outputs shifts VOL upward another 20 mV. 
Thus the VOL shift for eight outputs having identical worst­
case VOL characteristics is approximately 67 mV. In prac­
tice, the probability of having eight circuits with worst-case 
VOL characteristics is quite low. The output with the highest 
VOL tends to conduct most of the current. This limits the 
upward shift to much less than the theoretical worst-case 
value. In addition, the LOW-state noise margin is specified 
greater than the HIGH-state margin to allow for VOL shift 
when outputs are paralleled. Exclusive use of devices with 
CUT-OFF DRIVERS on the bus (Le., 100352) will eliminate 
low state current sharing and preserve the low state noise 
margins. 

In some instances a single termination is satisfactory for a 
data bus, provided certain conditions are fulfilled. The single 
termination is connected in the middle of the line. This re­
quires that for each half of the line, from the termination to 
the end, the line length and loading must comply with the 
same restrictions as unterminated lines to limit overshoot 
and undershoot to acceptable levels. The termination 
should be connected as near as possible to the electrical 
mid-point of the line, in terms of the modified line delay from 
the termination to either end. Another restriction is that the 
time between successive transitions, i.e., the nominal bit 
time, should not be less than 15 ns. This allows time for the 
major reflections to damp out and limits additive reflections 
to a minor level. 

Wired-OR 
In general-purpose wired-OR logic connections, where two 
or more driver outputs are expected to be in the HIGH state 
simultaneously, it is important to minimize the line length 
between the participating driver outputs, and to place the 
termination as close as possible to the mid-point between 
the two most widely separated sources. This minimizes the 
negative-going disturbances which occur when one HIGH 
output turns off while other outputs remain HIGH. The driver 
output going off represents a sudden decrease in line cur­
rent, which in turn generates a negative-going voltage on 
the line. A finite time is required for the other driver outputs 
(quiescently HIGH) to supply the extra current. The net re-



Wired-OR (Continued) 

suit is a "V" shaped negative glitch whose amplitude and 
duration depend on three factors: current that the off-going 
output was conducting, the line impedance, and the line 
length between outputs. If the separation between outputs 
is kept within about % inch, the transient will not propagate 
through the driven load circuits. 

If a wired-OR co~nection cannot be short, it may be neces­
sary to design the logic so that the signal on the line is not 
sampled for some time after the normal propagation delay 
(output going negative) of the element being switched. Nor­
mal propagation delay is defined as the case where the ele­
ment being switched is the only one on the line in the HIGH 
state, resulting in the line going LOW when the element 
switches. In this case, the propagation delay is measured 
from the 50% point on the input signal of the off-going ele­
ment to the 50% point of the signal at the input farthest 
away from the output being switched. The extra wiring time 
required in the case of a severe negative glitch is, in a 
worst-case physical arrangement, twice the line delay be­
tween the off-going output and the nearest quiescently 
HIGH output, plus 2 ns. 

An idea of how the extra waiting time varies with physical 
arrangement can be obtained by qualitatively comparing the 
signal paths in Figure 4-13. With the outputs at A and B 
quiescently HIGH, the duration of the transient observed at 
C is longer if B is the off-going output than if A is the off-go­
ing element. This is because the negative-going voltage 
generated at B must travel to A, whereupon the corrective 
signal is generated, which subsequently propagates back 
toward C. Thus the corrective signal lags behind the initial 
transient, as observed at C, by twice the line delay between 
A and B. On the other hand, if the output at A generates the 
negative-going transient, the corrective response starts 

A 1=15" 

when the transient reaches point B. Consequently, the tran­
sient duration observed at C is shorter by twice the line 
delay from A to B. 

rI:>-RT 

Vn 
TL/F/9901-23 

FIGURE 4-13. Relative to Wired-OR Propagation 

Backplane Interconnections 
Several types of interconnections can be used to transmit a 
signal between logic boards. The factors to be considered 
when selecting a particular interconnection for a given appli­
cation are cost, impedance discontinuities, predictability of 
propagation delay, noise environment, and bandwidth. Sin­
gle-ended transmission over an ordinary wire is the most 
economical but has the least predictable impedance and 
propagation delay. At the opposite end of the scale, coaxial 
cable is the most costly but has the best electrical charac­
teristics. Twisted pair and similar parallel wire interconnec­
tion cost and quality fall in between. 

For single-wire transmission through the backplane, a 
ground plane or ground screen (Chapter 5) should be pro­
vided to establish a controlled impedance. A wire over a 
ground plane or screen has a typical impedance of 150.0. 
with variations on the order of ± 33 %, depending primarily 
on the distance from ground and the configuration of the 
ground. Figure 4-14 illustrates the effects of impedance vari­
ations with a 15-inch wire parallel termi nated with 150.0. to 
-2V. Figure 4-14b shows source and receiver waveforms 
when the wire is in contact with a continuous ground plane. 

WIRE OVER GND PLANE OR SCREEN 

a. Wire over Ground Plane or Screen 

H =5 ns/div 
V =0.4 nsJdiv 

_A 

_8 

TLlF/9901-25 

TL/F/9901-24 

_A 

_8 

H = 5 ns/div 
V = 0.4 V/div 

TL/F/9901-26 

b. Wire in Contact with Ground Plane c. Wire Spaced Va" from Ground Screen 

FIGURE 4-14. Parallel Terminated Backplane Wire 
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Backplane Interconnections (Continued) 

The negative-going signal at the source shows an initial step 
of only 80% of a full signal swing. This occurs because the 
quiescent HIGH-state current IOH (about 7 mA) multiplied by 
the impedance of the wire (approximately gOm is less than 
the normal signal swing, and this condition allows the driver 
emitter follower to turn off. The negative-going signal at the 
receiving end is greater by 25% (1 + P = 1.25). The receiv­
ing end mismatch causes a negative-going reflection which 
returns to the source and establishes the VOL level. The 
positive-going signal at the source shows a normal signal 
swing, with the receiving end exhibiting approximately 25% 
overshoot. 

Figure 4-14c shows waveforms for a similar arrangement, 
but with the wire about % inch from a ground screen. The 
impedance of the wire is greater than 150n termination, but 
small variations in impedance along the wire cause interme­
diate reflections which tend to lengthen the rise and fall 
times of the signal. As a result, the received signal does not 
exhibit pronounced changes in slope as would be expected 
if a 200n constant impedance line were terminated with 
150n. 

Series source resistance can also be used with single wire 
interconnections to absorb reflection. Figure 4-15a shows a 
16-inch wire with a ground screen driven through a source 
resistance of 100n. The waveforms (Figure 4-15b) show 
that although reflections are generated, they are largely ab­
sorbed by the series resistor, and the signal received at the 
load exhibits only slight changes and overshoot. Series ter­
mination techniques can also be used when the signal into 
the wire comes from the PC board transmission line. Figure 
4-16a illustrates a 12-inch wire over a ground screen, with 
12·inch microstrip lines at either end of the wire. The output 
is heavily loaded (fan-out of 8) and the combination of im­
pedances produces a variety of reflections at the input to 
the first microstrip line, shown in the upper trace of Figure 
4-16b. The lower trace shows the final output; a comparison 
between the two traces shows the effectiveness of damping 
in maintaining an acceptable signal at the output. Figure 
4-16c shows the signals at the input to the driving gate and 
at the output of the load gate, with a net through-put time of 
8.5 ns. The circuit in Figure 4-16a is a case of mismatched 
transmission lines, discussed in Chapter 3. 
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Signal propagation along a single wire tends to be fast be­
cause the dielectric medium is mostly air. However, imped­
ance variations along a wire cause intermediate reflections 
which tend to increase rise and fall times, effectively in­
creasing propagation delay. Effective propagation delays 
are in the range of 1.5 to 2.0 ns per foot of wire. Load 
capacitance at the receiving end also increases rise and fall 
time (Chapter 3), further increasing the effective propaga­
tion delay. 

16" WIRE OVER GROUND SCREEN B 

TL/F/9901-27 

a. Wire over Ground Screen 
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H = 10 ns/div 
V = 0.3 V/div 

TL/F/9901-28 

b. Series Terminated Waveform 

FIGURE 4·15. Series Terminated Backplane Wire 



Backplane Interconnections (Continued) 

INPUT 
[

12" MICROSTRIPSl OUTPUT 

12"WIREOVER ~ 
GROUND SCREEN ~ 

1000 ---- -L ---
t '" 1000 ZO'" 1500Z0 '" 1000B I 

LD-RE 

TLIF/9901-29 

a. Backplane Wire Interconnecting PC Board Lines 

-A 

-B 

H = 10 ns/div 
V=0.4 V/div 

TLIF/9901-30 

b. Signals into the First Microstrip and at the Loads 

H = 10 ns/div 
V =0.4 V/div 

-INPUT 

-OUTPUT 

TL/F/9901-31 

c. Input to Driving Gate and Output of Load Gate 

FIGURE 4-16. Signal Path with Sequence 
of Mlcrostrip, Wire, Microstrip 

Better control of line impedance and faster propagation can 
be achieved with a twisted pair. A twisted pair of A WG 26 
Teflon* insulated wires, two twists per inch, exhibits a prop­
agation delay of 1.33 nslft and an impedance of 1150. 
Twisted pair lines are available in a variety of sizes, imped­
ances and multiple-pair cables. Figure 4-17a illustrates sin­
'Teflon is a registered trademark of E.!. du Pont de Nemours Company. 
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TLIF/9901-32 

a. Single-ended Twisted Pair 

P 

TL/F/9901-33 

b. Differential Transmission Reception 

5600 5600 
VEE -t-"IVV-t-~"""~>--~~I---t----4-t--~'Vv-,--VEE 

750 {} Rr 7500 

TL/F/9901-34 

c. Backplane Data Bus 

FIGURE 4-17. Twisted Pair Connections 

gle-ended driving and receiving. In addition to improved 
propagation velocity, the magnetic fields of the two conduc­
tors tend to cancel, minimizing noise coupled into adjacent 
wiring. 

Differential line driving and receiving complementary gates 
as the driver and a 100314 line receiver is illustrated in Fig­
ure 4-17b. Differential operation provides high noise immu­
nity, since common mode input voltages between -0.5V 
and - 2.0V are rejected. The differential mode is recom­
mended for communication between different parts of a sys­
tem, because it effectively nullifies ground voltage differenc­
es. For long runs between cabinets or near high power tran­
sients, interconnections using shielded twisted pair are rec­
ommended. 

Twisted pair lines can be used to implement party line type 
data transfer in the backplane, as indicated in Figure 4-17c. 
Only one driver should be enabled at a given time; the other 
outputs must be in the VOL state. The Vss reference volt­
age is available on pin 22 of the flatpak and pin 19 of the 
dual-in-Iine package for the 1 00314. 

In the differential mode, a twisted pair can send high-fre­
quency symmetrical signals, such as clock pulses, of 
1 00 M Hz over distances of 50 to 100 feet. For random data, 
however, bit rate capability is reduced by a factor of four or 
five due to line rise effects on time jitter.3 
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Backplane Interconnections (Continued) 

Coaxial cable offers the highest frequency capability. In ad­
dition, the outer conductor acts as a shield against noise, 
while the uniformity of characteristics simplifies the task of 
matching time delays between different parts of the system. 
In the single-ended mode, A"gure 4-18a, 50 MHz signals can 
be transferred over distances of 100 feet. For 100 MHz op­
eration, lengths should be 50 feet or less. In the differential 
mode, Figures 4-18b, c, the line receiver can recover small­
er signals, allowing 100 MHz signals to be transferred up to 
100 feet. The dual cable arrangement of Figure 4-18c pro­
vides maximum noise immunity. The delay of coaxial cables 
depends on the type of dielectric material, with typical de­
lays of 1.52 nslft for polyethylene and 1.36 nslft for cellular 
polyethylene. 

-[)o " -, D-
-;iH-=-:--=Zo~-----+-t.f-' "-~M' 
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TLfFf9901-35 

a. Single-Ended Coaxial Transmission 
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b. Differential Coaxial Transmission 
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RT 

, - L1 ,', 

4 t 
, - L2 ,-, 

t t 
L1 = L2 VTT 

TLlFf9901-37 

c. Differential Transmission with Grounded Shields 

FIGURE 4·18. Coaxial Cable Connections 
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tfJ Nat ion a I S e'n i con due tor 

Glossary o~ Local Area Networking 
and Data COmmunications Terms 

If a term or acronym appoars elsowhero in this databook 
and is not defined in the following glossary, pleaso sond 
your comments or inputs to: 

Attn: LAN Applications 
National Semiconductor MS-03635 
2DOO Semiconductor Dr. 
Santa Clara, CA 95952-8090 
FAX: 408-739-6204 

AARP (Apple Address Resolution Protocol): A protocol 
defined by Apple® for Appletalk® network similar in function 
toARP. 

ABI (Application Binary Interface): An application inter­
faco on AT&T's UNIX® System V Release 4. This interface 
onablog binary compatibility for applications that run with 
UNIX on different platforms, and CPUs. 

Access Method: In a data processing system, any of the 
techniques available to the user for moving data between 
main storage and an input! output device or channel. The 
techniques are usually part of the operating system. In Local 
Area Networks, the technique and/or program code used to 
arbitrate the uso of tho communications modium by granting 
acco!;!; !;oloctivoly to individual ~;tation~;. Examplog aro 
CSMAICO and Tokon Passing. 

ACK: Abbreviation for acknowledgement. 

Acknowledgement: A response sent by a receiver to indi­
cate successful reception of information. Acknowledge­
ments may be implemented on any networking level. 

Active Open: The operation that a client performs to estab­
ligh a TCP connection with a server at a known address. 

Adapter: A computer add-in board. Network adapters are 
usod to connect end-user nodes to the network; each con­
tains an interface to a specific type of workstation or system 
bus. E.g.; EISA, ISA, MCA, VME, etc. 

Adaptive Routing: A form of routing in which messages are 
forwarded through the network along tho most cost-offoc­
tive path currently available and are automatically roroutod if 
required by changes in the network topology (for example, if 
a circuit becom~s disabled). 

Address: A de!;lgnator do/inlnn tho 10 of a OTE, peripheral 
devico, or any at/lOr noual componont in a network. In 
Ethernet, oach nodo is assigned a uniquo 6 by to address. 
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Address Resolution: Conversion of an Internet address 
into a corresponding physical address. This may require 
broadcasting on a local network. See ARP. 

AFP (AppleTalk File Protocol): A network file system pre­
sentation layer protocol defined by Apple for use on Apple 
Macintosh® networks. It provides for access of remote file 
systems. 

ALAP (AppleTalk Link Access Protocol): A Link level pro­
tocol that provides basic packet delivery transactions on 
Apple's Macintosh based networks. 

ANSI: American National Standards Institute, an organiza­
tion that sets information procossing industry standards, 
represents tho Unitod Stalo!> in tho Intornatlonal Standards 
Organization (ISO). 

ANS X3T!).5: Tho cornrniltoo :;pon!;oroo by ANSI which de­
velopod tho :;tamlurd for tho Flbor Distributed Data Inter­
face (FOOl). 

APPLET ALK: Originally defined by Apple Computer for 
Macintosh communication, AppleTalk protocols can now 
run over Ethernet networks, as well as the original, lower­
speed AppleTalk network 230 Kbps (now called LocaITalk). 
ApploTolk is similar to NotBIOSTM in function and is sup­
portod by n numbor of v()ndor~1 tor communication Ilotwoon 
Macs and PCs, as well U!l tilrnply botwoon Mnc!l. 

AppleTalk was designed to be easy to usa and requires liltlo 
setup time compared to other networks. 

