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FIGURE 7. WAVEFORMS FOR DISTRIBUTED LOADING 

TABLE 4. TRANSITION AND PROPAGATION TIMES-END 
GATE 

TRANSISTION PROPAGATION 

RT 
TIMES (ns) DELAYS (ns) 

(0) tr tf tplh tphl 

o (No Dist 4.0 2.6 3.1 5.0 
load) 

o (Dist. 4.4 3.6 4.4 6.4 
load only) 

40(= ZO) + 4.8 5.2 5.2 7.8 
Dist.load 

TABLE 5. TRANSITION TIMES-INTERMEDIATE GATE 

TRANSISTION PROPAGATION 

RT 
TIMES (ns) DELAYS (ns) 

(0) tr tf tplh J tphl 

o (Dist. 6.6 5.6 Not measured 
load only) 

40(=ZO)+ 8.0 7.8 Not measured 
Dist.load 

AC Shunt Termination 

This termination technique was previously explored in the 
context of a single load. For the case of loads distributed 
along a single line, the advantage of shunt termination is 
that the tendency toward a three-level waveform with series 
termination is absent. Figure 8 illustrates the waveforms 
obtained with AC shunt termination. As previously 
discussed, the corrected (for distributed loading) value of 
the characteristic impedance is 400. 

The discussion of trading off waveform integrity for power 
dissipation also applies here. The power consumed by 

the terminating resistor when C = 560pF is substantially 
greater than when C = 56pF. 

Table 6 summarizes propagation and transition time data. 
As in the preceding section, gate propagation delay 
measured delay -3.6ns. 

TABLE 6. SUMMARY OF TRANSITION TIMES AND 
PROPAGATION DELAYS 

TRANSISTION PROPAGATION 

RT 
TIMES (ns) DELAYSlns) 

(0) TR I TF TpLH I TpHL 

400/56pF 

End Gate 6.0 I 6.0 3.3 I 4.4 

Int Gate 9.0 I 8.3 Not measured 

400/560pF 

End Gate 8.0 I 8.3 3.7 I 8.0 

IntGate 8.8 I 9.0 Not measured 

As is evident from a comparison of Tables 5 and 6, shunt 
termination with a small capacitor (56pF) does not extract 
as much propagation delay "penalty" as does series 
termination-nor does a 56pF shunt termination cause a 
tendency toward a three-level waveform on the bus. With a 
560pF capacitor, the waveform is better in the sense that 
there is less ringing, but, as indicated earlier, the power 
dissipation of the terminating resistor is substantially 
increased. 

From a comparison of Figures 7 and 8, series termination 
appears to suppress ringing better than shunt termination­
at least that shunt termination where, in order to reduce 
power consumed by termination resistors, the value of the 
capacitor is relatively small. Also, the increased transition 
times associated with series termination are very desirable 
from the standpoint of minimizing both ringing and 
ground bounce. 

9-29 



Application Note 9102 

Termination Techniques 

Table 7 illustrates termination techniques which can be 
used at the receiving end of a trace; CI is the input 
capacitance of the driven semiconductor. The first three 
techniques require that the characteristic impedance of the 
trace structure be well-defined and constant along the trace 
run, which is complicated when a trace is to be run on both 
interior and exterior layers of a PCB. 

Diode termination allows uncontrolled impedance-such as 
that obtained on a two-sided board where the trace-to­
ground trace spacing is variable-but requires more 
expensive components than other techniques. In effect, 
CMOS input circuitry is a mixture of the series and diode 
termination techniques shown in Table 7. 

In Table 7, the Termination Dissipation has been computed 
by assuming a (worst-case) on source resistance. The 
power dissipation expressions apply to use of the 
terminating networks at either end of the line. For example, 
the expression given for the dissipation of a series 
termination applies whether the termination is used on the 
sending (proper) end of the line or the receiving (improper) 
end of the line. 

