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FIGURE 8. AC Termination Waveforms 

The waveforms in Figure 8 should be viewed together with 
the following brief explanation of how AC termination works. 
When the driven signal transitions from one logic state to 
another, the capacitor Cr behaves as a short circuit and 
consequently, the load presented to the driver is essentially 
Ar. However, once the driven signal reaches its intended 
levels, either a logic HIGH or logic LOW, Cr will behave as 
an open circuit.. DC loop current is now blocked: The driver 
power dissipation will then decrease. The load presented to 
the driver also decreases. This is due to the fact that the 
driver is now loaded with a large receiver input resistance 
typically greater than 4 kn; versus the typical Rr of 1 oon-
12on. This reduced loading condition increases the signal 
swing. of the driver and results in increased noise margin. 
The idle bus state also forces Cr into the open circuit mode. 
Once this takes place, the receiver's internal pull up and pull 
down resistors will bias the output into a known state. 
Therefore, besides minimizing DC loop current, preventing 
line reflections, and increasing noise margin, AC termination 
also supports open input receiver failsafe. 

As with all the previously discussed termination options, 
there are disadvantages in using AC termination. AC termi­
nation introduces a low pass filtering effect on the driven 
signal which tends to limit the maximum data rate of the 
application. This data rate limitation is the result of the im­
pact that Rr and Cr, together, have upon the driven signal's 
rise time. How much the data rate is limited is dependent 
upon the selection of Ar and Cr. Long Re time constants 
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will have a greater impact upon the driven signal's maximum 
data rate, and vice versa. Because of of these data rate 
limitations, the transmission lines best suited for AC termi­
nation are typically low speed control lines where level sen­
sitivity is desired over edge sensitivity. Finally, the part count 
required by AC termination can put it at a disadvantage in 
cost conscious applications. 

POWER TERMINATION 

Recall that AC termination is intended primarily to eliminate 
the large DC loop current inherent in parallel termination. 
The power termination, on the other hand, addresses paral­
lel termination's inability to support receiver failsafe during 
the idle bus state. See Figure 9 for an illustration of a trans­
mission line terminated using the power option .. 

Yee 
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FIGURE 9. Power Termination Configuration 



The lack of RA and Rs, when the bus is idle, almost assures 
that the receiver output will not be in a known state. This is 
due to the insufficient voltage across Rr (on the order of 
1 mV-5 mV) as caused by the receiver's internal high value 
pull up and pull down resistors. The presence of these inter­
nal pull up and pull down resistors will guarantee receiver 
failsafe only for the open input condition. In order to switch 
the receiver into the logic high state, regardless of whether 
the bus is open or idle, a minimum of + 200 mV (with re­
spect to the inverted receiver input) must be developed 
across Rr. The sole purpose, then, of RA and Rs is to es­
tablish a voltage divider whereby at least + 200 mV will be 
dropped across Rr. A complete explanation of selection 
criteria for resistor values (RA and Rs) can be found in 
AN-847. 

The addition of external receiver failsafe biasing resistors, 
however, does pose some concerns. The primary drawback 
relates to the increased driver loading with the addition of 
RA and Rs. The increased driver loading decreases the driv­
er's output swing and, in turn, reduces the noise margin. 
Higher driver power dissipation is also symptomatic of the 
increased driver loading since the driver must source the 
additional current required by the external failsafe network. 
One last concern is that the extra cost and subsequent han­
dling of two additional resistors (excluding Ar) might out­
weigh power termination's advantages in some applications. 

ALTERNATE-FAILSAFE TERMINATION 

This version of failsafe termination is essentially an exten­
sion of power termination. The addition of Re and Ro great­
ly enhances the receiver's ability to operate in harsher envi­
ronments. See Figure 10. 

Yee 
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FIGURE 10. Alternate Failsafe 
Termination Configuration 

The advantages of this failsafe termination point directly to 
this increased ruggedness. A transmission line terminated 
using the failsafe option will be able to withstand larger 
common mode voltages. A careful selection of Re and Ro 
will determine how much more common mode voltage a line 
can endure. This is because Re and Ro act as a voltage 
dividers between the receivers input resistance. The TIA/ 
EIA-422-A standard allows for common mode shifting up to 
7V in magnitude, however most integrated circuits support 
absolute maximum rating that exceed the ± 7V limit. The 
DS26LS32A supports a ± 25V ABS MAX input rating. Care­
ful selection of resistors can allow common mode voltages 
in the 35V-45V range on the cable, while still honoring the 
25V limit in the receiver input pins. Re and Ro are typically 
4.7 kn, while RA and Rs are 47 kn. This provides 9.5 kn 
between the receiver input pins, and also allows the pull up 
and pull down resistors to be increased in value to 47 kn. 
This capability lends itself well to applications, such as fac­
tory control and building to building data transmission, 
where the common mode range can occasionally exceed 
±7V. 

8-163 

Failsafe termination also guarantees receiver failsafe for 
open, idle, as well as shorted line conditions. Of all the ter­
minations options discussed, the failsafe option is the only 
one for which receiver failsafe can be guaranteed for short­
ed differential lines. Shorting the differential lines together 
merely shorts out Rr. In this short condition, the receiver will 
still see the series combination of Re and Ro across its 
inputs. Receiver failsafe can, therefore, still be supported. 
The short condition just described yields another benefit of 
failsafe termination. The increased impedance between 
Vee and ground, with the addition of Re and Ro, also re­
sults in increased fault or short circuit current limiting. 

While the addition of Re and Ro improves the transmission 
line's ability to withstand larger common mod.a voltages, it 
might also negatively impact the receiver's sensitivity. Con­
sider, for example, a TIA/EIA-422 receiver. The minimum 
differential input signal (Vio) required to switch the receiver 
is normally 1200 mVI. Depending on the values of Re and 
Ro, it may be necessary to develop a minimum of + 400 mV 
across Rr in order to ensure that there is at least 200 mV 
across the receiver input terminals. The other significant dis­
advantage with failsafe termination may be the number of 
resistors required to implement it. Five resistors per line may 
prove too costly. 

Bl-DIRECTIONAL TERMINATION 

The last type of termination which will be discussed is 
known as bi-directional termination. Figure 11 illustrates a 
typically multipoint application composed of drivers, receiv­
ers, and transceivers. Bi-directional termination is parallel 
termination carried one step further. Bi-directional termina­
tion now permits multiple drivers (multipoint configuration) to 
be connected to the same twisted pair. With multiple drivers 
connected to the same twisted pair, data can now be trans­
mitted in two directions. Keep in mind, however, that while 
data transmission can now take place in two directions, only 
half duplex transmission is allowed (as defined by TIA/EIA-
485 standard). Multiple TIA/EIA-485 drivers cannot simulta­
neously drive the line since this would result in line conten­
tion. It should be mentioned that system timing should be 
carefully inspected to ensure that line contention does not 
occur. The advantages in using bi-directional termination 
are almost identical to those with parallel termination. 

TL/F/11898-11 

FIGURE 11. Bl-Directional Termination Configuration 

These advantages include the prevention of signal reflec­
tions, and the ability to drive long transmission lines at high 
data rates. As with parallel termination, Rr should be select­
ed so that it matches the characteristic impedance (Zo) of 
the twisted pair cable. 

The disadvantages in using parallel termination also extend 
to bi-directional termination. Receiver failsafe cannot be 
guaranteed due to the interaction between Rr and the re­
ceiver's open circuit failsafe network. Stub lengths must be 
minimized and an Rr must each be placed at both extreme 
ends of the line in order to minimize transmission line ef­
fects. However, when two termination resistors are placed 
at the far ends of the cable, the effective load of the driver is 
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~ now son (since RT is typically 1200). This "doubling" of the 
:Z driver load, using· bidirectional termination, has two effects. 
<C First, it places a greater demand upon the driver's ability to 

source current. As described above, a multipoint driver must 
be able to source approximately twice the amount of current 
that is required from a multidrop driver. A driver expected to 
meet this increased current demand naturally experiences 
greater power dissipation. And second, noise margin tends 
to be reduced since the driver's output levels tend to de­
crease with increased loading. 

CONCLUSION 
The advantages and disadvantages of unterminated lines 
and those with series, parallel, AC, power, failsafe, and bi­
directional terminations were contrasted. It should now be 
clear that there is no one termination scheme which is suit­
ed for all applications. Table I provides a summary of the 
differential termination options discussed in this application 
note. 

TABLE I. Termination Summary 

Termination 
Signal Data 

Comments 
Quality Rate 

Unterminated Poor Low Low Power 

Series Good Low Low Power 

Parallel Excellent High Single Resistor 

AC Good Med. Ideal for use on 
control lines 

Power Excellent High Failsafe bias for idle 
line 

Alt. Failsafe Excellent High Failsafe for open, 
shorted, and idle 
lines 

Bi-Directional Excellent High Ideal for 
bidirectional half 

l duplex operation 

The termination scheme used will essentially be dictated by 
the needs of the system. Specifically, the choice of termina­
tion will depend upon the system's data transmission re­
quirements. 

SPECIAL NOTES 
The waveforms illustrated in this application note were ac­
quired from laboratory testing of TIA/EIA-422 (RS-422) 
Drivers, and Receivers under the following conditions: 

• DS26LS31 Quad Differential Driver 

• DS26LS32A Quad Differential Receiver 

• Cable = 100', 24AWG, 10on, twp cable 
(Berk-Tek #520382) 

• Driver input signal with f = 500 kHz, 
V1H = 3.0V, V1L = OV, 
Duty cycle = 50% 

•Vee= 5.0V 
• TA= 25·c 

The cable selected for this testing was supplied by Berk-Tek 
Inc. and represents a typical twisted pair cable commonly 
used in TIA/EIA-422 applications. Additional information on 
cables can be obtained from: 

Berk-Tek Inc. 
132 White Oak Road 
New Holland, PA 17557 
(717) 354-6200 

The RS-422-A standard was developed by the Technical 
Recommendation (TR30.2) TIA/EIA committee on DTE­
DCE Interfaces. Since publication of the revision A, the EIA 
(Electronic Industries Association) has aligned with the TIA 
(Telecommunications Industry Association), and future revi­
sions and new standards carry the TIA/EIA prefix, replacing 
the familiar "RS" (for Recommended Standard) prefix. Revi­
sion "B" of RS-422-A is expected in late 1993, and will be­
come TIA/EIA-422-B. 
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An lntrpduction to the 
Differential SCSI Interface 

OVERVIEW 

This application note is the first in a two part series on the 
SCSI interface and National's new RS-485 (TIA/EIA-485) 
hex transceiver. The scope of this application note is to pro­
vide an introduction to the SCSI Parallel Interface and in­
sight into the differential option specified by the SCSI stan-

. dards. This application covers the following topics: 

• The SCSI Interface 

• Why Differential SCSI? 

• The SCSI Bus 

• SCSI Bus States 

• SCSI Options: Fast and Wide 

• The SCSI Termination 

• The DS36BC956 Hex Transceiver 

• SCSI Controller Requirements and the National DP8497 
SDDC 

• Other SCSI Controller Connections 

• Summary of SCSI Standards 

• References/Standards 

The companion Application Note (AN-905) focuses on the 
features of National's new RS-485 hex transceiver. The 
DS36BC956 specifically designed for use in differential 
SCSI applications is·· also optimal for use in other high 
speed, parallel, multipoint applications. · 

THE SCSI INTERFACE 

The Small Computer System Interface is an ANSI (American 
National Standards Institute) interface standard defining a 
peer to peer generic input/output bus (1/0 bus). The inten­
tion of the SCSI standard is to provide a fast, multipoint 
parallel bus that is easily upgradeable and keeps pace with 
advancing technologies. 

National Semiconductor 
Application Note 904 
John Goldie 

The SCSI interface is commonly the interconnect of choice 
for high performance hard disk drives. Being a generic inter­
face, the SCSI bus is not limited to only one type of periph­
eral. It is also commonly used to interconnect optical drives, 
tape drives, disk arrays, scanners, printers, and. other tar­
gets to a wide range of terminals, computers, and other 
hosts. It is important to also remember that a SCSI bus is 
not a point to point bus, but rather a multipoint bus, allowing 
up to eight different devices to be connected to the same 
daisy chained cable (SCSl-1 and 2 allows up to eight devic­
es .while the proposed SCSl-3 standard will allow up to 32 
devices). A typical SCSI. bus configuration is shown in Fig­
ure 1. 

WHY DIFFERENTIAL SCSI? 

In comparison to single-ended SCSI, differential SCSI costs 
more and has additional power and PC board space require­
ments. However, the gained benefits are well worth the ad-

. ditional IC cost, PCB space, and required power in many 
applications. Differential SCSI provides the following bene­
fits over single-ended SCSI: 

• Reliable High Transfer Rates.:...Sasily capable of operat-
. ing a.t 10MT/s without special attention to terminations. 

• High Noise . Rejection-the differential transmission 
scheme provides excellent common mode rejection over a 
wide bus voltage range. 

• Long Cable Lengths-cables can be as long as 25 me­
ters in length compared to 3 meters or less for single-ended 
interfaces. 

•Superior AC Performance-high.performance transceiv­
ers with tightly specified and guaranteed AC performance. 

• Fault Tolerance-current limiting and thermal shutdown 
protection integrated into the differential driver design. 

-
TL/F/11897-1 

FIGURE 1. Typlca.1 S~SI Bus ~onflguration-Multlple Hosts/Multiple Targets 
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Signal quality and long cable runs are the two major en­
hancements differential SCSI offers over single-ended 
SCSI. As stated above, differential SCSI allows for cable 
runs up to 25 meters in length compared to only 3 meters of 
single-ended SCSI. Differential SCSI is optimal for connect­
ing together terminals with storage arrays located in a sepa­
rate cooled computer room. The differential transmission 
scheme offers superior noise rejection and signal quality 
compared to a TTL single-ended bus. · 

Differential buses are also immune to minor termination 
problems that commonly plague the single-ended SCSI bus. 
These problems can, and commonly do have major impact 
on single-ended system performance. By expanding the ca­
ble length beyond 3 meters, by mixing different cable types 
(impedance), by using different types of termination, or by 
using the standard passive termination, system throughput 
may be reduced as great as 50%. Since it has been deter­
mined that the original single-ended termination recom­
mended in the SCSl-1 standard does not provide adequate 
signal termination performance for Fast SCSI, the SCSl-2 
and proposed SCSl-3 standards recommend the use of al­
ternate terminations. There are three popular alternatives to 
the passive resistive terminators. These are the Boulay ter­
mination (voltage regulated), Current Regulated Termina­
tions, and the .FPT (forced perfect termination). Each has its 
own merits and limitations, and in fact the FPT offers good 
performance but is not sanctioned by the standard. Trouble 
can arise in single-ended SCSI applications when different 
types of termination are used on the bus. In addition, some 
SCSI controllers now provide totem pole outputs on the high 
speed lines (REQ and ACK) to improve the signal quality on 
those lines on the de-assert edge (active negation in indus­
try jargon). These active negation drivers can become in 
contention with the alternative termination techniques and 
cause thermal problems and data corruption. Single-ended 
SCSI termination have caused much grief, and discussion in 
the SCSI standard committee. 

In contrast Differential SCSI has not encountered the prob­
lems that drove the single-ended interface to develop so 
many alternative terminations. Differential SCSI uses a stan­
dard passive resistor termination (described in detail later in 
this application note). This terminator remains unchanged 
from the original SCSl-1 standard to the proposed SCSl-3 
physical layer. 

National's DS36BC956 Low Power BiCMOS HEX Differen­
tial Bus Transceiver supports these benefits and features 
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listed above and also provides the designer with the follow­
ing features over other single-ended drivers and other lower 
performance RS-485 transceivers: 

• Ultra Low Power BiCMOS Transceiver 
•Lower Maximum Junction Temperature 

• Tighter Skew Specifications 

• Full Compliance to the RS-485 Standard 

• Full Compliance to the SCSI Standard 

• Reduction in Package Height 

• Smaller PCB Footprint 

These features make the DS36BC956 the ideal choice for 
leading edge differential SCSI applications, as it offers a 
true balance between AC performance, integration and PCB 
footprint. 

THE SCSI BUS 
The SCSI bus is composed of a minimum of 18 signal lines. 
An option is provided to add extra bytes to boost system 
throughput (Mega Bytes per second (MB/s)) if required by 
the application. The SCSI 1 and 2 standards define two 
types of electrical characteristics; single-ended and differ­
ential. 

Single-ended drivers (typically 48 mA open drain drivers) 
and receivers are commonly integrated onto the SCSI con­
troller chips. For the differential option, external RS-485 
transceivers are required. Integrating the differential trans­
ceivers onto the SCSI controller is not feasible due to the 
additional pins required for differential operation, and the 
additional power dissipation. Additionally the semiconductor 
processes commonly used for the controllers are not com­
patible with the special high speed/high voltage breakdown 
processes used for RS-485 transceivers. 

The single-ended and differential modes are exclusive, and 
can not inter-operate. Of the 18 lines, 9 are data path (data 
plus parity) and the others are control. The lines are: 

• Data Path 

- DB(7-0,P)-Data Bus 

• Control 

- REQ-Request 

- ACK-Acknowledge 

- BSY-Busy 

- SEL-Select 

- CID-Control/Data 

- 1/0-lnput/Output 

- MSG-Message 

- ATN-Attention 

- AST-Reset 

The SCSI Standard has two types of devices, which are 
"Initiators" (typically a host computer); and "Targets" (typi­
cally drives). Of the 18 lines, 9 are bi-directional, 7 are uni­
directional direction, and 2 are wire-ORed. The data bus 
(DBO-DB7 and DBP) are the bi-directional lines. Three con­
trol lines are Initiator to Target only lines; these are the ACK, 
ATN, and SEL * lines. Four lines are Target to Initiator only 
lines; these are the C/D, 1/0, REQ, and MSG lines. A picto­
rial representation of the signal lines is shown in Figure 2. 

(* SEL can also be a wire-ORed line, but is more commonly 
implemented as a initiator to target line). 
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FIGURE 2. The SCSI Signal Lines 

Of the 18 lines, two, REQ and ACK, can operate at switch­
ing rates up to 10 MHz. They are defined as handshake 
lines, that in the asynchronous mode, strobe every byte of 
data. The maximum defined data transfer rate is 10MT/s. 
This corresponds to a bit width of 100 ns. The data path bits 
are the second fastest lines on the SCSI bus operating at 
10MT/s maximum (5 MHz maximum for a 1-0-1-0 pattern). 
The other control lines are low speed lines and are level 
sensitive not edge sensitive. These lines typically only 
switch between bus states, and a substantial amount of 
time is provided for settling. 

SCSI BUS STATES 

The SCSI bus has eight different states which are: 

•BUS FREE 

•ARBITRATION 

•SELECTION 

• RESELECTION 

•COMMAND 

•DATA 

•STATUS 

•MESSAGE 

The SCSI bus state is determined by the state of the SEL, 
BSY, 1/0, MSG, and CID control lines. Initiators are in con­
trol of the bus up to the command phase, and targets con­
trol the last three information transfer phases. For example 
when SEL and BSY are both false, the SCSI bus is in a bus 
free state. 
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SCSI OPTIONS: FAST AND WIDE 

The FAST option allows for operation at 10MT/s (Mega 
Transfers per second) compared to the original 5MT/s 
specified in the original SCSI standard (now commonly re­
ferred to as SCSl-1 ). Single-ended drivers and receivers 
should be limited to cables less than 3 meters in length and 
be properly terminated. In contrast, the differential RS-485 
transceivers can operate at 10MT/s over 25 meters of ca­
ble and due to the differential scheme, offer high noise re­
jection. The SCSl-2 (draft, 1993) introduced this option to 
SCSI and has gained wide acceptance. 

The .WIDE option (also introduced in the SCSl-2 specifica­
tion) defines extra lines that double or quadruple the system 
throughput (MB/s). Adding a second byte of data can be 
accomplished in two different ways. First, one could select 
the P cable which, with 68 conductors can house both bytes 
of data and the nine control lines (for a total of 27 lines). 
The other option specifies two cables (A and B); the A for 
the first byte and the nine control lines, while the B cable 
carries the second byte plus an additional REQB and ACKB 
line (for a total of 29 lines). Since the second option requires 
two sets of connectors and cables, the P cable has become 
the more popular of the .two, as it saves money and back 
panel space. The P cable (and Q for Byte 3 and 4) is includ­
ed in the SCSl-3 Parallel Interface (known as SPI) draft 
standard, however A and B 50-pin cables are also still al­
lowed. With two bytes of data being transferred, 20MB/s is 
obtainable. Four bytes achieves a 40MB/s maximum trans­
fer rate. However, the four byte option is not very popular 
since it again requires two cables (P and Q). 
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THE SCSI TERMINATION 

The differential SCSI bus requires line termination at both 
ends of the cable. Unlike the single-ended SCSI option, only 
one type of termination is defined. The line is terminated 
with a 3 resistor network commonly called a power termina­
tion. The three resistors are: 330.fl between the -Signal and 
the termination voltage ( + 5V), 150.fl between the signal 
pair ( - Signal and +Signal), and 330.fl from +Signal to 
ground. The equivalent resistance of this network is 122.fl 
(150.fl // (330.fl + 330.fl)), and closely approximates the 
characteristic impedance (Zo) of the defined cable. The ter-
mination network is shown in Figure 3. · · 

TL/F/11897-3 

FIGURE 3. The SCSI Differential Termination 

By using this termination reflections are minimized and a 
failsafe bias is provided. When all drivers are in TRI­
STATE® (OFF), the resistors bias the line to approximately 
-1 V differential. The SCSI standard defines this as a 
FALSE state or not-asserted. The minus sign comes from 
the fact that the +Signal is less in potential than the - Sig­
nal by one volt. It does not imply that the voltage is one volt 
below ground. A common problem that occurs when install­
ing SCSI networks is employing greater than two termina­
tion networks. Devices connected in the middle of the bus 
should not include (enabled) termination networks. The ter­
mination networks should only be located .at the extreme 
e.nds of the cable. Installing three or more terminations 
loads down the.drjver's output signal and r.educes or elimi­
nates the noise margin. 

THE DS36BC956 HEX TRANSCEIVER 

National's new hex transceiver was designed with SCSI in 
mind. However, the device is also ideal for IPI (Intelligent 
Peripherallnterface) and other high speed proprietary paral­
lel buses. The choice of six transceivers was· selected to 
offer a balance between integration, PCB footprint and pow­
er dissipation Qunction temperature). Since the majority of 
on-chip power dissipation is a result of the external SCSI 
defined termination load, six transceivers were selected as 
the optimal configuration to limit the power dissipation per 
package. Three. devices provide the 18 transceivers re­
quired for the standard t byte interface. Five devices imple­
ment a wide SCSI (2 Byte) interface. The device meets both 
RS-485 and SCSI standard specifications. The AC parame~ 
ters on the device are fully characterized under both RS-485 
standard loads and SCSI loads. This includes differential 
propagation delays, skew, TRI-STATE delays, and transition 
times. The functional diagram of the DS36BC956 is shown 
in Figure 4. 
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FIGURE 4. DS36BC956 Functional Diagram 

SCSI CONTROLLER REQUIREMENTS AND THE DP8497 
SDDC 

Not all SCSI controllers support the differential mode. This 
is due to the fact that the external transceivers require direc­
tion control signals. For example the National DP8496 is a 
SCSl-2 Disk Data Controller (SDDC) which provides on-chip 
single-ended transceivers that are directly connected to the 
SCSI bus in single-ended applications. A related device, the 
DP8497 supports the differential SCSI option. This device 
provides the necessary output signals to control data flow 
direction through the external RS-485 transceivers. A 
unique feature of the DP8496/DP8497 SDDCs are that they 
are offered in the same footprint and package. The DP8497 
direction control pins replace NC (no connect) pins on the 



DP8496. This enables a user to upgrade an existing single­
ended design to differential SCSI by simply swapping the 
controller and adding three DS36BC956s to the PCB. This 
provides an excellent upgrade option. 

Figure 5 illustrates the interconnection between the DP8497 
SCSl-2 Disk Data Controller (SDDC) and three DS36BC956 
Hex Differential Bus Transceivers. As discussed in the com­
panion Application Note (AN-905), the low speed SCSI con­
trol lines are spread out into each package to reduce and to 
balance on-chip power dissipation. Note, that in the connec­
tion diagram there are three (two minimum) control lines per 
DS36BC956. And a maximum of four high speed lines. Also, 
note that REQ and ACK are located in the same package. 
This is acceptable because REQ and ACK are not driven 
simultaneously by a SCSI device. REQ is driven by a Target, 
while ACK is driven by an Initiator. In a Target application 
(typically a Hard Disk Drive-HOD) the ATN and ACK lines 
are not driven, they are input signals only (received). These 
two lines should be located in separate packages for power 
balancing. AST is another line that is seldom switched. Lo­
cating each of these lines in separate packages helps lower 
the total device power dissipation (since these lines are 
rarely driven by a Target). Power balancing provides the 
designer a methodology to gain lower and equalized junc­
tion temperature for the transceivers, but at the expense of 
complexing the PCB layout. 