APPC (Advanced Program to Program Communica­
tions): This is an interface that allows computers-and the 
programs running on them-to communicate over a net­
work. APPC runs on IEEE 802.5, Ethernet, X.25 and SNA®'s 
synchronous data-link control. Although it was developed by 
IBM® and remains IBM-proprietary, work is under way within 
ISO to define an international protocol for "transaction pro­
gramming" similar to APPC. 

Application: A software program designed to enable end 
usors to carry out a specific task or function. Word proces­
sors, sproadshoots, graphics programs, and database man­
agers are examples of applications. 

Application Layer: Level seven of tho OSI model which 
provides the type of information transfer required, for exam· 
pie: file transfer or electronic messaging. See 051. 
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API (Application Program Interface): A set of standarized 
interfaces to operating system functions available for use by 
applications programmers designed to ensure portability. 
Berkeley Sockets for UNIX networking and NOIS for Win­
dows networking are examples. 

ARCnet: A 2.5 Mbps baseband, token passing media­
access protocol created by Oatapoint Corp. 

ARP (Address Resolution Protocol): Originally a Trans­
mission Control Protocol/Internet Protocol (TCP/IP) pro­
cess that maps IP addresses to Ethernet addresses; ro­
quired by TCP/IP for uso with Ethernot. Also referrod to in 
othor protocols as on address resolution protocol. 

ARP HACK: Soo Proxy ARP. 

ARQ (Automatic Request for Retransmission): A com­
munications feature whereby the receiver asks the transmit­
ter to resend a block or frame, generally due to errors de­
tected by the receiver. 

ASCII (American Standard Code for Information Inter­
change): A system used to represent alphanumeric data; a 
7-bit-plus-parity character set established by ANSI and used 
for data communications and data processing; ASCII allows 
compatibility among data services; one of two such codes 
(seo EBCDIC) usod in data interchange, ASCII is normally 
used for asynchronous transmission. 

Asynchronous Data Transmission: A modo of data trans­
mission wherein the occurrence of each charactor is not 
related to a fixed time frame of reference. Seo Synctlronous 
transmission. 

ATP (Apple Transaction Protocol): A Transport layer pro­
tocol defined by Apple Computer. This protocol allows the 
reliable exchange of information between two processors 
on a Macintosh internet. 

AUI (AttaChment-Unit Interface): The interface between 
the Medium Attachment Unit (MAU) and the computing do· 
vice or ropoator. 

Attenuation: Tl10 docroaso in magnitude of tl10 curront, 
voltage or power of a Signal transmitted over a wire, mea­
sured in decibels per kilometer. As attenuation increases, 
signal power decreases. 

Backbone Network: High capacity network linking other 
networks of lower capacity. Example: FOOl as a backbone 
to multiple Ethernet and Token Ring LANs. 

Backoff: In IEEE 802.3 networks whon two or more nodes 
attempt a transmission and collide. The function of stopping 
transmission, and waiting a specified random time before 
retrying the transmission is considered backott. In 802.3 
networks a "truncated binary exponential backoff" algo­
rithm is employed. 

BALUN (Balanced/Unbalanced): In the IBM cabling sys­
tem, refers to an impedance-matching device used to con­
nect balanced twisted-pair cabling with unbalanced coaxial 
cables. 

Bandwidth: 1. The difference, expressed in hertz, between 
the two limiting frequencies of a band. 2. The information 
capacity of a channel. 

Baseband: A transmission scheme in which the entire 
bandwidth, or data-carrying capacity, of a medium (such as 
coaxial cable) is used to carry a single digital pulse (Le., a 
signal) between multiple users. Because digital signals are 
not modulated, only one kind of data can be transmitted. 
Ethernet is among the most popular basoband LANs. 
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Baud: A unit of modul;.ion rate or signaling speed used to 
designate the numbfl of bits per second that can be trans­
mitted in a given c,mputer system. 

Beacon Frame·A specialized frame in token-p~ssing ~et­
works, sent to,ndicate and recover from a break In the nng. 

Big-Endiar; A binary data storage/transmi~sion format in 
which thO' most significant byte (bit) comes first. DARPA In­
ternet's standard is Big-Endian. See Little-Endian. 

ssC (BISYNC): A family of IBM character·oriented binary 
synchronous communications protocols. 

Bit: The smallest information unit in data processing. It has 
two possible statos, "0" and "1 ". Bit is a contraction of 
Binary digiT. 

Bit Duration: The time it takes one encoded bit to pass a 
point on the transmission medium; in serial communica­
tions, a relative unit of time measurement, used for compari­
son of delay times (e.g., propagation delay, access latency) 
where the data rate of a (typically high-speed) transmission 
channel can vary. 

BER (Bit Error Rate): The ratio of received bits that are in 
error relative to a specific number of bits received; measure 
of noise-induced distortion in digital communication links. 
Usually expressed as a number referenced to a power of 
10; e.g., 1 error in 100,000,000,000 bits is referred to as a 
SER of 1 x 10-12. 

Bit-Oriented: Used to describe communications protocols 
in which control information may bo codod in fields as small 
as a singlo bit. 

Bit Rate: The number of bits of data transmitted over a 
communications line each second. 

BOOTP: A UNIX protocol that enables diskless worksta­
tions to boot their operating system from across a notwork. 

BPS (Bits Pcr Sccond): Tho basic unit of moasuro for sorial 
data transmission capacity; Kbps for kilo (thousands of) bits 
por second; Mbps for mega (millions of) bits per second. 

Bridge: Network interconnection device operating at the 
Media Access Control (MAC) sublayer of the OSI model's 
Data Link layer which provides a communication path be­
tween logically or physically separate networks. A hard­
ware/software device that permits high-speed communica­
tion between two local or remote notworks with similar or 
dissimilar protocols. Provides packet filtering across net­
works based on the Ethernet source and destination ad­
dress fields. Two major bridge classifications supported are 
spanning tree and source routing. 

Broadband: A means of transmission in which users are 
allocated different frequoncy channels and can therefore 
send data across a common path simultaneously. A data 
transmission scheme in which multiple signals sharo tho 
bandwidth, or data-carrying capacity, of a modia. This allows 
transmitting voice, data and Video signals, for example, over 
a single cable, such as coaxial cable. Cable television uses 
broadband techniques to deliver several dozen channels 
over a single cablo. Seo Baseband. 

Broadcast: A method of tral'lsmitting messages to two or 
more stations simultaneously, such as over a bus-type local 
area notwork or by satellite; protocol mechanism whereby 
group and universal addressing is supported. 

Buffering: The process of temporarily storing data in RAM, 
to allow transmission devices to accommodate differences 
in data transmission rates. 



Bus: A length of wire or a set of parallel wires. Units which 
wish to intercommunicate are all connected to the bus. 
There must be a means of determining when each can 
transmit to the bus (access control), and a common method 
of sending and receiving the data (protocol), which includes 
a means of addressing to determine which unit a piece of 
information is for. A transmission path or channel; an electri­
cal connection, with one or more conductors, by which all 
attached devices receive all transmissions simultaneously. 

Bus Topology: The physical layout of a Local Area Net­
work in which each node or workstation is connected direct­
ly to a length of cable or set of parallel wires. 

Byte-Oriented: Similar to bit-oriented; control information 
may be coded in fields of one-byte (character) length. 

Cable Access Method: The technique used to arbitrate the 
use of the communications medium by granting access se­
lectively. (e.g., token passing and CSMAlCD). 

Cable Plant: The physical cabling connectors, splices and 
patch panels in an installation. 

Caching: A data-retrieval technique that places often-used 
data, such as file-allocation tables, in a computer's random­
access memory or in high-speed cache memory where it 
can be accessed quickly. 

Carrier Sense: The ability of each node on an Ethernet 
LAN to detect any traffic on the channel. 

Carrier Sense Multiple Access with Collision Detect 
(CSMAlCD): The technique by which nodes on an Ethernet 
LAN share the transmission channel. See also Multiple Ac­
cess; Carrier Sense; and Collision Detect. A LAN protocol 
access method for in which the nodes are attached to a 
cable. When a node transmits data onto the network and 
raises the carrier, the remaining nodes detect the carrier, 
Carrier Sense, and "listen" for the information to detect if it 
is intended for them. The nodes have network access, Mul­
tiple Access, and can send if no other transmission is taking 
place. If two attempt to send simultaneously a collision 
takes place, Collision Detection and both must retry at ran­
dom intervals. 

CATV: Cable television technology commonly employed by 
broadband LANs for signal distribution. 

CCITT (Consultative Committee International Telegraph 
and Telephony): An international association that sets 
worldwide communications standard (e.g., V.21, V.22, X.25, 
X.25, etc.). 

Circuit Switching: A method of communication whereby an 
electrical connection between calling and called stations is 
established on demand for exclusive use of the circuit until 
the connection is released. 

Channel: A path for the transmission of information. 

Character: Standard 8-bit unit representing a symbol, letter, 
number, or punctuation mark; generally means the same as 
byte. 

Character-Oriented: A communications protocol or a 
transmission procedure that carries control information en­
coded in fields of one or more bytes; (compare with bit-ori­
ented and byte-oriented). 

Character-Oriented Windows (COW) Interface: An SAA 
compatible user interface for OS/2® applications. 

Characteristic Impedance: The impedance termination of 
an (approximately) electrically uniform transmission fine that 
minimizes reflections from the end of the line. 
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CHEAPERNET: Colloquial term for thin wire Ethernet, de­
fined by IEEE 802.3 as 108ase2. 

Checksum: The total of a group of data items or a segment 
of data that is used for error-checking purposes. 80th nu­
meric and alphabetic fields can be used in calculating a 
checksum, since the binary content of the data can be add­
ed. Just as a check digit tests the accuracy of a single num­
ber, a checksum serves to test an entire set of data which 
has been transmitted or stored. Checksums can detect sin­
gle-bit errors and some multiple-bit errors. 

Circuit Switcing: A switching technique in which an infor­
mation path (circuit) between calling and called stations is 
physically established on demand for exclusive use by the 
two stations until the connection is released. Compare to 
Packet Switching. 

Cluster: Several pieces of data terminal equipment (DTE) in 
close proximity such that it is easy to run cabling between 
them. 

CMIP/CMIS: Common Management Information Protocol 
(CMIP) and Common Management Information Services 
(CMIS) are two OSI protocols that provide a standard way of 
managing an OSI network. 

CMOT (CMIP/CMIS over TCP): Use of the ISO CMIP/ 
CMIS network management protocols to manage devices in 
an internet environment. See CMIP. 

Coaxial Cable: A transmission medium with a central cop­
per-wire conductor surrounded by concentric layers of plas­
tic/polyvinyl chloride, aluminum or aluminized mylar and a 
copper tube that acts as an insulator (ground) and source of 
shielding from electromagnetic and radio frequency interfer­
ence (CMI/RFI); Two types of coaxial cable-known as 
"thick" and "thin" for their respective diameters-are used 
in Ethernet data transmission. 

Collision Detection: The ability of a transmitting node on 
an Ethernet LAN to sense a change in the energy level of 
the channel and to interpret the phenomenon as a collision. 

Communications Server: A hardware/software combina­
tion that allows terminals and host computers to access a 
network without implementing the necessary network proto­
cols. The communications server communicates with other 
devices using standard built in protocols. 

Compression: Any of several techniques that reduce the 
number of bits required to represent information in data 
transmission or storage (thus conserving bandwidth and/or 
memory), in which the original form of the information can 
be reconstructed; also called "compaction". 

Concentrator: Any communications device that allows a 
shared transmission medium to accommodate more data 
sources than there are channels currently available within 
the transmission medium. 

Connectionless ServIce: The packet delivery service of­
fered by most hardware and by the Internet Protocol. It 
treats each packet or. datagram as a separate entity that 
contains both the source and destination address. Connec­
tionless service can lose packets or deliver them out of or­
der. 

Conditioning: Extra-cost options that users may apply to 
leased, or dedicated, voice-grade telephone lines in which 
line impedances are carefully balanced; will generally allow 
for higher-quality and/or higher-speed data transmission; in 
increasing order of resultant line quality and cost, condition­
ing may be C1, C2, C4, or 01; allows improved line perform­
ance with regard to frequency response and delay distor­
tion. 
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Contention: In communications, the situation when multiple 
users vie for access to a transmission channel, whether a 
PBX circuit, a computer port, or a time slot, within a multi­
plexed digital facility. 
Core: The central region of an optical waveguide through 
which light is transmitted; typically 8 to 12 microns in diame­
ter for single mode fiber, and 50 to 100 microns for multi­
mode fiber. 
Core Gateway: One of a set of Internet gateways which 
exchange routing updates periodically to ensure consisten­
cy in routing because all groups must advertise their net­
work paths to core gateways using Exterior Gateway Proto­
cols (EGP). 
CRC (Cyclic Redundancy Check): A basic error-checking 
mechanism for link-level data transmission; a characteristic 
link-level feature of (typically) bit-oriented data communica­
tions protocols. The data integrity of a received frame or 
packet is checked via a polynominal algorithm based on the 
content of the fram~ and then matched with the result that 
is performed by the sender and included in a (most often, 
16-bit) field appended to the frame. 
CSMAlCD (Carrier Sense Multiple Access with Collision 
Detection): See Carrier Sense Multiple Access with Colli­
sion Detect.(CSMAlCD). 
CSNET (Computer SCience Network): A network provid­
ing Internet connections and mail delivery service using dial­
up. CSNET also provides an Internet domain name server 
for members who cannot run their own. CSNET was origi­
nally funded by the National Science Foundation, but is now 
self sufficient. 
CSU (Channel Service Unit): A component of customer 
premises equipment used to terminate a digital circuit (such 
as DDS or T1) at the customer site; performs certain line­
conditioning functions, ensures network compliance with 
FCC rules, and responds to loopback commands from the 
central office, and ensures proper "ones" density in trans­
mitted bit stream and corrects biploar violations. See DSU. 
CTI (Coax Transceiver Interface): Ethernet coaxial cable 
driver/receiver which interfaces the code electronics to the 
physical medium. National's DP8392. 
04 Framing: A T1 12-frame format in which the 193rd bit is 
used for framing and Signaling information; ESF is an equiv­
alent but newer 24-frame technology. 
DARPA (Defense Advanced Research Projects Agen­
cy): Formerly ARPA. A government agency that funded 
ARPANET and later, the DARPA Internet. 
DARPA Internet: The collection of gateways and networks, 
including ARPANET, MILNET, and NSFnet, that use the 
TCP/IP protocol suite and operate as a single, virtual net­
work providing reliable full duplex stream delivery and unreli­
able connection less packet delivery. It also features univer­
sal connectivity and applications level services such as 
electronic mail. 
DAS (Dual Attach Station): A device attached to both rings 
of an FDDI network. 
Data Communications: The transmission, reception, and 
validation of data; data transfer between data source (origin 
node) and data link (destination node) via one or more data 
links according to appropriate protocols. 
Datagram: A packet that includes a complete destination 
address along with the data it carries. A finite-length packet 
with sufficient information to be independently routed from 
source to destination. Datagram transmission typically does 
not involve end-to-end session establishment and mayor 
may not entail delivery confirmation acknowledgement. 
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Data Link: 1. The physical means of connecting one loca­
tion to another for the purpose of transmitting and receiving 
data. 2. Synonymous with communication link. Any serial 
data-communications transmission path, generally between 
two adjacent nodes or devices and without intermediate 
switching nodes. 

Data Link Layer: Second layer in the OSI model; the net­
work processing entity that establishes, maintains, and re­
leases data-link connections between (adjacent) elements 
in a network to enable transmission over the physical link. 
See OSI. 

Data Terminal Equipment (DTE): The equipment that 
serves as a message source or a message destination and 
provides for the communication control function; subscriber 
equipment. 

Data Transfer Rate: The average number of bits, charac­
ters, or blocks per unit of time transferred from a data 
source to a data link . 