Series termination has been analyzed in some detail. For 
use at either the receiving or sending end, maximum clock 
frequency is determined by assuming that, after a high-to­
low transition, the input capacitor, CI, must discharge to a 
voltage below 5% of VCC before the next clock low-to-high 
transition. This requires that three ZOCI time constants 
occur during one-half of the clock period, which leads to 
the clock-frequency limitation shown for series termination 
in Table 7. 

The relatively large power consumed in termination 
resistors can be a problem. AC shunt termination, as 
defined in Table 7 and used in Figures 4 and 8, provides a 
worthwhile low-power alternative, to be applied at the 
receiving end of a trace. In AC shunt termination, pulse 
fidelity is traded off for power dissipation: the larger the 
value of the DC blocking capacitor, C 1, the better the pulse, 
but the higher the power consumption of the terminating 
resistor. 

In the limit as the value of C1 is made very large, the power 
dissipation of the terminating network approaches that of 
purely resistive termination. The improved pulse fidelity with 
larger values of C1 is apparent from Figure 8. The maximum 
value of C1 which still permits adequate charging/ 
discharging of the shunt termination network over one-half 
of the clock cycle is C1 < 1/SfCZO; this inverse clock-fre­
quencylimitation is given in the "Max fC" column of Table 7. 
However, for C1 » 1 /SfC ZO, the network is slow enough 
that full charging never occurs, the network begins to 
approach a purely resistive shunt terminator, and clock 
frequencies are limited only by the driver. 

AC shunt termination should be used whenever the DC 
drive capability of the driving device is approached via 
heavy TTL loading. 

Decoupling CMOS 
Clock-related noise on the VCC bus can arise if too 
few decoupling capacitors are used [5, p.3.11-1]. It 

is recommended that all board layouts allow for one 
decoupling capacitor per semiconductor package. Howev­
er, it is sometimes possible to remove some of the 
decoupling capacitors after a working prototype is 
developed. This is best done experimentally while carefully 
monitoring emissions, particularly at frequencies less than 
200M Hz. At those frequencies, cable radiation dominates 
radiated emissions spectra. Assuming good grounding, 
cable radiation is an accurate indicator of VCC bus 
contam ination. 

On large (> 50-pin) devices with more than one VCC pin, 
use one decoupling capacitor at each VCC pin. In these 
cases, then, more than one decoupling capacitor per 
semiconductor package is recommended. 

Choosing the Value of a Decoupling Capacitor 

A simplified diagram of the equivalent circuit for the output 
of a Harris CMOS device is shown in Figure 10. When the 
circuit shown transitions from low to high, switch S1 
connects to terminal A and current is drawn from the VCC 
bus to charge the capacitor. On a high to low transition, the 
switch connects to B; current is sourced by the capacitor as 
it discharges into ground through S1. Note that the switch 
is, in the ideal case, a "break before make" circuit, so that 
no current is drawn from A to B as S1 changes state - a 
common source of current consumption in early CMOS 
logic. 

Departures from ideality include the totem-pole effect: for 
time intervals which are smaller than the transition time, 
both the upper (PMOS) and lower (NMOS) transistors are 
partially "on". Then, during both the low-to-high and 
high-to-Iow transitions, there is a pulse of current drawn 
from the VCC bus. This is in addition to the current pulse 
required-and predicted by the model-for the charging of 
Cs when making the low-to-high transition. Also, the 
internal gates-those which precede the output gate-require 
both totem-pole and charging currents (charging currents 
for internal gates are much smaller than that required for the 
output gate, as the source capacitance associated with 
those gates is on the order of tens of femptofarads [1 
femptofarad = 10-15 farad)). 

A decoupling capacitor is the VCC bus for the purpose of 
supplying current during transitions. The inductance of a 
VCC trace or plane precludes those sources from supplying 
all of the rapidly-changing current required during a 
transition. Between clock pulse transitions, a trace or plane 
supplies recharge current to decoupling capacitors. 
Recharging can take place over the much longer time of 
one-half of the clock period. 