Trade offs of power balancing include stub lengths, trace 
impedance, and any additional capacitive loading due to via 
structures. It is also possible to route .the SCSI signals 
through the three DS36BC956s in the same order as the 
SCSI connector for the easiest PCB layout at the expense 
of power balancing. In either case the maximum junction 
temperature of the DS36BC956s will be less than + 150°C. 

The DP8497 does not require separate driver input (DI) and 
receiver output (RO) pins for the wire-or SCSI lines (BSY 
and AST). The DI and RO pins were tied together to form a 
bidirectional data line (DR), and the separate driver enable 
(DE) and receiver enable (RE*) pins were also tied together 
to implement a direction control line. Other SCSI controllers 
commonly require access to these lines independently, 
therefore the signals were pinned out separately. This pro­
vides the maximum amount of flexibility for the transceivers 
to interface to the widest number of SCSI controllers from a 
wide range of manufacturers. 

Depending upon the SCSI controller used, an extra inver­
sion might be required. This is the case of the DP8497 
which supports active high outputs. By reversing the roles of 
the OA and OB bus pins on the DS36BC956, a logical inver­
sion is achieved (Note, compare the termination connec­
tions illustrated in Figures 5 and 6 ). 

The common driver enable (CDE1) on the DS36BC956s are 
ganged together and employ a pull up resistor to + 5V. If a 
single-ended device is connected to the SCSI bus, the. dif­
ferential drivers will be disabled automatically. This occurs 
since the single-ended bus assigns a GND to the pin as­
signed to DIFF SENSE (Differential Sense) on the differen~ 
tial bus connector pinout. This assures· that a differential 
device can not be enabled and damage a single-ended de­
vice that was inadvertently connected to the bus. The sec­
ond common driver enable (CDE2) can be used by a local 
power up reset circuit if desired, otherwise, it should be tied 
high. 
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OTHER SCSI CONTROLLER CONNECTIONS 

Figure 6 illustrates the interconnection between the 
NCR53C700 SCSI Controller and the three DS36BC956 
Hex Differential Bus Transceivers as a second connection 
example. 

Connecting the DS36BC956s to other controllers that sup­
port differential SCSI from other vendors is similar to the 
connection diagrams shown in Figures 5 and 6. However, 
due to the lack of a standard SCSI controller pinout, minor 
differences may exist between the control (direction) and 
data pins on the SCSI controller and the TTL/CMOS pins 
(DR, DI, RO, and enable) on the DS36BC956. But, since the 
pinout of the DS36BC956 was set with flexibility in mind, a 
wide variety of different vendor's SCSI controllers are sup­
ported. (For more information on the DS36BC956 pinout 
and enable pins see AN-905). 

SUMMARY OF SCSI STANDARDS 

This application note provides an introduction and brief 
overview of the differential option for the SCSI parallel inter­
face. The reader is referenced to the standards listed below 
for complete, current SCSI specifications. Also, a number of 
SCSI handbooks are available that cover SCSI basics and 
protocol details written in plain English compared to the 
more encrypted standards. 

Various manufactures reference different version of the 
SCSI standard. This creates some confusion to new users. 
The original version of SCSI released in 1986 is commonly 
referred to as SCSI or SCSl-1. The ANSI committee has 
created the second edition of SCSI known as SCSl-2, which 
is currently in industry ballot (1993). This is still a draft stan­
dard until balloting is complete. Approval should occur 
some time in 1993. Work has started on SCSl-3 also. This 
proposed standard was broken down into many smaller 
standards to speed up the ballot/approval process. The 
parallel interface standard is specified in the SPI document 
(SCSI Parallel Interface). SCSl-3 differs from SCSl-1 and -2 
in the fact that it also specifies alternate physical layers. 
Currently a serial bus based on a proposed IEEE standard 
(P1394) is being standardized for small form factor drives 
and also a fiber physical layer. Table I describes some of 
the major differences in the physical layers in SCSl-1, 2, and 
3 standard and draft standards. 

TABLE I. SCSI Standard Comparison 

Parameter SCSl-1 SCSl-2 SCSl-3 

Maximum 8 8 8, 16, 
Nodes and32 

Fast SCSI NO YES YES 

Wide SCSI NO YES YES 

Maximum 5MT/s 10MT/s 10MT/s 
Transfer Rate 

MB/s-1 Byte 5 10 10 

MB/s-2 Byte x 20 20 

MB/s-4 Byte x 40 40 

Document X3.131 X3.131 SPI 
-1986 -199x draft 
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FIGURE 5. DP8497 Connection Diagram 
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FIGURE 6. NCR53C700 Connection Diagram 
Note: •NCR53C700 open collector outputs require 6800 pull up resistors (not shown) 
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Small Computer System Interface (SCSl-2), X3.131-199x, 
ANSI 

SCSl-3 Parallel Interface (SPI), X3T9.2/91-010, Draft Stan­
dard, ANSI 
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Understanding Power 
Requirements in RS-232 
Applications 

INTRODUCTION 

As the popularity of asynchronous serial communication be­
came widely accepted by the industry, the AS-232 standard 
gained very wide acceptance. The use of this standard is 
visible in almost all Industrial, Portable, Desktop, Data Ac­
quistion and Test Measurement applications using a serial 
port for communication. Even though the standard specifies 
a maximum data rate for RS-232 of 20 kbps, some applica­
tions need for higher· speed is overwhelming. More and 
more applications today require at least 120 kbps to support 
Laplink®, a popular communication software used by Lap­
top/Desktop computers for fast file transfer between two 
computers. RS-232 type Drivers and Receivers must also 
support this higher data rate to be Laplink compatible. 

This application note covers the RS-232 circuit functions, an 
explanation of hardware handshaking, a step by step analy­
sis of the hardware handshaking between a local and re­
mote terminal, and power requirements/dissipation of the 
DS14C335. 

RS-232 HANDSHAKING CIRCUITS 

In a Terminal (DTE-Data Terminal· Equipment) to Modem 
(OGE-Data Circuit Terminating Equipment) application, as 
shown in Figure 1, commonly only eight dedicated lines are 
required. Even though the standard defines a 25 pin con­
nection, the de-facto 9 pin connector is very popular. These 
lines are DCD, AXD, TXD, OTA, DSA, ATS, CTS, Al and 
GND and are shown in Figure 2. Lets take a quick look at 
these dedicated lines along with their respective functions. 
Note that ON is defined as a positive voltage and OFF is a 
negative voltages on the cable. 

National Semiconductor 
Application Note 914 
Syed Huq 

U\.U 

RXD 

TXD 

DTR 

GND 

DSR 

RTS 

CTS 

RI 

TL/F/11935-2 

FIGURE 2. Direction of Flow from DTE/DCE 

DCD: DATA CARRIER DETECT (DCE TO DTE) 

When this circuit is OFF locally, it indicates to the local ter­
minal that the remote DTE has not switched its ATS circuit 
ON yet and the local terminal can gain control over the carri­
er line if needed. When this circuit is ON locally, it indicates 
to the local terminal that the remote modem has received a 
ATS ON condition from its terminal and the remote DTE is 
in control over the carrier line. 

RXD: RECEIVE DATA (DCE TO DTE) 

Receive data circuit from modem to DTE. 

TXD: TRANSMIT DATA (DTE TO DCE) 

Transmit data circuit from DTE to modem. 

TL/F/11935-1 

FIGURE 1. DTE to DCE Interface 
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DTR: DATA TERMINAL READY (DTE TO DCE) 

The DTR pin is generally ON when the terminal is ready to 
establish communication channel through its modem. By 
keeping the DTR circuit ON the DTE lets an ''auto answer" 
modem accept the call unattended. The DTR circuit is OFF, 
only when the DTE does not want its modem to accept calls 
from remote locations. This is known as local mode. 

DSR: DATA SET READY (DCE TO DTE) 

Both modems switch their DSR circuit ON when a communi­
cation path has been established between the two sites (lo­
cal and remote modem). 

ATS: REQUEST TO SEND (DTE TO DCE) 

When a terminal is ready to transmit data, it switches the 
ATS circuit ON, indicating to the local modem that it is ready 
to transmit data. This information also gets passed to the 
remote modem. The ATS line controls the direction of data 
transmission. During transmit mode, the line is ON and dur­
ing receive mode it's OFF. 

CTS: CLEAR TO SEND (DCE TO DTE) 

When CTS swicthes ON, the local modem is ready to re­
ceive data from its DTE and the local modem has control 
over the telephone lines for data transmission. 

RI: RING INDICATOR (DCE TO DTE) 

When the modem receives a call, the RI circuit switches 
ON/OFF in sequence with the phone ringing informing the 
DTE that a call is coming in. This indicates that a remote 
modem is requesting a dial-up connection. 

GND 

Ground, signal common. 

HARDWARE HANDSHAKE FLOW 

A step by step analysis of handshaking illustrates how each 
circuit is used to establish communication between a local 

DTR 
(Local & Remote) 

RI 
(Remote) 

DSR 
(Local & Remote) 

RTS 
(Local) 

DCD 

I I 

qa11 arswered 

I I 
Receive mode 

and a remote site. To keep the subject simple, assumption 
has been made that transmission is from Local to Remote 
only. 

1. Local DTE switches DTR ON and local modem dials the 
phone number of the remote modem. 

2. If DTR at remote location is ON, the remote modem's RI 
turns ON/OFF in sequence with the phone ringing, indi­
cating a call coming in. 

3. The remote modem returns an answer-back tone to the 
local modem. Upon detection of this tone, the local mo­
dem and the remote modem establishes the on-line 
connection. At this point both modems switch their DSR 
pins ON indicating that a connection has been estab­
lished. 

4. The local DTE switches ATS ON indicating that it is 
ready to send data. This signal gets passed on to the 
remote modems DCD circuit. 

5. The local modem checks to make sure that local DCD is 
OFF, which indicates that the remote modem is not in 
control of the carrier line. 

6. The local modem then switches CTS ON to the local 
DTE to inform that it can start sending data. Locally the 
DCD circuit stays OFF. On the remote modem DCD 
stays ON. ATS is held ON by the local DTE throughout 
the duration of the connection. 

7. The local DTE sends data through TXD to modem for 
transmittal. 

8. The remote modem receives the data and sends the 
data to its terminal via the RXD circuit. 

9. When data transmittal is finished, local DTE drops ATS, 
which drops the DCD at remote modem and CTS at 
local modem. Transmission of data can be discontinued 
by hanging up the phone line, by the DTE dropping its 
DTR circuit, by disconnecting the modem cable from the 
DTE. 

10. Now, either DTE is ready to start all over again and gain 
control of the telecommunication line. 

DTE back to Local Mode 

Transmit mode 
I I 

Receive mode 

(Local & Remote) OK to send data 

CTS 
(Local) 

TXD 
(Local) 

RXD 
(Remote) 

DATA OUT 

DATA IN 

TL/F/11935-3 

FIGURE 3. Graphlcal lllustratlon of Hardware Handshaking 
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From the above explanations, in half-duplex communica­
tion, we can derive that in transmit mode, only one driver 
(TXD) Is switching (up to 120 kbps) while the other drivers/ 
receivers are at some known steady state (not switching). 
Similarly, on a receive mode, only one receiver (RXD) is 
switching while other lines maintain known steady state lev­
els. 

POWER CONSUMPTION 
Based on the above observations, lets determine how Ice. 
frequency, internal/external capacitance and load resist­
ance play a role in power consumption for the DS14C335. 
Total power consumption is the static and the dynamic pow­
er combined. CMOS devices typically consume minimal 
power in a static condition. This can be calculated simply by 
multiplying Ice with Vee. 

Under a loaded condition, the external loading of the driver 
directly effects the power dissipation of the device and ap­
plication. The RS-232 driver is normally connected to a ca­
ble and a receiver at the far end. Since the transition time of 
the driver is set to be substantially longer than the cable 
delay, the cable load represents a lumped capacitive load 
and a series resistance. The series resistance on short ca­
bles ( < 200 feet) can be neglected since it is very small 
compared to the receiver input resistance. This means the 
cable may be modeled as a lumped capacitive load equal to 
the capacitance per unit length multiplied by the length of 
the cable. 1000 pF is commonly used to represent a 20 foot 
cable, and 2500 pF is used as the maximum specified cable 
load. The receiver input resistance is specified to be be­
tween 3 kn and 7 kn, 5 kn is used as a typical, and 3 kn is 
the worst case from a power point of view. This equivalent 
load is illustrated in Figure 4. 

V+ 

v- r 
TL/F/11935-4 

FIGURE 4. Load Seen by the Driver 

Bias---4 

Bias~ 

Where: Rs = Cable series resistance. 

CL = Cable load capacitance. 

AiN = Input resistance of the Receiver. 

A channel that is in a steady state is loaded by the receivers 
input impedance since the cable capacitance has charged 
up. The output current of the driver is determined by the 
output voltage of the driver (VoH or Vou divided by the 
input resistance of the receiver. For example, a 7V level, 
across the 3 kn load, requires 2.3 mA. 

Dynamic power consumption has three major components. 
The switching current (spike current, also commonly called 
Conduction Overlap Current) during transitions, external 
load resistance and external load capacitance transient dis­
sipation. 

When the voltages to an NMOS/PMOS pair are in tran­
sition, both transistors turn on partially, creating a relatively 
low impedance path between the supply rails (V + and V- ). 
This is known as simultaneous conduction and is illustrated 
in Figure 5. As input frequency increases, the period de­
creases. At some point the output transistors fail to charge 
and discharge fully causing both upper and lower output 
transistor to stay on momentarily. This simultaneous con­
duction increases Ice as the input signal's frequency is in­
creased. 

The charging and discharging of the large load capacitance 
CL contributes to power consumption as well. The external 
load capacitance increases power in the same manner as 
the internal capacitance. A channel that is switching at 
speed is affected by all the components described previous­
ly. These new components contribute to the increased out­
put current sourced or sunk by the driver to charge or dis­
charge the capacitive load. This component of the load cur­
rent will increase if the external capacitance is increased 
and also if the switching rate of the device is increased. 

on (momentary) 

on (momentary) 

TL/F/11935-5 

FIGURE 5. Simultaneous Conduction and Ice 
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DS14C335 AND POWER CONSUMPTION 

National's DS14C335 is a 3 X 5 Driver/Receiver combina­
tion providing a one-chip solution for a 9 pin RS-232 DTE 
application. Graph 1 shows a worst case situation where all 
3 drivers and 5 receivers are switching under different load­
ing conditions. Under this worst case condition, at 10 kHz 
(20 kbps), supply current is 30 mA (2500 pF). Under a no 
load condition, supply current stays relatively flat. Graph 2 
shows a true RS-232 application where one driver (TXD) is 
switching while the other two are driver (DTR and RTS) re­
main High (loaded) as shown in A'gure 3. At 10 kHz, supply 
current reads 26 mA (2500 pF), under this real world RS-
232 application. Decreasing the capacitive load also de­
creases the supply current as shown in Graph 2. Graph 3 
illustrates one receiver (RXD) switching. Supply current is 
almost constant under this operating condition. 

DS14C335 Supply Current vs 

50 
Frequency vs Driver Loads 

Vee= 3.3V J Ul 
45 TA= 25°C I _I JJIJf I I 

:~ 3 OTrJJTI]} Switchin~y 
~ =3 kn; s_ =3:i_oo~ r.-

30 t- rl .Ii' 
25 t-1\ = 5 kn; Ci_= 1000 pF _;..-

201---+-+-+-++f+H~-+--+--+-l-++++t 

151---+-+-+-++f+H~-+--+--+-l-++++t 
No Load 

101---1--1---1-1-l-1-14-l---+-.,..~:+ttl 

O.....___.__,.........._...L..L..L...L...1..J'---'--'---'-....... ......., 
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f - Frequency (kHz) 
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GRAPH 1. All Driver and Receiver Switching 
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GRAPH 2. One Driver (TXD) Switching 
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GRAPH 3. One Receiver (RXD) Switching 

Looking at the Supply Power vs Data Rate (Graph 4) we can 
see that under multiple driver switching and at a maximum 
data rate of 120 kbps, the supply power is 120 mW (2500 pF 
load). With one driver switching and the other two driver 
output at High (RS-232 Application), the supply power at 
maximum data rate of 120 kbps drops to 103 mW (2500 pF 
load). · 

DS14C335 Supply Power 
vs Data Rate 
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GRAPH 4. Supply Power vs Data Rate 

The DS14C335 also offers a SHUTDOWN (SD) feature 
where the device can be de-activated by applying a logic 
High on the SD pin. This will lower the supply current to less 
than 1 µA (typical). In addition, in this mode one receiver 
(R5) remains active to monitor RI (Ring Indicator). This ac­
tive receiver can sense incoming calls and inform the power 
management circuit to activate the device. SHUTDOWN 
'mode saves battery life when the serial port is not used. In 
this mode, power dissipation is only 3.3 µWallowing battery 
charge to be used by other active circuitry. 

OTHER INDUSTRY STANDARDS (RS-232) 

RS-562 is another standard that is gaining popularity in the 
Industry. RS-562 is compatible to RS-232, however, there 
are some trade-offs. Table I illustrates a comparison and the 
major differences between the two standards. 
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TABLE I. Comparison and Major Differences between RS-232 and RS-562 

Specifications RS-232 RS-562 

Mode of Operation Single-ended Single-ended 

Receiver Input 3 knto7kn 3 kn to 7 kn 
Resistance (n) 

Receiver Sensitivity ±3V ±3V 

Driver Output Current ± 6.67 mA (300n) ± 6.67 mA (300n) 
(Powered Off, ± 2V) 

Driver Output Short ::;:1oomA :s;:&OmA 
Circuit Current Limit 

Number of Drivers and 1 Driver 1 Driver 
Receivers Allowed 1 Receiver 1 Receiver 

Max Cable Length - 50' (2500 pF) 2500 pF (20 kbps) 
1000 pF (64 kbps) 

Max Data Rate 20kbps 64kbps 

Driver Output ±5VMln ±3.7VMln 
± 15VMax ±13.2VMax 

Driver Load 3 knto7kn 3 knto7 kn 

Driver Slew Rate :s;:30V/µs :s;:30V/µs 

Even though RS-562 standard specifies data rates greater 
than RS-232, the DS14C335 (RS-232) far exceeds the 
64 kbps of RS-562. The most significant difference between 
the two standards is the noise margin. As shown in Figure 6, 
RS-232 devices have a noise margin of 2V or greater. Typi­
cally for DS14C335, the noise margin is 4.5V (7.5V - 3V) 

whereas RS-562 has a noise margin as low as 700 mV 
(3.7V - 3V). A lower noise margin (RS-562) means limitod 
rejection of external noise, crosstalk and ground potontiol 
differences which can all commonly occur In RS-232 typo 
communication. 

-3 + 

TL/F/11935-6 

FIGURE 6. Noise Margin Comparison 
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CONCLUSION 

Design Engineers are plagued with ground shift, noise prob­
lems and a noise margin of only 700 mV is not acceptable in 
many applications. RS-232 guarantees a 2V noise margin 
and Nationals DS14C335 is the preferred choice for appli­
cations requiring data rates pushing 120 kbps. Also, we 
have observed that in a half-duplex RS-232 DTE to DCE 
application, the supply current of the device is lower than 
simultaneous switching of all drivers and receivers as the 
application only requires one driver (TXD) or one receiver 
(RXD) switching at a time while the rest of the drivers/re­
ceivers maintain known steady state levels. Along with the 
power dissipation calculations, a discussion of the SHUT­
DOWN feature was also presented. This SHUTDOWN 
mode is highly desirable for any application that is battery 
powered, as it saves battery charge when the serial port is 
inactive. 
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Automotive Physical Layer 
SAE J 1708 and the DS36277 

INTRODUCTION 

Multiplex (MUX) wiring, or networking, has been introduced 
in automotive applications to address the increase in com­
plexity and the number of onboard electronic devices in au­
tomobiles. Both standardized and proprietary solutions exist 
to address these issues. A standardized approach may be 
more desirable as cost and interoperability become impor­
tant factors to consider for all original equipment manufac­
turers including automobile manufacturers. 

The purpose of this application note is to give a general 
understanding of the J1708 recommended practice (SAE 
J1708) and the DS36277 transceiver which is optimized for 
use with SAE J1708. Additionally, this application note ex­
plains the significant differences between the DS36277 and 
a standard RS-485 transceiver, the DS751768. 

EXPLANATION OF TERMS 

Dominant Mode-This is a mode of operation in which one 
logic state is dominant over any other state on the bus. 

Listen Mode-This is a mode of operation in which a receiv­
er is always active (assuming the device is powered) and its 
output is always in a known state. 

DEFINITION OF TIA/EIA-485 AND SAE J1708 

This section explains the definition of TIA/EIA-485 (RS-485) 
and SAE J1708. However, this section does not explain the 
electrical characteristic specifications of RS-485 or SAE 
J1708. The provisions for SAE J1708 will be discussed in 
the next section and for a brief definition of the RS-485 
electrical specifications, refer to National application note 
AN-216. 

First, RS-485 is an interface standard that specifies only 
electrical characteristics for balanced multipoint interface 
circuits. A complete interface standard will specify electrical, 
mechanical, and functional characteristics as does the pop­
ular interface standard TIA/EIA-232-E (see Table I). Sec­
ond, SAE J1708 specifies only the functional characteristics 
for balanced interface circuits. RS-485 is referenced by SAE 
J1708 for its electrical specifications but with a few modifi­
cations. Thus, the end designer of a SAE J1708 application 
must specify their own mechanical connections. 

TABLE I. Definition of RS-485 and SAE J1708 

Mechanical Functional Electrical 

TIA/EIA-485 ,,, 
SAEJ1708 ,,, REF. RS-485 

TIA/ EIA-232-E ,,, ,,, ,,, 
THE SAE RECOMMENDED PRACTICE J1708 

The Society of Automotive Engineers (SAE) has defined this 
recommended practice for serial data communications be­
tween microcomputer systems in heavy duty vehicle appli­
cations. It is also well suited to passenger car applications 
(as shown in Figure 1) and many non-automotive uses. The 
bus is expected to be used for sharing data. An applications 
document, like SAE J 1587 or SAE J 1922, defines the actual 
data and/or functions to be transmitted. SAE J1708 only 
defines the hardware and basic software. 

National Semiconductor 
Application Note 915 
Michael Wilson 
Todd Nelson 

Remote Audio 
Controls 

TL/F/11936-1 

FIGURE 1. Automobile Controls on a SAE J1708 Bus 

The physical media is a two-wire bus using 18-gauge twist­
ed pair with a minimum of 1 twist per inch. The maximum 
length is intended to be 40m. A maximum of 20 nodes is 
specified. Deviations from this must be carefully analyzed to 
determine impact on bus performance over the entire oper­
ating range. 

Each node may access the bus randomly once the bus is 
idle for a predetermined access time. If two or more nodes 
attempt to access the bus at the same time, tho contending 
nodes must arbitrate for the bus. Arbitration is dotormlnod 
by priority, which is set between 1 (top priority) and o. An 
applications document shall referenco SAE J1700 and do· 
fine the priority associated with each message. Since thero 
can be up to 20 nodes, it is possible for two contending 
nodes to have the same priority. When contention exists 
between two or more nodes, arbitration is determined by the 
bus access time. This is the time a node is required to wait 
before it can attempt to access the bus. 

The protocol is consistent with standard UART operation. A 
message consists of a Message Identification character 
(MID), a data character(s) and a checksum character. The 
total message length should not exceed 21 characters. A 
character is defined as 10 bits: the first bit is always the start 
bit (logic level LOW), followed by eight bits of data and, the 
tenth bit is the stop bit (logic level HIGH) (see Figure 2). 

The bit timing equates to a baud rate of 9600. The logic 
LOW and HIGH levels are encoded as "dominant" and "re­
cessive" which will be described later. The hardware is de­
fined by the RS-485 standard for its electrical characteris­
tics, with some exceptions and modifications. 

'Start/ 8 Data Bits /Stop 

TL/F/11936-2 

FIGURE 2. Character Format 
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J1708 BUS LOADING 

The recommended implementation for a SAE J1708 load is 
shown in Figure 3. The recommended implementation for a 
SAE J1708 system using a standard RS-485 transceiver, 
such as the DS75176B (see Figure 4), is shown in Figure 7. 
The circuitry between the bus and the transceiver differs 
from RS-485 and is intended to provide several features: 

• R1 and R2 provide the bias for the "recessive" state. 

• C1 and C2 combine to form a 6 MHz low pass filter, 
effective for reducing FM interference. 

• R2, C1, R4 and C2 combine to form a 1.6 MHz low pass 
filter, effective for reducing AM interference. 

• Since the bus is unterminated, at high frequencies R3 
and R4 perform a pseudo-termination. This makes the 
implementation more flexible as no specific "termination 
nodes" are required at the ends of the bus. 