DeE (Data Circuit Terminating Equipment): Devices that 
provide the functions required to establish, maintain, and 
terminate a data transmission connection; e.g., a modem. 

DDCMP (Digital Data Communication Message Proto­
col): Digital Equipment Corporation's link level protocol. It 
uses serial lines, delimits frames with special characters 
and includes link level checksums. NSFnet incorporates 
DDCMP over its backbone tines. 

DON (Defense Department Network): MILNET and asso­
ciated parts of the DARPA Internet which connect to military 
installations. DDN provides both local and long-haul data 
communications and interconnectivity for the Department of 
Defense systems and follows the DoD protocol suite. DDN 
is sometimes used to refer to MILNET, ARPANET and the 
TCP/IP protocols that they use. 

DDS (Dataphone Digital Service): A private-line digital 
service offered undefined by BOCs and interLATA by AT&T 
Communications, with data rates typically at 2.4, 4.8, 9.6, 
and 56 Kbps; part of the services listed by AT&T under the 
Accunet family. 

DDS-SC: Dataphone® Digital Service with Secondary Chan­
nel; also referred to as DDS II. A tariffed private-line service 
offered by AT&T and certain BOCs that allows 64 Kbps 
clear-channel data with a secondary channel that provides 
end-to-end supervisory, diagnostiC, and control functions. 

DECnet®: Digital Equipment Corporation's proprietary net­
work architecture developed for use in WAN and includes 
significant Ethernet LAN capabilities, endowed with a peer­
to-peer methodology. 

Dedicated Line: A dedicated circuit, a nonswitched chan­
nel; also called a private line. See Leased line. 

Delay: In communications, the time between two events; 
See Propagation delay, response time. 

Demultiplexor: A hardware device which separates a sin­
gle signal from a transmission line into several Signals 
based on time or carrier frequency. It is used on broadband 
systems in combination with a· multiplexor to allow multiple, 
simultaneous signal transmissions over a single medium. It 
allows multiple hardware devices to use a single communi­
cation link at the same time. 

DES (Data Encryption Standard): A scheme approved by 
the National Bureau of Standards that encrypts data for se­
curity purposes. DES is the data-communications encryp­
tion standard specified by Federal Information Processing 
Systems (FIPS) Publication 46. 



Destination Field: A field in a message header that con­
tains the address of the station to which a message is being 
directed. 

Destination Node: A network node to which a message is 
addressed. 

Disk/File Server: A mass storage device that can be ac­
cessed by several computers; enables the creation, stor­
age, and sharing of files. 

Disk Server: A network device which usually gives dedicat­
ed non-shared space on a disk drive to client hosts. 

Distributed File Server: A system by which file systems on 
disks distributed throughout a network are made available 
to workstations distributed throughout the network. 

Dlstrltubed Processing: Processing done in multiple, sep­
arate, networked computing systems (in contrast to central­
ized processing where mainframes do the processing). It 
can be an efficient use of processing power since each CPU 
can be devoted to a certain task. LANs are useful in linking 
workstations and computer-servers that perform distributed 
processing. 

Distribution Frame: A wall-mounted structure for terminat­
ing telephone wiring, usually the permanent wires from or at 
the telephone central office, where cross connections are 
readily made to extensions; also called distribution block. 

DLC (Data Link Control): The set of rules (protocol) used 
by two nodes, or stations on a network to perform an orderly 
exchange of information. A data link includes the physical 
transmission medium, the protocol and associated devices 
and programs so it is both a physical and a logical link. 

DMA (Direct Memory Access): A technique for high speed 
data transfer between a device and computer memory. 

DNA (Digital Network Architecture): Digital Equipment 
Corporation's eight layer data communications protocol. 

DNIC (Data Network Identification Code): A four digit 
number assigned to public data networks and to specific 
services within those networks. 

Domain: A part of the Internet naming hierarchy consisting 
of a series of names separated by periods. For example: a 
host named bar.vax.edu, bar is in domain vax, vax is in do­
main edu. 

DOS (Disk Operating System): The operating system uti­
lized by most IBM and compatible personal computers. 
Dotted Decimal Notation: The method of representing a 
32-bit number with four 8-bit numbers written in base ten 
and separated by periods. For example 255.128.52.1. 
Driver: See Network Device Driver. 
Drop Cable: The cable that allows connection to and ac­
cess from the distribution and trunk cables on an Ethernet 
network. Also called a transceiver cable because it runs 
from the network node to a transceiver (I.e., a transmitter/ 
receiver) attached to the trunk cable. 
DSU (Data Service Unit): A component of customer prem­
ises equipment used to interface to a digital circuit (say, 
DDS or T1) combined with a channel service unit (CSU) 
converts a customer's data stream to bipolar format for 
transmission. 
DTE (Data Terminal Equipment): The equipment that 
serves as a message source or a message destination and 
provides for the communication control function; subscriber 
equipment. 
EBCDIC (Extended Binary Coded Decimal Interchange 
Code): An 8-bit character code used primarily in IBM equip­
ment; the code provides for 256 different bit patterns; com­
pare with ASCII. 
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EGP (Exterior Gateway Protocol): The protocol between 
external gateways of autonomous systems to advertise the 
Internet addresses of their respective systems. Every auton­
omous system must use EGP to advertise network reacha­
bility to the core gateway system. 

Encryption: The process of systematically altering or en­
coding data to prevent unauthorized access. 

ENDEC: Short for Encoder/Decoder. A functional block 
within network adapters, that performs two basic functions. 
First, this function encodes the data from the controller to 
be transmitted over the network. Second, it decodes the 
data on the network to a form suitable for the network con­
troller chip. In the case of Ethernet, this function converts 
NRZ controller data to Manchester data (and back again). 

Ethernet: A branching broadcast communications system 
for carrying digital data packets among locally distributed 
computing stations. A 10 Mbitls baseband, Local Area Net­
work that has evolved into the IEEE 802.3 specification. A 
data-link protocol that specifies how data is placed on and 
retrieved from a common transmission medium. Ethernet is 
used as the underlying transport vehicle by several upper­
level protocols, including TCP/IP and Xerox Network Sys­
tem (XNS). See IEEE 802.3. 

EtherTalk: Apple's nomenclature for the Ethernet protocol 
that allows Apple Computer connectivity at 10 Mbps. This 
standard replaces the earlier AppleTalk rate of 230.4 Kbps. 

FCC (Federal Communications Commission): Board of 
commissioners appointed by the President under the Com­
munications Act of 1934, with the authority to regulate all 
interstate telecommunications originating in the United 
States. 

FCS (Frame Check Sequence): Often referred to as CRC. 
This is a field in a network packet that is used to check for 
transmission errors in a packet sent across the network. 
See CRC. 

FDDI (Fiber Distributed Data Interface): An ANSI Stan­
dard for high speed 100 Mbps optical fiber-based LAN with 
dual counter-rotating rings. Incorporates token passing and 
supports circuit-switched voice and packetized data. Attach­
ment device may be through SAS or DAS. 

FDM (Frequency Division Multiplexing): A method of 
transmitting multiple independent signals across a single 
medium by assigning each a unique carrier frequency. See 
Multiplexor and Demultiplexor. 

FEP (Front End Processor): A dedicated computer linked 
to one or more host computers or multiuser minicomputers; 
performs data-communications functions and serves to off­
load the attached computers of network processing, in IBM 
SNA networks, an IBM 3704, 3705, 3725 or 3745 communi­
cations controller. 

Fiber-Optic Cable: A transmission medium that uses glass 
or plastic fibers to transport data or voice signals. Informa­
tion is imposed on the glass fiber via pulses (modulation) of 
light from a laser or light-emitting diode (LED). Its high band­
width, 100 to 1,000 times the information-carrying capacity 
of copper wire, and lack of susceptibility to electromagnetic 
or radio frequency interference, make fiber-optic cable ideal 
for use in long-haul or noisy environments, and security ap­
plications. 

File: A collection of logically related records, usually of the 
same type. A named increment of storage or an unstruc­
tured or user structured form of data storage. 
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FAT (File-Allocation Tables): An area of disk that acts as 
an index, or directory, that tells the operating system where 
data has been stored on the disk. A FAT substantially in­
creases a disk system's ability to access stored information 
by "pointing" the operating system to the exact location of 
the data it is processing. 

File Server: A specialized computer attached to a LAN that 
provides data-storage service to users on a Local Area Net­
work. 

File Transfer: The movement of files or data from one data 
terminal equipment to another. 

FTP (File Transfer Protocol): The file-sharing protocol op­
erating at layers 5 through 7 of the Open Systems Intercon­
nection (OSI) model that governs file sharing and file trans­
fer capabilities. 

Flag: In communications, a bit pattern of six consecutive 
"1" bits (character representation is 01111110) used in 
many bit-oriented protocols to· mark the beginning of a 
frame. 

Flow Control: The procedure or technique used to regulate 
the flow of data between devices; prevents the loss of data 
once a device's buffer has reached its capacity. 

Fourth-Generation Language (4GL): A software produc­
tivity tool that aids programmers in the design and imple­
mentation of database management systems (DBMS). 

Fragment: Part of a packet that is transmitted on the net­
work. Fragments are usually generated during node colli­
sions on 802.3 networks when one node transmits part of its 
packet before colliding. Also, one of the pieces that results 
from an Internet Gateway dividing an IP datagram into 
smaller pieces for transmission across a network which can­
not handle the original datagram size. 

Frame: A packet transmitted over a serial line; a physical 
level transmission. Derived from character-oriented proto­
cols which added start-of-frame characters and end-of­
frame characters when sending packets. 

Framing: A control procedure used with multiplexed digital 
channels, such as T1 carriers, whereby bits are inserted so 
that the receiver can identify the time slots that are allocat­
ed to each subchannel. Framing bits may also carry alarm 
signals indicating specific conditions. 

Full Duplex: The type of transmission whereby a device can 
receive and transmit at the same time (simultaneous, 
bi-directional transmission). 

Gateway: A network interconnection device through which 
data flows from network to network. The gateway may refor­
mat the data as necessary and also may participate in error 
and flow control protocols. Used to connect LANsemploy­
ing different protocols or to public data networks. 

GBPS (Glga Bits Per Second): A measure of the rate of 
data transmission referring to billions of bits per second. 

GGP (Gateway to Gateway Protocol): The protocol used 
by core gateways to exchange routing information. GGP 
uses a shortest path routing computation. 

Half Duplex: The type of transmission whereby a device 
can receive or transmit, but not at the same time. 
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Hardware Address: The low level addresses used by phys­
ical networks. Each type of hardware has its own address­
ing scheme. 

Head-end: The point in a LAN where the inbound signals 
are transferred into outbound signals. The head-end may be 
passive or contain amplifier or frequency translation equip­
ment. Used in broadband LANs and CATV. 

Header: The control information added to the beginning of 
a message; contains the destination address, source ad­
dress, and message number. 

Heartbeat: In IEEE 802.3 networks this is a short burst of 
collision signal that is transmitted from the MAU to the DTE 
after every packet. Also called SQE (Signal Quality Error) 
test. 

Hierarchical Routing: Routing based on hierarchical ad­
dressing by dividing the routing procedure into steps based 
on portions of the address. A gateway will use only the net­
work portion of the address unless it can deliver the packet, 
then it also uses the host portion. Subnetting is a method of 
adding additional levels of hierarchical routing. 

HDLC (High-level Data Link Control): The link level proto­
col defined by ISO for bit-oriented, frame-delimited data 
communications. An Internet standard link level communi­
cation protocol. Each frame ends with a frame check se­
quence for error detection. It is used in X.25 networks for 
link access protocol. It is increasingly used by PSN interfac­
es to transfer frames between a host and PSN. 

Host: Any network node that a user can access for process­
ing power, information files, and applications. Hosts are 
general purpose nodes that are not designed to perform 
network-specific functions. 

ICMP (Internet Control Message Protocol): A protocol 
use primarily in UNIX networking. This protocol handles er­
ror and control messages, and low level functions. 

Idling Signal: A signal used to communicate that no data is 
being transmitted but a connection is still established. With­
out idling signals, a pause in transmissions could be inter­
preted as a lost connection. 

IEEE 802.3: Standard set by the IEEE for CSMAlCD net­
work protocol, that is a Physical Layer definition including 
speCifications for cabling in addition to transmitting data and 
controlling cable access. See Ethernet. 

IEEE 802.5: Called token ring and typically used by PCs and 
large computers to communicate with IBM computers. IEEE 
802.5 can transmit up to 4 megabits per second, but with 
recent improvements can transmit up to 16 megabits per 
second. It runs on coaxial, twisted-pair and fiber-optic cable. 

Unlike IEEE 802.3, the IEEE 802.5 network has a circular 
rather than a linear topology. And, rather than contending 
for resources, computers on the network take turns sending 
data by passing an electrical signal, a token, from one com­
puter to the next. A computer can transmit data on the net­
work only with possession of the token. 

IGP (Interior Gateway Protocol): A term applied to any 
protocol used to communicate routing information and 
reach ability within an autonomous system. 

IMP (Interface Message Processor): Former name for 
Packet Switched Nodes, the Packet switches used in 
ARPANET. See PSN. 



Impedance: The resistance a wire offers to a change in 
current, measured in ohms, as the current runs down the 
length of the wire. The greater the impedance, the shorter 
the distance that current can be sent down the wire. Ether­
net, for example, calls for using coaxial cable with a 50n 
impedance factor, while cable television coax offers a 75n 
impedance factor. 

Institute of Electrical and Electronic Engineers (IEEE): 
The Institute of Electrical and Electronic Engineers is a pub­
lishing and standards-making body responsible for many 
communications standards, including the 802.X series of 
LAN specifications. 

Interface: A shared boundary; physical point of demarca­
tion between two devices, where the electrical signals, con­
nectors, timing, and handshaking are defined. The proce­
dures, codes, and protocols that enable two entities to inter­
act for exchange of information. 

Internet: A collection of interconnected packet switched 
networks and gateways which function as one large network 
by adhering to common protocols. 

Internet Address: The 32-bit address, consisting of a do­
main address and local address, assigned to a host that 
wants to participate with the DARPA Internet using TCP/IP. 

Internet Layer: A network protocol layer providing host-to­
host delivery over an internet. This layer encapsulates mes­
sages in IP datagrams and determines delivery pathway in­
formation. It is also responsible for handling these data­
grams when they are received. 

Internet Protocol (IP): The TCP/IP Standard Protocol 
which defines Internet Datagram as the unit of information 
passed across the Internet and provides the basis for con­
nectionless, best-effort delivery service. 

Interoperability: The ability of many types of hardware and 
software to communicate and process information in a 
meaningful fashion. 

IP (Internet Protocol): See Internet Protocol. 

IP Datagram: The basic unit of information passed across 
the internet containing source and destination address. 
along with data. 

IPG (Interpacket Gap): In IEEE 802.3 the minimum time 
between the end of one packet and beginning of another. 
This time is 9.6 J.ts. 

IPX/SPX (Internetwork Packet Exchange/Sequenced 
Packet Exchange): Network protocol. Similar in concept to 
TCP/IP. This is the proprietary protocol used by Novell in its 
NetWare products. Based on XNS protocol. 

ISDN (Integrated Services Digital Network): An integrat­
ed digital network in which the same digital switches and 
digital paths are used to establish connections for voice and 
data traffic on the same digital links. . 

Inter-Networking: The connection of two or more networks 
so that work nodes on both can communicate with each 
other. 

ISO: International Standards Organization 

Jabber: A condition on an Ethernet LAN network when a 
node transmits for longer than the specified time. 

Jam: In IEEE 802.3, networks when a collision occurs the 
colliding nodes ensure that the collision is seen by the entire 
network by continuing to transmit for a minimum time during 
a collision. Called jamming. 