A value of 0.1/lF will adequately decouple all known 
AC/ACT glue logic and VLSI circuits (even heavily 
loaded/fanned out), but the use of that relatively large value 
should be resisted in order to maintain the highest possible 
self-resonant frequency of the decoupling capacitor. Use 
0.001/lF and 0.01/lF, not so much for reduced cost as for 
the purpose of increasing the self-resonant frequency of 
the decoupling capacitor. 
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FIGURE 8. WAVEFORMS FOR AC SHUNT TERMINATION 

TABLE 7. RECEIVING END TERMINATION TECHNIQUES 

TERMINATION PULSE 
TERMINATION MAXfC DISSIPATION INTEGRITY 

Very Low: Improves with small 

~ 1 p=VCC2fCC1 ZO,C1 
c, --

o J 5pF 6ZOC1 (3.8mW) 
(667MHz*) 

Series (Controlled ZO) 

Ee, Driver-Limited Very High: Good Reflected % 

VCC
2 

(2S0mW) _ 4.4ZOC1 

2Z0 rr-4.4Z0C1 

Shunt (Controlled ZO) 

01 R= Zo ~ 
Low to Moderate, Best with largest 

1 increasing with C1 possible value of 
--

P=VCC2fCC1 c 1 (100P~ c 1 6ZOC1 C1 = 1/6Z0fC 
oT (33.3M Hz, see text) (7SmW, about same Intergrity improves 

AC Shunt (Controlled ZO) as device) withC1 

:b 
Driver-Limited Low Good with high-

speed Schotky 
diodes or built-in 

c 1 protection diodes of 
some semiconductors 

Diode (Uncontrolled ZO) 

* Examples are for Zo = 50, Cl = 5pF, VCC = 5, fC = 30M Hz, Duty Cycle = 50% 
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FIGURE 10. EQUIVALENT CIRCUIT FOR CMOS OUTPUT 

The Equivalent Series Inductance (ESL) of a 
Decoupling Capacitor 

The equivalent series inductance (ESL) of a decoupling 
capacitor and the inductance of the leads/planes used to 
connect the decoupling capacitor to a semiconductor 
package should be as small as economics and manufactur­
ing practicalities permit. This decreases both ringing and 
emissions. It is shown in [5, pp. 3.9-7 through 3.9-10] that 
maximum attenuation of noise on the power bus occurs at 
the self-resonant frequency of the decoupling capacitor. To 
have that attenuation occur at frequencies where ringing 
and emissions suppression is otherwise difficult (generally 
35MHz to 90MHz) using a capacitor value chosen accord­
ing to the previous section requires ESL's less than 10nH. 
Surface-mount ("chip") capaCitors on a multilayer board 
with both VCC and ground planes are particularly desirable. 

The ESL of a decoupling capacitor is at least as 
important as its capaCitance. Above the self-resonant 
frequency of a decoupling capacitor which provides 
filtering; that inductance should be as small as manufactur­
ing techniques and economy permit. 

Placement of Decoupling CapaCitor on a Board 

A decoupling capacitor should always be placed on that 
end of the semiconductor package which points toward the 
power entry point on a board. One of the purposes of 
decoupling is to minimize VCC noise at the power-entry 
point, and the filtration implied by a decoupling capacitor 
should be between the semiconductor package and the 
power entry point. 

Conclusions and Recommendations 

Use Multilayer Boards 

The inductances associated with two-sided boards are 
often too large for successful application of high speed 

CMOS circuits. Two-sided boards designed from an RF 
standpoint could be used, but the low component density 
associated with such boards is inconsistent with most 
contemporary system design requirements. 

The "Best" Termination Technique: Series Resistor at 
Driving End 

When loads do not require much DC current, as with CMOS 
inputs, the preferred termination technique for a single load 
and large class of multiple distributed loads is a terminating 
resistor at the driving end of the trace. The value of the 
terminating resistor, RT, is ideally equal to the characteristic 
impedance of the driven trace, ZO, as modified by any 
distributed loading. The correction for distributed loading is 
given in equation 1. 

Reduction of the value of a series terminating resistor from 
RT = Zo leads to decreased propagation and transition 
times. However, for even zero-length traces, reduction of 
RT eventually leads to ringing. Although the internal diodes 
in the input circuitry of Harris CMOS tend to limit ringing, 
noise immunity problems can stili occur. 