The resistor and capacitor values are as follows and are 
shown in Figure 3: 

Resistor 1 and 2 (R1 and R2)- 4.7 kn 

Resistor 3 and 4 (R3 and R4)- 470 

Capacitor 1 and 2 (C1 and C2)- 2.2 nF 

Vee 

~ 
Cl~ -

~ 
J 1708 

Bus 

":" GND 

J 1708 LOAD 

FIGURE 3. Node Load Circuit 

GND 

TL/F/11936-3 

TL/F/11936-4 

FIGURE 4. The DS75176B In a SAE J1708 Application 

DOMINANT MODE 

The drivers used by SAE J1708 are used in a dominant 
mode application. The driver's input (DI) is tied LOW and the 
signal (Tx) to be transmitted is tied to the driver's enable. 
The enable (DE) is active HIGH for the DS75176B while the 
enable (DE*) for the DS36277 is active LOW. First, this in­
formation is very important because this tells us that the 
driver is only capable of driving LOW. Therefore, a logic level 
LOW is encoded as "dominant". When the driver is dis­
abled; the bus is pulled high by external bias resistors R1 
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and R2 (as shown in Figure 3). Thus, a logic level HIGH is 
encoded as "recessive". Second, if the driver's enable is 
active LOW, then you will transmit positive logic. But, if the 
driver's enable is active HIGH you will transmit negative log­
ic. SAE J 1708 is only defined for positive logic. Therefore, to 
implement a SAE J1708 application using DS75176B, which 
has an active HIGH driver enable, an inverter is needed for 
.the driver enable (see Figures 4 and 6). However, the active 
LOW driver enable pin on the DS36277 saves the user an 
externally needed inverter (see Figure 5). 

Tx DE* 

GND 
TL/F/11936-5 

FIGURE 5. The DS36277 In a SAE J1708 Application 

In the case of a SAE J1708 application, a logic LOW can 
overwrite a logic HIGH. Thus, if contention exists between 
two drivers with transmitting signals (Tx) in opposite states, 
the driver driving the "dominant" state wins. 

UART Tx/Rx 

µP 

TL/F/11936-6 

FIGURE 6. Typical SAE J1708 System Block Diagram 

SAE J1708 requires all receivers to listen to every message 
identification character transmitted to determine if conten­
tion exists. Unlike the driver, the receiver's enable (RE*) is 
always tied LOW (see Figures 4 and 5). This means the 
receiver is always in listen mode (see Explanation of 
Terms). 

The external components shown in Figure 3 provide the 
necessary bias for a logic High "recessive" state. SAE 
J 1708 requires no additional external components other 
than the J1708 load. This means that no parallel termination 
can be used at the ends of the SAE J1708 bus. The re­
quired loading also provides failsafe protection. 

FEATURES OF THE DS75176B 

The DS75176B offers full compliance with the RS-485 stan­
dard and it is compatible with RS-422 and V.11. The device 
is available with industrial temperature range. Additionally, a 
thermal shutdown circuit protects the device against ther­
mal overstress due to excessive power dissipation. Further­
more, the receiver has failsafe protection. However, the re­
ceiver's output is only guaranteed to be in a logic HIGH 
state for an open input line condition. The receiver also has 
± 200 mV threshold levels. The driver has an active HIGH 
enable while the receiver has an active LOW enable. 



.?J' 
..t6' 
~>> 

.?J' 
..t6' 
~>> 

J1708 
LOAD 

J1708 
LOAD 

J 1708 
LOAD 

end of J 1708 bus 
unterminated 

J 1708 
LOAD 

J 1708 
LOAD 

<?J' DE 
'..>s 

I'> 
6'<9 

Tx 
<? DE• \S'.;: 

6'"'>> 

TL/F/11936-7 

FIGURE 7. SAE J1708 Typical Bus Configuration and Loading 

FEATURES OF THE DS36277 

The DS36277 is optimized for use with SAE J1708 electrical 
applications and the device is still compatible with RS-485, 
RS-422, and V.11 standards. Like the DS751768, the de­
vice is available with industrial temperature range. Also the 
device includes thermal shutdown protection; plus the re­
ceiver has failsafe protection. Additionally, the receiver has 
full failsafe defenses that includes shorted and terminated 
line fault/conditions as well as open line conditions. The 
receiver's output is guaranteed to be in a logic HIGH state 
for all three line faults/conditions. The receiver's OV to 
- 500 mV threshold provides the protection from shorted 
line faults. Unlike the DS751768, both the driver and the 
receiver have an active LOW enable. 

The DS36277 also has a very rugged ESD structure that 
allows it to withstand electrostatic discharges (ESD) up to 
7 kV (HBM). The device is also available in SOIC as well as 
DIP packages. 

CONCLUSIONS 

Selecting an established physical layer such as J1708 can 
eliminate many of the challenges of designing a serial com­
munications system. The dominant mode operation allows 
for a non-destructive arbitration scheme. 
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J1708 is based on RS-485 electrical specifications and 
therefore benefits from the ruggedness, low cost and avail­
ability of compliant ICs already on the market. 

The DS36277 transceiver has been optimized for J1708. It 
provides failsafe protection against bus faults and elimi­
nates the need for an external inverter. 

This application note provides a brief overview of the rec­
ommended practice and the interface standard. It is highly 
recommended to carefully review the complete documents. 
The documents can be obtained from: 

SAE, 400 Commonwealth Dr. 
Warrendale, PA 15096-0001 

Global Engineering Documents 
2805 McGraw Avenue 
P.O. Box 19539 
Irvine, CA 92174 
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A Practical Guide To Cable 
Selection 

1.0 INTRODUCTION 

This application note provides an overview of the various 
considerations necessary for selecting suitable copper mul­
ticonductor or twisted pair cables for use with standard in­
terface devices. It is important that a cable is well matched 
to the application; as well as, that the various cable selec­
tion trade-offs are considered for a cost effective system 
design. Cable types, constructions, and characteristics are 
covered and then related to the various device require­
ments. 

National Semiconductor 
Application Note 916 
David Hess, Berk-Tek 
John Goldie 

Berk:rek 

2.0 TYPES OF CABLES 

The two most basic cable categories are flat and round (see 
Figures 1 and 2). Both flat and round cables are available in 
multiconductor or twisted pair configurations and each with 
or without shielding. Shielding of various types is also avail­
able in both cases. Flat cables have carefully controlled 
conductor spacing making them suitable for mass termina­
tion. Round cables are suited for long cable runs or where 
flexibility and compactness are required. 

TL/F/11937-1 

FIGURE 1. Drawing of Flat Cable, Cross-Section 

Conductor 

Insulation 

Core Wrap 

Shield 

Jacket 

TL/F/11937-2 

FIGURE 2. Drawing of Round Cable, Cross-Section 
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Multiconductor cables are available for basic single-ended, 
i.e., unbalanced applications. Twisted pair cables are avail­
able for differential, i.e., balanced applications (Figure 3). 
Note that a coaxial cable, a single insulated conductor with 
an overall shield; is, in this context, a "multiconductor" ca-

ble with only one conductor (the shield serving the dual pur­
pose of signal return path and signal containment). In a simi­
lar sense, a two conductor multiconductor cable, since it is 
twisted, is equivalent to a single twisted pair cable. 

TL/F/11937-3 

FIGURE 3. Drawing Comparison of Multlconductor Cable and Twisted Pair Cable 

It is common and preferable to use a twisted pair cable for 
single-ended applications. Some higher speed or longer dis­
tance single-ended applications provide a separate return 
conductor for each data and timing circuit, helping to reduce 
crosstalk. Note that single-ended applications cannot fully 
utilize the special capability of a twisted pair. Multiconductor 
cable should not be used for differential applications where 
twisted pairs are essential. 

It is important to recognize that a twisted pair serves a fun­
damental electrical purpose. A twisted pair maintains, along 
its length, the balance necessary for and thus the common 
mode rejection sought in differential applications. The de­
gree of physical symmetry achieved in constructing a twist­
ed pair of insulated conductors determines how well it is 
balanced electrically. The double helix configuration of the 
pair produces symmetrical parasitics for each conductor. 
Symmetrical parasitics assure that induced noise signals 
are equal, or "common", to both conductors. This is the 
primary means of reducing crosstalk between various cir­
cuits within a cable. Flat cables constructed with twisted 
pairs are also available to achieve improved crosstalk char­
acteristics. 

Advantages of Flat Cables 

By providing a means for mass termination, flat cables are 
relatively inexpensive to terminate. Connectors are avail­
able in configurations with insulation displacement contacts 
aligned for flat cable termination. The contacts are simulta­
neously pressed through the insulation onto all of the con­
ductors of a flat cable. The cable conductor to connector 
contact alignment is critical. The two industry standard con­
ductor centerline spacings are 0.050 and 0.025 inches. 
Controlling this parameter is a primary concern in producing 
flat cable and somewhat limits the range of cables' electri­
cal characteristics available. 

Advantages of Round Cables 

Round cable flexibility is not limited to a single plane, as in 
the case of flat cable. For long cable runs, especially in­
stalled in conduit or raceway, flat cable is impractical. The 
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flexibility of round cables is the result of having the individual 
elements, single conductors or twisted pairs, "cabled"; that 
is, they are "laid" at a pitch angle relative to the axis of the 
cable, forming a helix. The greater the pitch angle the great­
er the degree of flexibility. Color coding is usually provided 
as the means of identifying the individual conductors aiding 
the process of individually terminating each conductor. A 
round cable is simpler to manufacture with a shield. Capaci­
tance can be reduced with· thicker insulation walls, since 
there are no inherent conductor spacing requirements. Oth­
er than the case of simple, flat, strait, unshielded multicon­
ductor cables; round cables have less cross-sectional area 
for a given number of conductors. More cross-sectional 
area is required for a shield or jacket on a flat cable. 

3.0 CABLE CONSTRUCTION 

Overall Construction 

Conductors 

Standard subminiature 0-style connectors are designed to 
accept conductor sizes ranging typically from 22 AWG down 
to 26 AWG. Stranded tinned copper is normally used. 
Stranding provides a considerable improvement in flexibility 
and protection from conductor breaks due to repeated flex­
ing, i.e., improved flex life. Tin coating on the strands im­
proves environmental resistance by preventing corrosion of 
the conductor. The tin coating also makes the conductor 
more suitable for soldering. Standard connector pins are 
sized to accept the stranded conductor's increased diame­
ter compared to solid conductor diameters. 

Solid or non-tinned conductors are not recommended for 
use with some connectors. Some connector pins are 
crimped onto the end of the conductor where a small sec­
tion of the insulation has been removed. This leaves a short 
section of exposed conductor susceptible to corrosion. Giv­
en the minimal space provided within the connector back­
shell, the added flexibility of stranded conductor makes the 
job of cramming the terminated conductors into the back­
shell a lot easier and more reliable. Conductor stranding 
also increases the overall cable flexibility, easing installa-
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tion, and making the cable more likely to withstand the relat- Larger conductors cannot provide very much improvement 
ed abuses. If there will be even occasional flexing required in performance. The overwhelming performance limiting tac-
in the cable application, stranded conductors are strongly tor in serial data communication systems is noise. An at-
recommended. tempt to increase data rate and/or distance by increasing 

Nominal cost savings are gained by eliminating stranding or conductor size and thus reducing attenuation, is likely to be 

tin coating, but consideration should be given to the reduc- offset by crosstalk and other noise limitations. Consider, for 

tion in reliability. Stranding and tin coating have an effect on instance, that EIA-422-A gives recommendations for trans-

the signal loss of a transmission line, but these effects are mission up to 1,200 meters (4000 feet) at data rates up to 

insignificant below frequencies of about 10 MHz. These ef- 90 kbps on 24 AWG cable. Typical data communication ap-

fects are essentially immeasurable at the frequencies asso- plications fall within the restrictions imposed by the voltage 

ciated with current TIA data communication standards; fur- drop limitations of 24 AWG conductor. Special sized con-

thermore, other far more predominant limiting factors arise nector contacts may be required for larger conductors. 

at data rates greater than 1 Mbps. Copper conductors come in standard sizes according to the 

For typical serial data links, the de-facto standard gauge American Wire Gauge (AWG) system. A conductor gauge 

size is 24 AWG. TIA/EIA interface standards' recommenda- size is based on its cross-sectional area, and thus DC resist-

tions are based on 24 AWG. This is the appropriate size to ance. The overall diameter of the conductor depends on 

use with common subminiature D-style connectors. For whether it is solid or stranded. Stranding is provided as a 

smaller conductors to be properly captured in crimped con- means of improving flexibility and flex-life, and the strand 

tacts, special sized contacts may be required. Overall cable bundle is twisted similarly and for the same reasons men-

size and weight reduction can be achieved using 26 AWG or tioned above for the overall cable. The basic stranding con-

smaller conductors at the expense of increased fragility. figuration is 7 strands; 6 around 1. For a given gauge size; 

Note, there are National Electrical Code restrictions that the more strands, the more flexible. Stranded conductors 

prevent conductors smaller than 24 AWG from being used are considerably more expensive than solid conductors and 

in premises communication applications. Smaller. conduc- the cost increases with greater numbers of finer strands. 

tors are recommended for restricted applications, such as Stranded conductors utilize standard AWG size strands and 

equipment cables or where overall cable size must be limit- numbers of strands. Their size is designated by the largest 

ed; say for wide parallel data links used in short distances, AWG size less than or e;qual to· the sum cross-sectional 

up to 1 O or 20 meters. area of the individual strands. Note, insulation displacement 
connector contacts are specifically designed for either solid 
or stranded conductors. 

TABLE I. Conductors Solid Stranded Tinned and Bare from 30 A WG to 20 A WG vs Diameter OCR Weight, etc. 

Diameter Weight 
D. C. Resistance @20°C 

AWG Stranding Tin Coated Bare or Sliver Plated 

Inches mm lbs./kft . . kg/km ohms/kft. ohms/km ohms/kft. ohms/km 

40 solid 0.0031 0.079 0.0291 0.0433 1158 3799 1080 3540 

38 solid 0.0040 0.102 0.0484 0.0720 696 2283 648 2130 

36 solid 0.0050 0.127 0.0757 0.113 445 1461 415 1360 

34 solid 0.0063 0.160 0.120 0.179 281 920 261 857 

32 solid 0.0080 0.203 0.194 0.289 174 571 162 532 

32 7140 0.010 0.254 0.21 0.31 176 577 164 539 

30 solid 0.0100 0.254 0.30 0.45 113 371 104 340 

30 7/38 0.012 0.305 0.35 0.52 106 348 92.6 303 

28 solid 0.0126 0.320 0.48 0.72 70,8 232 65.3 214 

28 7/36 0.015 0.381 0.55 0.82 67.5 221 59.3 194 

26 solid 0.0159 0.404 0.77 1.14 44.5 146 41.0 135 

26 7/34 0.019 0.483 0.87 1.29 42.5 139 37.3 122 

24 solid 0.0201 0.511 1.22 1.82 27.2 89.2 25.7 84.2 

24 7/32 0.024 0.610 1.38 2.05 25.7 84.2 23.1 75.9 

22 solid 0.0253 0.643 1.94 2.89 16.7 54.8 16.2 53.2 

22 7/30 0.031 0.787 2.19 3.26 16.6 54.4 14.8 48.6 

20 solid 0.0320 0.813 3.10 4.61 10.5 34.4 10.1 33.2 

20 7/28 0.038 0.965 3.49 5.19 10.3 33.8 9.33 30.6 
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The conductor, or individual strands in the case of stranded 
conductors, can be coated or "bare". Tin is the most com· 
mon coating. Diffusion of the tin coating into the surface of 
the copper causes the DC resistance to be somewhat high· 
er than bare conductors, but this is a concern mainly at 
frequencies above 10 MHz. Tinning, although providing for 
superior soldering, mainly provides substantial corrosion re­
sistance over bare copper. The very short section of ex­
posed conductor, even inside a connector body, between 
the end of insulation and, say a crimped on contact pin, can 
be a point of failure in a cable assembly. Other coatings, 
silver used to achieve improved soldering and corrosion re­
sistance without the higher resistance penalty, and nickel 
used for high heat resistance with the higher resistance 
penalty; are used only in special applications. 

INSULATIONS 

In addition to providing basic insulating properties, the plas­
tics used to coat the conductors have various signal altering 
characteristics. The two properties of insulating plastics that 
affect transmission are the dielectric constant and the dissi­
pation factor. The dielectric constant is a function of the 
velocity at which energy travels through the dielectric (an­
other name for insulation). The dissipation factor is a func­
tion of the rate at which energy is absorbed by the dielectric. 
Reducing either of these factors results in better signal 
transmission performance. 

The plastic most commonly used for conductor insulation is 
polyvinylchloride (PVC). Its dielectric properties are good 
but, generally not good enough for any data communication 
application more demanding than basic low speed ( < 100 
kbps), short distance ( <50 m) links. PVC is normally use~ 
for power, control, instrumentation, and audio cables; appli­
cations that operate at relatively low frequencies. High per­
formance serial data cables normally use a polyolefin insu­
lation; either polyethylene or polypropylene, because their 
dielectric properties are far superior to PVC. Even though a 
data signal may be operating at a fairly low data rate the 
signal may be made up of pulses with fast rise times. The 
rise time of the pulse determines the frequency range cov­
ered by the signal. Typical data signals have power spec­
trums well into the 1 MHz to 10 MHz range. The polyolefins' 
dielectric constants and dissipation factors are low com· 

pared to PVC's and, unlike PVC, remain low well into the 
microwave region of the spectrum. 

There is no great disadvantage to using polyolefins com­
pared to PVC. The cost, at most, is only marginally higher. 
Some cable design precautions must be taken to meet 
flammability regulations. Polyolefins are far more flammable 
than PVC, but this can be overcome with a flame retardant 
outer cable jacket. As will be seen later, polyolefin insulation 
is essential for good performance with shielded cables. 

The only exception to the choice of polyolefin insulation is 
the case of plenum cables used in premises wiring applica­
tions. Fluorinated ethylene/propylene copolymer (FEP), 
available in Teflon®, is substituted to achieve low smoke 
and flame producing characteristics to meet special Nation­
al Electrical Code (NFPA) requirements. The dielectric prop­
erties of FEP are slightly superior to polyolefins. 

SHIELDS 

One problem that arises with long distances is a transmis­
sion line's susceptibility to interfering signals. Electro-mag­
netic interference (EMI) is basically unavoidable and a long 
transmission line is very susceptible. Long wires make good 
antennas. 

Most of the serial interface standards do not require shield­
ing, although provisions are made for shields within the 
standard connectors and recommendations for grounding. 
The standards basically avoid the subject of shielding as 
one which is outside of their scopes. On the other hand, the 
primary caution given in the distance and data rate guide­
lines is that outside interference is not taken into considera­
tion. Shielding can greatly reduce or eliminate the possibility 
that the system will fail after you have followed all the other 
guidelines. Regardless of the effects interference may have 
directly on the serial interface, shielded cable may be re­
quired due to the overall system's susceptibility or emis­
sions passed through the enclosure via an interface port. 
Shielding should be considered for all but very short low 
speed data circuits; above 10 meters or 100 kbps. 

Shields are additional conductors added to cables and aro 
designed to isolate electro-magnetic fields surrounding con· 
ductors or pairs within the shield from those outside of the 
shield. Shields may be placed over individual conductors, 
twisted pairs, or may be placed over the entire bundle of 

TABLE II. Insulation Types vs Qualitative Performance Characteristics Electricals, etc. 

Volume Dielectric Temp-
Specific Dielectric Dissipation 

Resistivity Strength Flamm ability erature Insulation Type 
Gravity Constant Factor 

Volts/Mil Range°C ohm-cm 

PVC (Standard) 1.25-1.38 4-6 0.06-0.10 1011 800-900 Good 20 to 80 

PVC (Premium) 1.38 3 5 0.080-0.085 1012 800-900 Good 55to105 

Polyethylene 0.92 2.27 0.0002 >1016 1200 Poor 60 to 80 

Polypropylene 0.90 2.24 0.0003 >1016 850 Poor 60 to 80 

Cellular 
0.50 1.5 0.0002 - 500 Poor -60to 80 

Polyethylene 

Flame 
Retardant 1.30 2.5 0.0015 >1016 1000 Fair -60to80 
Polyethylene 

70 to 200 
FEP (orTFE) 2.15 2.1 0.0007 >1018 1200 Excellent 

(or 260) 

CellularFEP 1.2 1.4 0.0007 - 500 Good 70 to 200 
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cable elements or in both locations. Multiple shields within a 
cable may be electrically isolated from each other with addi· 
tional insulating layers. 

Typical cables use three basic kinds of shields; a tape 
shield, a braided or served wire shield,. or a double shield 
consisting of a tape plus braided or served wires (see Fig­
ures 4 and 5). The tape shield always includes an uninsulat­
ed "drain" wire in contact with the aluminum, used to termi­
nate the shield. The .double shield includes a· braided or 
served layer of wires in contact with the conductive side of a 
tape shi~ld. Special shields are used for special applications 

Braided Shield 

such as corrugated rigid metal tapes used in telecommuni­
cations cables, solid tubes used on CA TV cables, or woven 
or expanded metal screens used for flat cables. 

The ideal shield is a seamless metallic tube as with the 
aluminum tubing utilized by the CA TV industry on semi-rigid 
coaxial cable trunk lines; the emphasis is on "semi-rigid". 
To achieve flexibility a shield is made up of braided or 
served layers of fine wires or helical wrapped tapes. 

Braided shields are made up of groups of fine; 34, 36, or 38 
AWG; depending on the overall cable size; usually tinned, 

JACKET 
SPIRAL SHIELD ( 

Q{~~~~ ~/ -----..) 
Served Shield 

JACKET 

Spiral Tape Shield 

""'~ d 
(),~,,} ;= 

Longitudinal Tape Shield 

FIGURE 4. Braid, Serve, Tape Shielding 

. ~1========1) 
FIGURE 5. Individual Pair Shields 
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copper strands; groups of these strands are woven May­
pole fashion, in opposite directions, around the cable. 
Served shields consist of a single layer of strands laid in a 
single direction around the cable~ Served shields are very 
flexible and are used in applications such as microphone or 
mouse cables. The small gaps in single layer served shields 
make them unsuitable for high frequencies(> 10 MHz). 

Tapes are a thin foil, usually aluminum, laminated to one or 
both sides of a plastic film, usually polyester or polypropyl­
ene. Tapes come in various thicknesses. The aluminum can 
be % to 2 mils thick. The plastic film, typically polyester or 
polypropylene, can be Ys to 2 mils thick. Thicknesses are 
selected by trading off flexibility with shielding effectiveness 
and signal attenuation in cases where the shield provides 
signal return path. Effective overlap of the tape is important 
for reliable performance. Uninsulated drain wires are nor­
mally of the same construction as the cable's conductors, 
but must be tinned to permit direct contact with the alumi­
num. 

A simple model for shielding effectiveness is the shield's DC 
resistance. A shield is equally effective in both directions, in 
and out, and its effectiveness is proportional to its surface 
transfer impedance (which equals shield OCR at O Hz). Sur­
face transfer impedance is the frequency dependent volt­
age/ current ratio derived from a current driven on one side 
of the shield resulting in an induced voltage on the other 
side of the shield (see Figure 6). A detailed explanation of 
the surface transfer impedance model is outside of the 
scope of this application note. 

Braids and serves have much lower resistances than tape 
shields. A typical double shield has about Ys the resistance 
of a tape shield, so it will be about 5 times more effective 
than a tape shield over the same distance. Another way of 
looking at it; a double shield extends the effectiveness of 
the tape shield to about 5 times the distance. A tape shield 
is effective for short cables. A double shield should be used 
on short distances in very noisy environments. A double 
shield should be used in any extended distance application, 
over 1 00 meters. 

Braids are a trade-off between flexibility and ideal tubular 
conductors. The lower resistance of the braid results in 
good shielding effectiveness, but only up to a point. The 
small holes between the crossovers of the braid strands, 
become large at some frequency. Braids are specified by 
percent coverage as a means of determining the size of the 
holes. Closing up the holes, say by specifying 95% cover­
age, will be effective; two layers of braid can be specified for 
still greater effectiveness, but all at the expense of flexibility. 
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FIGURE 6. Comparison Graph of Transfer 
Impedances, Tape Shield vs Braid Shield 
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A very effective means of closing the holes and lowering the 
resistance is to use the combination of tape and braid. The 
double shield achieves low resistance through the addition­
al cross-sectional area of the braid. The tape is overlapped 
to provide as near to a true tubular performance as possi­
ble. 

Jackets 

The most common cable jacket material is PVC, which has 
good environmental resistance and can be compounded to 
have good cold temperature flexibility and meet a range of 
flammability requirements. 

Flammability Requirements 

Equipment cables are generally required to meet some level 
of vertical flames test. The National Electrical Code (NEC) 
sets standards for the flammability ratings of cables to be 
installed in buildings. Cables must pass the vertical cable 
tray flame test to be suitable for general purpose locations. 
This is the same test generally required for industrial envi­
ronments. Two special locations are identified by the NEC; 
riser and plenum, each having respectively greater degrees 
of flammability requirements. Plenum cable can be used in 
plenums, . risers or general purpose locations, riser cable 
can only be used in risers and general purpose locations, 
and general purpose cables are restricted from risers and 
plenums. In the case of plenum cables, Polyvinylidene Fluo­
ride (PVDF) copolymer, available as Kynar®, jackets may be 
used for their low smoke and flame producing characteris-
tics. · · 

4.0 CABLE CHARACTERISTICS 

Resistance 

A DC resistance requirement is the best way to assure that 
the wire is indeed the size it should be. It also has a specific 
relationship to· the TIA standards. Some requirements in­
clude maximum voltage drop for the signals. The cable ter­
mination load resistance and the total cable loop resistance 
determine the maximum permissible cable length for given 
length for a given voltage drop limitation. 