Jitter: The slight movement of a transmission signal in time 
or phase that can introduce errors and loss of synchroniza­
tion in high-speed synchronous communications. 
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Jumper: A patch cable or wire used to establish a circuit for 
testing, diagnostics or configuration. 

Kilobyte (kB): Term denoting a thousand bytes, a group of 
adjacent and related binary digits. A kilobyte is really 
1024 bytes (this is arrived at by multiplying two by itself ten 
times, Le., 210). 

LAN (Local Area Network): A communications system 
linking computers together to form a network whose dimen­
sions typically are less than five kilometers. Transmissions 
within a Local Area Network generally are digital, carrying 
data among stations at rates usually above one megabit per 
second. An assembly of computing resources such as mi­
crocomputers (Le., PCs), printers, minicomputers and main­
frames linked by a common transmission medium, including 
coaxial cable or twisted-pair wiring. 

LAN Manager: The multiuser network operating system co­
developed by Microsoft® and 3Com®. LAN Manager offers 
a wide range of network management and control capabili­
ties unavailable with existing PC-based network operating 
systems. It runs on Microsoft's OS/2 operating system. 

LAP (Link Access Procedure): The data-link-level protocol 
specified in the CCITT X.25 interface standard; original LAP 
has been supplemented with LAPB (LAP-Balanced) and 
LAPD. 

LAPB (Link Access Procedure Balanced): LAPB is the 
most common data link control protocol used to interface 
X.25 DTEs to X.25 DCEs. X.25 also specifies LAP (Link Ac­
cess Protocol, not balanced). Both protocols are full duplex, 
bit synchronous protocols. The unit of transmission is a 
frame. Frames may contain one or more X.25 packets. 

LAPD (Link Access Procedure-D): Link-level protocol de­
vised for ISDN connections, differing from LAPB (LAP-Bal­
anced) in its framing sequence. 

Latency: The time interval between when a network station 
seeks access to a transmission channel and when access is 
granted or received; equivalent to waiting time. 

Leased Line: A dedicated circuit, typically supplied by the 
telephone company, that permanently interconnects two or 
more user locations; generally voice-grade in capacity and 
in range of frequencies supported; typically analog, though 
sometimes it refers to DDS sub-rate digital channels 
(2.4 Kbps to 9.6 Kbps); used for voice (2000 Series leased 
line) or data (3002 type); could be pOint-to-point or multi­
point; may be enhanced with line conditioning; also, private 
line. 

Link Integrity Test: A function specified by the 10BASE-T 
standard which provides indication of whether the cable 
linking the DTE to the HUB is properly connected. 

Link Layer: Layer two of the OSI reference model; also 
known as the Data-Link Layer. 

Little-Endian: A binary data storage/transmission format in 
which the least significant byte (bit) comes first. See Big­
Endian. 

LLC (Logical Link Control): A protocol developed by the 
IEEE 802 committee for data-link-level transmission control; 
the upper sublayer of the IEEE Layer 2 OSI protocol that 
complements the MAC protocol; IEEE standard 802.2; in­
cludes end-system addressing and error checking. 

LU 6.2: In Systems Network Architecture, a set of protocols 
that provides peer-to-peer communications between appli­
cations. 

M Bit: The More Data mark in an X.25 packet that allows 
the DTE or DCE to indicate a sequence of more than one 
packet. 
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Mail Bridge: A mail gateway which screens mail passing 
from one network to another for security and administrative 
purposes. 

Mail Exploder:· A program which accepts a piece of mail 
and a list of addresses, then sends a copy of the message 
to each listed address. 

Mail Gateway: A machine which connects 2 or more mail 
systems and transfers mail among them, usually used be­
tween dissimilar systems on different networks; it will refor­
mat messages according to destination's mailing system 
rules before forwarding the message. 

Mail Server: The software and machine which provides 
message transfer services on a network. 

MAN (Metropolitan Area Network): A high speed network 
provides facilities for data communication between sites 
within a neighborhood or city for distances up to 40 km and 
typically at data rates up to 2 Mb/s. 

MAC (Media-Access Control): A sub-layer of the Data Link 
Layer, Level Two, of the ISO OSI model responsible for me­
diacontrol. 

Manchester Encoding: Digital encoding technique (speci­
fied for the IEEE 802.3 Ethernet baseband network stan­
dard) in which each bit period is divided into two comple­
mentary halves; a negative-to-positive (voltage) transition in 
the middle of the bit period designates a binary "1 ", while a 
positive-to-negative transition represents a "0". The encod­
ing technique also allows the receiving device to recover 
the transmitted clock from the incoming data stream (self­
clocking). 

Data 

MAP (Manufacturing Automation Protocol): A originated 
suite of networking protocols, which tracks the seven layers 
of the OSI model. 

Mapping: In networking operations, the logical association 
of one set of values, such as addresses on one network, 
with quantities or values of another set, such as devices on 
another network (e.g., name-address mapping, internetwork 
route mapping, protocol-to-protocol mapping). 

MAU (Medium Attachment Unit): The physical and electri­
cal component that provides the means of attaching com­
puting devices to the local network medium. In 10BASE-T 
networks, it is a repeater or a network interface adapter 
board equipped with a medium-dependent interface. 

MOl (Medium-Dependent Interface): The mechanical and 
electrical interface between the twisted-pair link and the 
MAU. In 10BASE-T networks, the MOl is an 8-pin RJ45 
modular telephone connection. 

Medium: Any material substance used for the propagation 
or transmission of signals, usually in the form of electrons or 
modulated radio, light, or acoustic waves; such as optical 
fiber, cable, wire, dielectric slab, water, or air. 

MHS (Message Handling System): The standard defined 
by the CCITT as X.400 and by the ISO as Message Oriented 
Text Interchange Standard (MaTIS). 

Mid-Level Net: One of many networks funded by the NSF 
which operated autonomously but was connected to the 
NSFnet Backbone. 

MIF (Minimum Internetworklng Functionality): A general 
principle within the ISO that calls for minimum Local Area 
Network station complexity when interconnecting with re­
sources outside the Local Area Network. 
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MILNET (MILitary NETwork): A network which was sepa­
rated from ARPANET to provide reliable service to the mili­
tary while ARPANET was used for continued research. 

Mini-MAP (Mini-Manufacturing Automation Protocol): A 
version of MAP consisting of only physical, link, and applica­
tion layers intended for lower-cost process-control net­
works. With Mini-MAP, a device with a token can request a 
response from an addressed device; unlike a standard MAP 
protocol, the addressed Mini-MAP device need not wait for 
the token to respond. 

MPR (Multi-Port Repeater): See Repeater. A repeater with 
numerous network connection ports at one point on the 
Ethernet. In coaxial networks these repeaters typically have 
8 ports; in twisted pair Ethernet up to several hundred ports 
are possible. 

MS® OS/2® LAN Manager: The multiuser network operat­
ing system co-developed by Microsoft and 3Com. LAN Man­
ager offers a wide range of network management and con­
trol capabilities unavailable with existing PC-based network 
operating systems. 

MTBF (Mean Time Between Failures): A stated or pub­
lished period of time for which a user may expect a device 
to operate before a failure occurs . 

MTTR (Mean Time To Repair): The average time required 
to perform corrective maintenance on a failed device. 

Multicast Packets: Multicast packets are addressed to a 
group of devices on a LAN. LAN stations use multicast 
packets to deliver information to a specific set of devices 
such as routers, servers, hosts, or nodes. 

Multlmode: An optical fiber designed to carry multiple sig­
nals, distinguished by frequency or phase, at the same time. 
Compare with Single mode. 

Multiple Access: The ability of any node on an Ethernet 
LAN to send a message immediately upon sensing that the 
channel is free. 

Multiple Routing: The process of sending a message to 
more than one recipient, usually when all destinations are 
specified in the header of the message. 

Multiplexor: A hardware device which combines mUltiple 
signals from a transmission line based on time or carrier 
frequency. It is used on broadband systems in combination 
with a demultiplexor to allow multiple, simultaneous signal 
transmissions over a single medium. It allows multiple hard­
ware devices to use a single communication link simulta­
neously. 

Multipoint Line: A single communications line or circuit in­
terconnecting several stations supporting terminals in sev­
eral different locations. This type of line usually requires a 
polling mechanism, with each terminal having a unique ad­
dress. Also called a multidrop line. 

Multipoint Link: A single line that is shared by more than 
two nodes. 

Multitasking: The concurrent execution of two or more 
tasks or applications by a computer; may also be the con­
current execution of a single program that is used by many 
tasks. 

MAU (Multlstatlon Access Unit): A multiport connector, or 
concentrator, for Token Ring networks which allows devices 
to be connected to the ring; also provides a built-in relay 
that prevents a break in the network when devices are at­
tached or removed. 

MUX: See Multiplexor. 



NAK (Negative AcKnowledgement): A message sent 
from a receiver to a sender which indicates that the trans­
mitted data contained errors from the transmission. Upon 
receiving a NAK, the sender will usually retransmit the data. 

Name Resolution: The process of converting a host's 
name into a corresponding network address. 

Named Pipe: The facility within the Microsoft OS/2 LAN 
Manager that allows processes on separate machines to 
communicate with each other across a network. Provide a 
simple way for application developers to write sophisticated 
distributed network applications. 

NCC (Network Control Center): Any centralized network 
diagnostic and management station or site, such as that of a 
packet-switching network. 

NDIS (Network Driver Interface Specification): Standard 
specification for network drivers for Microsoft's OS/2 LAN 
Manager. 

NetBIOS (Network Basic Input/Output System): A pro­
gramming interface to a data exchange protocol. Associat­
ed with several communications protocols and used to refer 
to the combination of the interface and the protocols. 

It allows users and software developers to write PC pro­
grams that can communicate over a PC network in a peer­
to-peer fashion. 

NetView®: IBM's proprietary network management system 
that monitors, manages, and controls SNA networks. Net­
View allows other vendors' network management programs 
to communicate with it. 

NetWare™: The popular network operating system from 
Novell, Inc. NetWare supports both Ethernet, Token-Ring, 
and FOOl network interface cards. 

Network: An interconnected group of nodes; a series of 
points, nodes, or stations connected by communications 
channels; assembly of equipment with connections made 
between data stations. 

Network Address: Refers to characters that identify the 
location of a node on a network. See Address. 

Network Architecture: A set of design principles, including 
the organization of functions and the description of data 
formats and procedures, used as the basis for the design 
and implementation of a network (ISO). 

Network Interface Controller: Electronic circuitry that con­
nects a workstation to a network, usually a card that fits into 
one of the expansion slots inside a personal computer. It 
works with the network software and computer operating 
system to transmit and receive messages on the network; 
also, network interface card. 

Network Layer: See 051. 
NOS (Network Operating System): The software program 
that provides the LAN user an interface and control of the 
user network interface. Network operating system commu­
nicates with the LAN hardware and the computer operating 
system. 

Network Management: Administrative services performed 
in managing a network; e.g., network topology and software 
configuration, software downloading, network statistics 
monitoring, maintenance of network operations, and trou­
bleshooting and diagnosis. 

Network Topology: The physical and logical relationship of 
nodes in building a network configuration; the schematic ar­
rangement of the links and nodes of a network; networks 
are typically a star, ring, tree, or bus topology, or hybrid 
combination. 
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NFS (Network File System): An extension of TCP/lP, de­
veloped by SUN Microsystems, that allows files on remote 
nodes of a network to appear locally connected. 

NIC (Network Interface Controller): National's Industry­
Standard 8/16 bit Ethernet Controller. Part number DP8390. 

NLM (Netware Loadable Module): Novell's NetWare 386 
supports the ability to load and run programs on the server 
to enhance features of the server. Programs are called 
NLMs. 

Node: An endpoint of any branch of a network, or a junction 
common to two or more branches of a network. In a data 
network, a point where one or more functional units inter­
connect data transmission lines. Distributed system nodes 
include information processors, network processors, termi­
nal controllers and terminals. 

Octet: A data unit composed of eight ordered bits. Synony­
mous with byte. In FOOl, a pair of data symbols. 

001 (Open Data Link Interface): Standard specification 
created by Novell to facilitate writing of drivers under Net­
Ware 386. Similar intent as Microsoft's NDIS. 

Off-Line: When a user, terminal, or other device is not con­
nected to a computer or actively transmitting via a network. 

On-Line: Condition in which a user, terminal, or other device 
is actively connected with the facilities of a communications 
network or computer. Opposite of off-line. 

Optical Fiber: Any filament or fiber, made of dielectric ma­
terials, that is used to transmit laser- or LED-generated light 
signals. Optical fiber usually consists of a core which carries 
the signal, and cladding, a substance with a slightly higher 
refractive index than the core, which surrounds the core and 
serves to reflect the light signal. 

051 (Open Systems Interconnect/on): A logical structure 
model for network operations standardized within the ISO; a 
seven-layer network architecture used for the definition of 
network protocol standards to enable any OSI-compliant 
computer or device to communicate with any other OSI­
compliant computer or device for a meaningful exchange of 
information. The layers are: Physical, Data Link, Network, 
Transport, Session, Presentation, Application: 

1. Physical Layer-Network wire and cable systems, de­
fines mechanical and electrical means by which devices 
are physically connected to a transmission medium. 

2. Data Link Layer-Synchronizing the flow of data and 
handling error control across the physical data link. 

3. Network Layer-Provides the means to establish, main­
tain, and terminate connections between systems; con­
cerned with switching and routing of information. 

4. Transport Layer-Checks the integrity of data transport­
ed over the network. 

5. Session Layer-Standardizes the task of setting up a 
session and terminating it; coordination of the interaction 
between stations on the network. 

6. Presentation Layer-Defines the character set and data 
code, and the way data is displayed on a screen or printer 
format, character set, and language. 

7. Application Layer-Links the network operating system 
and the application programs to perform the type of infor­
mation transfer required. 

OSINET: A test network, sponsored by the National Bureau 
of Standards (NBS), designed to provide a forum for doing 
interoperability testing for vendors of products based on the 
OSI model. 
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Overhead: All information, such as control, routing, and er­
ror-checking characters, in addition to user-transmitted 
data, including information that carries network status or op­
erational instructions, network routing information, and re­
transmissions of user data messages that are received in 
error. 

Out of Window Collision: A collision on an IEEE 802.3 
network. that occurs outside of the specified time. (for 
10 Mbitlsec standards the legal collision occurs within the 
first .51.2 /-Ls of the packet). 

Packet: A series of bits forming a complete unit of informa­
tion that is sent across a network. The packet has a defined 
format which includes who the packet is for and who sent it 
(destination address source address). See Circuit Switch­
ing. For IEEE 802.3 the physical layer packet consists of 
the following fields. 

Preamble (62 bits) 

Start of Frame Delimiter (SFD) (2 bits) 

Destination Address (6 bytes) 

Source Address (6 bytes) 

Data Field (64-1500 bytes) 

CRC (4 bytes) 

Packet Buffer: A memory space set aside for storing a 
packet that is either waiting to be transmitted, or has been 
received. May be located in either the network interface 
controller or the computer attached to the controller. 

Packet Switching: A mode of data transmission in which 
messages are broken into smaller increments called pack­
ets, each routed independently to the destination. 2. The 
process of routing and transferring data by means of ad­
dressed packets, whereby a channel is then available for 
the transfer of other packets. 

PAD (Packet Assembler/Disassembler): For X.25, a PAD 
allows non-X.25 users to access an X.25 network. CCITT 
recommendations X.3, X.28 and X.29 define PAD parame­
ters, terminal-to-PAD interface and PAD-to-X.25 host inter­
face. 

Pass-Through: Describing the ability to gain access to one 
network element through another. 

PBX (Private Branch Exchange): A manual, user-owned 
telephone exchange. 

Peer-to-Peer Communications: The ability of intelligent 
computing devices to communicate without relying on a 
host computer. 

Physical Layer: See 051. 