Increasing the value of the terminating resistor beyond Zo 
tends to further enhance the smoothness of the pulse but 
can lead to undesirable increases in propagation delays. 
The resulting increased transition times tend to suppress 
emissions. 

For driving-end series termination with distributed loading 
on lines 12 inches long, transition times at intermediate 
loads are doubled relative to those at the end of the bus. 
Longer buses lead to even greater increases in transition 
times at intermediate bus points. Should this not be 
tolerable, the alternative AC shunt termination discussed 
below should be used. 

An Alternative Termination Technique 

In the above case and/or when a resistively-terminated bus 
and/or heavy TIL loads are to be driven by CMOS gates, 
AC shunt termination should be considered as an 
alternative to putely resistive termination. 

At least for the driven-end terminated case considered in 
this report, AC shunt termination does not appear quite as 
effictive as sending-end series termination in suppressing 
ringing. 

When terminating high-speed traces, SIP resistors and 
capaCitors should be avoided. The equivalent series 
inductance (ESL) is too large in many applications. Discrete 
SMD's are preferred to minimize ESL. 

Minimize Power Bus Ringing to Minimize Interference 

To minimize ringing on the power bus, it is recommended 
that CMOS devices which handle high-frequency periodic 
signals be carefully decoupled from the power bus. Specific 
decoupling recommendations have been provided in this 
report. 
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TEMPERATURE CONSIDERATIONS 
Author: Clay Olmstead 

Junction Temperature 

The energy expended by an integrated circuit is dissipated 
as heat. In a CMOS system, current (and hence power) 
increase proportionally with switching frequency. With the 
advent of fast CMOS circuits, the attendant rise in 
temperature causes a variety of problems. In some cases, 
the current and/or temperature constraints placed on the 
device by its operating environment are the limiting factors 
on the clock rate. The increased die temperature due to the 
switching speed produces a number of secondary effects. 
The propagation delay time of a CMOS gate increases, 
causing a decline in the overall performance of the system. 
In addition, the effects of various failure mechanisms are 
accelerated (see Reliability Fundamentals). Depending on 
the failure mechanism, the lifetime of the product can be 
decreased by a factor of two for every 10°C rise in junction 
temperature. 

The internal temperature of a semiconductor device is 
defined as junction temperature, TJ. Harris products are 
designed to operate with a 10 year lifetime under the stated 
operating conditions. For parts in ceramic packages, these 
include a maximum junction temperature of 175°C. For 
plastic packages, the maximum TJ is 150°C - this is to 
maintain the integrity of the package, not the device inside. 
Note that the 175°C limit is set according to military 
standards; many users in specific industries set this limit 
higher or lower, depending on their individual requirements. 

Determination Of Junction Temperature 

Once the designer has selected an IC and calculated the 
clock frequency that meets the needs of the application, the 
operating temperature of the die Ounction temperature) must 
be calculated to determine whether it exceeds reliability 
guidelines. This involves the concept of thermal resistance: 
the temperature differential across a body that is dissipating 
a given amount of energy. There are two common sets of 
reference points for thermal resistance: 9Jc is the tempera­
ture differential between the p-n junction of a semiconductor 
device and the outside surface of the package (case); 9JA is 
measured from the junction to ambient conditions. Other 
reference points for measuring thermal resistance are 
defined depending on specific requirements. 

To calculate whether a device will exceed its maximum junc­
tion temperature, the first step is to multiply the clock rate by 
the frequency coefficient (given in mA/MHz) for that product. 
This is listed in the D.C. Electrical Specifications section of 

Copyright © Harris Corporation 1994 

the data sheet under Iccop The total package power 
dissipation is calculated by multiplying that current by the 
maximum V cc. If this figure is less than the Maximum 
Package Power Dissipation listed in the data sheet, then the 
operating conditions meet Harris specifications. In some 
applications, it is necessary to operate the part using a 
higher junction temperature (for applications that can absorb 
the penalty in expected lifetime) or lower temperature (for 
high reliability applications). Users with these requirements 
calculate their actual junction temperature using one of the 
following equations. Given the maximum ambient 
temperature, the proper equation is: 