Capacitance 

A stated cable capacitance can be one of a number of pos­
sible capacitance values that can be measured on any giv­
en cable. Depending on how the cable is actually terminated 
to the generator, these various capacitance values may 
need to be considered. The different termination possibili­
ties derive from, for instance, unbalanced vs balanced oper­
ation. Normally the mutual capacitance of a pair is provided 
in cable specifications. Mutual capacitance provides a mea­
sure of the capacitance that the generators will "see" when 
terminated to the cable. Another specification, sometimes 
given, is the capacitance of one wire to all the other wires 
and shield connected together. 

Shielded cables must use insulation with good dielectric 
properties (i.e., low dielectric constant) to assure that cable 
capacitances are kept low when a shield is added to the 
cable. The proximity of two conductors in a cable and the 
dielectric constant of the insulation between the conductors 
determine the capacitance measured between the conduc­
tors. The addition of a shield around the two conductors 
introduces two very significant "parasitic" capacitances; 
those between each conductor and the shield. The conduc­
tor to shield capacitances combine with the conductor to 
conductor capacitance to significantly increase the overall 
capacitance of the pair. 
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Impedance, Velocity of Propagation, 
Attenuation, Rise Time Degradation 

These four parameters have a less direct bearing on data 
communications applications. Sometimes they are speci­
fied, but after the basic cable dimensions are given, these 
parameters essentially depend on the Capacitance and DC 
Resistance. 

The various lumped circuit element parameters; capaci­
tance, inductance, resistance, and conductance of a trans­
mission line, are all interrelated in a single parameter known 
as the characteristic impedance of a transmission line. This 
is the impedance that if used to terminate a transmission 
line, no signal will be reflected back to the source. If there is 
a mismatch, the bigger it is, the bigger the reflections will be. 
Impedance matched conditions are sought for all system 
designs, particularly at high data rates, because the reflec­
tions affect the performance of the generators and prevent 
some of the signal from ever reaching the receiver. The 
generator and cable termination load of EIA-422-A and 
EIA-485 are specified in such a way as to closely match the 
impedance of typical "low capacitance" cables having 
about 12 to 16 pF/ft mutual capacitance. 

Velocity of propagation, the speed at which a signal (an 
electromagnetic wave) will travel along a cable (a transmis­
sion line) is dependent on the properties of the insulation. 
The dielectric constant of a plastic is actually the inverse of 
the square root of the velocity of propagation; the speed 
that electromagnetic radiation will travel through a dielectric 
compared to the speed of light in a vacuum. The velocity of 
propagation is normally expressed as a fraction of the 
speed of light. The actual velocity of propagation is compli­
cated somewhat by the fact that the signal normally travels 
through a combination of air and plastic, but the result is to 
make it a little faster than the theoretic speed derived from 
the insulation dielectric constant alone. The velocity of prop­
agation determines the impedance relative to the capaci­
tance. 

The impedance and resistance determine the attenuation vs 
frequency. This parameter is normally expressed in 
dB/1000 ft at a given frequency. This is a measure of the 
amount of signal loss that occurs from the cable. More sig-
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nal is lost at higher frequencies than at low frequencies. 
Remember that the rise time of the pulse, not the data rate, 
determines the frequency range covered by the signal. 

Since there is more attenuation at higher frequencies than 
at lower frequencies, signal pulses are dispersed as they 
travel down the cable. This property is measured as rise 
time degradation. Rise time degradation is roughly propor­
tional to cable length. System designers are constantly 
balancing rise time effects. On one hand, fast rise times 
produce more crosstalk, that will, if great enough, result in 
errors. On the other hand, slow rise times that get further 
degraded will cause receiver errors. 

5.0 CABLE APPLICATIONS 

Lowering capacitance improves the performance of cables 
used for both unbalanced and balanced transmission. 

Unbalanced transmission is limited by near-end-crosstalk. 
The unbalanced lines interfere with each other primarily 
through capacitive coupling between the lines. Lowering 
any capacitance parameter of a multi-conductor or twisted 
pair cable will result in proportionally lowering all of the vari­
ous capacitances within the cable. In the case of unbal­
anced lines, coupling capacitance, and therefore crosstalk, 
is lowered proportionally. The mutual capacitance of a 
paired cable used for unbalanced transmission does not di· 
rectly indicate the coupling capacitance between lines, but 
comparing the mutual capacitance of two cables is general­
ly a good indication of their relative crosstalk performance. 

Balanced transmission is primarily limited by rise time degra­
dation. The primary cable capacitance of concern, in this 
case, is the shunt capacitance across the signal generator's 
two output terminals. Keeping everything else equal, lower­
ing capacitance results in a decrease in attenuation vs fre­
quency proportional to the square root of the capacitance 
reduction. In the general domain of data rate and distance 
for current applications, the resulting change in rise time 
degradation is nearly proportional to the square of the 
change in attenuation vs frequency. This gives a relation, 
similar to the unbalanced case, where a comparison of the 
mutual capacitance of two cables is generally a good indica­
tion of their respective proportional rise time performances. 



TABLE Ill. Applications 

Multlconductor 
Number of 

Application Conductors A WG Specified 
or Twisted Pair 

or Pairs 

EIA/TIA-232-E Multiconductor 3 to25 none specified 
Section 2 

TIA/ EIA-422-B Twisted Pair not specified none specified 
guidelines 
use 24 

TIA/EIA-423-B Multiconductor not specified none specified 
(Twisted Pair guidelines 
Better) use24 

EIA-485 Twisted Pair not specified none specified 

EIA/TIA-562 Multiconductor not specified none specified 

TIA/EIA-612 HSSI Twisted Pair not specified none specified 
(companion spec 28 recommended 
TIA/EIA-613 
requires 25) 

X3T9.2 SCSI I Multiconductor 50 conductor (flat) 28AWG 
or Twisted Pair 25 pair (round) 

X3T9.2 SCSI II Twisted Pair "A" Cable: 25 28or30AWG 
"B,P,Q" 
Cables: 34 
"L" Cable: 55 

X3T9.2 SCSI Ill Twisted Pair "PorQ" 30minimum 
Cables: 34 
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Shielding 
Requirements 

none required 
provisions included 

none specified 

none specified 

none specified 

none specified 

shield required 

required for 
external 

required for 
external 

required for 
external 

Transmission 
Characteristics 

Specified 

2500 pF max total 
shunt capacitance 

none specified, 
90-150!1 
impedance 
recommended, 
guidelines use 

. 1 oon impedance, 
66% max. voltage 
drop 

none specified, 
guidelines use 
1 oon impedance, 
66% max. voltage 
drop 

none specified, 
similar to 
TIA/EIA-422-B, 
guidelines use 
120!1 impedance 

none specified 

11 on impedance 
4.5 dB max. total 
attenuation 
@50 MHz· 
79 ns max. total delay 
2.0 ns/m max. 
total skew 

1 oon impedance 

90-132!1 
nominal impedance 
(122!1 typical), 
0.095 dB/m max. 
attenuation 
@5MHz 
0.20 ns/m 
max. skew 

122 (84)!1 nom. 
impedance 
differential 
(single-ended) 
0.095 dB/m max. 
attenuation 
@5MHz 
5.4 ns/m max. delay 
0.15 ns/m 
max. skew 
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TABLE Ill. Applications (Continued) 

Multlconductor 
Number of 

Application Conductors 
or Twisted Pair 

of Pairs 

X3T9.3 IPI Multiconductor flat 50 conductor (flat) 
(ISO 9318) or Twisted Pair 25 pair (round) 

round 

X3T9.3 HIPPI Twisted Pair 25 

6.0SUMMARY 

The range of cable types and basic options available for 
data communications applications is limited, making the ba­
sic cable design selection reasonably easy. The scope of 
the basic selection criteria is covered by the choices, flat or 
round, multiconductor or twisted pairs, and shielded or non­
shielded. Basic attributes of the application; distance, envi­
ronment, and flexibility requirements determine the basic 
cable type selected. Cable construction details, conductor 
size, stranding and coating, insulation type, shield options, 
and jacket types are determined by more specific applica­
tion considerations; connector type, signal speeds, emis­
sions and susceptibility, work and abuse, flammability, life 
expectancy and cost. Every cable has inherent electrical 
characteristics, which can be expressed in several ways, but 
are interrelated and dependent upon a few simple parame­
ters. A cable's electrical characteristics determine its suita­
bility for use with particular interface components. 

Transmission 
Shielding 

AWG Specified Characteristics 
Requirements 

Specified 

26or28AWG required for 12on impedance 
round 0.095 dB/m max. 

attenuation 
@5MHz 
5.4 ns/m max. delay 
0.49 ns/m 
max. skew 

28AWG two shields 108!1 impedance 
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required 0.28 dB/m max. 
attenuation 
@50 MHz 
0.13 ns/m 
max. skew 
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Popular Connector Pin 
Assignments for Data 
Communication 

INTRODUCTION 

This application note provides a graphical reference to pop­
ular connector pin assignments (pin outs) that are common· 
ly used in telecom and computing applications. 

In the field of data communication, the cable and connector 
play a critical part in the system's performance along with 
the line driver and receiver integrated circuits. Together the 
components (PCBs, ICs, cables, and connectors) form a 
channel, which all information must pass through. This 
channel forms a true chain, and a fault in any link may break 
the chain. 

As stated in the introduction, this application note focuses 
on the connectors, and more specifically the pin assign­
ments of the connectors. When equipment is built by a man­
ufacturer and is intended to interwork with equipment from 
different manufacturers the use of an industry standard is 

National Semiconductor 
Application Note 917 
John Goldie 
Syed Huq 

critical. To properly inter-operate, the two pieces of equip­
ment must support the same protocol (functional specifica­
tions), electrical levels, mechanical dimensions of the con­
nector, and most importantly the connector's pin assign­
ment. Since industry standards, TIA/EIA (Telecommunica­
tions Industry Association/Electronic Industries Associa­
tion) for example, commonly specify or reference all three 
areas: Functional, Electrical, and Mechanical specifications, 
the chance of success is greatly increased when hooking up 
the two pieces of equipment. 

A substantial amount of standardization work has been 
done in the telecommunications and computing area for in­
terface standards. In addition to the connector pin outs, this 
application note also provides a short description of the 
standard or historical perspective. The reader is referenced 
to the actual standards from complete information on the 
standard. 
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0 

Secondary Transmitted Data 

Transmitter Signal Element Timing 
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FIGURE 1. RS-232 DB-25 
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ALT-A (2'6) 

0 
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DTE Ready 

Remote Loopback/Sig. Quality Del. 

Ring Indicator 

Data Signal Rate Selector 

Transmit Signal Element Timing 

Test Mode 

No Connection 

0 

Shield 

Transmitted Data 

Received Data 

Request To Send 

Clear To Send 

DCE Ready 

Signal Ground (Common) 

Received Line, Signal Detector 

Reserved 

Reserved 

Unassigned 

Secondary Rcvd Line Sig Del 
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FIGURE 2. RS-232 ALT ·A 

RS·232 
RS-232 is one of the most popular interface standards in 
the world. Originally intended for DTE/DCE interfacing, this 
stan~ard has been used in a wide range of applications in­
cluding telecom, computing, test and measurement and in­
dust~ial c~ntrol applications. Now in its fifth revision '(E), RS-
232 1s still very popular, and new devices (line drivers and 
receivers) are being developed to support the standard. The 
correct name of the standard is EIA/TIA-232-E which has 
replaced the more common RS-232 nomenclature. This 

8-192 

standard specifies two connectors, the standard DB-25, 
also a new smaller alternate connector with 26 pins. The 
origi~al version of RS-232 dates back to the early 1960s 
and 1s known as a complete standard as it specifies all func­

. tional, electrical, and mechanical specifications. There is 
also a very popular 9 pin defacto version of this standard 
commonly employed on personal computers that was de­
veloped by IBM®. The two full (25 line) connector pin outs 
are shown on Figures 1 and 2. See Figure 7 for an illustra­
tion of the defacto 9 pin implementation, now standardized 
as EIA/T Al-57 4. 



RS-449 

RS-449 was intended to replace RS-232 at one time. It also 
specifies a DTE/DCE interface, but references the RS-422-
A and RS-423-A standards for electrical specifications. This 
standard specified a DB-37 pin connector along with an ad­
ditional DB-9 pin connector when additional lines were re-

quired. The 37 pin connector proved too large for many ap­
plications and limited the acceptance of this interface. RS-
449 is mainly found in high-end telecom applications but 
rarely elsewhere. It has been replaced with a new standard 
that specifies the common DB-25 connector (EIA/TIA-530-
A). The pin out of the DB-37 pin connector is shown in 
Figure 3. 

DB-37 

0 

Signal Ground 
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Test Mode (A) 
Standby Indicator 
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Terminal Timing (A) 
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Data Mode (B) 
Data Mode (A) 
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Clear To Send (A) 

Receive Timing (8) 
Receive Timing (A) 

Request To Send (8) 
Request To Send (A) 

Receive Data (8) 
Receive Data (A) 

Send Timing (8) 
Send Timing (A) 

Send Data (8) 
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Unassigned 
Unassigned 

Signal Rate Indicator 
Receive Common 

Shield 

0 
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FIGURE 3. RS-449 DB-37 
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EIA-530 AND EIA/TIA-530-A 

EIA-530 is an extension of RS-449 but is based on the DB-
25 connector. This standard specifies both functional and 
mechanical specifications, and references RS-422-A and 
RS-423-A standards for el~ctrical specifications. This con-

nector is the same one commonly used in EIA/TIA-232-E 
(RS-232) applications. This standard has been revised (de­
noted by the letter suffix - "A"), which altered the pin as­
signments slightly from EIA-530. Both pin assignments are 
shown in Figures 4 and 5. 

Test Mode 

Transmit Signal Element Timing (A) 

DTE Ready (B) 

DCE Ready (B) 

Remote Loopback 

DTE Ready (A) 

Request To Send (B) 
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Receiver Signal Element Timing (A) 
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Transmit Signal Element Timing (A) 

Transmitted Data (B) 

DB-25 

0 

0 

Clear To Send (B) 

Transmit Signal Element Timing (B) 

Transmit Signal Element Timing (B) 

Received Line Signal Detector (B) 

Receiver Signal Element Timing (B) 

Received Line Signal Detector (A) 

Signal Ground 

DCE Ready (A) 

Clear To Send (A) 

Request To Send (A) 

Received Data (A) 

Transmitted Data (A) 

Shield 

FIGURE 4. EIA-530 DB-25 

Test Mode 

Transmit Signal Element Timing (A) 

Signal Common (B) 

Ring Indicator (B) 

Remote Loopback 

DTE Ready 

Request To Send (B) 

Local Loopback 

Receiver Signal Element Timing (A) 

Received Data (B) 

Transmit Signal Element Timing (A) 

Transmitted Data (B) 

·DB-25 

0 

0 

Clear To Send (8) 

Transmit Signal Element Timing (B) 

Transmit Signal Element Timing (B) 
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Receiver Signal Element Timing (B) 

Received Line Signal Detector (A) 

Signal Common 

DCE Ready 

Clear To Send (A) 

Request To Send (A) 

Received Data (A) 

Transmitted Data (A) 

Shield 

FIGURE 5. EIA/TIA-530-A DB-25 
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EIA/TIA-561 

EIA/TIA-561 is a new standard released in 1990 and speci­
fies a small 8 position interface for non-synchronous inter­
face between DTEs and DCEs. The uniqueness of this stan­
dard is the fact that it does not specify a DB style connector, 

Plug 

1. Ring Indicator 

2. Received Line Signal Detector 

3. DTE Ready 

4. Signal Common 

5. Received Data 

6. Transmitted Data 

7. Clear to Send 

8. Request to Send/Ready for Receiving 

but rather a modular receptacle and plug type connector. 
This standard references the companion standard EIA/TIA-
562 for electrical levels (similar to RS-232 but lower power 
and faster). The plug and jack are shown in Figure 6. 

Receptacle 

TL/F/11940-6 

FIGURE 6. EIA/TIA-561 MJ-8 
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EIA/TIA-574 

EIA/TIA-57 4 was developed due to confusion arising be­
tween the official RS-232 interface and the exceedingly 
popular defacto 9-pin version developed by IBM. This stan­
dard specifies the 08-9 interface, however, it recommends 
the use of the RS-562 standard instead of RS-232 electrical 
levels. It is noted that EIA/TIA-562 can inter-operate with 
RS-232 drivers and receivers in many applications. This 
standard supplies the minimum number of lines for non-syn­
chronous serial data interchange between DTEs and DCEs. 
The connector pin out is shown in Figure 7. 

DCE Ready 

Request To Send 

Clear To Send 

Ring Indicator 

DB-9 

0 

0 

V.35 

Recommendations V.35 was developed by the CCITI (In­
ternational Telegraph and Telephone Consultative Commit­
tee) as a high speed modem standard that also specified 
the DTE/DCE interface. This standard used RS-232 type 
line drivers and receivers for control circuits, and its own 
unique differential drivers and receivers for high speed data 
and timing lines. This recommendation specifies a unique 
connector and is shown in Figure 8. It should also be noted 
that the CCITI has been replaced with the ITU (Internation­
al Telecommunications Union) and new standards will adopt 
the ITU prefix instead of CCITI. 

Received Line Signal Detector 

Received Data 

Transmitted Data 

Data Terminal Ready 

Signal Ground (Common) 

TL/F/11940-7 

FIGURE 7. EIA/TIA-574 DB-9 

Chassis Ground 
Request To Send 
Data Set Ready 

Data Terminal Ready 
Test Mode 

UNASSIGNED 
Send Data (A) 
Send Data (B) 

Terminal Timing (A) 
Terminal Timing (B) 
Transmit Timing (A) 
Transmit Timing (B) 

UNASSIGNED 
UNASSIGNED 
UNASSIGNED 
UNASSIGNED 
UNASSIGNED 

FIGURE 8. CCITT V.35 
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Signal Ground 
Clear To Send 
Receive Line Signal Detector 
Local Loopback 
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UNASSIGNED 
Receive Data (A) 
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IEEE-488 

The IEEE (Institute of Electrical and Electronic Engineers) 
also standardizes many interfaces in the area of computing 
and instrumentation. IEEE-488 is a complete' standard spec­
ifying all functional, electrical, and mechanical specifications 

Logic Ground 

Ground 

Ground 

Ground 

Ground 

Ground 

Ground 

(REN) Remote Enable 

(DIOB) Data Bi\ 8 

(D107) Data Bit 7 

(DI06) Data Bi\ 6 

(DI05) Data Bi\ 5 

0 

for a 16 line parallel bus for instrumentation. This interface 
is commonly found on test, and measurement equipment 
that feature computerized programming and control. This 
standard is also known under the acronym as GPIB (Gener­
al Purpose Interface Bus). The pin out of the standardized 
connector is shown in Figure 9. 

Shield 

Attention (ATN) 

Service Request (SOR) 

Interface Claar (IFC) 

No Data Accepted (NDAC) 

Not Ready for Data (NRFD) · 

Data Valid (AV) 

End Or Identify (EOI) 

Data Bi\ 4 (DI04) 

Data Bit 3 (D103) 

Data Bi\ 2 (DI02) 

Data Bi\ 1 (DI01) 

TL/F/11940-9 

FIGURE 9. IEEE-488 
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CENTRONICS PORT AND IBM PC PARALLEL PORT 
These two defacto standards both specify parallel interface 
that are commonly used in computing applications (comput­
er to peripheral-printer). Both are defacto standards, and 

Undefined 

Undefined 

Undefined 

Undefined 

Fault (Active LOW) 

Input Prime (Active LOW) 

Input Prime - RETURN 

Busy - RETURN 

Acknowledge - RETURN 

Data Bit 8 - RETURN 

Data Bit 7 - RETURN 

Data Bit 6 - RETURN 

Data Bit 5 - RETURN 

Data Bit 4 - RETURN 

Data Bit 3 - RETURN 

Data Bit 2 - RETURN 

Data Bit 1 - RETURN 

Data Strobe - RETURN 

support similar functions but different pin outs and mechani­
cal specifications. There is active work by the IEEE to stan­
dardize this interface (Computer to peripheral-parallel port). 
The two connectors are shown in Agurss 10 and 11. 

(+) 5 Volts 

Chassis Ground 

Logic Ground 

Oscillator Transmit 

Supply Ground 
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Paper End (Active HIGH) 

Busy (Active HIGH) 

Acknowledge (Active LOW) 

Data Bit 8 (MSB) 

Data Bit 7 

Data Bit 6 

Data Bit 5 

Data Bit 4 

Data Bit 3 

Data Bit 2 

Data Bit 1 (LSB) 

Data Strobe (Active LOW) 

TL/F/11940-10 

FIGURE 10. Centronlcs Port 
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Return/Ground 

Return/Ground 

Return/Ground 
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Select Input (Active LOW) 

Initialize Printer (Prime_ Active LOW) 
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DB-25 

0 
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FIGURE 11. IBM PC Parallel Port 
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....... 
en SUMMARY 
Z By selecting an industry standard, the problem of getting 
< signals from one board or box to another is greatly reduced. 

This is especially true when inter-operation between sys­
tems built by different manufacturers is required (open sys~ 
tern). 

Interface standards from the TIA/EIA and other standards 
groups greatly resolve this interfacing problem. This applica­
tion note provides insight into those standards by providing 
a graphical representation of the connectors referenced in 
the standards. As always, whenever designing a system to 
an industry standard, a thorough review of the most recent 
revision of the standard is highly recommended. 

REFERENCE 
Most standards are available from: 

Global Engineering Documents 
Irvine, CA, USA 
714-261-1455 or 800-854-7179 

Various connector, cable and data communication products 
are available from: 

South Hills Datacom 
.Pittsburgh, PA, USA 
Toll-Free: 800-245-6215 
Local: 412-921-9000 
FAX: 412~921-2254 
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~National 
Semiconductor 

Line Drivers and Receivers 
Military Products-Selection Guide 

Device No. 
Pin 

Description 
Process DescSMD/ 

Count Flows Slash Sheet• 

TIA/EIA-232 

DS14C232 16 Dual Line Driver and Receiver 883 
DS9616HM 14 Triple Line Driver 883 
DS9627M 16 Dual Line Driver 883 5692-8978701 MxA 

TIA/EIA-422/ 423 

DS1691A Single Line Driver 883 
DS26C31M 16 Quad Line Driver 883, MLS 5962-9163901 MxA 
DS26C32AM 16 Quad Line Receiver 883, MLS 5962-9164001 MxA 
DS26F31M 16 Quad Line Driver 883, MLS 5962-7802302MxA 
DS26F32M 16 Quad Line Receiver 883, MLS 5962-7802005MxA 
DS26LS31M 16 Quad Line Driver 883, MLS 5962-7802301 MxA 
DS26LS32M 16 Quad Line Receiver 883, MLS 
DS26LS33M 16 Quad Line Receiver 883, MLS 
DS78C20 14 Dual Line Receiver 883 
DS78C120 16 Dual Line Receiver 883, MLS 
DS78LS120 16 Dual Line Receiver 883, MLS 
DS9636AM 8 Dual Line Driver 883 5962-8752301 xA 
DS9637AM 8 Dual Line Receiver 883 5962-8752401 xA 
DS9638M 8 Dual Line Driver 883, MLS 5962-8754601 xA 

TIA/EIA-485 

DS16F95 8 Single Transceiver 883, MLS 5962-8961501 xA 
DS96F172M 16 Quad Line Driver MIL 5962-9076501 MxA 
DS96F173M 16 Quad Line Receiver 883 5962-9076602MxA 
DS96F174M 16 Quad Line Driver 883, MLS 5962-907502MxA 
DS96F175M 16 Quad Line Receiver 883, MLS 5962-9076601 MxA 

GENERAL PURPOSE 

DS1603 14 Dual TRI-STATE Line Receiver 883 
DS7820 14 Dual Line Receiver 883, MLS 
DS7820A 14 Dual Line Receiver 883, MLS 
DS7830 16 Dual Differential Line Driver 883, MLS 
DS7831 16 Dual Differential TRI-STATE Line Driver 883 8004101xX 
DS7832 16 Dual Differential TRI-STATE Line Driver 883 8004102xA 
DS9615M 16 Dual Differential Line Receiver 883, MLS 10404* 
DS9622M 16 Triple Line Receiver 883 5962-8752201 xA 
DS55107A 14 Dual Line Receiver 883 10401* 
DS55110A 14 Dual Line Driver 883 
DS55113 16 Dual Differential TRI-STATE Line Driver 883 
DS55115 16 Dual Differential Line Receiver 883, MLS 10404* 
DS55122 16 Triple Line Receiver 883 
MM78C29 14 Quad Single-Ended Line Driver 883 
MM78C30 14 Dual Differential Line Driver 883 

PACKAGING KEY: 

Code Suffix Description 

CDIP J, D Ceramic Dual-in-Line 
LCC E Leadless Chip Carrier (Ceramic) 
FP w Flatpak (Dual-in-Line, Ceramic) 
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Package 
Types 

CDIP, LCC 
CDIP, LCC 
CDIP,LCC 

CDIP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP 
CDIP, FP 
CDIP, FP 
CDIP 
CDIP 
CDIP 

CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 
CDIP, LCC, FP 

CDIP 
CDIP, FP 
CDIP, FP 
CDIP, FP 
CDIP, FP 
CDIP, FP 
CDIP, FP 
CDIP, LCC, FP 
CDIP 
CDIP 
CDIP 
CDIP, FP 
CDIP 
CDIP, FP 
CDIP 
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~National 
D Semiconductor 

Military I Aerospace Programs from 
National Semiconductor 

The following is intended to provide a brief overview of mili­
tary products available from National Semiconductor. For 
further information, refer to our Reliability Handbook. 