PLP (Packet Level Procedures): Defines protocols for the 
transfer of packets between X.25 DTE and X.25 DCE. X.25 
PLP is a full duplex protocol that supports data sequencing, 
flow control, accountability, and error detection and recov­
ery. 

PLS (Physical Layer Signaling): The portion of the inter­
face that enables MAC function communications with the 
AUI interface in IEEE 802.3 specifications. 

PMA (Physical Medium Attachment): In IEEE 802.3, the 
portion of the MAU that contains electronic circuitry. 
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Pipe: A communications process provided by the operating 
system that acts as an interface between a computer's de­
vices-keyboard, disk drives, memory, etc.-and an appli­
cation program. A pipe simplifies the development of appli­
cations programs by "buffering". the application program 
from the intricacies of the hardware and/or the software 
that controls the hardware: The application developer writes 
"code" to a single pipe, not several individual devices. A 
pipe also provides communication between processes in a 
multitasking operating system. 

Polnt-to-Polnt Connection: 1. In data communications, a 
connection established between only two data stations for 
data transmission. The connection may include switching 
facilities. Describing a circuit that interconnects two points 
directly, where there are generally no intermediate process­
ing nodes, computers, or branched circuits, although there 
could be switching facilities; a type of connection, such as a 
phone line circuit, that links tWO, and only two, logical enti­
ties, see multipoint line, broadcast. 

Port: A pOint of access into a computer, a network, or other 
electronic device; the physical or electrical interface through 
which one gains access; the interface between a process 
and a communications or transmission facility. 

Presentation Layer: See 051. 

Print Server: An intelligent device used to transfer informa­
tion to a series of printers. 

Printer Spooler: The software that allows a user to send a 
file to a shared printer over a network even when the printer 
is busy; the file is saved in temporary storage, then printed 
when the printer is free. 

Promiscuous ARP: See Proxy ARP. 

Protocol: Formal set of rules governing the format, timing 
sequencing, and error control of exchanged messages on a 
data network; may be oriented toward data transfer over an 
interface, between two logical units directly connected, or 
on an end-to-end basis between two users over a large and 
complex network. 

Protocol Port: A method used by transport protocols to tell 
the difference between many possible destinations within a 
single host. Operating systems usually allow an application 
program to specify what port it wants to be. 

Proxy ARP: When· one machine, usually a gateway, an­
swers ARP request intended for another by supplying its 
own physical address, thus accepting responsibility for rout­
ing packets to the correct machine. Proxy ARP is used to 
allow a site to use a single Internet address with more than 
one physical network. 

PSDN (Packet-Switched Data Network): A vendor-man­
aged network that uses the X.25 protocol to transport data 
between customers' computers connected to the PSDN. 
Tariffs for PSDNs are based on the volume of data sent 
rather than on the distance or connect time between com­
municating computers. 

PSN (Packet Switched Node): The name for an ARPANET 
packet switch. Each PSN is connected to at least 2 others 
as well as up to 16 host computers. 

Public Network: A network operated by common carriers 
or telecommunications administrations for the provision of 
circuit-switched, packet-switched, and leased-line circuits to 
the public. 



Queue: Any group of items, such as computer jobs or mes­
sages, waiting for service. In general, items are processed 
in "FIFO", or first-in, first-out order. In a priority queue, items 
of a higher priority may be serviced before lower priority 
items. 

Queuing: Sequencing of batch data sessions. 

Radio Frequency (RF): A generic term referring to the 
technology used in cable television and broadband Local 
Area Networks. Uses electromagnetic waveforms, usually in 
the megahertz (MHz) range, for transmission. 

RARP (Reverse Address Resolution Protocol): The in­
verse of ARP. A Transmission Control Protocol/Internet 
Protocol (TCP/IP) process that maps Ethernet addresses 
back to IP addresses; required by TCP/IP for use with 
Ethernet. Also referred to in other protocols as a reverse 
address resolution protocol. 

Real Time: Operating mode that allows immediate interac­
tion with data as it is created, as in a process-control system 
or computer-aided design system. 

Redundancy: In data transmission, the portion of a mes­
sage's gross information content that can be eliminated 
without losing essential information; also, duplicate facilities. 

Repeater: A device used to extend the length and topology 
of a physical channel, particularly a LAN cable, up to the 
maximum allowable end-to-end channel propagation limit. 

Response Time: For interactive sessions, the elapsed time 
between the end of an inquiry and the beginning of a re­
sponse. 

Retransmissive Star: In optical-fiber transmission, a pas­
sive component that permits the light signal on an input fiber 
to be retransmitted on multiple output fibers; formed by 
heating together a bundle of fibers to near the melting point; 
used mainly in fiber-based Local Area Network; also, star 
coupler. 

RFC (Request For Comment): A series of notes which 
contain information about the development of the DARPA 
Internet, including proposed and accepted protocols for the 
Internet. 

RF MODEM: A MOdulator-DEModulator that converts digital 
signals to analog signals (and vice versa), then modulates/ 
demodulates them to/from their assigned frequencies. 
Used in broadband LANs. 

RFS (Remote File Service): AT&T's network file protocol 
for UNIX networks. Similar to NFS, except that NFS was 
designed for connectivity of file structures across different 
platforms, and RFS provides complete support for the UNIX 
file system semantics, and therefore can only connect UNIX 
file systems across the network. 

Ring: Two or more stations connected by a physical medi­
um wherein information is passed sequentially between ac­
tive stations, each station in turn examining or copying and 
repeating the information, finally returning it to the originat­
ing station. 

Ring Network: A distributed system in which the informa­
tion processors are connected via a circular arrangementof 
data communications facilities. 

Ring Topology: A LAN configuration in which each com­
puter, or other node, is connected to the next, with the 
"last" connected to the "first" to form a complete loop, or 
ring. This ring may be a true physical ring or an electrical 
(also called logical) ring. In a physical ring, nodes are con­
nected serially, one after the other, in a closed loop. In a 
logical ring, nodes are connected to a central device that 
routes the data-carrying signal in a circular fashion. 
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RIP (Routing Information Protocol): An interior gateway 
protocol (IGP) used by Berkeley BSD 4.3 UNIX systems to 
exchange routing information between a small number of 
hosts. 

RJE (Remote Job Entry): A service offered by many net­
works which allows a user to submit a batch job to a host 
from a remote site. 

RLOGIN (Remote Login): A service offered by Berkeley 
4.3 BSD UNIX systems allowing a user on one machine to 
connect with other internetworked UNIX machines as if their 
terminal were directly attached. 

Routed (Route DAEMON): A 4.3 BSD UNIX program which 
updates routing information on local area networks using 
RIP protocols. 

Route: The path taken by data traffic within a network or 
through an internet. 

Router: A hardware-software device that connects geo­
graphically dispersed local area networks (often, of different 
types, such as Ethernet and token ring) together. 

Routing: The process of selecting the correct circuit path 
for a message. 

RPC (Remote Procedure Call): A UNIX session layer pro-
tocol. ' 

RTT (Round Trip Time): The time it takes for a single pack­
et or datagram to leave one machine, reach its destination 
and then return to the source machine. 

RUNT Packet: In 802.3 networks, a special case of a frag­
ment packet when the length of the packet is less than 512 
bit time. 

SAA (System Application Architecture): An IBM devel­
oped set of standards that provides identical user interfaces 
for applications running on pes, minicomputers, and main­
frames. 

SAS (Single Attach Station): A device attached to one ring 
of the FDDI network. 

SDLC (Synchronous Data Link Control): A predecessor 
of HDLC defined by IBM Corporation and used in their SNA 
network products. 

Segment: The unit of transfer between TCP's on different 
machines. Each segment contains a stream of bytes being 
sent between the machines as well as additional fields for 
identifications, error checking etc. 

Serial Transmission: The sequential transmission of the 
bits constituting an entity of data over a data circuit. 

Server: A specialized computer that provides a particular 
service, such as file or print service, to a network; increas­
ingly, it comprises both the hardware and software which 
manage a network operation. 

Session Layer: See OSI. 

SFD (Start of Frame Delimiter): A bit pattern that enables 
the network board/controller to obtain byte synchronization 
to the incoming serial bit data from the network. 

SFT (System Fault Tolerant): A version of Novell's Net­
Ware that provide reliability features such as disk and file 
mirroring. 

Shielding: Protective enclosure surrounding a transmission 
medium, such as coaxial cable, designed to minimize elec­
tromagnetic leakage and interference. 

Signal Quality Error: See Heartbeat. 
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Single Mode: Describes an optical waveguide designed to 
propagate light of only a single wavelength and perhaps a 
single phase; essentially, an optical fiber that allows the 
transmission of only one light beam, or data-carrying light­
wave channel, and is optimized for a particular lightwave 
frequency; compare with multimode. 

SLIP (Serial Line Internet Protocol): Networking protocol 
to connect via a point-to-point serial link to network serv­
ices. 

SMTP (Simple Mail Transfer Protocol): The DARPA Inter­
net standard protocol for transferring electronic mail mes­
sages from one machine to another. SMTP specifies how 
two mail systems interact and the format of control mes­
sages they exchange to transfer mail. 

SNA (Systems Network Architecture): IBM's layered ar­
chitecture for telecommunications networks. Similar in func­
tion to the OSI Reference Model. 

SNI (Serial Network Interface): National's Manchester en­
coder/decoder. Part number DP8391, or CMOS version 
DPB3910. 

SNIC (Serial Network Interface Controller): National's 
newer 8/16 Controller that also incorporates the SNI encod­
er/decoder function in addition to the controller. It is 100% 
software compatible with the NIC. 

SNMP (Simple Network Management Protocol): A proto­
col used to monitor the status of IP devices and the net­
works to which they are connected. A device which sup­
ports SNMP keeps track of status information in two data 
structures, the Structure of Management Information (SMI) 
and Management Information Block (MIB). The information 
is conveyed to a monitoring node by the SNMP protocol. 

Sockets: A Berkeley BSD 4.3 network interface Specifica­
tion to the transport layer. This interface provides 3 basic 
services. 1) Stream services which guarantees delivery of a 
sequence of data. 2) Datagram services which provides de­
livery of a data packet, but does not guarantee delivery. 3) 
Raw services which provide low level network functions. 

Source Node: A network node that sends a message. 

Source Route: A route is determined by the transmission 
source. The source establishes a sequence of machines 
that a datagram must visit to its destination. 

Spanning Tree: A method of creating a loop-free (error 
free) logical topology on an extended LAN. Formation of a 
spanning tree topology for transmission of messages 
across bridges is based on the spanning tree algorithm de­
fined in the IEEE 802.1 d specification. 

SPOOL (Simultaneous Peripheral Operation On Line): A 
program or piece of hardware that controls data going to an 
output device. 

STARlAN: A local area network design and specification, 
within the IEEE 802.3 standards, characterized by 1 Mbps 
baseband data transmission over two-pair twisted-pair wir­
ing. 

Star Network: 1. A computer network in which each periph­
eral network node is connected only to the computer or 
computers at a single central facility. 2. A configuration in 
which remote terminals and/or processors are connected 
radially to a central processing location. 

STAR Topology: A LAN configuration in which nodes are 
connected individually to a common device, such as a con­
centrator, which acts as a focal point for network cabling. 
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Step-Index: A type of optical fiber that exhibits a uniform 
refractive index at its core and a sharp decrease in the re­
fractive index at its core-cladding interface. 

Store-and-Forward: A communications technique in which 
mesages are received at intermediate routing points and 
stored temporarily, then re-transmitted to an additional rout­
ing point or final destination. 

Structured Query language (SQl): A formal data SUb-lan­
guage for specifying common database operations, such as 
retrieving, adding, changing or deleting. 

Subnet: A local area network which resides within another 
network. 

Subnet Address: An extension of the DARPA Internet ad­
dreSSing scheme that allows a site to use a single internet 
address for many physical networks. The subnet address is 
not looked at by the Internet portion of the routing, it is only 
used by local gateways and hosts to deliver the datagram to 
the correct physical address. 

SVN (Synchronizing Segment): The first segment sent by 
the TCP protocol, used to synchronize the two ends of a 
connection in preparation for opening another connection. 

Synchronous: Communications link in which the data char­
acters and bits are transmitted at a fixed rate with the trans­
mitter and receiver synchronized, eliminating the need for 
individual start bits and stop bits surrounding each byte, 
thus providing greater efficiency. Contrast with asynchro­
nous transmission. 

Synchronous Transmission: Data transmission in which 
the occurrence of each signal representing a bit is related to 
a fixed time frame. Compare with asynchronous data trans­
mission. 

TAP: A device that connects a device cable to a transceiver 
(on baseband networks), or transfers a signal from the trunk 
line to a drop line (on broadband networks). 

T Carrier: A time-division-multiplexed, typically telephone­
company-supplied, digital transmission facility, usually oper­
ating at an aggregate data rate of 1.544 Mbps and above. 

TCP/IP: The Transmission Control Protocol/Internet Proto­
col was formerly used only in the military, technical and uni­
versity communities, but it is enjoying a surge in popularity 
as the commercial sector discovers its value for communi­
cating between computers of different vendors, especially 
Unix systems. 

TCP/IP is governed by a body of vendors and users, keep­
ing it stable over more than a 15-year life span. TCP/IP 
predates OSI, and it includes several functions that properly 
belong in the upper level of the OSI model, such as applica­
tions that provide electronic mail, terminal emulation and file 
transfer. 

TELCO: Telephone central office,. in most usages; but also, 
a generic abbreviation for "telephone company". 

Telecommunications: A term encompassing both voice 
and data communcations in the form of coded signals over 
media. 

TElNET: An application and protocol which allow terminal 
emulation over TCP/IP networks. 

Terminal: 1. A device, such as a teletypewriter or a key­
board/CRT device, which embodies a set of human/system 
interface functions. 2. A point in a system or communica­
tions network at which data can either enter or leave; a 
device, usually equipped with a keyboard, often with a dis­
play, capable of sending and receiving data over a commun­
cations link; generically the same as data terminal equip­
ment. 



Terminal Emulation: A program which runs at a worksta­
tion or terminal that makes it appear to be a specific type of 
data terminal to both the user and the software. 

Terminal Server: A special purpose device on an Ethernet 
LAN that enables up to 32 terminals to be connected to the 
Ethernet cable via a single physical line. A terminal server 
frees network nodes of the burden of establishing connec· 
tions between local terminals and remote nodes. Terminals 
connected to the terminal server have access to all nodes 
on the network. 

Terminated Line: A circuit with a resistance at the far end 
equal to the characteristic impedance of the line, so no reo 
flections or standing waves are present when a signal is 
entered at the near end. 

Text: In communications, transmitted characters forming 
the part of a message that carries information to be con­
veyed; in some protocols, the character sequence betwen 
start·of·text (STX) and end·of·text (ETX) control characters; 
information for human, as opposed to computer, compre­
hension, intended for presentation in a two·dimensional 
form. 

TFTP (Trivial File Transfer Protocol): The DARPA Internet 
standard protocol for file transfer with minimal overhead and 
capability. It depends only on the unreliable, connection less 
datagram delivery service (UDP), so it can be used on disk· 
less workstations that keep software in ROM in order to 
bootstrap themselves. 

T1: A digital transmission link with a capability of 
1.544 Mbps. T1 uses two pairs of normal twisted wires to 
handle 24 voice channels, each one digitized at 64 Kbps. T1 
is usually provided by public phone companies and used for 
connecting networks across remote distances. 

Timeout: Expiration of predefined time period, at which time 
some specified action occurs; in communications, timeouts 
are employed to avoid unnecessary delays and improve 
traffic flow; used, for example, to specify maximum re­
sponse times to polling and addressing before a procedure 
is automatically reinitiated. 

TPI (Twisted Pair Interface): National's twisted pair Ether­
net Transceiver for 10BASE·T. Part number DP83922. 