TJ = (9JA X P) + TA 

Where: 

Equation 1 

TJ = Junction Temperature of the Part In °C 
9JA = Thermal Resistance from Junction to Ambient In °CIW 
P = Iccop x Vcc 
TA = Ambient Temperature 

The junction temperature for a given case temperature is: 

TJ = (9Jc x P) + Tc Equation 2 

Where: 

T J = Junction Temperature of the Part In °C 
9JC = Thermal Resistance from Junction to Case In °CIW 
P = Iccop x Vcc 
T c = Case Temperature 

Reducing Junction Temperature 

If, after going through the above equations, the junction 
temperature exceeds the allowable limit, there are several 
possible solutions. With some types of parts, such as digital 
filters, the user can replace a single part running at a high 
data rate with multiple parts, each operating at a reduced 
clock rate. Using this method, the junction temperature of 
each IC is reduced but the throughput of the entire circuit is 
unaffected. In most cases, the optimum solution is to 
improve the heat flow out of the package by adding a heat 
sink and/or forcing airflow across the package. Moving air 
lowers the effective 9JA of the part as shown in Figure 1. 
The required value for the effective thermal resistance is 
calculated by solving equation 1 for 9JA: 

9JA = (TJ - TA) I P Equation 3 

Once the necessary value for 9JA is known, Figure 1 is used 
to locate the corresponding air flow for the package of 
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interest. Note that the improvement in thermal impedance is 
a function of the airflow measured in linear feet per minute 
(Ifm), but fan manufacturers measure airflow in cubic feet per 
minute (cfm). Assuming 100% efficiency, Ifm is converted to 
cfm by multiplying the required Ifm by the cross sectional 
area of the path of moving air. In reality, obstructions in the 
airflow cause back pressure, which diminish the fan output to 
between 60% and 80% of its free air capacity; divide the Ifm 
figure derived from Figure 1 by this compensation factor to 
obtain the required fan output. 
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FIGURE 1. TYPICAL RELATIONSHIP BETWEEN 9JA AND AIR 
FLOW FOR VARIOUS PACKAGES 

Another viable solution is to use a heat sink, either by itself 
(natural convection) or with moving air (forced convection). 
There is a wide range of heat sinks available for virtually any 
package type. Note, however, that a heat sink is much more 
effective when used in combination with a ceramic package. 
This is due to the greater thermal efficiency of the ceramic 
material: most of the flow of thermal energy is from the die 
directly into the package, where the entire surface of the part 
acts as a radiating surface to let the heat escape. Some 
energy flows from the die through the bond wires and pins 
and out through the copper traces in the board, but this 
effect is negligible due to the fact that the bond wires are 
only 1 mil in diameter and thus their thermal impedance is 
relatively high. In a plastic package, the main path for the 
heat flow is from the die through the paddle and the plastic 
molding compound and on to the outside world. Since plas­
tic is a relatively poor thermal conductor, other paths, such 
as the bond wires, take on a greater proportion of the total 
heat transfer so that their contribution is no longer negligible. 
For this reason, a heat sink mounted to a plastiC package 
dissipates less heat than Equation 2 would indicate. Harris 
recommends the use of a ceramic package for operating 
conditions that require a heat sink. 

Addition of a heat sink puts two additional elements in path 
of thermal transfer: the heat sink and the thermal jOint com­
pound that attaches it to the package. The total value for "OJA 
is divided into its component parts: the thermal resistance 
from the junction to the surface of the package, from the 
package to the heat sink, and from the heat sink to ambient: 

OJA = OJC + Ocs + OSA Equation 4 

Where CS is the thermal resistance from the IC package to 
the heat sink, which is controlled by the mounting technique 
and thermal joint compound used. OSA is the thermal 
resistance from the heat sink to ambient. 