MI L·l-38535 
National Semiconductor's Mil/ Aero Division has received 
QML approval for the FAB and Assembly sites manufactur­
ing Military Aerospace devices. The following section re­
garding MIL-M-38510 is undergoing revision and is expect­
ed to eventually merge into the MIL-1-38535 QML program. 
Please contact your local sales office for further details re­
garding this qualification timeline and status. 

NS 
27014 
l:l. 
z 
SS 
XXYY 
a 
s 

Mark 
l:l. 
M 

TABLE A. QML Marking Code 
NS JM38510/33001 
BCA27014QS 
l:l. ZSSXXYYA 

Legend 
Corporate Logo 
Cage Code 
ESD Indicator (as applicable)* 
Assembly Code Location 
Wafer Fab/Sort Data Code** 
Calendar Year/Seal Week*** 
QML Processing 
Test Location 

*ESD Indicator Codes 

Class Voltage 
1 0-1999V 
2 2000-3999V 
3 ~ 4000V 
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••Assembly Code Locations 

Country Code 
Bangkok B 
Combined Country of Origin c 
Cebu Philippines D 
Hong Kong K 
Indy Electronics w 
Japan J 
Korea E 
Malacca M 
Mountain View v 
Pantronix A 
Penang p 

Philippines H 
Puyallup G 
Salt Lake L 
Santa Clara F 
Singapore s 
South Portland z 
Taiwan T 
Tucson y 

United Kingdom u 
Outside Vendor N 

***Calendar/Seal Week Codes 

2nd digit: 

3rd digit: 

4th & 5th digits: 
6th & 7th digits: 
8th digit: 

Last digit of the year wafer sort was 
performed 
Alpha character indicating the 
calendar quarter in which wafer sort 
was performed. 
Character Months 

A Jan-Mar 
Weeks 
13 

B April-June 14-26 
C Ju~-Se~ 27-39 
D Oct-Dec 40-53 

GF Prior to 1988 
Calendar Year 
Sealweek 
Alphacharacter indicating the lot is a 
sublot (when applicable). 



MI L-M-38510 
The MIL-M-38510 Program, which is sometimes called the 
JAN IC Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government­
controlled specifications in government certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC's Qualified Products List (QPL) be­
fore devices can be marked and shipped as JAN product. 

There are two processing levels specified with.in MIL-M-
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table 3. 

Tables 1 and 2 explain the JAN device marking system. 

Copies of MIL-M-38510, the QPL, and other related docu­
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

TABLE 1 .• The MIL-M-38510 Part Marking 

Jt.43851 O/XXXXXYYY 
--.....-· 

L 

L..--

I--
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The Lead Finish 
A= Solder Dipped 
B =Tin Plate 
C =Gold Plate 
X =Any lead finish above 

Is acceptable 

The Device Package 
(see Table 2) 

The Screening Level 
Sor B 

The Device Number 
on Slash Sheat 

The Slash Sheat Number 

f'or radiation hardened devices 
the slash Is replaced by the 
Radiation Hardness Assurance 
Indication per paragraph 
3.4.1.3 of MIL-M-38510 

MIL-M-38510 

The JAN Prefix 
(which may be applied only to 
a fully conformant device per 
paragraphs 3.6.2.1 and 3.6.7 of 
MIL-M-38510) 

TL/XX/0113-1 
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MIL-M-38510 (Continued) 

TABLE II. JAN Package Codes 

38510 
Microcircuit Industry 

Package 
Designation 

Description 

A 14-Pin %" x %" (Metal) Flatpack 
B 14-Pin 3/16" x %" (Metal) Flatpack 
c 14-Pin %" x :314" Dual-In-Line 
D 14-Pin %" x %" (Ceramic) Flatpack 
E 16-Pin %" x 7/s" Dual-In-Line 
F 16-Pin %" x %" (Metal or Ceramic) Flatpack 
G 8-Pin T0-99 Can or Header 
H 10-Pin %" x %" (Metal) Flatpack 
I 10-Pin T0-100 Can or Header 
J 24-Pin %" x 1 %" Dual-In-Line 
K 24-Pin %" x %" Flatpack 
L 24-Pin %" x 1 %" Dual-In-Line 
M 12-Pin T0-101 Can or Header 
N (Note 1) 
p 8-Pin %" x %" Dual-In-Line 
Q 40-Pin 3As" x 21/,6" Dual-In-Line 
R 20-Pin %" x 1 Y, 6 " Dual-In-Line 
s 20-Pin %" x %" Flatpack 
T (Note 1) 
u (Note 1) 
v 18-Pin %" x 1s;;6" Dual-In-Line 
w 22-Pin %" x 1 Ya" Dual-In-Line 
x (Note 1) 
y (Note 1) 
z (Note 1) 
2 20-Terminal 0.350" x 0.350" Chip Carrier 
3 28-Terminal 0.450" x 0.450" Chip Carrier 

Note 1: These letters are assigned to packages by individuals MIL-M-38510 
detail specifications and may be assigned to different packages in different 
specifications. 

DESC Specifications 
DESC specifications are issued to provide standardized ver­
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con­
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National's DESC specification offerings can 
be obtained from our franchised distributors, sales repre­
sentatives, of DESC. DESC is located in Dayton, Ohio. 

Ml L-STD-883 
Although originally intended to establish uniform test meth­
ods and procedures, MIL-STD-883 has also become the 
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general specification for non-JAN military product. Revision 
D of this document defines the minimum requirements for a 
device to be marked and. advertised as 883-compliant. In­
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par­
agraph 1.2.1 of MIL-STD-883. . 

National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table Ill. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa­
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits; and test temperatures must be 
clearly documented. At National Semiconductor, this infor­
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con­
trolled by our QA department. Individual copies are available 
upon request. 

Some of National's older products are not completely com­
pliant with MIL-STD-883, but are still required for use in mili­
tary systems. These devices are screened to the same 
stringent requirements as 883 product, but are marked 
"-MIL". 

Military Screening Program (MSP} 
National's Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities .. MSP products receive the 100% screening of Ta­
ble Ill, but are not subjected to Group C and D quality con­
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 

Reliability Electrical Test 
Specifications (RETS) 
National has implemented the first realtime, electronic cata­
log of military test specifications called RETS. 

Included in this computerized directory is a detailed listing of 
the electrical tests performed on all military devices quali­
fied by National, including forcing functions, test limits and 
temperature ranges. 

Call your local National sales office for essential up-to-the­
minute information on device testing. 



TABLE Ill. Classes Sand B Screening• 

Screen 
Class S Class B 

Method Reqt Method Re qt 

3.1.1 Wafer Lot Acceptance (Note 1) 5007 All Lots 

3.1.2 Nondestructive Bond Pull 2023 100% 

3.1.3 Internal Visual (Note 2) 2010, Test 
100% 

2010, Test 
100% 

Condition A Condition B 

3.1.4 Temperature Cycling (Note 3) 1010, Test 
100% 

1010, Test 
100% 

Condition C ConditionC 

3.1.5 Constant Acceleration 2001, Test 2001, Test 
Condition E 

100% 
ConditionE 

100% 
(Min) Y1 (Min) Y1 

Orientation Only Orientation Only 

3.1.6 Visual Inspection (Note 4) 100% 100% 

3.1.7 Particle Impact Noise Detection 2020, Test 100% 
(PINO) Condition A (Note5) 

3.1.8 Serialization 100% 
(Note 6) 

3.1.9 Pre Burn-In Electrical In accordance with 100% In accordance with 100% 
Parameters Applicable Device Specification (Note 7) Applicable Device Specification (Note 8) 

3.1.10 Burn-In Test 1015 (Note 9) 1015 
240 Hours at 100% 160 Hours at 100% 

125°C Minimum 125°C Minimum 

3.1.11 Interim (Post-Burn-In) Electrical In accordance with 100% 
Parameters Applicable Device Specification (Note7) 

3.1.12 Reverse Bias Burn-In (Note 10) 1015; Test Condition 
A or C, 72 Hours 100% 

at 150°C Minimum 

3.1.13 Interim (Post Burn-In) Electrical In accordance with 100% In accordance with 100% 
Parameters Applicable Device Specification (Note 7) Applicable Device Specification (Notes) 

3.1.14 Percent Defective Allowable 5%, 3% Functional All 
5% 

All 
(PDA) Calculation Parameters at 25°C Lots Lots 

3.1.15 Final Electrical Test In accordance with In accordance with 
Applicable Device Specification Applicable Device Specification 

a. Static Tests 100% 100% 
1. 25°C (Subgroup 1, 

Table I, 5005) 
2. Maximum and Minimum 100% 100% 

Rated Operating 
Temperature (Subgroups 
2, 3, Table I, 5005) 

b. Dynamic or Functional Tests 
(Note 11) 
1. 25°C (Subgroup 4 or 7, 100% 100% 

Table I Method 5005) 
2. Minimum and Maximum 100% 100% 

Rated Operating 
Temperature 
(Subgroups 5 and 6, or 8, 
Table I Method 5005) 

c. Switching Tests 25°C 100% 100% 
(Subgroup 9, Table I, 
Method 5005) 

•Note: These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 
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TABLE Ill. Classes Sand B Screening* (Continued) 

ClassS ClassB 
Screen 

Method Reqt Method Reqt 

3.1.16 Seal 1014 100% 1014 100% 
a. Fine (Note 12) (Note 12) 
b. Gross 

3.1.17 Radiographic (Note 13) 2012 Two Views (Note 14) 100% 

3.1.18 Qualification or Quality Conformance Inspection Test 
(Note 15) (Note 15) Sample Selection 

3.1.19 External Visual (Note 16) 2009 100% 2009 100% 

3.1~20 Radiation Latch-Up (Note 17) 1020 100% 1020 100% 

'Note: These requirements are per MIL·STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL·STD-883. . 

Note 1: All lots shall be selected for testing in accordance with the requirements of Method 5007 herein. 

Note 2: Unless otherwise specified, at the manufacturer's option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g., bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual exam). 

Note 3: For Class B devices, this test may be replaced with thermal shock Method 1011, test condition A, minimum. 

Note 4: At the manufacturer's option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. · · 

. Note 5: See MIL·l-38535, 40.6.3. The PINO test may be performed in any sequence after 3.1.4 and prior to 3.1.13 . 

Note 6: Class S devices shall be serialized prior to initial electrical parameter measurements. 

Note 7: Post burn-in electrical parameters shall be read and recorded (see 3.1.13, subgroup 1). Pre burn-in or interim electrical parameters (see 3.1.9 and 3.1.11) 
shall be read and recorded only when delta measurements have been specified as part of post burn-in electrical measurements. 

Note 8: When specified in the applicable device specification, 100 percent of the devices shall be tested for those parameters requiring delta calculations. 

Note 9: Dynamic burn-in only. Test condition F of Method 1015 shall not apply. 

Note 10: Reverse bias burn-in (see 3.1.12) is a requirement o~ly when specified in the applicable device specification and is recommended only for a certain MOS, 
linear or other microcircuits where surface sensitivity may be of concern. When reverse bias burn-in is not required, interim electrical parameter measurements 
3.1.11 are omitted. The order of performing the burn-in (see 3.1.10) and the.reverse bias burn-in _may be inverted. 

Note 11: Functional tests shall be conducted at input test conditions as follows: 
V1H = V1H(min) + 20%, -0%; Vil = V1L(max) + 0%, -50%; as specified in the most similar military detail specification. Devices may be tested using any input 
voltage within this input voltage range but shall be guaranteed to V1H(min) and V1L(max). . . 
CAUTION: To avoid test correlation problems, the test system noise (e.g., testers, handlers, etc.) should be verified to assure that V1H(min) and V1L(max) 
requirements are not violated at the device terminals. · 

Note 12: For Class B devices, the fine and gross seal tests (3.1.16) shall be performed separately or together, between constant acceleration (3.1.5) and external 
visual (3.1.19). For class S devices, the fine and gross seal tests (3.1.16) shall be. performed separately or together, between final electrical testing (3.1.15) and 
external visual (3.1.19). In addition, for classes S and B devices, all device lots (sublets) having any physical processing steps (e.g., lead shearing, lead forming, 
solder dipping to the glass seal, change of, or rework to, the lead finish, etc.) performed following seal (3.1.16) or external visual (3.1.19) shall be retested for 
hermeticity and visual defects. This shall be accomplished by performing, and passing, as.a minimum, a sample seal test (Method 1014) using an acceptance 
criteria of a quantity (accept number) of 116(0), and an external visual inspection (Method 2009) on the entire inspection lot (sublot). For devices with leads that are 
not glass-sealed and that have a lead pitch less than or equal to 1.27mm (0.050 inch), the sample seal test shall be performed using an acceptance criteria of a 
quantity (accept number) of 15(0). If the sample fails the acceptance criteria specified, all devices in the inspection lot represented by the sample shall be subjected 
to the fine and gross seal tests and all devices that fail shall be removed from the lot for final acceptance. For class S devices, with the approval of the qualifying 
activity, an additional room temperature electrical test may be performed subsequent to seal (3.1.16), but before external visual (3.1.19) if the devices are installed 
in individual carriers during electrical test. 

Note 13: The radiographic (see 3.1.17) screen may be performed in any sequence after 3.1.8. 

Note 14: Only one view is required for flat packages and leadless chip carriers having lead (terminal) metal on four sides. 

Note 15: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005. See 3.5 of Method 5005. 

Note 16: External visual shall be performed on the lot any time after 3.1.17 and prior to shipment, and all shippable samples shall have external visual inspection at 
least subsequent to qualification or quality conformance inspection testing. Exposed underplate or base metal on leads· of hard glass seals, bead ~eats, or 
individual feedthrough seals due to acceptable glass meniscus chipouts shall not be considered rejectable provided salt atmosphere test requirements (Method 
1009) are met in accordance with applicable group D requirements. Acceptable glass meniscus chipouts are defined as chipouts in the glass meniscus that are 
located within the region one-half the distance from the lead to the case. 

Note 17: Radiation latch-up screen shall be conducted when specified in purchase order or contract. Latch-up screen is note required for SOS, SIO, and DI 
technology when latch-up is physically not possible. At the manufacturer's option, latch-up screen may be conducted at any screening operation step after seal. 
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TABLE IV. Group A Electrical Tests for Classes Sand B Devices• (Note 1) 

Subgroups (Note 2) 
Quality/Accept No.= 116/0 

(Notes 3 to 5) 

Subgroup 1 
Static Tests at 25°C 

Subgroup 2 
Static Tests at Maximum Rated Operating Temperature 

Subgroup3 
Static Tests at Minimum Rated Operating Temperature 

Subgroup4 
Dynamic Tests at 25°C 

Subgroup 5 
Dynamic Tests at Maximum Rated Operating Temperature 

Subgroup6 
Dynamic Tests at Minimum Rated Operating Temperature 

Subgroup 7 
Functional Tests at 25°C 

Subgroup BA 
Functional Tests at Maximum Rated Operating Temperatures 

Subgroup 88 
Functional Tests at Minimum Rated Operating Temperatures 

Subgroup 9 
Switching Tests at 25°C 

Subgroup 10 
Switching Tests at Maximum Rated Operating Temperature 

Subgroup 11 
Switching Tests at Minimum Rated Operating Temperature 

'Note: These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 

Note 1: The specific parameters to be included for tests in each subgroup shall be as specified in the applicable acquisition document. Where no parameters have 
been identified in a particular subgroup or test within a subgroup, no group A testing is required for that subgroup or test to satisfy group A requirements. 

Note 2: At the manufacturer's option, the applicable tests required for Group A testing (see Note 1) may be conducted individually or combined into sets of tests, 
subgroups (as defined in Table I), or sets of subgroups. However, the munufacturer shall predesignate these groupings prior to Group A testing. Unless otherwise 
specified, the individual tels, subgroups, or sets of tests/subgroups may be performed in any sequence. 

Note 3: The sample plan (quantity and accept number) for each test, subgroup, or set of tests/subgroups as predesignated in Note 2, shall be 116/0. 

Note 4: A greater sample size may be used at the manufacturer's option; however, the accept number shall remain at zero. When the (sub)lot size is less than the 
required sample size, each and every device in the (sub)lot shall be Inspected and all failed devices removed from the (sub)lot for final acceptance of that test, 
subgroup, or set of tests/subgroups, as applicable. 

Note 5: If any device in the sample fails any parameter in the test, subgroup, or set of tests/subgroups being sampled, each and every additional device in the 
(sub)lot represented by the sample shall be tested on the same test set-up for all parameters in that test, subgroup, or set of tests/subgroups for which the sample 
was selected, and all failed devices shall be removed from the (sub)lot for final acceptance of that test, subgroup, or set of tests/subgroups, as applicable. For 
class S only, if this testing results in a percent defective greater than 5 percent, the (sub)lot shall be rejected, except that for (sub)lots previously unscreened to the 
tests that caused failure of this percent defective, the (sub)lot may be accepted by resubmission and passing the failed individual tests, subgroups, or set of tests/ 
subgroups, as applicable, using a 116/0 sample. 
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Test 

Subgroup 1 
a. Physical Dimensions (Note 2) 
b. Internal Water-Vapor Content 

(Notes 2 and 3) 

Subgroup 2 (Note 5) 
a. Resistance to Solvents 

TABLE V. Group B Tests for Class S Devices• (Note 1) 

Method 

2016 
1018 

MIL·STD-883 

Condition 

5,000 ppm Maximum Water 
Content at 1 oo·c 

b. Internal Visual and Mechanical 
2015 
2013, 
2014 

Failure Criteria from Design and 
Construction Requirements of 
Applicable Acquisition Document 

c. Bond Strength 
1. Thermocompression 
2. Ultrasonic 
3. Flip-Chip 
4. Beam Lead 

d. Die Shear Test or Substrate 
Attach Strength Test 

Subgroup 3 
Solderability (Note 7) 

Subgroup 4 (Note 2) 
a. Lead Integrity (Note 8) 
b.Seal 

1. Fine 
2. Gross 

c. Lid Torque (Note 9) 

Subgroup 5 (Note 10) 
a. End-Point Electrical 

Parameters (Note 11) 
b. Steady State Life (Note 12) 
c. End-Point Electrical 

Parameter (Note 11) 

Subgroup 6 
a. End-Point Electrical 

Parameters 
b. Temperature Cycling 
c. Constant Acceleration 
d. Seal 

1. Fine 
2. Gross 

e. End-Point Electrical 
Parameters 

Subgroup 7 (Note 13) 

2011 

2003 or 
2022 

2004 
1014 

2024 

1005 

1010 
2001 
1014 

1. Test Condition C or D 
2. Test Condition C or D 
3. Test Condition F 
4. Test Condition H . 
In accordance with Method 2019 or 2027 
for the Applicable Die Size 

Soldering Temperature 
of 245•c ± 5°C 

Test Condition B2, Lead Fatigue 
As applicable 

As applicable 

As Specified in the Applicable 
, Device Specification 

Test Condition C, D, or E 
As specified in the applicable 
device specification 

As specified in the Applicable 
Device Specification 
Condition C, 100 Cycles Minimum 
Test Condition E: Y1 Orientation Only 

As Specified in the Applicable 
Device Specification 

Quantity/(Accept No.) 
orLTPD 

2(0) 

3(0) or 5(1) (Note 4) 

3(0) 
2(0) 

LTPD = 10 (Note 6) 

3(0) 

LTPD = 10 

LTPD = 5 

LTPD = 5 

LTPD = 15 

'Note: These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 

Note 1: Electrical reject devices from that same inspection lot may be used for all subgroups when end-point measurements are not required, provided that the 
rejects are processed identically to the inspection lot through pre burn-in electricals and provided the rejects are exposed to the full temperature/time exposure of 
burn-in. 

Note 2: Not required for qualification or quality conformance inspections where Group D inspection is being performed on samples from the same inspection lot. 

Note 3: This test is required only if it is a glass-frit-sealed package. Unless handling precautions for beryllia packages are available and followed Method 1018, 
procedure 3 shall be used. See Note 6 of Table IV. 

Note 4: Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, if the initial test sample (i.e., three or five devices) 
fails, a second complete sample may be tested at an alternate laboratory that has been granted current suitability status by the qualifying activity. If this sample 
passes, the lot shall be accepted provided the devices and data from both submissions is submitted to the qualifying activity along with five additional devices from 
the same lot. 

Note 5: Resistance to solvents testing required only on devices using inks or paints as a marking medium. 

Note 6: Unless otherwise specified, the L TPD sample size for conditions C and D is the number of bond pulls selected from a minimum number of four devices, and 
for condition F or H is the number of dice (not bonds). 

Note 7: All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the temperature/time 
exposure of burn-in except for devices which have been hot solder dipped or undergone tin fusing after burn-in. The L TPD applies to the number of leads inspected 
except in no case shall less than three devices be used to provide the number of leads required. 
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TABLE V. Group B Tests for Class S Devices• (Note 1) (Continued) 
Note 8: The L TPD of 5 for lead integrity shall be based on the number of leads or terminals tested and shall be taken from a minimum of three devices. All devices 
required for the lead integrity test shall pass the seal test and lid torque test, if applicable (see Note 9), in order to meet the requirements of subgroup 4. For pin grid 
array leads and rigid leads, use Method 2028. For leaded chip carrier packages, use condition 81. For leadless chip carrier packages only, use test condition D and 
a L TPD of 15 based on the number of pads tested taken from three devices minimum. Seal lost (subgroup 46) need be performed only on packages having leads 
exiting through a glass seal. 

Note 9: Lid torque test shall apply only to glass-frit-sealed packages. 

Note 10: The alternate removal-of-bias provisions of 3.3.1 of Method 1005 shall not apply for test temperature above + 125°C. 

Note 11: Read and record group A subgroups 1, 2, and 3. 

Note 12: The same test temperature that was used for burn-in shall be used for the steady-state life test. 

Note 13: Subgroup 7 has been deleted from Table V. The requirements for ESD testing are specified in MIL-M-38510. 

TABLE VI. Group B Tests for Class e• (Notes 1 and 2) 

MIL-STD-883 
Test 

Method Condition 

Subgroup 2 (Note 3) 
a. Resistance to Solvents 2015 

Subgroup 3 
a. Solderability (Note 4). 2003 or Soldering Temperature of 245°C ± 5°C 

2022 

Subgroup 5 
a. Bond Strength (Note 5) 2011 

1. Thermocompression 1. Test Condition C or D 
2. Ultrasonic or Wedge 2. Test Condition C or D 
3. Flip-Chip 3. Test Condition F 
4. Beam Lead 4. Test Condition H 

Quantity/(Accept No.) 
orLTPD 

3 (0) 

10 

15 

*Note: These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 

Note 1: Electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not required provided that the 
rejects are processed identically to the inspection lot through pre burn-in electricals and provided the rejects are exposed to the full temperature/time exposure of 
burn-in. 

Note 2: Subgroups 1, 4, 6, 7, and 8 have been deleted from this table. For convenience, the remaining subgroups will not be renumbered. 

Note 3: Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. 

Note 4: All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the temperature/time 
exposure of burn-in except for devices which have been hot solder dipped or undergone tin fusing after burn-in. The L TPD for solderability test applies to the 
number of leads inspected except in no case shall less than three devices be used to provide the number of leads required. 

Note 5: Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be randomly selected prior to or following internal visual 
(PRES EAL) inspection specified in Method 5004, prior to sealing provided all other specifications requirements are satisfied (e.g., bond strength requirements shall 
apply to each inspection lot, bond strength samples shall be counted even if the bond would have failed internal visual exam). Unless otherwise specified, the L TPD 
sample size for condition C or D is the number of bond pulls selected from a minimum number of four devices, and for condition F or H is the number of dice (not 
bonds) (see Method 2011 ). 
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TABLE VII. Group C (Die-Related Tests) (For Class B Only)* 

Test 
MIL·STD-883 Quantity/(Accept No.) 

Method Condition orLTPD 

Subgroup 1 
a. Steady-State Life Test 1005 Test Condition to be Specified 5 

(1,000 Hours at 125°C or Equivalent 
in Accordance with Table I) 

b. End-Point Electrical Parameters As specified in the Applicable 
Device Specification 

TABLE VIII. Group D (Package-Related Tests for All Classes)* 

Test 
MIL·STD-883 Quantlty/(Accept No.) 