Token: The password or character sequence used by net­
work nodes to gain access to a token ring network. This 
character sequence (Le., the token) passes from one node 
to another around the network; hence, the term "token 
passing" is used to describe the process. 

Token Ring: A data·signaling network architecture where a 
data packet and a token are passed from one station to 
another along an electrical ring. When a station transmits, it 
takes possession of the token, transmits its data, then frees 
the token after the data has made a complete circuit of the 
electrical ring. 

TOP (Technical and Office Protocols): A Boeing version 
of the MAP protocol suite aimed at office and engineering 
applications. 

Topology: Description of the physical connections of a spe· 
cific network's nodes-such as bus, branching bus (tree or 
star), or ring. 

Transaction: In communications, a message destined for 
an application program; a computer·processed task that ac· 
complishes a particular action or result; in interactive com· 
muncations, an exchange between two devices, one of 
which is usually a computer; in batch or remote job entry, a 
job or job step. 
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Transceiver: A combined transmitter and receiver. An es· 
sential element of all LANs, its functions is required at each 
node of the network. For Ethernet it connects directly to the 
coaxial cable as a stand alone transceiver box. For Thin 
Ethernet the transceiver resides in the data terminal equip· 
ment. 

Transmission: The dispatching of a signal, message, or 
other forms of intelligence by wire, radio, telegraphy, teleph· 
ony, facsimile, or other means; a series of characters, meso 
sages, or blocks, including control information and user 
data; the signaling of data over communications channels. 

Transport Layer: Layer four in the OSI reference model; 
provides a logical connection between processes on two 
machines. See OSI. 

Tree: A LAN topology that recognizes only one route be­
tween two nodes on the network. The "map" resembles a 
tree or the letter T. 

Trunk: A dedicated aggregated telephone circuit connect· 
ing two switching centers, central offices, or data-concen­
tration devices. 

Twisted-Pair Transmission System: In 10BASE·T termi· 
nology, refers to the twisted·pair wire link and its two at· 
tached MAUs. 

Twisted-Pair Wire: A cable comprised of two 18 to 24 
AWG (American Wire Gauge) solid copper strands twisted 
around each other. The twisting provides a measure of pro· 
tection from electromagnetic and radio-frequency interfer­
ence (EMI/RFI). Two types are available: shielded and 
unshielded. The former is wrapped inside a metallic sheath 
that provides protection from EMI/RFI. The latter, also 
known as telephone wire, is covered with plastic or PVC, 
which provides no protection from EMI/RFI. 

Type 3 Cable: An unshielded twisted·pair wire that meets 
IBM specifications for use in token ring networks. 

UDP (User Datagram Protocol): The TCP/IP transaction 
protocol used for applications such as remote network man· 
agement and name service access; this lets users assign a 
name, such as "VAXTM 2", to a physical or numbered ad· 
dress. 

UTP (Unshielded Twisted-Pair Cable): Also known as tel· 
ephone wire. See Twisted-Pair Wire. 

User Transparency: The quality in a network that enables 
users to access and transfer information without having to 
know how the network operates. 

VAN (Value Added Network): A network whose services 
go beyond simple switching. 

VC (Virtual Circuit): For X.25 a VC is a PLP logical connec· 
tion between an X.25 DCE and an X.25 DTE. X.25 supports 
both switched VCs and permanent VCs. Switched VCs are 
analogous to dial up lines. They allow a particular X.25 DTE 
to establish connection with different X.25 DTEs on a per 
call basis. In contrast, permanent VCs are analogous to 
leased lines because they always connect two particular 
X.25DTEs. 

Virtual Disk: A portion of physical disk drive appearing to a 
dedicated host as a local disk resource. 

Virtual Storage: Storage space that may be viewed as ad­
dressable main storage, but is actually auxiliary storage 
(usually peripheral mass storage) mapped into real address· 
es; amount of virtual storage is limited by the addressing 
scheme of the computer. 
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VMSTM (Virtual Memory System): An Operating System 
developed by Digital Equipment Corporation for the VAX 
computer series. 

Well-Known Port: Any set of protocol port numbers preas­
signed for specific uses by the transport layer protocols (Le., 
TCP and UDP). Clients can locate servers at well-known 
port assignments. File transfer servers, echo servers and 
time servers are some examples of servers using well­
known port assignments. 

WAN (Wide Area Network): A network covering a large 
geographic area (50 miles or more); may include packet­
switched, public data, and Value-Added Networks. 

Wide Band: A system in which multiple channels access a 
medium (usually coaxial cable) that has a large bandwidth 
(10 Mbps is typical) using radio frequency modems. Each 
channel is modulated to a different frequency slot on the 
cable and is demodulated to its original frequency at the 
receiving end. 

Wiring Closet: Central location for termination and routing 
on-premises wiring systems. 

Workstation: InputlOutput equipment that an operator 
works. 

XDR (External Data Representation): A presentation layer 
protocol used by SUN microsystems. It provides a common 
way of representing data on a network consisting of differ­
ent machines . 

XNS (Xerox Network System): Used as the basis for many 
network operating systems, including early version of 
3Com's 3 +. It performs functions similar to those of TCP /IP 
and runs on top of IEEE 802.3. 

X.NN: The X.nn series of the CCITT standards relate to the 
connection of digital equipment to a public data network 
which employs digital signaling. 

XON/XOFF (Transmitter On/Transmitter Off): A method 
of flow control used when a computer is attached to a slow­
er device which cannot process information as fast as the 
computer sends it. A common device using XON/XOFF is a 
printer. XON is sent as a CONTROL-Q, XOFF is sent as a 
CONTROL-So 
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X.25: Defined by CCITT, and used most commonly in Eu­
rope. 

The X.25 protocol is best suited for small to medium 
amounts of data traffic among multiple locations. It operates 
over telephone lines at up to 1.5 megabits per second (the 
maximum speed of a T-1 connection). X.25 breaks a data 
message into smaller pieces known as "packets" and trans­
mits the packets individually to their destination, where they 
are reassembled. Because each packet is routed individual­
ly, packets may travel different paths to their destination, 
thereby speeding transmission. 

X.400: This standard, approved by ISO, defines a means for 
exchanging electronic mail between computers. Supporting 
this standard allows electronic mail packages from different 
vendors to exchange messages. 

X.500: Still under development, X.500 is a standard for di­
rectory management. It will allow users to find files and data 
on networks of different types of computers . 

10BASE5: IEEE 802.3 Physical Layer Standard for thick ca­
ble Ethernet, utilizing thick double shielded coaxial cable. 
10BASE5 stands for; 10 = 10 Mbits/sec. data rate, 
BASE = Baseband, 5 = 500 meters segment length. 

10BASE2: IEEE 802.3 Physical Layer Standard for thin wire 
Ethernet (sometimes called cheapernet). This standard 
uses RG58 standard coaxial cable. 10BASE2 stands for; 
10 = 10 Mbitlsec. data rate, BASE = Baseband,2 = 200 
meter segment length (actually is 185m). 

1BASE5: IEEE 802.3 Physical Layer Standard for StarLAN 
twisted pair network. 1 BASE5 stands for; 1 = 1 Mbitlsec. 
data rate, BASE = Baseband, 5 = 500 meter segment 
length. 

10BASE-T: IEEE 802.3 Physical Layer Standard for the new 
twisted pair Ethernet in a star topology. 10BASE-T stands 
for; 10 = 10 Mbitlsec. data rate, BASE = Baseband, T = 

twisted pair wire over 100 meters nominal segment length. 

802_x: The Institute of Electrical and Electronic Engineers 
(IEEE) committees that developed a set of standards defin­
ing some networks. The IEEE committees generally work on 
standards below 50 Mb/s including: 

IEEE 802.3 Ethernet 
IEEE 802.4 Token Bus 
IEEE 802.5 Token Ring 
IEEE 802.6 Metropolitan Area Networks 
IEEE 802.9 Integrated Data and Voice 

3270 and 5250: These two IBM protocols have been 
around since the early 1970s. High Speed Serial Interface 
used with IBM mainframes and various peripherals. Data 
rates range from 1.2 Mbits/s to 52 Mbits/s. 
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Ethernet and Networking Acronyms 

Acronym Description Acronym Description 

ANSI American National Standards Institute LAN Local Area Network 

API Application Program Interface LED Light Emitting Diode 

AUI Attachment Unit Interface LEM Link Error Monitor 

BER Bit Error Rate LERIC Low End Repeater Interface Controller 

bps Bits Per Second LLC Logical Link Control 

BMACTM Media Access Controller (FOOl) MAC Media Access Control Layer 
National's DP83261 MAU Media Access Unit 

BSITM/ System Interface (FOOl) 
BSI-2TM National's DP83265/65A 

MIB Management Information Base 

CDDTM Clock Distribution Device (FOOl) 
MPR Multi-Port Repeater 

National's DP83241 NFS Network File System 

CFM Configuration Management NIC Network Interface Controller (add-in 

CMIP Common Management Information Protocol 
card); also NSC DP8390 Network 
Interface Controller 

CMT Connection Management NLM Netware Loadable Module 
CPU Central Processing Unit NOS Network Operating System 
CRC Cyclic Redundancy Check NRZ Non-Return to Zero 
CRD Clock Recovery Device- NRZI Non-Return to Zero Invert on Ones 

Part of National's Solution 

CSMAlCD Carrier-Sense Multiple 
Access with Collision Detection 

OSI Open Systems Interconnection 

PDU Protocol Data Unit 

CTI Coaxial Transceiver Interface, NSC PHY Physical Layer 

DP8392 PMD Physical Medium Dependent Layer 

DA Destination Address QLS Quiet Line State 

DAC Dual Attach Concentrator RIC Repeater Interface Controller, NSC 

DAS Dual Attach Station DP83950 

DIW Distributed Inside Wire SA Source Address 

DLL Data Link Layer SAS Single Attach Station 

DTP Datagrade Unshielded Twisted Pair SOU Service Data Unit 

EIA Electronics Industries Association SNA Systems Network Architecture (IBM) 
Protocol 

ENDEC ENcoder, DECoder combination, 
chip or function SNMP Simple Network Management Protocol 

FC Frame Control SONIC Systems Oriented Network Interface 

FCS Frame Check Sequence 
Controller, NSC DP83932 

ST-NIC Serial Network Interface Controller for 
FOOl Fiber Distributed Data Interface Twisted Pair, NSC DP83902 
FTP File Transfer Protocol TCP/IP Transmission Control 
IEEE Institute of Electrical and Electronic Engineers Protocol/Internet Protocol 

IP Internetwork Protocol WAN Wide Area Network 

ISDN Integrated Services Digital Network XNS Xerox Network System Protocol 

ISO International Standards Organization 
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16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N 16A 

All dimensions are in inches (millimeters) 

~ (~:~~~) ~ 0.030 
MIN (0.762) 

0.300-0.320 MAX 

I !).620-8128~ j 

~[-"'r 
95°±5° 0.009·-0.015 tJ 

(0.229-0.3B I) 

1 • -I 0.075 ±0.015 I J 
0.325 ~~:~~~ (1.905 ±0.3BI) r-

( 
1016) 0.100 ±0.010 

B.255 ~0:JB1 (2.540 ±0.254) 

Ji2f+ YP 0.020 

I_~ II O.OIB ±0.003 0.125-0.140 (OM~~8) 
~ r-(OA51 , .. 16) (l.IlS-l.m( 

N16A(REV EJ 

24 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N24C 

0.009 - 0.015 
(0.229 - 0.381) 

0.325 ~ ~:~~~ 
f8 255 + 1.016) 
~ . -0.381 

0.092 
(2.337) 
(2 PLS) 

PIN NO.1 
10ENT 

"lJ 0.065 
(1.651) 

0.075 ± 0.015 I 
(1.905±0.381) f--
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1.243 -1.270 
(31.57 -32.26) 

MAX 

All dimensions are in inches (millimeters) 

t 
O.260±0.005 

(6.604±0.127) 

~ 

0.130±0.005 

N24C(REV F) 
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C 
"~ 48 Lead (0.600" Wide) Molded Dual-in-Line Package 
5i NS Package Number N48A 
E All dimensions are in inches (millimeters) 
C 
(ij 
o 

"Ci) 
>­s::. 
a.. 

159 Pin Molded Plastic Pin Grid Array 
NS Package Number UP159A 

METAL 

(C[~5~~~] ) 
0.820 

[20.83] 

0.860 
[21.84] 

6-4 

0.145-0.200 

"".,"',"'~'~"~J~~~·r=' 
86'94' 

TYP 

All dimensions are in inches [millimeters] 

~----------~-----------t 

1------ [;7~~~=;8~;~] TYP 

0.950 
[24.13] 

87654321 

UP159A (REV. B) 



28 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V28A 

All dimensions are in inches [millimeters] 

11 

12 18 
I 0.050 TYP --I 1-4-

I [1.27] I 
I- 0.300 TYP -l 

[7.62] 

0.029±0.003 TYP 
[O.H±0.08] 

450 X 0.045 
[1.14] 0.017±0.004 TyP 

~1''O.101 
25 

19 

0.165-0.180 TYP -+-o------l 
[ 4.19-4.57] 
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0.410±0.020 TYP 

[~OJ511 

SEATING PLANE 

0.1 05±0.0 15 TYP 
[2.67±0.38] 

V28A (REV K) 
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68 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V68A 

0.0 17±0.004 TYP 
[O.43±0. 1 0] 

45 0 X 0.045 
[1.14] 

0.029±0.003 'TYP 
[0.7 Ho.oa] 

0.910±0.020 TYP 
[23.11±0.51) 

All dimensions are in inches [millimeters] 

SEATI NG PLAN E 
26 44 

27 L' j L3

0.050 TYP 

o.aoo ~ [1.27] 
[20.32) TYP 

84 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V84A 

V68A (REV J) 

All dimensions are in inches [millimeters] 

[~7~~~=~81.~~] TYP 

32 54 

33"'L"-'------ ]f'o.oso TYP 

1.000 [1.27) 
[25.40] TYP 

_J 
~ 

0.020 MIN TYP 
[0.51] 

0.090-0.130 TYP 
[2.29-3.30) 

0.165-0.200 TYP 
[ 4.19-5.0a] 
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132 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V132A 

1.100iO.003 
(27.94 iO.OS) 

I 
32 x 0.025 = (0.600) 

'C 

hr=
32 0'025=(0'600)~ x 0.64 = (20.32) 

lr132 ~ x (0.25±0.05) 
0.006 
(0.20) 

PIN #1 

U JOENT 

0.950±0.003 
1~~~------(24.13iO.06)------------~ 

6·7 

All dimensions are in inches (millimeters) 

0.950 ± 0.003 
(24.13 ±0.06) 

0.092±0.003 
(2.34±0.06) 

l\;;;;;;::;;;:;;~==~ __ ~tL __ 0.002 
(0.05) 

V132A(REVM 
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rn 
c 
"~ 100 Lead (14mm x 20mm) Molded Plastic Quad Flat Package, JEDEC 
~ NS Package Number VCE 1 OOA 
E All dimensions are in millimeters 
is 

B lr-----~-:8mOlliilllliilllliillillillWill~~ "iii 
>­.c 
D. 

17.20 :I: 0.25 
TYP 

II 
-II- 0.65 TYP 

30 

14.0 :I: 0.1 

lJ 
10.25 MIN 

R 0.13~~~~0~Q 

7° MAX U t ~ 
, R 0.13 MIN 

0.80 

DETAIL A 

~.DETAILA 
(~ 20.0:1:0.1 L 
~' ·<i~"~JI!LD"~.o.~"n"~"~"~.o.~"nJII\!l.o.nJIJIAn"~ 

.• 2.7 :I: 0.2 
0.15 :I: 0.05 TYP 

TYPICAL 

VCE100A (REV A) 

100 Lead Plastic Quad Flat Package, EIAJ 
NS Package Number VF100B 

0.89hD.012 
(17.80: 0.305) 

All dimensions are in inches (millimeters) 

r 
0.486 

"L,oo 

0.742 I 
f4------(18.85)-----~ .. 

:O
.108±0.004 0.787:0.008 I 

(2.892:0.102) (~~~:~:~~ 

,--=Lf (~:~~:~:~~) -l ~100X (~:~!:~:~) (~~:~:~:::) -I WMAX 

0.933: 0.012 f4------------ (23.70:0.305) ------~ 

VF100BIREVq 
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132 Lead Molded Plastic Quad Flat Package, JEDEC 
NS Package Number VF132A 

All dimensions are in inches [millimeters] 

1.097-1.103 TYP 
[27.86-28.02] -----+--------

0.947-0.953 
t--------~--D [24.05-24.21] 

-fl4-- 0.008-0.016 TYP 
[0.20-0.41] 

[±J 

/"$"/ 0.005[0.13]® / ciA ® 1 B ®I 

t.-------- 1.075-1.085 TYP--------~ 
[27.31-27.56] 
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0.006-0.008 TYP 
[0.15-0.20] 

0.089-0.095 TYP 
[2.26-2.41] 

Vr132A (REV oj 
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160 Lead Plastic Quad Flat Package; EIAJ 
NS Package Number VF160A 

r-;-.----- 0 39X 0.0256 (=0.998) -----~.I 
0.650 (=25.35) 

-r-_____ 120 I 81 

121 

I 
I 

I 
I 

All dimensions are in i~Ches 
millimeters 

80 

1.228:1:0.018 
31.20 :1:0.45 ----+------ o 1.102 :1:0.006 

28.00 :1:0.15 

I 

I 
I 

160 I 41 
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100 Lead (14mm x 14mm) Molded Plastic Quad Flat Package, JEDEC 
NS Package Number VJG100A 

~ 16.0 t 0.2 TYP 

I ;-m 
76 

100 

PIN # 1 
IDENT. 

OPTIONAL 

25 

•• ~,/ SEE DETAIL A 

I ( ~nnnnnnnnnnnnnnnnnn¥05 0.-- tItP ,",oe" """""""" """""""" 
• 014.00tO.l ' 

0.09 t 0.20 TYP 

100 Lead JEDEC Metric Plastic Quad Flat Package 
NS Package Number VLC100B 

50 

17.6 t 0.2 TYP 

100 

0.3 t 0.1 ;yp-II- -II- 0.65 !00.10 TYP 

•• ~~SEE DETAIL A • 

L~"~nJln"nJ!Il""n.!lln"n.!llnln"n"n"n"n"nJU) "L:" : 0.1 

L ~t 0.03 TYP . 
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All dimensions are in millimeters 

DETAIL A 
TYPICAL, SCALE: 20X 

VJG'OOA(REV.C) 

All dimensions are in millimeters 

0.8 t 0.1 

f tel§] 

DETAIL A 
~ 

VLC'OOB (RtV. A) 

"'C 
::T 
'< en 
n' 
e!-
O 
3' 
CD 
:::s en 
0' 
:::s 
en 



~ .------------------------------------------------------------------------------. 
c 
o 

"C;:; 
c 
Q) 

E 
is 
(ij 
u 

"C;:; 
>­.c 
0.. 

100 Lead (14mm x 20mm) Molded Plastic Quad Flat Package, EIAJ 
NS Package Number VLJ 100A 

100 

50 

30 

--11- 0.65 ± 0.10 TYP 

All dimensions are in millimeters 

17.6 ± 0.2 TYP 

~
(1.8) ~AX 

0°-12° : _ 1 

lli 
.....--''-,-Q----,-O-. 1-=-05~ 

SEATING 0 25 MAX 
0.8 ± 0.1 PLANE 0:05 MIN 

DETAIL A 
TYPICAL VLJ 1 DDA (REV B) 

160 Lead (28mm x 28mm) Molded Plastic Quad Flat Package, JEDEC 
NS Package Number VUL 160A 

All dimensions are in millimeters 

160 41 DETAIL A 
TYPICAL 

1-11- (0.30 ± o.oa) TYP j I- (~~65) TYP 

( •• --........",.-SEE DETAIL A • i(4.10)MAXTYP 

~~O"20) == (0.15 ± 0.05) TYP 
VUL160A(REV, B) 
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Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1-800-272-9959. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 
Technical Communications Dept. M/S 16-300 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

ADVANCED BiCMOS LOGIC (ABT, BiCMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK-1996 
ABT Description and Family Characteristics • ABT Ratings, Specifications and Waveforms 
ABT Applications and Design Considerations • Quality and Reliability 
SCAN18xxxA BiCMOS 5V Logic with Boundary Scan. 74LVT Low Voltage BiCMOS Logic 
VME Extended TTL Technology for Backplanes. Advanced BiCMOS Clock Generation and Support 

ADVANCED BIPOLAR LOGIC 
FAST, FASTr, ALS, AS DATABOOK-1995 
Introduction to Advanced Bipolar Logic Families • FAST /FASTr/ ALS/ AS. Family Characteristics 
Ratings, Specifications and Waveforms • Design Considerations • Datasheets • Ordering and Packaging Information 

APPLICATION SPECIFIC ANALOG PRODUCTS DATABOOK-1995 
Audio Circuits • Video Circuits • Automotive • Special Functions • Surface Mount 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSI/MSI Functions • Peripheral Functions • LSIIVLSI Functions • Design Guidelines • Packaging 

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK-1995 
Low Skew Clock Buffers/Drivers • Video Clock Generators • Low Skew PLL Clock Generators 
Crystal Clock Oscillators 

COP8™ DATABOOK-1994 
COP8 Family. COP8 Applications. MICROWIRE/PLUS Peripherals • COP8 Development Support 

CROSSVOLTTM LOW VOLTAGE LOGIC SERIES DATABOOK-1996 
LCX Family. LVX Translator Family. LVX Bus Switch Family. LVX Family. LVQ Family. LVT Family 
ALCX Family • GTL Family 

DATA ACQUISITION DATABOOK-1995 
Data Acquisition Systems. Analog-to-Digital Converters • Digital-to-Analog Converters • Voltage References 
Temperature Sensors. Active Filters. Analog Switches/Multiplexers. Surface Mount 

DATA ACQUISITION DATABOOK SUPPLEMENT-1992 
New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook. 



DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK-1989 
Selection Guide and Cross Reference Guides • Diodes • Bipolar NPN Transistors 
Bipolar PNP Transistors • JFET Transistors • Surface Mount Products • Pro-Electron Series 
Consumer Series • Power Components • Transistor Datasheets • Process Characteristics 

DRAM MANAGEMENT HANDBOOK-1993 
Dynamic Memory Control • CPU Specific System Solutions • Error Detection and Correction 
Microprocessor Applications 

EMBEDDED CONTROllERS DATABOOK~1992 
COP400 Family • COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals • Microcontroller Development Tools 

ETHERNET DATABOOK-1996 
Integrated Network Interface Controller Products • 10 Mb/s Physical Layer Transceivers and ENDECs 
10 Mb/s Repeater Interface Controller Products. 100 Mb/s Fast Ethernet Protocol Products 
Glossary and Acronyms 

FODI DATABOOK-1994 
Datasheets • Application Notes 

F100K ECl lOGIC DATABOOK & DESIGN GUIDE-1992 
Family Overview • 300 Series (Low-Power) Datasheets • 100 Series Datasheets • 11 C Datasheets 
Design Guide • Circuit Basics • Logic DeSign • Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations • Testing Techniques • 300 Series Package Qualification 
Quality Assurance and Reliability. Application Notes 

FACTTM ADVANCED CMOS lOGIC DATABOOK-1993 
Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations. 54ACI74ACXXX. 54ACTI74ACTXXX. Quiet Series: 54ACQ/74ACQXXX 
Quiet Series: 54ACTQI74ACTQXXX. 54FCTI74FCTXXX. FCTA: 54FCTXXXAl74FCTXXXAlB 

FAST® APPLICATIONS HANDBOOK-1990 
Reprint of 1987 Fairchild FAST Applications Handbook 
Contains application information on the FAST family: Introduction • Multiplexers. Decoders • Encoders 
Operators. FIFOs. Counters. TTL Small Scale Integration. Line Driving and System DeSign 
FAST Characteristics and Testing. Packaging Characteristics 

HIGH-PERFORMANCE BUS INTERFACE DATABOOK-1994 
QuickRing. Futurebus+ IBTL Devices. BTL Transceiver Application Notes. Futurebus+ Application Notes 
High Performance TTL Bus Drivers • PI-Bus. Futurebus+ IBTL Reference 

IBM DATA COMMUNICATIONS HANDBOOK-1992 
IBM Data Communications • Application Notes 

INTERFACE: DATA TRANSMISSION DATABOOK-1994 
TIA/EIA-232 (RS-232) • TIA/EIA-422/423. TIAIEIA-485. Line Drivers. Receivers. Repeaters 
Transceivers. Low Voltage Differential Signaling· Special Interface· Application Notes 

liNEAR APPLICATIONS HANDBOOK-1994 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

lOW VOLTAGE DATABOOK-1992 
This databook contains information on National's expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 



MASS STORAGE HANDBOOK-1989 
Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Oisk Data Controller. SCSI Bus Interface Circuits • Floppy Disk Controllers • Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 

MEMORY DATABOOK-1994 
FLASH • CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

MEMORY APPLICATIONS HANDBOOK-1994 
FLASH • EEPROMs • EPROMs • Application Notes 

OPERATIONAL AMPLIFIERS DATABOOK-1995 
Operational Amplifiers • Buffers • Voltage Comparators • Active Matrix/LCD Display Drivers 
Special Functions • Surface Mount 

PACKAGING DATABOOK-1993 
Introduction to Packaging. Hermetic Packages. Plastic Packages. Advanced Packaging Technology 
Package Reliability Considerations • Packing Considerations • Surface Mount Considerations 

POWER IC's DATABOOK-1995 
Linear Voltage Regulators • Low Dropout Voltage Regulators • Switching Voltage Regulators 
Motion Control • Surface Mount 

PRODUCTS FOR WIRELESS COMMUNICATIONS-1996 
Radio Transceiver Components • Baseband Processing Components • Control and Signal Processing Components 
Non-Volatile Memory • Audio Interface Components • Support Circuitry • Power Management 
Complete Cordless Phone Solution 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE-1993 
Product Line Overview • Datasheets • Design Guide: Designing with PLDs • PLD Design Methodology 
PLD Design Development Tools • Fabrication of Programmable Logic. Application Examples 

REAL TIME CLOCK HANDBOOK-1993 
3-Volt Low Voltage Real Time Clocks • Real Time Clocks and Timer Clock Peripherals • Application Notes 

RELIABILITY HANDBOOK-1987 
Reliability and the Die • Internal Construction • Finished Package • MIL-STD-883 • MIL-M-3851 0 
The Specification Development Process • Reliability and the Hybrid Device • VLSIIVHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor • The Total Military/Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids. MIL-M-38510 Class B Products 
Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 
Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 
Bibliography. MIL-M-38510 and DESC Drawing Cross Listing 

SCANTM DATABOOK-1994 
Evolution of IEEE 1149.1 Standard • SCAN BiCMOS Products • SCAN ACMOS Products. System Test Products 
Other IEEE 1149.1 Devices 

TELECOMMUNICATIONS-1994 
COMBO and SUC Devices • ISDN • Digital Loop Devices • Analog Telephone Components • Software. Application Notes 

VHC ADVANCED CMOS LOGIC DATABOOK-1996 
This databook introduces National's Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics. Ratings, Specifications and Waveforms 
Design Considerations • VHC Family Datasheets • VHC Specialty Function Datasheets and related Application Notes. 
The topics discussed are the advantages of VHCIVHCT AC Performance, Low Noise Characteristics and Improved Interface 
Capabilities. 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA San Jose (Continued) Largo MARYLAND 

Huntsville HamiltonlHalimark Future Electronics Corp. Columbia 
Anthem Electronics (408) 435-3500 (813) 530-1222 Anthem Electronics 
(205) 890-0302 Pioneer Technology Hamilton/Hallmark (410) 995-6640 
Future Electronics Corp. (408) 954-9100 (813) 541-7440 Bell Industries 
(205) 830-2322 Zeus Elect. an Arrow Co. Orlando (410) 290-5100 
Hamilton/Hallmark (408) 629-4789 Chip Supply Future Electronics Corp. 
(205) 837-8700 Sunnyvale "Die Distributor" (410) 290-0600 
Pioneer Technology Bell Industries (407) 298-7100 Hamilton/Hallmark 
(205) 837-9300 (408) 734-8570 Time Electronics (410) 988-9800 
Time Electronics Time Electronics (407) 841-6566 Seymour Electronics 
(205) 721-1134 (408) 734-9890 Winter Park (410) 992-7474 

ARIZONA Tustin Hamilton/Hallmark Time Electronics 

Phoenix Time Electronics (407) 657-3300 (410) 720-3600 

Future Electronics Corp. (714) 669-0216 GEORGIA Gaithersburg 

(602) 968-7140 Westlake Village Duluth Pioneer Technology 

Hamilton/Hallmark Bell Industries Anthem Electronics (301) 921-0660 

(602) 437-1200 (805) 373-5600 (404) 931-9300 MASSACHUSETTS 
Scottsdale Woodland Hills Hamilton/Hallmark Andover 

Alliance Electronics Inc. Hamilton/Hallmark (404) 623-4400 Bell Industries 
(602) 483-9400 (818) 594-0404 Pioneer Technology (508) 474-8880 

Tempe Time Electronics (404) 623-1003 Bolton 
Anthem Electronics (818) 593-8400 Time Electronics Future Electronics Corp. 
(602) 966-6600 COLORADO (404) 623-5455 (508) 779-3000 
Bell Industries Denver Norcross Lexington 
(602) 966-3600 Bell Industries Future Electronics Corp. Pioneer Standard 
Pioneer Standard (303) 691-9270 (404) 441-7676 (617) 861-9200 
(602) 350-9335 Englewood ILLINOIS Newburyport 
Time Electronics Anthem Electronics Addison Rochester Electronics 
(602) 967-2000 (303) 790-4500 Pioneer Standard "Obsolete Products" 

CALIFORNIA Hamilton/Hallmark (708) 495-9680 (508) 462-9332 

Agoura Hills (303) 790-1662 Bensenville Norwood 

Future Electronics Corp. Pioneer Technology Hamilton/Hallmark Gerber Electronics 

(818) 865-0040 (303) 773-8090 (708) 860-7780 (617) 769-6000 

Pioneer Standard Time Electronics Des Plaines Peabody 

(818) 865-5800 (303) 799-5400 Advent Electronics Hamilton/Hallmark 

Time Electronics Lakewood (800) 323-1270 (508) 532-3701 

(818) 707-2890 Future Electronics Co~p. Elk Grove Village Time Electronics 

Chatsworth (303) 232-2008 Bell Industries (508) 532-9777 

Anthem Electronics CONNECTICUT (708) 640-1910 Wilmington 

(818) 775-1333 Chc::;hiro Hoffman Estates Anthem Electronics 

Costa Mesa Future Electronics Corp. Future Electronics Corp. (508) 657-5170 

Hamilton/Hallmark (203) 250-0083 (708) 882-1255 Zeus Elect. an Arrow Co. 