Method Condition orLTPD 

Subgroup 1 (Note 2) 
a. Physical Dimensions 2016 15 

Subgroup 2 (Note 2) 
a. Lead Integrity (Note 3) 2004 Test Condition 82 (Lead Fatigue) 5 
b. Seal (Note 4) 

1. Fine 1014 As Applicable 
2. Gross 

Subgroup 3 (Note 5) 
a. Thermal Shock 1011 Test Condition Bas a Minimum, 15 

15 Cycles Minimum 
b. Temperature Cycling 1010 Test Condition C, 100 Cycles Minimum 
c. Moisture Resistance (Note 6) 1004 
d. Visual Examination In accordance with visual 

criteria of Method 1004 and 1010 
e.Seal 1014 As Applicable 

1. Fine 
2. Gross (Note 7) 

f. End-point Electrical As specified in the Applicable 
Parameters (Note 8) Device Specification 

Subgroup 4 (Note 5) 
a. Mechanical Shock 2002 Test Condition B Minimum 15 
b. Vibration, Variable Frequency 2007 Test Condition A Minimum 
c. Constant Acceleration 2001 Test Condition E Minimum 

(See Note 3), Y 1 Orientation Only 
d.Seal 1014 As Applicable 

1. Fine 
2. Gross 

e. Visual Examination (Note 9) 
f. End-Point Electrical Parameters As Specified in the 

Applicable Device Specification 

Subgroup 5 (Note 2) 
a. Salt Atmosphere (Note 6) 1009 Test Condition A Minimum 15 
b. Visual Examination In accordance with visual 

criteria of Method 1009 
c.Seal 1014 As Applicable 

1. Fine 
2. Gross (Note 7) 

Subgroup 6 (Note 2) 
a. Internal Water-Vapor Content 1018 5,000 ppm Maximum Water 3(0) or 5(1) 

Content at 1 oo·c (Note 10) 

Subgroup 7 (Note 2) 
a. Adhesion of Lead 2025 15 

Finish (Notes 11 and 12) 

Subgroup 8 
a. Lid Torque (Notes 2 and 13) 2024 5 (0) 

'Note: These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 

Note 1: In-line monitor data may be substituted for subgroups 01, 02, 06, 07 and DB upon approval by the qualifying activity. The monitors shall be performed by 
package type and to the specified subgroup test method(s). The monitor sample shall be taken at a point where no further parameter change occurs, using a 
sample size and frequency of equal or greater severity than specified in the particular subgroup. This in-line monitor data shall be traceable to the specific 
inspection lot(s) represented (accepted or rejected) by the data. 

Note 2: Electrical reject devices from that same inspection lot may be used for samples. 
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TABLE VIII. Group D (Package-Related Tests for All Classes) (Continued) 
Note 3: The L TPD of 5 for lead integrity shall be based on the number of leads or terminals tested and shall be taken from a minimum of three devices. All devices 
required for the lead integrity test shall pass the seal test if applicable (see Note 4) in order to meet the requirements of subgroup 2. For leaded chip carrier 
packages, use condition B 1. For pin grid array leads and rigid leads, use Method 2028. For leadless chip carrier packages only, use test condition D and an L TPD of 
15 based on the number of pads tested taken from three devices minimum. 

Note 4: Seal test (Subgroup 2b) need bo performed only on packages having leads exiting through a glass seal. 

Note 5: Devices used in Subgroup 3, "Thermal and Moisture Resistance" may be used in Subgroup 4, "Mechanical". 

Note 6: Lead bond stress initial conditioning is not required for leadless chip carrier packages. 

Note 7: After completion of the required visual examinations and prior to submittal to Method 1014 seal tests, the devices may have the corrosion by-products 
removed by using a bristle brush. 

Note 8: At the manufacturer's option, end-point electrical parameters may be performed after moisture resistance and prior to seal test. 

Note 9: Visual examination shall be in accordance with Method 1010 or 1011. 

Note 10: Test three devices; if one fails, test two additional devices with no failures. At tho manufacturer's option, if the initial test sample (i.e., three or five devices) 
fails a second complete sample may be tested at an alternate laboratory that has been issued suitability by the qualifying activity. If this sample passes the lot shall 
be accepted provided the devices and data from both submissions is submitted to the qualifying activity along with five additional devices from the same lot. 

Note 11: The adhesion of lead finish test shall not apply for leadless chip carrier packages. 

Note 12: LTPD based on number of leads. 

Note 13: Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (i.e., wherever frit seal establishes hermeticity 
or package integrity). 

TABLE IX. Group E (Radiation Hardness Assurance Testsr (Note 1) 

Test 

Subgroup 1 (Note 2) 
Neutron Irradiation 

a. Qualification 
b.QCI 

Endpoint Electrical Parameters 

Subgroup 2 (Note 5) 
Steady-State Total Dose 
Irradiation 

a. Qualification 

b.QCI 

Endpoint Electrical Parameters 

Subgroup 3 (Note 9) 
Transient 

Ionizing 
Irradiation 

Endpoint Electrical Parameters 

MIL-STD-883 Class S 

Method Condition Quantity / Accept Notes 
Number 

1017 

1019 

1021 
1023 

2s·c 

As specified in accordance 
with detail specification 

25°C, Maximum Supply Voltage 

As specified in accordance 
with detail specification 

2s·c 
2s·c 
As specified in accordance 
with detail specification 

a. 11 (0) 
b. 11(0) 

a. 4(0) 
2(0) 

b. 4(0) 
2(0) 

11(0) 

(Note 3) 
(Note3) 

a. (Note6) 
(Note 8) 

b. (Note6) 
(NoteB) 

(Note3) 

ClassB 

Quantity/Accept Notes 
Number 

a. 11(0) 
b. 11(0) 

a. 22(0) 

b. 22(0) 

11(0) 

(Note 4) 
(Note 4) 

(Note 7) 

(Note 7) 

(Note 4) 

•Note: These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 

Note 1: Parts used for one subgroup test may not be used for other subgroups but may be used for higher levels in the same subgroup. Total exposure shall not be 
considered cumulative unless testing is performed within the time limits of the test method. Group E tests may be performed prior to device screening. 

Note 2: Waive neutron tests for MOS devices where neutron susceptability is less than 1013 neutrons/cm2 (e.g. charge coupled devices, BICMOS, etc.). When 
testing is required, the limit for neutron fluence shall be 2 x 1012 neutrons/cm2. 

Note 3: In accordance with wafer lot. If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 18(1). 

Note 4: In accordance with inspection lot. If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 18(1). 

Note 5: Class B devices shall be inspected using either the class B quantity/accept number criteria as specified, or by using the class S criteria on each wafer. 

Note 6: In accordance with wafer for device types with less than or equal to 4,000 equivalent transistors/chip selected from the wafer at a radius approximately 
equal to two-thirds of the wafer radius, and spaced uniformly around this radius. 

Note 7: In accordance with inspection lot. If one part fails, 16 additional parts may be added to the test sample with no additional failures allowed, 38(1). 

Note 8: In accordance with wafer for device types with greater than 4,000 equivalent transistors/chip selected from the wafer at a radius approximately equal to 
two-thirds of the wafer radius and spaced uniformly around this radius. · 

Note 9: Upset testing during qualification on first QCI shall be conducted when specified in purchase order or contract. When specified, the same microcircuits may 
be tested in more than one subgroup. 
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Test 

1. Wafer Thickness 

2. Metallization Thickness 

3. Thermal stability 
(applicable fo: All linear; all 
MOS; all bipolar digital 
operating at 10V or more) 

TABLE X. Wafer Lot Acceptance Tests• 

Conditions (Note 1) Limits (Note 3) 

MIL-STD-977Method1580. Maximum deviation of ±2 mil 
Measurement shall be from approved design nominal 
performed after final lap or 6 mil minimum. 
polish. All readings shall be 
recorded. (Note 2) 

MIL-STD-977 Method 5500. 
All readings shall be recorded. 

MIL-STD-977, Method 2500. 
Record VFs or Vr. 

a. Conductor: 8 kA minimum 
for single level metal and 
for the top level of multi­
level metal; 5 kA minimum 
for lower levels, with a 
maximum deviation of 
± 20% from the approved 
design nominal. 

b. Barrier: Maximum deviation 
of ± 30% from the 
approved design nominal. 

a. AVFB or AVr :S: 0.75, 
normalized to an oxide 
thickness of 1 oooA for 
bipolar digital devices 
operating at 1 OV or greater 
and all bipolar linear 
devices not containing 
MOS transistor(s). The 
monitor shall have an oxide 
and shall be metallized with 
the lot. 

b. AVFB or AVr :S:1.0V, 
normalized to an oxide 
thickness of 1,oooA for 
bipolar linear devices that 
operate above 5V and 
containing MOS 
transistor(s), and digital 
devices that operate above 
1 OV and containing MOS 
structures. 
The VFs limit shall not be 
exceeded by the sum of 
the absolute values of the 
MOS oxide transistors and 
the metallization A. The 
monitor(s) shall be oxidized 
and metallized with the lot. 
Separate monitors may be 
used for this test. 

c. AVFB orVr :S: 0.4V, 
normalized to an oxide 
thickness of 1,oooA for 
MOS devices. A monitor 
consisting of a gate oxide 
metallized with the lot shall 
be used. 

Sampling Plan 

Two wafers per lot. Reject lot 
if any measurement exceeds 
limits or revert to test of each 
wafer. 

One wafer (or monitor) per lot. 
Reject lot if measurement 
exceeds limits or revert to test 
of each wafer. 

One wafer (or monitor) per lot. 
Reject lot if measurement 
exceeds limits or revert to test 
of each wafer. 

0 Note:.These requirements are per MIL-STD-883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
MIL-STD-883. 

Note 1: Approved equivalent test methods may be used In lieu of the MIL-STD-977 reference method. 

Note 2: This test Is not required when the finished wafer design thickness is greater than 1 O mil. 

Note 3: Approved design nominal values or tolerances shall be submitted for line certification in accordance with DESC-EQM-42. 
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Test 

4. SEM 

5. Glassivation thickness 

6. Gold backing thickness 
(When applicable) 

TABLE X. Wafer Lot Acceptance Tests• (Continued) 

Conditions (Note 1) Limits (Note 3) 

MIL·STD-883, Method 2018. MIL-STD-883, Method 2018. 

MIL-STD-977, Method 5500. 
All readings shall be recorded. 

MIL-STD-977, Method 5500. 
All readings shall be recorded. 

6 kA minimum for Si02 and 
2 kA for Si3N4 with maximum 
deviation of ± 20% from 
approved design nominal. 

In accordance with approved 
design nominal thickness and 
tolerance. 

Sampling Plan 

MIL-STD-883, Method 2018. 
Lot acceptance basis. 

One wafer (or monitor) per lot. 
Reject lot if any measurement 
exceeds limits or revert to test 
of each wafer. 

One wafer (or monitor) per lot. 
Reject lot if any measurement 
exceeds limits or revert to test 
of each wafer. 

•Note: These requirements are per MIL-STD·883 Revision D, notice 1 dated June 1, 1993. All requirements are subject to change of the latest revision of 
M IL·STD·883. 

Note 1: Approved equivalent test methods may be used in lieu of the MIL-STD-977 reference method. 

Note 2: This test is not required when the finished wafer design thickness is greater than 10 mil. 

Note 3: Approved design nominal values or tolerances shall be submitted for line certification in accordance with DESC-EQM-42. 
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Common Data 
Transmission Parameters. 
and their Definitions 

OVERVIEW 

The scope of this application note is to introduce common 
data transmission parameters and to provide their defini­
tions. This application note is subdivided into five sections, 
which are: 

• Voltage Parameters 

• Current Parameters 

• Timing Parameters 

• Miscellaneous Parameters 

• Truth Table Explanations 

Each parameter definition typically includes the following in­
formation: symbol, full name, description of measurement, 
measurement diagram, and a list of alternate names where 
applicable. Due to historical reasons (Fairchild origin, Na­
tional origin, second sourcing, etc.) some devices use alter­
nate symbols for the same parameters. Whenever possible, 
a list of common alternate symbols is provided for cross 
reference. New and future devices from National's Data 
Transmission Products Group will use the parameters as 
described in this application note for consistency and clarity 
reasons and to limit confusion. 

This application note will be revised to add new parameters 
as required by new product definition. 

In this application note the following symbols are used in 
test circuit diagrams. The measured parameter symbol rep­
resents a PMU-Precision Measurement Unit located at the 
test points illustrated in the test circuit. The PMU symbol 
also includes the parameter's name that is under test. The 
forced condition represents a forced voltage or current 
which is required to make the parameter measurement. 
Once again, it includes the parameter symbol that is being 
forced. 

PMU 

==Measured Parameter 

VOLTAGE PARAMETERS 

Input Voltage Parameters 

TL/F/11932-1 

VcL-lnput Clamp Voltage. An input voltage in a region of 
relatively low differential resistance that serves to limit the 
input voltage swing. 

National Semiconductor 
Application Note 912 
John Goldie 

VcM-Common Mode Voltage. The algebraic mean of the 
two voltages applied to the referenced terminals, for exam­
ple the receiver's input terminals. This voltage is referenced 
to circuit common (ground). This parameter is illustrated in 
Figure 1 along with its mathematical equation. 

TL/F/11932-2 

FIGURE 1. Common Mode Voltage 

Vo1Fi=-Differential Input Voltage. The potential differ­
ence between the input terminals of the device (receiver) 
with respect to one of the inputs (typically the inverting input 
terminal). This parameter may be a positive or negative volt­
age, and commonly specifies the minimum operating volt­
age and the absolute maximum differential input voltage. 
See Figure 2. Vo1FF is also known as v10 for input differen­
tial voltage. 

TL/F/11932-3 

FIGURE 2. Differential Input Voltage 

V1H-High·Level Input Voltage. An input voltage within the 
more positive (less negative) of the two ranges of values 
used to represent the binary variables. For example an input 
voltage between 2.0V and 5.0V in the case of standard TTL 
logic. 
Note: A minimum is specified that is the least positive value of the high-lev­

el input voltage for which operation of the logic element within speci­
fication limits is guaranteed. 

V1L-Low-Level Input Voltage. An input voltage within the 
less positive (more negative) of the two ranges of values 
used to represent the binary variables. For example an input 
voltage between O.OV and O.SV in the case of standard TTL 
logic. 
Note: A maximum is specified that is the most positive value of the low-lev­

el input voltage for which operation of the logic element within speci­
fication limits is guaranteed. 
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VTH-Posltive-Golng Threshold Voltage. The voltage lev­
el at a transition-operated input that causes operation of the 
logic element according to specification, as the input volt­
age rises from a level below the negative-going threshold 
voltage, VTL. See Figure 3. Note that VTH has also been 
used in the past to specifiy both thresholds in one parame­
ter. In this case, Vrn represents the Threshold Voltages and 
supports a minimum and maximum limit, for example, ± 200 
mV. 

Voltage Transfer Curve (VTC) 

YouT 

+ ..l 

TL/F/11932-4 

FIGURE 3. Threshold Voltages 

YTL-Negative-Going Threshold Voltage. The voltage 
level at a transition-operated input that causes operation of 
the logic element according to specification, as the input 
voltage falls from a level above the positive-going threshold 
voltage, Vrn. See Figure 3 above. 

VHvs-Hysteresis. The absolute difference in voltage val­
ue between the positive going threshold and the negative 
going threshold. See Figure 4. Hysteresis is the most widely 
symbolized parameter. Alternate symbols include: VHY· 
Vr + -VT-1 VHYST1 !:.. Vrn, VTH-VTL, and VHST· 

VTC Curve 

YouT 

..l ..l 

FIGURE 4. Hysteresis Voltage 

OUTPUTVOLTAGEPARAMETERS 

TL/F/11932-5 

Yoo-Output Differential Voltage. The output voltage be­
tween the output terminals of a differential driver with input 
conditions applied that, according to the product specifica­
tion, will establish a voltage level at the output. This voltage 
is measured with respect to the inverting output of the differ­
ential driver. Yoo is defined as the voltage at true output (A, 
DouT+, or DO) minus the voltage at the inverting output (8, 
DouT-, or DO*). Commonly an alpha-numeric suffix is add­
ed to designate specific test conditions. For example the 
case of different resistive loads. Also a star "*" or over­
score bar is used with the parameter to designate the pa­
rameters' value with the opposite input state applied. This 
parameter has also been designated Terminated Output 
Voltage (VT) in some datasheets. 
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TL/F/11932-6 

FIGURE 5. Voe Test Circuit 

!:.. Voe-Output Voltage Unbalance. The change in magni­
tude of the differential output voltage between the output 
terminals of a differential driver with opposite input condi­
tions applied. !:..Yoo is defined as: !:..Voo=IVool-IVoo*I. 

VoH-Hlgh Level Output Voltage. The output voltage at 
an output terminal with input conditions applied that, ac­
cording to the product specification, will establish a logic 
high level at the output. This voltage is measured with re­
spect to circuit common (ground). See Figure 6 . 

- GND 
TL/F/11932-7 

FIGURE 6. VoH Test Circuit 

Vol-Low Level Output Voltage. The output voltage at an 
output terminal with input conditions applied that, according 
to the product specification, will establish a logic low level at 
the output. This voltage is measured with respect to circuit 
common (ground). See Figure 7. 

- GND 
TL/F/11932-8 

FIGURE 7. Vol Test Circuit 

Vos-Offset Voltage. The center point output voltage be­
tween the output terminals of a differential driver with input 
conditions applied that, according to the product specifica­
tion, will establish a voltage level at the output. This voltage 
is measured with respect to the driver's circuit common 
(ground). Commonly a star "*" or over-score bar is used 
with the parameter to designate the parameter's value with 
the opposite input state applied (see Figure 8). This parame­
ter is also referred to as Voe-Common Mode Voltage. 



-= GND 
TL/F/11932-9 

FIGURE 8. Vos Test Circuit 

/:;.Vos-Offset Voltage Unbalance. The change in magni­
tude of the offset voltage at the output terminals of a differ­
ential driver with opposite input conditions applied. /:;.Vos is 
defined as: 

!:t.Vos= IVosl-IVos*I. 

Vss-Steady State Output Voltage. The steady state dif­
ferential output voltage is defined as IVool + IVoo*I. This is 
typically a calculated parameter only, based on the formula 
shown above. The Voo parameter is defined above and il­
lustrated in Figure 5. Vss is equal to twice the magnitude of 
Voo and is shown in Figure 9. 

TL/F/11932-10 

FIGURE 9. Differential Output Steady State Voltage 

Yr-Terminated Output Voltage. The output voltage at an 
output terminal with input conditions applied that, according 
to the product specification, will establish a known logic lev­
el at the output. This voltage is measured with respect to 
circuit common (ground) with a stated resistance, and may 
be a positive or negative voltage. This parameter is typically 
used in conjunction with single-ended (unbalanced) line 
drivers. See Figure 10. 

-= GND 
TL/F/11932-11 

FIGURE 10. VT Test Circuit 
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/:;.Yr-Terminated Output Voltage Unbalance. The 
change in magnitude of the terminated output voltage at the 
output terminal of a single-ended line driver with opposite 
input conditions applied. /:;.VT is defined as: 

/:;.VT= IVTl-IVT*I. 

CURRENT PARAMETERS 
Note: Current is specified as magnitude value only, with the sign denoting 

the current direction only. A negative sign defines current flowing out 
of a device pin, while a positive sign defines current flowing into a 
device pin. The largest current limit is specified as a maximum, and 
zero (0) by default is the smallest minimum. All future DTP data­
sheets will follow this convention, and only some existing datasheets 
follow this convention. 

l1H-Hlgh-Level Input Current. The current into (out of) an 
input when a high-level voltage is applied to that input. Note 
that current out of a device pin is given as a negative value. 
Typically this parameter specifies a positive maximum value 
for bipolar devices. 

l1L-low-Level Input Current. The current into (out of) an 
input when a low-level voltage is applied to that input. Note 
that current out of a device pin is given as a negative value. 

11-Maxlmum Input Current. The current into (out of) an 
input when the maximum specified input voltage is applied 
to that input. Note that current out of a device pin is given as 
a negative value. 

l1N-lnput Current. The current into (out of) a receiver input 
when a specified input voltage, or voltage range is applied 
to that input. Note that current out of a device pin is given as 
a negative value. This parameter is typically tested at the 
maximum voltage specified for the input. For differential re­
ceivers the other input (not under test) is held at OV (in the 
case of RS-422/3 and 485 receivers). 

l1NG-lnput Current, Power Up Glitch. The current into 
(out of) an input when a specified input voltage, or voltage 
range is applied to that input. Note that current out of a 
device pin is given as a negative value. This parameter ap­
plies to transceivers (RS-485) only, and is actually specify­
ing the driver's performance at a specific power supply lev­
el. Additionally the driver is biased such that it is enabled, 
with the specified power supply voltage applied. This param­
eter assures that the driver is disabled by an internal circuit 
at the specified power supply level, even though the enable 
pin is active. If the driver was enabled, los current would be 
observed, instead of the combined measured current of 
driver TRI-STATE® leakage (loz) plus receiver input current 
(l1N). For example Vcc=3.0V is commonly referenced to 
represent a· single point in a power up/down cycle. (See 
AN-905 for more information on this parameter). 

los-Output Short Circuit Current. The current into (out 
of) an output when that output is short-circuited to circuit 
common (ground) or any other specified potential, with input 
conditions as noted, typically such that the output logic level 
is the furthest potential from the applied voltage. This pa­
rameter commonly includes an identifying suffix. For exam­
ple loso represents the output short circuit current of a driv­
er, while losR represents the receiver's output short circuit 
current. Output short circuit current is also designated by 
the following symbols: lo+, lsc. and Is. See Figure 11. 
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":" GND 
TL/F/11932-12 

FIGURE 11. los Test Circuit 

loz-TRl-STATE Output Current. The current into (out of) 
a TRI-STATE output having input (control) conditions ap­
plied that, according to the product specification, will estab­
lish a high impedance state at the output. This parameter 
commonly includes an identifying suffix. For example, lozo 
represents the TRI-STATE output current of a driver, while 
lozR represents the receiver's TRI-STATE output current. In 
addition lozH and lozL are also commonly used and denote 
the forced voltage (logic) level. See Figure 12. 

":" GND 
TL/F/11932-13 

FIGURE 12. loz Test Circuit 

lox-Power Off Leakage Current. The current flowing into 
(out of) an output with input conditions applied that, accord­
ing to the product specification, will establish a high imped­
ance state at the output. Commonly a known state is re­
quired on the power supply pin as an input condition. For 
example, power supply terminal (Vee) equal to zero volts 
may be a required condition of an lox parameter. See 
Figure 13. 

":" GND 
TL/F/11932-14 

FIGURE 13. lox Test Circuit 

loo-Differential Output Current. The current flowing be­
tween the output terminals of a differential line driver with an 
external differential load applied that, according to the prod­
uct specification, will establish a known state at the output. 
See Figure 14. 

TL/F/11932-15 

FIGURE 14. Differential Output Current 

loH-Hlgh-Level Output Current. The current into (out of) 
an output terminal with input conditions applied that, ac­
cording to the product specification, will establish a logic 
high level at the corresponding output. Note that current out 
of a terminal is given as a negative value. 

loL -Low-Level Output Current. The current into (out of) 
an output terminal with input conditions applied that, ac­
cording to the product specification, will establish a logic low 
level at the corresponding output. Note that current out of a 
terminal is given as a negative value. 