(714) 641-4100 Hamilton/Hallmark Itasca (508) 658-0900 

Irvine (203) 271-2844 Zeus Elect. an Arrow Co. MICHIGAN 
Anthem Electronics Meriden (708) 595-9730 Farmington Hills 
(714) 768-4444 Bell Industries Schaumburg Advent Electronics 
Bell Industries (203) 639-6000 Anthem Electronics (800) 572-9329 
(714) 727-4500 Shelton (708) 884-0200 Grand Rapids 
Future Electronics Corp. Pioneer Standard Time Electronics Future Electronics Corp. 
(714) 453-1515 (203) 929-5600 (708) 303-3000 (616) 698-6800 
Pioneer Standard Wallingford INDIANA Pioneer Standard 
(714) 753-5090 Advent Electronics Carmel (616) 698-1800 
Zeus Elect. an Arrow Co. (800) 982-0014 Hamilton/Hallmark Livonia 
(714) 581-4622 Waterbury (317) 575-3500 Future Electronics Corp. 

Rocklin Anthem Electronics Fort Wayne (313) 261-5270 
Anthem Electronics (203) 575-1575 Bell Industries O'Fallon 
(916) 624-9744 FLORIDA (219) 422-4300 Advent Electronics 
Bell Industries Altamonte Springs Indianapolis (800) 888-9588 
(916) 652-0418 Anthem Electronics Advent Electronics Inc. Plymouth 

Roseville (407) 831-0007 (800) 732-1453 Hamilton/Hallmark 
Future Electronics Corp. Bell Industries Bell Industries (313) 416-5800 
(916) 783-7877 (407) 339-0078 (317) 875-8200 Pioneer Standard 
Hamilton/Hallmark Future Electronics Corp. Future Electronics Corp. (313) 416-2157 
(916) 624-9781 (407) 865-7900 (317) 469-0447 MINNESOTA 

San Diego Pioneer Technology Pioneer Standard Bloomington 
Anthem Electronics (407) 834-9090 (317) 573-0880 Hamilton/Hallmark 
(619) 453-9005 Deerfield Beach IOWA (612) 881-2600 
Bell Industries Future Electronics Corp. Cedar Rapids Eden Prairie 
(619) 576-3294 (305) 426-4043 Advent Electronics Anthem Electronics 
Future Electronics Corp. Pioneer Technology (800) 397-8407 (612) 944-5454 
(619) 625-2800 (305) 428-8877 Hamilton/Hallmark Future Electronics Corp. 
Hamilton/Hallmark Fort Lauderdale (319) 393-0033 (612) 944-2200 
(619) 571-7540 Hamilton/Hallmark Pioneer Standard 
Pioneer Standard (305) 484-5482 KANSAS (612) 944-3355 
(619) 514-7700 Time Electronics Lenexa Minnetonka 
Time Electronics (305) 484-1864 Hamilton/Hallmark Time Electronics 
(619) 674-2800 Indialantic (913) 888-4747 (612) 931-2131 

San Jose Advent Electronics Overland Park Thief River Falls 
Anthem Electronics (800) 975-8669 Future Electronics Corp. Digi-Key Corp. 
(408) 453-1200' Lake Mary (913) 649-1531 "Catalog Sales Only" 
Future Electronics Corp:. Zeus Elect. an Arrow Co. KENTUCKY (800) 344-4539 
(408) 434-1122 (407) 333-9300 Lexington 

Hamilton/Hallmark 
(606) 288-4911 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

MISSOURI Woodbury TEXAS New Berlin 
Ean .. City Pioneer Standard Austin Hamilton/Hallmark 

Hamilton/Hallmark (516) 921-9700 Anthem Electronics (414) 780-7200 
(314) 291-5350 Seymour Electronics (512) 388-0049 Waukesha 

Manchester (516) 496-7474 Future Electronics Corp. Bell Industries 
Time Electronics NORTH CAROLINA (512) 502-0991 (414) 547-8879 
(314) 230-7500 Charlotte Hamilton/Hallmark West Allis 

St. Louis Future Electronics Corp. (512) 258-8848 Advent Electronics 
Future Electronics Corp. (704) 547-1107 Minco Technology Labs. (800) 500-0441 
(314) 469-6805 Morrisville "Die Distributor" CANADA 

NEW JERSEY Pioneer Technology (512) 834-2022 WESTERN PROVINCES 

Camden (919)460-1530 Pioneer Standard Burnaby 
Advent Electronics Raleigh (512) 835-4000 Hamilton/Hallmark 
(800) 255-4771 Anthem Electronics Time Electronics (604) 420-4101 

Cherry Hill (919) 782-3550 (512) 219-3773 Calgary 
Hamilton/Hallmark Future Electronics Corp. Carrollton Electro Sonic Inc. 
(609) 424-0110 (919) 790-7111 Zeus Elect. an Arrow Co. (403) 255-9550 

Fairfield Hamilton/Hallmark (214) 380-4330 Future Electronics Corp. 
Bell Industries (919) 872-0712 Dallas (403) 250-5550 
(201) 227-6060 OHIO 

Hamilton/Hallmark Zentronics/Pioneer 
Pioneer Standard Beavercreek 

(214) 553-4300 (403) 295-8838 

(201) 575-3510 Future Electronics Corp. 
Pioneer Standard Edmonton 

Marlton (513) 426-0090 
(214) 386-7300 Future Electronics Corp. 

Future Electronics Corp. Cleveland 
Houston (403) 438-2858 

(609) 596-4080 Pioneer Standard 
Future Electronics Corp. Zentronics/Pioneer 

Time Electronics (216) 587-3600 
(713) 785-1155 (403) 482-3038 

(609) 596-1286 Columbus 
Hamilton/Hallmark Richmond 

Mount Laurel Time Electronics 
(713) 781-6100 Electro Sonic Inc. 

Bell Industries (614) 794-3301 
Pioneer Standard (604) 273-2911 

(609) 439-8860 Dayton 
(713) 495-4700 Zentronics/Pioneer 

Seymour Electronics Bell Industries 
Richardson (604) 273-5575 

(609) 235-7474 (513) 435-5922 
Anthem Electronics Vancouver 

Parsippany Bell Industries-Military 
(214) 238-7100 Future Electronics Corp. 

Future Electronics Corp. (513) 434-8231 
Bell Industries (604) 294-1166 

(201) 299-0400 Hamilton/Hallmark 
(214) 690-9096 EASTERN PROVINCES 

Hamilton/Hallmark (513) 439-6735 
Future Electronics Corp. Mississauga 

(201) 515-1641 Pioneer Standard 
(214) 437-2437 Future Electronics Corp. 

Pine Brook (513) 236-9900 
Time Electronics (905) 612-9200 

Anthem Electronics Mayfield Heights 
(214) 480-5000 Hamilton/Hallmark 

(201) 227-7960 Future Electronics Corp. UTAH (905) 564-6060 
Wayne (216) 449-6996 Midvale Time Electronics 

Time Electronics Solon Bell Industries (905) 712-3277 
(201) 785-8250 Bell Industries (801) 255-9691 Zentronics/Pioneer 

NEW MEXICO (216) 498-2002 Salt Lake City (905) 405-8300 

Albuquerque Hamilton/Hallmark Anthem Electronics Nepean 

Bell Industries (216)498-1100 (801) 973-8555 Hamilton/Hallmark 

(505) 292-2700 Worthington Future Electronics Corp. (613) 226-1700 

Hamilton/Hallmark Hamilton/Hallmark (801) 467-4448 Zentronics/Pioneer 

(505) 828-1058 (614) 888-3313 Hamilton/Hallmark (613) 226-8840 

NEW YORK OKLAHOMA 
(801) 266-2022 Ottawa 

West Valley City Electro Sonic Inc. 
Binghamton Tulsa Time Electronics (613) 728-8333 

Pioneer Standard Hamilton/Hallmark (801) 973-0208 Future Electronics Corp. 
(607) 722-9300 (918)254-6110 

WASHINGTON (613) 820-8313 
Commack Pioneer Standard 

Anthem Electronics (918) 665-7840 Bellevue Pointe Claire 

(516) 864-6600 Radio Inc. Bell Industries Future Electronics Corp. 

Fairport (918) 587-9123 (206) 646-8750 (514) 694-7710 
Quebec 

Pioneer Standard OREGON 
Pioneer Technology 

Future Electronics Corp. 
(716) 381-7070 (206) 644-7500 

Beaverton Bothell (418) 877-6666 
Hauppauge Anthem Electronics Anthem Electronics Ville St. Laurent 

Future Electronics Corp. (503) 643-1114 (206) 483-1700 Hamilton/Hallmark 
(516) 234-4000 Bell Industries Future Electronics Corp. (514) 335-1000 
Hamilton/Hallmark (503) 644-3444 Zentronics/Pioneer 
(516) 434-7400 Future Electronics Corp. 

(206) 489-3400 
(514) 737-9700 

Time Electronics Kirkland 

(516) 273-0100 
(503) 645-9454 Time Electronics Willowdale 
Hamilton/Hallmark (206) 820-1525 Electro Sonic Inc. 

Port Chester (503) 526-6200 (416) 494-1666 
Zeus Elect. an Arrow Co. Redmond 

(914) 937-7400 
Pioneer Technology Hamilton/Hallmark Winnipeg 
(503) 626-7300 (206) 881-6697 Electro Sonic Inc. 

Rochester Portland (204) 783-3105 
Future ElectroniCS Corp. Time Electronics WISCONSIN Future Electronics Corp. 
(716)387-9550 (503) 684-3780 Brookfield (204) 944-1446 
Hamilton/Hallmark 

PENNSYLVANIA 
Future Electronics Corp. Zentronics/Pioneer 

(800) 475-9130 
Horsham 

(414) 879-0244 (204) 694-1957 
Syracuse Pioneer Standard 

Future Electronics Corp. Anthem Electronics (414) 784-3480 
(315) 451-2371 (215) 443-5150 Mequon 
Time Electronics Pioneer Technology Taylor Electric 
(315) 434-9837 (215) 674-4000 (414) 241-4321 

Pittsburgh 
Pioneer Standard 
(412) 782-2300 
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WORLDWIDE SALES OFFICES 

AUSTRALIA FINLAND ITALY SINGAPORE 

National Semiconductor National Semiconductor National Semiconductor S.p.A. National Semiconductor 
(Australia) Pty. Ltd. (U.K.) Ltd. Strada 7, Palazzo R/3 Asia Pacific Pte. Ltd. 
Bldg. 16 Business Park Dr. Mekaanikonkatu 13 1·20089 Rozzano·Milanofiori 200 Cantonment Road # 13·01 
Monash Business Park SF·00810 Helsinki Italy South point Singapore 0208 
Nottinghill Melbourne Finland Tel: (02) 57 50 03 00 Tel: (65) 225·2226 
Victoria 3168 Australia Tel: (0) 759·1855 Fax: (02) 57500400 Fax: (65) 225·7080 
Tel: (39) 558·9999 Fax: (0) 759·1393 
Fax: (39) 558·9998 JAPAN SPAIN 

FRANCE 
BRAZIL National Semiconductor National Semiconductor GmbH 

National Semiconductor Japan Ltd. Calle Agustin de Foxa, 27 (9°0) 
National Semlconductores S.A. Sumitomo Chemical E·28036 Madrid 
Do Brazil Ltda. Parc d'Affaires Technopolis Engineering Center Bldg. 7F Spain 
Rue Deputado Lacorda 3, Avenue Du Canada 1·7·1, Nakase, Mihama·Ku Tel: (01) 7·33·29·54 
Franco 120·3A Bat. ZETA· L.P. 821 Les Ulis Chiba·City, Fax: (01) 7·33·80·18 
Sao Paulo·SP Brazil 05418·000 F·91974 Courtaboeuf Cedex Chiba Prefecture 261 
Tel: (55·11) 212·5066 France Japan SWEDEN 
Fax: (55·11) 212·1181 Tel: (1) 6918 37 00 Tel: (043) 299·2300 

Fax: (1) 69 183769 Fax: (043) 299·2500 National Semiconductor AB 
CANADA P.o. Box 1009 

GERMANY KOREA Grosshandlarviigen 7 
National Semiconductor S·12123 Johanneshov, 
(Canada) National Semiconductor National Semiconductor Sweden 
5925 Airport Road, Suite 615 GmbH (Far East) Ltd. Tel: (08) 7 22 80 50 
Mississauga, Ontario L4V 1W1 Livry·Gargan·Strasse. 10 13th Floor, Dai Han Fax: (08) 722 90 95 
Tel: (416) 678·2920 0·82256 Fiirstenfeldbruck Life Insurance 63 Building 
Fax: (416) 678·2837 Germany 60 Yoido·Dong SWITZERLAND 
National Semiconductor Tel: (0·81·41) 35·0 Youngdeungpo·KU 

(Canada) Fax: (0·81·41) 35·15·06 Seoul KOrA1l150·763 N~t!ona! SemIconductor 
39 Robertson Road, Suite 101 Tel: (02) 784·8051/3 (U.K.) Ltd. 
Nepean, Ontario K2H 8R2 HONG KONG (02) 785·0696/8 Alte Winterthurerstrasse 53 
Tel: (613) 596·0411 Fax: (02) 784·8054 CH·8304 Wallisellen·Zurich 
Fax: (613) 596·1613 National Semiconductor Switzerland 

National Semiconductor 
Hong Kong Ltd. MALAYSIA Tel: (01) 8·30·27·27 

(Canada) 
13th Floor, Straight Block Fax: (01) 8·30·19·00 
Ocean Centre National Semiconductor 

1870 Boul Des Sources, 
5 Canton Road Sdn Bhd TAIWAN Suite 101 

Pointe Claire, Quebec H2R 5N4 
Tsimshatsui, Kowloon Bayan Lepas Free Trade Zone 

Tel: (514) 426·2992 
Hong Kong 11900 Penang Malaysia National Semiconductor 

Fax: (514) 426·2710 
Tel: (852) 2737·1600 Tel: 4·644·9061 (Far East) Ltd. 
Fax: (852) 2736·9960 Fax: 4·644·9073 9/F, No. 44 Section 2 

CHINA INDIA MEXICO 
Chungshan North Road 
Taipei, Taiwan, R.O.C. 

National Semiconductor 
Tel: (02) 521·3288 

Beijing China Liaison 
National Semiconductor Electronlca NSC de Fax: (02) 561·3054 
India Liaison Office Mexico SA 

Office 1109, 11 th Floor, West Wing Juventino Rosas No. 118·2 U.K. AND IRELAND Room613 & 614 
Sinochem Mansion 

Raheja Towers, M.G. Road Col Guadalupe Inn 

No. A2 Fuxingmenwai Avenue 
Bangalore 560001 India Mexico, 01020 D.E. Mexico National Semiconductor 

Beijing 100046, PRC 
Tel: 91·80·559·9467 Tel: (525) 661·7155 (U.K.) Ltd. 

China 
Fax: 91·80·559·9468 Fax: (525) 661·6905 1st Floor 

Tel: 86·10·8568601 ISRAEL PUERTO RICO 
Milford House 

Fax: 86·10·8568606 Milford Street 

National Semiconductor 
Swindon, Wiltshire SN1 1DW 

National Semiconductor Ltd. National Semiconductor United Kingdom 
ShanghaI China LIaison Maskit Street (Puerto Rico) Tel: (07·93) 61 41 41 
Office PO Box 3007 La Electronica Bldg. Fax: (07·93) 5221 80 
B702, Universal Mansion Herzlia B. 46104 Suite 312, R.D. #1 KM 14.5 Telex: 444674 
No. 172, Yuyuan Road Israel Rio Piedias 
Shanghai 200040, PRC Tel: (09) 59 42 55 Puerto Rico 00927 UNITED STATES 
China Fax: (09) 55 83 22 Tel: (809) 758·9211 
Tel: 86·21·2496062 Fax: (809) 763·6959 NatIonal Semiconductor Fax: 86·21·2496063 

Corporation 
1111 West Bardin Road 
Arlington, TX 76017 
Tel: (800) 272·9959 
Fax: (800) 737·7018 