Ice-Supply Current. The current into the Vee supply ter­
minal of the integrated circuit. Normally the parameter is 
measured with all loads removed. It may also include a suf­
fix that denotes that state of the device. For example: 

leeo = Power Supply Current 
(drivers enabled, receivers disabled) 

leeR = Power Supply Current 
(receivers enabled, drivers disabled) 

leez= Power Supply Current 
(drivers and receivers disabled) 

leex = Power Supply Current 
(sleep or shutdown mode) 

IEE-Supply Current. The current into the VEE supply ter­
minal of the integrated circuit. Normally the parameter· is 
measured with all loads removed. It may also include a suf­
fix that denotes that state of the device. Note that current 
out of a terminal is given as a negative value. For example: 

IEED = Power Supply Current 
(drivers enabled, receivers disabled) 

IEER = Power Supply Current 
(receivers enabled, drivers disabled) 

IEEZ = Power Supply Current 
(drivers and receivers disabled) 

IEEX = Power Supply Current 
(sleep or shutdown mode) 

TIMING PARAMETERS 

tPLH-Propagatlon Delay Time, Low-to-High-Level Out­
put. The time between specified reference points on the 
input and output voltage waveforms with the output chang­
ing from a logic low level to a logic high level. 
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tPHL-Propagatlon Delay Time, High-to-Low-Level Out· 
put. The time between specified reference points on the 
input and output voltage waveforms with the output chang­
ing from a logic high level to a logic low level. 

tsK-Propagatlon Delay Skew. The magnitude difference 
between complementary propagation delays. Skew is de­
fined as ltPLH-tPHLi· This specification is a per channel 
parameter unless specified otherwise. 

tpLHo-Dlfferentlal Propagation Delay Time, Low-to­
High-Level Output. The time between specified reference 
points on the input and output differential voltage wave­
forms with the output changing from a logic low level to a 
logic high level. 

tPHLo-Dlfferentlal Propagation Delay Time, High-to­
Low-Level Output. The time between specified reference 
points on the input and output differential voltage wave­
forms with the output changing from a logic high level to a 
logic low level. 

tsKo-Dlfferentlal Propagation Delay Skew. The magni­
tude difference between complementary differential propa­
gation delays. Skew is defined as ltPLHo-tPHLol. This 
specification is a per channel parameter unless specified 
otherwise. 

tpzH-Output Enable Time. The propagation delay time 
between the specified reference points on the input (con­
trol) and output voltage waveforms with the TRI-STATE out­
put changing from a high impedance (off) state to a logic 
high level. 

tpzL -Output Enable Time. The propagation delay time 
between the specified reference points on the input (con­
trol) and output voltage waveforms with the TRI-STATE out­
put changing from a high impedance (off) state to a logic 
low level. 

tpHz-Qutput Disable Time. The propagation delay time 
between the specified reference points on the input (con­
trol) and output voltage waveforms with the TRI-STATE out­
put changing from logic high level to a high impedance (off) 
state. 

tpu-Output Disable Time. The propagation delay time 
between the specified reference points on the input (con­
trol) and output voltage waveforms with the TRI-STATE out· 
put changing from logic low level to a high impedance (off) 
state. 

tpsH-Propagatlon Delay Time, Sleep-to-High-Level 
Output. The propagation delay time between the specified 
reference points on the input (control) and output voltage 
waveforms with the output changing from an off state to a 
logic high level. 

tpsL -Propagation Delay Time, Sleep-to-Low-Level Out· 
put. The propagation delay time between the specified ref· 
erence points on the input (control) and output voltage 
waveforms with the output changing from an off state to a 
logic low level. 

tpHs-Propagatlon Delay Time, High-Level Output to 
Sleep. The propagation delay time between the specified 
reference points on the input (control) and output voltage 
waveforms with the output changing from logic high level to 
an off state. 

tpLs-Propagatlon Delay Time, Low-Level Output to 
Sleep. The propagation delay time between the specified 
reference points on the input (control) and output voltage 
waveforms with the output changing from logic low level to 
an off state. 

tr--Rlse Time. The time between two specified reference 
points on an input waveform, normally between the 10% 
and 90% or the 20% and 80% points, that is changing from 
low to high. Note, also commonly specified as transition 
time (trLH). 
t,.-Fall Time. The time between two specified reference 
points on an input waveform, normally between the 10% 
and 90% or the 20% and 80% points, that is changing from 
high to low. Note, also commonly specified as transition 
time (trHU· 
tTLH-Transltlon Time Low to High. The time between 
two specified reference points on an input waveform, nor­
mally between the 10% and 90% or the 20% and 80% 
points, that is changing from low to high. Note, also com­
monly specified as rise time (tr). 

tTHL-Transltlon Time High to Low. The time between 
two specified reference points on an output waveform, nor­
mally between the 10% and 90% or the 20% and 80% 
points, that is changing from high to low. Note, also com­
monly specified as fall time (t1). 

tNw-Nolse Pulse Width. The width in time of a pulse ap­
plied to a device. The parameter is commonly specified with 
receivers that feature low pass noise filters. tNw is the pulse 
width assumed to be noise and guaranteed to be rejected. 

MISCELLANEOUS PARAMETERS 

SR-Slew Rate. The time between two specified reference 
points on an output waveform, normally between the ± 3V 
level for TIA/EIA-232 (RS-232) drivers, divided by the volt­
age difference. Note, this parameter is normally specified in 
Volts per microsecond (VI µs). A suffix may be added to 
denote different loading conditions. 

R1N-lnput Resistance. The slope of the input voltage vs. 
input current curve of an input when a specified voltage 
range is applied to that input and the current is measured. 
Note, that two points must be measured for the parameter 
to be calculated correctly as RrN is defined as t;,. VI al not 
V/I. 

Rou~Output Impedance. The resulting output imped­
ance calculated from measured currents at applied volt­
ages. 

TRUTH TABLE EXPLANANTIONS 

Symbols generally associated with functional truth tables 
are listed below: 

H or 1 = Logic High Level (steady state) 

L or 0 = Logic Low Level (steady state) 

Z = TRI-STATE® (high impedance off state) 

X = irrelevant (input, including transitions) 

REFERENCES 

ALS/ AS IC Device Testing, ALS/ AS Logic Databook. 
National Semiconductor Corp., 1990 

Glossary of Terms, ALS/ AS Logic Databook. National 
Semiconductor Corp., 1990 
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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. 

w n ~ 
EARLY LIFE USEFUL LIFE WEARDUT 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. Al­
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 

National Semiconductor 
Application Note 336 
Charles Carinalli 
Josip Huljev 

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=----
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 = X
1 =exp[~ (.2.. - -2..)] 

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 1 o to 1 increase in failure rate. 
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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 1 

flows from tho chip to the ultimate heat sink, tho ambient 
environment. There are two predominant paths. The first is 
from tho 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 

TA = Ambient temperature in the vicinity device 

Po = Total power dissipation (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 OJA· 

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. 

PRINTED CIRCUIT BOARD 

TL/F/5260-3 

FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 
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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, 
fJJA· worst-case ambient operating temperature, T A(max), 
the only unknown parameter is device power dissipation, 
P0 . 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. 

T J = 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 
1.9BW as given by the following calculation: 

@ 0 = TJ(max)-TA = 150°C-25°C = 1 gaw 
Po 25 c fJJA 53oc1w . 
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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 = - -

6 JA 
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. 
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FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all interface circuits are ex­
pressed as a power 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 mW l°C. For our example-a 6 JA of 
63°C/W relates to a derating factor of 15.9 mW l°C. 

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. 



Die Size 

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. 

100 ..----.--T--.----~~-
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TL/F/5280-6 

FIGURE 6. Thermal Resistance vs Die 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 
the industry. Obviously the thermal conductivity of the lead 
frame 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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Board or Socket Mount 
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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 (6JA) and thermal resistance 
junction-to-case (OJc). 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. A'gure 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 ± 10% 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 mW /'C above 25'C; derate molded package 
at 11.8 mW /'C 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. 

Po@ 70°C=1476 mW-(11.B mWl°C)x(70°C-25°C) 

= 945mW 

Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount-Still Air 

2 3 4 5 6 7 891D 

DIE SIZE (kMIL2) 

•Packages from 8- to 20-pin 0.3 mil width 

22-pin 0.4 mil width 

24- to 48-pin 0.6 mil width 

TL/F/5280-11 

FIGURE 11. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 
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Small Outline (SO) Package 
Surface Mounting Methods­
Parameters and Their 
Effect on Product Reliability 
The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

-I I-TYPICALLY 0.050" LEADSPACING 

TL/F/8766-1 

Standard DIP Package 

-l I- TYPICALLY 0.100" LEADSPACING 
TL/F/8766-2 

Because of its small size, reliability of the product assem­
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro­
duction under the condition that they be of comparable reli­
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo­
lar and 15V CMOS product assembled in SO and DIP (con­
trol) packages. 

0 

V+ = 15VCMOS 
30V BIPOLAR 
85%RH/ss0c 
TEST CONDITION 

2000 4000 

DIP 

6000 

TEST TIME (HRS) 

FIGURE A 
TL/F/8766-3 

National Semiconductor 
Application Note 450 
Josip Huljev 
W. K. Boey 

In order to achieve reliability performance comparable to 
DIPs-SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder­
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera­
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface­
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface-
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad­
hesive applications, along with the commonly-used vapor­
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 

COMPONENTS SUBSTRATES 

INVERT 
BOARD 

TL/F/8766-4 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 

Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure 8 illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro­
cess. (Only leads of the package are immersed into the mol­
ten solder). 
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COMPONENTS 

TL/F/8766-5 

SOLDER TEMPERATURE 260oC 

0 1 2 3 4 5 6 7 8 9 10 SEC. 

DWELL TIME 
TL/F/8766-6 

FIGURES 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur­
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack­
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materiais are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low­
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T 9) of epoxy (typically 160-165°C), the ther­
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface . 

I 
I 

100 110 120 130 140 150 160 1170 180 
Tg 

T(°C) 
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FIGUREC 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata­
strophic failure. Unfortunately, electrical tests performed im­
mediately following soldering may not detect potential flaws. 

Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera­
ture of epoxy. Clearly, circuit boards containing SMD pack­
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 - Standard DIP package 

Group 2 - SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 

Group 3 - dwell time 2 seconds 

4 - dwell time 4 seconds 

5 - dwell time 6 seconds 

6 - dwell time 10 seconds 

0 2000 4000 6000 

TEST TIME (HRS) 

TL/F/6766-7 

FIGURED 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro­
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre­
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend­
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick­
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 

(a) In-line placement 

- Fixed placement stations 

- Boards indexed under head and respective compo-
nents placed 

(b) Sequential placement 

- Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

-Individual components picked and placed onto boards 

(c) Simultaneous placement 

- Multiple pickup heads 

- Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

- X-Y moving table, multiple pickup heads system 

- Components placed on PCB by successive or simul-
taneous actuation of pickup heads 

The SO package is treated almost the same as surface­
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 

TL/F/6766-B 

BAKE 

This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur­
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur­
face-mounted board is held upside down going into a va­
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea­
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili­
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

•Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va­
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. La­
ser soldering is more for specialized applications and re­
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori­
fice mask) can be used. 

The boards are preheated to about 100°C and then subject­
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper­
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor­
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol­
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

•In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con­
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 
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In-Line Conveyorized Vapor-Phase Soldering 

VAPOR. PRODUCT . 

----1---~~~--~----
BELT UUlJ 

COILS COILS 
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LIQUID 

IMMERSION HEATER 

TL/F/8766-9 

The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack­
ages, such as cerdips, metal cans and T0-5 cans with glass 
seals, have also been tested. 

Vapor-Phase Furnace 

TL/F/8766-10 

Batch-Fed Production Vapor-Phase Soldering Unit 

TL/F/8766-11 



Solder Joints on a S0-14 Package on PCB 

TL/F/8766-12 

PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg­
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

- Good pattern resolution. 

- Complete coverage of circuit lines and resistance to 
flaking during soldering. 

- Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

- Compatible with soldering and cleaning requirements. 

SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
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Solder Joints on a S0-14 Package on PCB 

TL/F/8766-13 

The typical lithographic "footprints" for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com­
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, # 80 or # 120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver­
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom­
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

•Snap-off height of screen should not exceed Ya", to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu­
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap­
proximately 45 microns) should be used for general pur­
poses, while larger (solder globules) particles are pre­
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica­
tion). Uneven distribution causes uneven melting and sub­
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 

S0·8, S0·14, S0-16 

0.045" :t 0.005" 

r••··~ 0.245" 0.160" 

L1 I I ._:r·· 
0.030" :t0.005" -.J I- -I 1-0.050" TYP 

TL/F/8766-14 

TL/F/8766-16 

•Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 

S0·16L, S0·20 

····1 
D.'2 .. MIN . 0.].005" 

l1 I I I:;·::;. 
0.030" :!:0.005"--1 1- --1 1-~TYP 

TL/F/8766-15 

Comparison of Particle Size/Shape of Various Solder Pastes 

200 x Alpha (62/36/2) 200 x Kester (63/37) 

TL/F/8766-17 TL/F/8766-18 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 

Solder Paste Screen on Pads 200 x Fry Metal (63/37) 

TL/F/8766-19 

200 ESL (63/37) 

TL/F/8766-21 
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CLEANING 
The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel­
lent), which is desirable. 

Prelate or 1, 1, 1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub­
jected to a solvent vapor, followed by a rinse in pure sol­
vent and a high-pressure spray lance are the basic requir­
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol­
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet­
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres­
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 
Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap­
propriate orifice masking to protect surrounding compo­
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 

Hot-Air Solder Rework Station 

RETRACT POSITION 

---~-------

' 
HEAT SHIELD 

HOT AIR-

/ 
/ 

// D 
MAS@K 

--
BOARD ON X-Y TABLE 

TL/F/6766-22 

Hot-Air Rework Machine 

TL/F/6766-23 

lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 
In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo­
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack­
age. The adhesive is cured and then proceeded to auto­
insertion on the reverse side of the board (surface-mount­
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface­
mounted components are immersed into the molten sol­
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com­
ponents and semiconductor devices. 

• AMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un­
like solder paste, which is more or less localized). Non­
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol­
der coverage. This is minimized by dual-wave solder sys­
tems. 
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Mixed Surface Mount and Lead Insertion 

(a) Same Side 

t t t t - PREHEAT 

FOAM FLUXER 

A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu­
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave {usually a broad wave) then proceeds to per­
form the standard soldering. The departing edge from the 
solder is such to reduce "icicles," and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem­
perature 130°C), a final spray rinse {water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

(b) Opposite Sides 

TURBULENT WAVE 

SOLDER FLOW 

TL/F/8766-24 

Dual Wave 

TL/F/8766-25 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast­
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. CONFORMAL COATING 

• Neutralizing agents which will react with the corrosive ma­
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 

Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack­
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/ components. 

• Silicones are recommended where permissible in 
application. 

10-23 

l> z 
J;. 
U1 
0 



or-~~~~~~~~~~~~~~~~~~~~~~~~~~~---. 

Ln 

~ SMD Lab Support 
1111( FUNCTIONS 

Demonstration-Introduce first-time users to surface­
mounting processes. 

Service-Investigate problems experienced by users on 
surface mounting. 

Rellablllty Bullds-Assemble surface-mounted units for re­
liability data acquisition. 

Techniques-Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment-In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 
In-House Expertise-Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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~National 
Semiconductor 

Data Transmission Products 
Nomenclature Revisions and Obsolescence 

Cross Reference Guide 

The Data Transmission Products Nomenclature Revision The Obsolescence Cross Reference Guide provides a list of 
and Obsolescence Cross Reference Guide is provided as parts that have been discontinued recently. This includes 
an aid in identifying part numbers of products that have device types, temperature grades, and or package options. 
been revised or obsoleted. Whenever possible a cross reference to a similar part is 

The Nomenclature Table provides a list of old device desig- provided. 

nations vs new device designations for devices that have Before replacing a specific part, it is recommended to com-
been revised or encountered name changes along with a pare electrical, functional, and mechanical specifications as 
respective comment. interchangeability for all applications is not guaranteed. 

Nomenclature Revisions 
Old Device New Device 

Comments 
Designation Designation 

DS26C31C DS26C31T ESD Enhancement 

DS26C32C DS26C32AT Name Change 

DS26C32AC DS26C32AT ESD Enhancement 

DS34C86 DS34C86T ESD Enhancement 

DS34C87 DS34C87T ESD Enhancement 

DS75176A 05751768 Name Change 

DS75176AT DS75176BT Name Change 

DS96F172 DS96F172C/M Temp. Range Suffix Added 

DS96F173 DS96F173C/M Temp. Range Suffix Added 

DS96F174 DS96F17 4C/M Temp. Range Suffix Added 

DS96F175 DS96F175C/M Temp. Range Suffix Added 
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~ Obsolescence Cross Reference Guide 
c 
Cl) 
c. 
c. 
< 

Obsolete 
NSID 

081650 

083587 

D83696AT 

D83696AT 

0855108 

0855121 

0875125 

0875127 

0875128 

088924 

D88921T 

0896F177 

0896F178 

Similar 
Device 

D835F87 

D83696A 

D83696T 

0875108 

0875121 

088921AT 

0896177 
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Comments 

Different Process 

Com. Temp. Range Only 

DIP Package Only 

Com. Temp. Range Only 

Com. Temp. Range Only 

Enhanced AC Specs. 



~National 
D Semiconductor 

National's A+ Program 

A+ Program: A comprehensive program that utilizes Na­
tional's experience gained from participation in the many 
Military I Aerospace programs. 

A program that not only assures high quality but also in­
creases the reliability of molded integrated circuits. 

The A+ program is intended for users who need better than 
usual incoming quality and higher reliability levels for their 
standard integrated circuits. 

Users who specify A+ processed parts will find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, inde-
pendent testing laboratories. 

• Reduces the cost of reworking assembled boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield loss 
incurred as a result of processing performed at indepen-
dent testing laboratories. · 

The A+ Program Saves You Money 

It is a widely accepted fact that down-time of equipment is 
costly not only in lost hours of machine usage but also cost­
ly in the repair and maintenance cycle. One of the added 
advantages of the A+ program is the burn-in screen, which 
is one of the most effective screening procedures in the 
semiconductor industry. Failure rates as a result of the burn­
in can be decreased many times. The objective of burn-in is 
to stress the device much higher than it would be stressed 
during normal usage. 

Rellablllty vs. Quality 

The words "reliability" and "quality" are often used inter­
changeably, as though they connote identical facets of a 
product's merit. But reliability and quality are different, and 
IC users must understand the essential difference between 
the two concepts in order to evaluate properly the various 
vendors' programs for products improvement that are gen­
erally available, and National's A+ program in particular. 

The concept of quality gives us information about the popu­
lation of faulty IC devices among good devices, and gener­
ally relates to the number of faulty devices that arrive at a 
user's plant. But looked at in another way, quality can in­
stead relate to the number of faulty ICs that escape detec­
tion at the IC vendor's plant. 

It is the function of a vendor's Quality Control arm to monitor 
the degree of success of that vendor in reducing the num­
ber of faulty ICs that escape detection. Quality Control does 
this by testing the outgoing parts on a sampled basis. The 
Acceptable Quality level (AOL) in turn determines the strin­
gency of the sampling. As the AOL decreases it becomes 
more difficult for defective parts to escape detection, thus 
the quality of the shipped parts increases. 
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The concept of reliability, on the other hand, refers to how 
well a part that is initially good will withstand its environ­
ment. Reliability is measured by the percentage of parts that 
fail in a given period of time. 

Thus the difference between· quality and reliability means 
the ICs of high quality may, in fact be of low reliability, while 
those of low quality may be of high reliability. 

Improving the Rellablllty of Shipped Parts 

The most important factor that affects a part's reliability is 
its construction; the materials used and the method by 
which they are assembled. 

Reliability cannot be tested into a part. Still, there are tests 
and procedures that an IC vendor can implement which will 
subject the IC to stresses in excess of those that it will en­
dure in actual use, and which will eliminate marginal, short­
life parts. 

In any test of reliability the weaker parts will normally fail 
first. Further, stress tests will accelerate, or shorten, the 
time of failure of the weak parts. Because the stress tests 
cause weak parts to fail prior to shipment to the user, .the 
population of shipped parts will in fact demonstrate a higher 
reliability in use. 

Natlonal's A+ Program 

National provides the A+ program as the best practical ap­
proach to maximum quality and reliability on molded devic­
es. The following flow chart shows how we do it step by 
step. 

SEM 

Randomly selected wafers are taken from produc­
tion regularly and subjected to SEM analysis. 

Epoxy B Processing for All Molded Parts 

At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives, in detail, the background of Epoxy B, the 
reason for its selection at National, and reliability 
data that proves its success.) 

Six Hour, 1so0 c Bake 

This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and helps eliminate marginal bonds and electrical 
connections. 



National's A+ Program (Continued) 

Five Temperature Cycles (0°C to 100°C) 

Exercising each device over a 100°C temperature 
range provides an additional die and package 
stress. 

High Temperature (100°C) 

Functional Electrical Test 

A high temperature test with voltages applied 
places the die under the most severe stress possi­
ble. The test is actually performed at 100°C-15°C 
higher than the commercial ambient limit. All de­
vices are thoroughly exercised at the 100°C ambi­
ent. 

Electrical Testing 

Every device is tested at 25°C for functional and 
DC parameters. 

Burn-In Test 

Each device is burned-in for 160 hours at a mini­
mum junction temperature of + 125°C or under 
equivalent conditions of time and temperature, as 
established by a time-temperature · regression 
curve based on 0.96 eV activation energy (i.e., 23 
hours at + 155°C). All burn-in done under steady­
state conditions unless otherwise specified. 
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DC Functlonal and Parametric Tests 

These room-temperature functional and paramet­
ric tests are the normal, final tests through which 
all National products pass. 

Thermal Shock Monitor 

Samples from each package 
type are selected at random 
each week and submitted to 
cycles of liquid to liquid ther-

mal shock -65°C to + 150°C. In addition, sam­
ples are selected every four weeks and subjected 
to 2000 temperature cycles of 0°C to + 25°C. 

Tighter-Than-Normal QC Inspection Plans 

Most vendors sample inspect outgoing parts to a 
0.3% AQL. When you specify the A+ program, 
we sample your parts to a 0.035% AQL at room 
temperature and 0.05% AQL at TA Max. This eight 
times tightening (from 0.3 to 0.035% AQL) cou­
pled with three 100% electrical tests, dramatically 
reduces the number of "escapes" and allows us 
to guarantee the AQLs listed below. 

Ship Parts 

Here are the QC sample plans used in our A+ test pro­
gram: 

Test Temperature AQL 
Electrical Functionality 25°C} 0.035% 
Parametric, DC 25°C 
Parametric, AC 25°C 0.1% 
Electrical Functionality At each temperature} 

0.05% 
Parametric, DC extreme. 
Mechanical 

Critical 0.01% 
Major 0.28% 
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20 Lead Ceramic Leadless Chip Carrier, Type C 
NS Package Number E20A 

CD 
::I en c;· 
::I en 

t 0.350±0.008 I 
18.890 ±0.203) --

0 
Top View 

-1 1- 0.063-0.075 
(1.600-1.905) 

~I 
LoETAJLA 

Side View 

0.003 ..!!!!!. 
(0.076h r.(D.3&l) 

MIN TYP ~ MAX TYP 

0.022 .. ' , .. ,.,lf ... 
MAX TYP 10.152) 

MIN TYP 

Det1llA 

8 Lead Ceramic Dual-in-Line Package 
NS Package Number JOSA 

R0.010 TYP 

R0.025 TYP 
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14 Lead Ceramic Dual-in-Line Package 
NS Package Number J14A 

0.025 
(0.635) 

RAD 

0.785 

(19.939)-----1 
MAX 

t 
0.220-0.310 

(5.588-7.874) 

----..__,_.,....... ............... ........-.....-_J 

D.200 
(5.080) 

0.005 
(0.127) 

MIN 
.._..._·*·-----------+-..,__, __ M+-AX 0.020-0.060 

0.008-0.012 
(0.203-0.305) 

0.098 
(2.489) 

MAX BOTH ENDS 

16 Lead Ceramic Dual-in-Line Package 
NS Package Number J16A 

0.025 
(0.635) 

RAD 

10-30 

0.018 ±0.003 
(0.457 ±0.076) 

0.100 ±0.010 
(2.540 ±0.254) 

(0.508-1.524) 

0.125-0.200 
(3.175-5.080) 

0.150 
(3.81) 
MIN J14A(REVG) 

0.005-0.020 
(0.127-0.508) 
RAD TYP 

0.200 
(5.080) 

MAX 
0.150 
(3.i1iij 

MIN 

J16A(REV Ki 



8 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number MOSA 

0.053-0.069 
(1.348-1.753) 

* 
t 

14 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M 14A 

0.150-0.157 

~ 
(3.810-3.988) ~ 

0.010-0.020 45 r 
(0.254-0.508) x 80 MAX TYP 

l_a0 r;---___,,,. ~ ALL rs 
0.0081::- -nj [f ~ I _J 0.016-0.050 

TYP ALL LEADS D.004 (0.406-1.270) 
(0.102) TYP ALL LEADS 

All LEAD TIPS 

I
- ,~:~~:=~:~~:,-1 
14 13 12 11 10 9 8 

-r -....... ' --...... 
0.228-0.244 

- 30° 
(5.79116.198) 0 I T~ 

LEAD NO. 1 ~---------1~\ 
IDENT1 1 -~ 

~~, 2 7----r 
J!:..!W!.MAX 
(0.254) 

0.053-0.069 
(1.346-1.753) 

SEATING 
PLANE 

t 
* f 0.fu 

(0.356) 
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-G3-GJ- - __J 
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(1.270) (0.356-0.508) 

TYP _!,QQ! TYP . 
(0.203) 

M1"4A(AEV11) 
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-~ 16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
; NS Package Number M16A 
E 
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30• 
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..!:m::!:!!!. 
(1.346-1. 753) 

* 
0.014 

(oT56j 

a--r 
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(0.254) 

16 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16B · 

LEAD NO 1 
IDENTIFICATION 

1 2 3 4 5 I 

~ 
45° x 00~~~=~:~~9 

·:~::--::::-] th rmnn oooH [ ::=~"' 
SEATING ~ ._. ..... ~ ._. ._. U--r ~~--

1 ;;tfilil j PLANE 0.014 ~ 
Q.i5 ALL LEAD TIPS 
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20 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M20B 

0.010-0.029 45• 
(0.254 -o. 737) x 

(7.391-7.Sll:i) 
D.093-0.104 

(2.362-2.642) -£ 
0.291-D.299 

I' MAX TYP 

t ~=~;::::::::!....~--=+· 
0.004 / I D.llot-O.Ol3 (0.1021 0.016-0.050 

(D.229-D.3301 All LEAD TIPS ._(0.406-1.2701 
TYP All LEADS TYP All LEADS 

• 
L fumiii66fui_:f:_, 

t f J L Jl JL t PLANE (~-~~I ~ ~TYP 
' (1.270) (D.356 -D.508) 

TYP 
~TYP 
(Q.203) M208 \REV f) 

24 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M24B 

LEAD NO 1 
IDENTIFICATION 

1 2 3 4 5 6 7 8 9 10 

~ 1~t2 0.0200 

~~51g:rvP l+IWs@IAjc@jej 
0.1043 
0.0926 

0.350 

2.65 ..., 0.0118 
- 2.35 ,L___ 0.0040 

SEATING~[~ 
PLANETT - t 
-~ 

0.35 
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28 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M28B 

1

. 0.713 (18.10) • I 
0.696 (17.70) 

INDEX 
AREA 

0.420 (10.65) 
0.393 ( 10.00) 

! 
0.030 (0.75) 450 
0.009 (0.25)x 

0.013 (0.~32) . -1~t1 
0.009 (0.23)(';-=====::t+==~ 0.105 (2.65) L . ! =- 0.092 (2.35) 

0.050 ( 1.27) 
BSC 

0.020 (0.49) 
0.013 (0.35) 

'Je~: L 0.012 (0.30) 
0.003 (0.10) 

0.050 ( 1.27) 
0.015 (0.40) 

M28B (REV A) 

48 Lead (0.300" Wide) Molded Shrink Small Outline Package, JEDEC 
NS Package Number:MS48A , 

.. 0.39510.420 
[10.04-10.66] LEAD #1 

!DENT 1§10.010[0.25) ID I A® I e® I 

1 Ii I I 

0.008 - 0.012 TYP....JI- ....J I- 0.025 TYP 
(0.21 - 0.30] [0.63] 

24 

!§! 0.010(0.25] @ID I A® I e® I 

GAUGE P~ 
0.010 
[0.25] 

450 x 0.015- 0.025 

ML410~:::::::1 
~ti 0.020-0,.., 

[0.51-1.01] 

DETAIL E TYP , 

ij
0.0

95
: ~:~~j SEATING PLANE ~[0.39 -0·53l 

bo1W1oorumorumorumoorumorumood- -D -

"---.-'~-. /SEE DETAIL E 

.... .... ... ••••• •• .... -c-
.025 TYP ' 0.008 - 0.016 TYP 

[0.64] . [0.21 - 0.40] 

I I Ci I 0.004(0.10) ! .. __/ 
MS'8A (REV A) 



28 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA28 

28 15 

0 

7.50-7.90 

· .. 5.20-. 5 .. 38 . EB 
-----10.07-10.33 -----

EB 

8 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number NOBE 

0.10-0.22 
TYP 

MSA28 (REV A) 

0.092 
(2.337) DIA 

PIN NO. 1 IDENT 

0.032±0.005 ~7 

(0.813±0.127) 
RAD 

P1NN0.1 IDENT~ 

1 

0.045±0.015 
(1.143±0.381) 

0.050 
(1.270) 

p 

0.125-0.140 
(3.175-3.556) 

~
±4• 

0.018±0.003 
(0.457± 0.076) 

0.100±0.010 

~
2.540 ±0.254) 

0.060 
[ffii 
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14 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N14A 

0.135±0.005 
(3.429±0.1Z7) 

,~::, II MIN 0.1211-0.150 
(3.175-3.110) 

0.014-0.023 TYP__. -
(0.35&-0.584) 

OPTION 1 

•·m 
OPTIONAL 

0.100±0.010 TYP 
(2.540 ± 0.254) 

0.050±0.010 TYP 
(1.270-0.254) 

16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16A 
See NS Package Number N 16E 
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16 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N16E 

0.1.io- 0.180 
~(18.80-19.81)~ 0.090 

PIN No. J;:: : : : !l~:~i 
IDENT 2 3 4 5 6 

OPTION 01 

I- 0.030:t0.015 
I (0.762:t0.381) 

I- 0.100:t0.010 
(2.540:to.m) 

1YP 

20 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N20A 

0.092 x 0.030 
(2.337 x 0.762) 

MAX DP 

PIN NO. 1 IDENT 

1.013-1.040 =:I 
(25.73-26.42) 

17 11 15 14 U 12 II 

t 
0.260 ±0.005 

(6.604 ±0.127) 

l::;::;t;=r;:;::;:;:;:::;::;:;:::;:::;:::;::;:;::;:::;::;:::;::;===~_j_ 
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RAD 
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~ -D.381 
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(1.651) 

0.130 0.005 
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0.009-0.otJJ 
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TYP 
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(0.457 t 0.076) 
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24 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N24A 

0.580 

·r.(14.73) 
, MIN . 

0.600-0.620 

0.082 
(1.575) 

RAD 

-------- 1.243-1.270 -------<-i 
(31.57-32.26) 

PIN NO. 1 IDENT 

1 2 
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REFLECT ALTERNATE 

MOLDED BODY CONFIGURATION 
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(0.762) 
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F(15.24-16.748) J_ (1.524) (4.084±0.127) 
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24 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N24D 
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ltJE:::::::::J1 
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0.115-0.160 

0.032 {2.921-4.064) 
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40 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N40A 

2.043-2.070 I i-----------(51.89-62.58) _________ _,,--t 

21 
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l © G ~~ 

t::;::;:;::;:;::;;:::;:::;::::;::;:::;::;:::::;;::::::;:::;::::;:::::;:::::;::;::;:::;:::;::;:::;::::;::o::::;::=;:::;::;;=;::;=;::;::;:::;::::;::;;::::;::;:;::::;;:;=1~·"" PIN NO. 1 IOENT 

0.030 
(0.762) 
MAX 

20 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V20A 

4 

8 

D o.350-0.356 
[B.89-9.0-4] 
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0.145-0.210 
(3.683-6.334) 

0.020 
(0.6081 
MIN 

0.125-0.140 
(3.176-3.556) 

N.WA(REVE) 

V20A (REV K) 



44 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V44A 

17 

39 

29 

0.026-0.032 TYP 
[0.66-0.81] 

18 L' 5· I 280.050TYP 
[1.27] 

0.500 
[12.70] TYP 

0.013-0.021 TYP 
[0.33-0.53]. 

0.590-0.630 TYP 
[14.99-16.00] 

_J 

68 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V68A 

10 60 

0.013-0.021 TYP 
[0.33-0.53] 

45ox 0.045 
[1.14] 

0.026-0.032 TYP 
[0.66-0.81] 

0.890-0.930 TYP 
[22.61-23.62] 

- _J 
27• L J' '430.050 TYP 

0.800 l1•271 
[20.32] TYP 

10-40 

0.020 MIN TYP 
[0.51] 

0.090-0.130 TYP 
[2.29-3.30] 

0. 165-0.200 TYP 
[4.19-5.08] 

VUA (REV J) 

V68A (REV H) 



44 Lead (10mm x 10mm) Molded Plastic Quad Flat Package, EIAJ 
NS Package Number VEF44A 

PIN #1 !DENT 

450 x 0.6 

1 lltt 

O.J:t 0. t TYP--H-

SEE DETAIL A~ 

t(~-~o.o.o.o.om.rr.Jif..,, !::; 
0.15 :t 0.05 TYP 

t.20 

100 Lead Molded Plastic Quad Flat Package, EIAJ 
NS Package Number VF1 OOB 

0.89h0.0t2 
(17.60:1:0.305) 

r 
0.488 

"L .. 

10-41 

DETAIL A 
TYPICAL 

V0"44A (REV A) 

VFIODll,.EVCl 

"tJ 
:r 
'< tn c:;· 
!!. 
c 
3· 
CD 
::I 
tn c;· 
::I 
tn 



en c 
0 ·u; 
c 
CD 
E 
Q 

fj 

~ a. 

100 Lead (14mm x 20mm) Molded Plastic·Quad Flat Package, EIAJ 
NS Package Number VLJ 1 OOA 

100 

PIN #1 
IDENT 

0.3 :I: 0.1 ~yp -IL 

50 

30 

-11- 0.65 :I: 0.10 TYP 

.·---.......J" SEE DETAIL A . 

lJ. ~~n_n_n_n_n_n_n_n_n_n_n_n_n_Qfi_n_n_n_n_n_n_n_n_nJ~ ) c· 7 t o. 
1 

Lo~:1: o.o3 TYP 

1 o Lead Cerpack 
NS Package Number W10A 

0.080 
0.055 

0.035 
0.026 

TYP 

0.006 
0.004 

TYP 

0.050 :I; 0.005 
TYP 

10 

r 
0.270 MAX 

GLASS 

PIN #1 
IDENT 

0.019 TYP 
0.015 

0.270 t.tAX 

I 
I I 

10-42 

17.6 :I: 0.2 TYP 

5 

0.005 MIN TYP 

0.370 
0.250 

0.370 
0.250 

0.045 t.tAX 
TYP 

DETAIL A 
TYPICAL 

! ... ,, 
0.008 

DETAIL A 

WIOA (REV E) 

c 0.105 

0.25 MAX 
0.05 MIN 

VLJ 1 OOA (REV B) 



14 Lead Cerpack 
NS Package Number W14B 

0.045 
0.026 

TYP 

o.oo6j 
0.004 

TYP 

16 Lead Cerpack 

0.080 
0.050 

0.050 :I: 0.005 
TYP 

14 I I 

I I 
I I 

I I 

0.385 t.IAX 

-j 0.005 t.llN TYP 

8 

0.370 
0.250 

~-t 
0.260 
0.235 ............... -t 

i ~ ::i;: 
1 

0.019 TYP _JI._ 
0.015 

I 7 

0.045 t.IAX 
TYP 

NS Package Number W16A 

0.050-0.080 ~ f4-
(1.270-2.032) I I 

0.004-0.006 TYP-fj 
10.102-0.1521 I I 

0.026-0.040 TYP 
(0.660-1.016) 

0.007-0.018 
(0.178-0.457) 

TYP 

0.371-0.390 
-- (9.423-9.906) ..... -. ~ 1 _lj (~:~~~=~:~~) TYP 

I ~r ._o.ooo MIN np 

D.25010.370 
(6.350-9.398) 

I 
~~....,_~......_ ...... ___ , + 16151413121110 9 f 

0.300 
(7.620) b 0.245-0.275 

D:N:~:i ··;' 3 4 5 6 1 8 ~~) 
PIN ND.~) ~ 0.250-0.370 

IDENT (6.350-9.398) 

_J 
~I 0.015-0.019 i.- (0.381-0.482) 

TYP 

10-43 

W16A(REV HJ 

10.012 
0.008 

DETAIL A 

W14B (REV J) 

lr 
-..I O.OOli-0.012 
~ (D.203-0.305) 

DETAIL A 
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National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
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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. 
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P.O. Box 58090 
Santa Clara, CA 95052-8090 

ADVANCED BiCMOS LOGIC (ABTC, IBF, BCT) DATABOOK-1993 
ABTC/BCT Description and Family Characteristics • ABTC/BCT Ratings, Specifications and Waveforms 
ABTC Applications and Design Considerations • Quality and Reliability• Integrated Bus Function (IBF) Introduction 
54/74ABT3283 Synchronous Datapath Multiplexer• 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer 
54/74ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing 
54/7 4ABTCXXX • 7 4BCTXXX 

ALS/AS LOGIC DATABOOK-1990 
Introduction to Advanced Bipolar Logic •Advanced Low Power Schottky • Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSl/MSI Functions• Peripheral Functions• LSI/VLSI Functions• Design Guidelines• Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms• CMOS Application Notes• MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX •Surface Mount 

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK-1994 
Low Skew Clock Buffers/Drivers• Video Clock Generators • Low Skew PLL Clock Generators 
Crystal Clock Generators 

DATA ACQUISITION DATABOOK-1993 
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 

FDDI DATABOOK-1991 
FDDI Overview • DP83200 FDDI Chip Set • Development Support • Application Notes and System Briefs 

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 

FACT™ ADVANCED CMOS LOGIC DATABOOK-1993 
Description and Family Characteristics• Ratings, Specifications and Waveforms 
Design Considerations • 54AC/7 4ACXXX • 54ACT 17 4ACTXXX • Quiet Series: 54ACQ/7 4ACQXXX 
Quiet Series: 54ACTQ/74ACTQXXX • 54FCT/74FCTXXX • FCTA: 54FCTXXXA/74FCTXXXA/B 

FAST® ADVANCED SCHOTTKY TTL LOGIC DATABOOK-1990 
Circuit Characteristics• Ratings, Specifications and Waveforms• Design Considerations• 54F/74FXXX 

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 DESIGNER'S GUIDE-1992 
Futurebus+ /BTL Devices• BTL Transceiver Application Notes• Futurebus+ Application Notes 
High Performance TTL Bus Drivers• Pl-Bus• Futurebus+ /BTL 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 • TIA/EIA-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. 

LINEAR APPLICATION SPECIFIC IC's DATABOOK-1993 
Audio Circuits • Radio Circuits • Video Circuits • Display Drivers • Clock Drivers • Frequency Synthesis 
Special Automotive • Special Functions • Surface Mount 

LOCAL AREA NETWORKS DATABOOK-1993 SECOND EDITION 
Integrated Ethernet Network Interface Controller Products • Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface Controller Products • Token-Ring Interface Controller (TROPIC) 
Hardware and Software Support Products • FDDI Products • Glossary and Acronyms 

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, SAAM, 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 Disk 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-1992 
CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

MEMORY APPLICATION HANDBOOK-1993 

OPERATIONAL AMPLIFIERS DATABOOK-1993 
Operational Amplifiers • Buffers • Voltage Comparators • Instrumentation Amplifiers • 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-1993 
Linear Voltage Regulators• Low Dropout Voltage Regulators• Switching Voltage Regulators• Motion Control 
Peripheral Drivers • High Current Switches • Surface Mount 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE-1993 
Product Line Overview • Datasheets • Design Guide: Designing with PLDs • PLO Design Methodology 
PLO 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-38510 
The Specification Development Process • Reliability and the Hybrid Device • VLSl/VHSIC 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/RETS™ Products• MILS/RETS™ 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 

SCAN™ DATABOOK-1993 
Evolution of IEEE 1149.1 Standard • SCAN Buffers • System Test Products • Other IEEE 1149.1 Devices 

TELECOMMUNICATIONS-1992 
COMBO and SLIC Devices • ISDN • Digital Loop Devices• Analog Telephone Components • Software 
Application Notes 

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK-1993 
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 and Product Datasheets. The topics discussed are the advantages of VHC/VHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 





NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA 

Huntsville 
Hamilton/Hallmark 
(205) 837-8700 
Pioneer Technology 
(205) 837-9300 
Time Electronics 
(800) 772-8638 

ARIZONA 
Phoenix 

Hamilton/Hallmark 
(602) 437-1200 

Tempe 
Anthem Electronics 
(602) 966-6600 
Bell Industries 
(602) 966-7800 
Time Electronics 
(602) 967-2000 

CALIFORNIA 
AgoraHills 

Bell Industries 
(818) 706-2608 
Pioneer Standard 
(818) 865-5800 
Time Electronics 
(818) 707-2890 

Calabasas 
F/X Electronics 
(818) 591-9220 

Chatsworth 
Anthem Electronics 
(818) 775-1333 

Costa Mesa 
Hamilton/Hallmark 
(714) 641-4100 

Irvine 
Anthem Electronics 
(714) 768-4444 
Bell Industries 
(714) 727-4500 
Pioneer Standard 
(714) 753-5090 

Rocklin 
Anthem Electronics 
(916) 624-9744 
Bell Industries 
(916) 652-0414 

Roseville 
Hamilton/Hallmark 
(916) 624-9781 

San Diego 
Anthem Electronics 
(619) 453-9005 
Hamilton/Hallmark 
(619) 571-7540 
Pioneer Standard 
(619) 546-4906 
Time Electronics 
(619) 674-2800 

San Jose 
Anthem Electronics 
(408) 453-1200 
Hamilton/Hallmark 
(408) 743-3300 
Pioneer Technology 
(408) 954-9100 
Zeus Elect an Arrow Co. 
(408) 629-4789 

Sunnyvale 
Bell Industries 
(408) 734-8570 
Time Electronics 
(408) 734-9888 

Tustin 
Time Electronics 
(714) 669-0100 

Woodland Hills 
Hamilton/Hallmark 
(818) 594-0404 
Time Electronics 
(818) 593-8400 

Yorba Linda 
Zeus Elect. an Arrow Co. 
(714) 921-9000 

COLORADO 
Denver 

Bell Industries 
(303) 691-9010 

Englewood 
Anthem Electronics 
(303) 790-4500 
Hamilton/Hallmark 
(303) 790-1662 
Time Electronics 
(303) 721-8882 

CONNECTICUT 
Cheshire 

Hamilton/Hallmark 
(203) 271-2844 

Shelton 
Pioneer Standard 
(203) 929-5600 

Waterbury 
Anthem Electronics 
(203) 575-1575 

FLORIDA 
Altamonte Springs 

Anthem Electronics 
(407) 831-0007 
Bell Industries 
(407) 339-0078 
Pioneer Technology 
(407) 834-9090 

Deerfield Beach 
Pioneer Technology 
(305) 428-8877 

Fort Lauderdale 
Hamilton/Hallmark 
(305) 484-5482 
Time Electronics 
(305) 484-1778 

LakeMary 
Zeus Elect. an Arrow Co. 
(407) 333-9300 

Largo 
Hamilton/Hallmark 
(813) 541-7440 

Orlando 
Chip Supply 
Die Distributor 
(407) 298-7100 
Time Electronics 
(407) 841-6565 

Winter Park 
Hamilton/Hallmark 
(407) 657-3300 

GEORGIA 
Duluth 

Hamilton/Hallmark 
(404) 623-4400 
Pioneer Technology 
(404) 623-1003 

Norcross 
Bell Industries 
(404) 662-0923 
Time Electronics 
(404) 368-0969 

ILLINOIS 
Addison 

Pioneer Electronics 
(708) 495-9680 

Bensenville 
Hamilton/Hallmark 
(708) 860-7780 

Elk Grove Village 
Bell Industries 
(708) 640-1910 

Schaumburg 
Anthem Electronics 
(708) 884-0200 
Time Electronics 
(708) 303-3000 

INDIANA 
Fort Wayne 

Bell Industries 
(219) 423-3422 

Indianapolis 
Advent Electronics Inc. 
(317) 872-4910 
Bell Industries 
(317) 875-8200 
Hamilton/Hallmark 
(317) 872-8875 
Pioneer Standard 
(317) 573-0880 

IOWA 
Cedar Rapids 

Advent Electronics 
(319) 363-0221 

KANSAS 
Lenexa 

Hamilton/Hallmark 
(913) 332-4375 

KENTUCKY 
Lexington 

Hamilton/Hallmark 
(602) 288-4911 

MARYLAND 
Columbia 

Anthem Electronics 
(410) 995-6840 
Hamilton/Hallmark 
(410) 988-9800 
Time Electronics 
(410) 964-3090 

Gaithersburg 
Pioneer Technology 
(301) 921-0660 

MASSACHUSETIS 
Andover 

Bell Industries 
(508) 474-8880 

Beverly 
Sertech Laboratories 
(508) 927-5820 

Lexington 
Pioneer Standard 
(617) 861-9200 

Newburyport 
Rochester Electronics 
"Obsolete Products" 
(508) 462-9332 

Norwood 
Gerber Electronics 
(617) 769-6000 

Peabody 
Hamilton/Hallmark 
(508) 532-3701 
Time Electronics 
(508) 532-9900 

Tyngsboro 
Port Electronics 
(508) 649-4880 

Wilmington 
Anthem Electronics 
(508) 657-5170 
Zeus Elect. an Arrow Co. 
(508) 658-0900 

MICHIGAN 
Grand Rapids 

Pioneer Standard 
(616) 698-1800 

Novi 
Hamilton/Hallmark 
(313) 347-4271 

Plymouth 
Pioneer Standard 
(313) 416-2157 

Wyoming 
R. M. Electronics, Inc. 
(616) 531-9300 

MINNESOTA 
Bloomington 

Hamilton/Hallmark 
(612) 881-2600 

Eden Prairie 
Anthem Electronics 
(612) 944-5454 
Pioneer Standard 
(612) 944-3355. 

Edina 
Time Electronics 
(612) 943-2433 

Thief River Falls 
Digi-Key Corp. 
"Catalog Sales Only" 
(800) 344-4539 

MISSOURI 
Earth City 

Hamilton/Hallmark 
(314) 291-5350 

Manchester 
Time Electronics 
(314) 391-6444 

NEW JERSEY 
Cherry Hill 

Hamilton/Hallmark 
(609) 424-0110 

Fairfield 
Hamilton/Hallmark 
(201) 575-3390 
Pioneer Standard 
(201) 575-3510 

Martton 
Time Electronics 
(609) 596-6700 

Mount Laurel 
Seymour Electronics 
(609) 235-7474 

Parsippany 
Hamilton/Hallmark 
(201) 515-1641 

Pine Brook 
Anthem Electronics 
(201) 227-7960 

Wayne 
Time Electronics 
(201) 785-8250 

NEW MEXICO 
Albuquerque 

Alliance Electronics Inc. 
(505) 292-3360 
Bell Industries 
(505) 292-2700 
Hamilton/Hallmark 
(505) 828-1058 



NATIONAL SEMICONDUCTOR CORPORATION.DISTRIBUTORS ccontfr1ued> 

NEW YORK Dayton Houston Calgary 
Binghamton Bell Industries Hamilton/Hallmark Electro Sonic Inc. 

Pioneer (513) 435-8660. (713) 781-6100 . (403) 255-9550 
. (607) 722-9300 Bell Industries-Military Pioneer Standard Semad Electronics 
Buffalo (513) 434-8231 (713) 495-4700 (403) 252-5664 

Summit Electronics Hamilton/Hallmark Richardson Zentronics 
(716) 887 -2800 (513) 439-6735 Anthem Electronics (403) 295-8838 

Commack Pioneer Standard (214) 238-7100 Edmonton 
Anthem Electronics (513) 236-9900 Time Electronics , Zentronics 
(516) 864-6600 OKLAHOMA (214) 644-4644 (403) 482-3038 

Fairport Tulsa UTAH Markham 
Pioneer Standard Hamilton/Hallmark Midvale Semad Electronics Ltd. 
(716) 381-7070 (918) 254-6110 Bell Industries (416) 475-8500 

Hauppauge Pioneer Standard (801) 255-9611 Richmond 
Hamilton/Hallmark (918) 665-7840 Salt Lake City Electro Sonic Inc. 
(516) 434-7490 Radio Inc. Anthem Electronics (604) 273-2911 
Time Electronics (918) 587-9123 (801) 973-8555 Zentronics 
(516) 273-0100 

OREGON Hamilton/Hallmark (604) 273-5575 
Port Chester 

Beaverton (801) 266-2022 Winnipeg 
Zeus Elect. an Arrow CO. 

Anthem Electronics West Valley Zentronics 
(914) 937-7400 

(503) 643-1114 Time Electronics · (204) 694-1957 
Rochester 

Bell Industries (801) 973-8494 EASTERN PROVINCES 
Hamilton/Hallmark 

(503) 644-3444 WASHINGTON Mississauga 
(BOO) 475-9130 
Summit Electronics Hamilton/Hallmark Bothell Hamilton/Hallmark 

(503) 526-6200 Anthem Electronics (416) 564-6060 
(716) 334-8110 

Portland (206) 483-1700 Time Electronics 
Ronkonkoma 

Hamilton/Hallmark Time Electronics Kirkland (416) 672-5300 

(503) 684-3780 Time Electronics Zentronics 
(516) 737-0600 

Syracuse PENNSYLVANIA (206) 820-1525 (416) 507-2600 

Time Electronics Horsham Redmond Nepean 
Hamilton/Hallmark 

(315) 432-0355 Anthem Electronics Bell Industries 

Westbury (215) 443-5150 (206) 867-5410 (613) 226-1700 

Hamilton/Hallmark Zentronics 
Hamilton/Hallmark Export Div. Pioneer Technology 

(206) 820-1525 (613) 226-8840 
(516) 997-6868 (215) 674-4000 Ottawa 

Woodbury Mars WISCONSIN Electro Sonic Inc. 
Pioneer Electronics Hamilton/Hallmark Brookfield (613) 728-8333 
(516) 921-8700 ' (412) 281-4150 Pioneer Electronics Semad Electronics , 
Seymour Electronics Pittsburgh (414) 784-3480 (613) 727-8325 
(516) 496-7474 Pioneer Standard Mequon Pointe Claire 

NORTH CAROLINA (412) 782-230p Taylor Electric Semad Electronics 
Morrisville TEXAS (414) 241-4321 (514) 694-0860 

Pioneer Technology Austin New Berlin Ville St. Laurent 
(919) 460-1530 Hamilton/Hallmark Hamilton/Hallmark Hamilton/Hallmark 

Raleigh (512) 258-8848 . (414) 780-7200 (514) 335-1000 
Hamilton/Hallmark Minco Technology Labs. Waukesha Zentronii:s' 
(919) 872-0712 (512) 834~2022 Bell Industries (514) 737-9700 

OHIO Pioneer Standard (414) 547-8879 Willowdale 

Cleveland (512) 835-4000 Hamilton/Hallmark ElectroSonic Inc. 

Pioneer Time Electronics (414) 784-8205 (416) 494-1666 

(216) 587-3600 (512) 346-7346 CANADA Winnipeg 

Columbus Carrollton WESTERN PROVINCES Electro Sonic Inc. 

Time Electronics Zeus Elect. an Arrow Co. Burnaby (204) 783-3105 

(614) 794-3301 (214) 380-6464• Hamilton/Hallmark 
Dallas (604) 420-4101 

Hamilton/Hallmark Semad Electronics 
(214) 553-4300 (604) 451-3444 
Pioneer Standard 
(214) 386-7300 
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