Under natural convection, heat sink dissipation is a function 
of the power dissipation of the Chip. The heat sink manufac-

turer's catalog will specify the performance for their products 
using a chart similar to that shown in Figure 2. Starting with 
the power dissipated by the device on the x axis, find the 
corresponding temperature rise of the package on the y axis. 
Add this value to the ambient temperature, TA, to find the 
elevated case temperature. Use Equation 2 to find the new 
junction temperature. 

If a fan is to be used, then the following procedure is 
recommended. Use Equation 3 to calculate the required 
total thermal resistance. Solving Equation 4 for OSA, 
calculate the maximum thermal resistance allowable for the 
heat sink. The literature from the maker of the heat sink will 
have a chart similar to Figure 3; find OSA on the right axis and 
find the air flow that corresponds to that value on the top 
axis. (The placement of the axes is to allow Figures 2 and 3 
to be combined into one graph.) Convert Ifm to cfm and 
divide that value by the compensation factor for back pres­
sure mentioned above; use that figure to select a fan. 
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FOR TYPICAL HEAT SINK UNDER FORCED CON­
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For Further Reading 

The discussion above outlines the overall method for 
calculating the thermal parameters of a circuit. the interested 
reader may refer to the following references for further 
information. 

MIL STD 883 Method 1012.1; JEDEC ENG. Bulletin No. 20, 
January 1975; 1992 Semi Std. Vol. 4, Methods G30-86, 
G32-86, G42-88, G43-87 
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COMMON ABUSES OF THE HSP43220 

1. Loads too many coefficients. Only "half' the coefficients 
(including center tap) are needed. Loading more or less 
coefficients will cause incorrect operation. 

2. Improper reset of part. Both clocks must be active during 
reset. Both start pins high during reset and remain high 
until programming complete. 

3. Starting part too soon. Under software control, the start 
pins may float momentarily before programming is com­
plete. Once started, any writes of coefficients are ignored. 

4. In DECIMATE, customer tries to bypass the HDF by set­
ting Hdec = 1 and Stages = 1. The correct settings are 
HDec = 1 and Stages = O. 

5. Customer is violating the CK_IN duty cycle requirements 
when HDF is bypassed. See A.C. Specifications in data 
sheet. 

6. Customer confuses even/odd symmetry bit with even/odd 
length filters. 

7. Customer tries to run HDF bypassed with CK_IN = FIR_CK. 

8. Customer thinks that taking the start pin inactive will stop 
the part. Only reset can stop the HDF section once it has 
been started. 

9. Has intermittent or poor results from cheap socket or poor 
part insertion. 

10. General- input rise/fall time to slow (>10ns), input setup/ 
hold violations, noise. 

Copyright © Harris Corporation 1993 

11. System board problems are causing incorrect acquisition 
of outputs from DDF. i.e. in a multiplexed bus structure 
there is bus contention. 

12. Customer does not realize data is held at outputs until 
next DATA_ROY. 

13. Customer does not relax passband attenuation as much 
as possible and valuable taps are wasted. 

Debug/deas 

1. Bypass the FIR or HDF sections individually or together. If 
the clocks are tied together the HDF section can be pseu­
do bypassed by setting HDRATE as usual but set 
GROWTH = 50 and STAGES = O. The HDF will output ev­
ery Nth input sample. This will verify correct wiring of the 
DATA_IN bus and some of the C_BUS bits. 

2. Read out coefficients as per memo. 

3. Try writing F _DIS =0 then F _DIS = 1 before loading coef­
ficients. If this helps then poor reset procedure or floating 
start pins are likely. 

4. Input a DC value, it should pass through a low pass filter. 

5. Are DATA_ROY's at correct frequency? (C~IN/(Hdec+F dec;). 
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HSP43220 - DESIGN OF FILTERS WITH OUTPUT RATES 
<2(Passband + Transition) 

One of the design rule checks in DECI.MATE is that the out­
put rate must be greater than 2 times the sum of passband + 
transition band. For the informed user, violation of this rule is 
a valid design choice. Suppression of this rule check in 
DECI.MATE is not possible, but design of such a filter using 
DECI.MATE is possible. 

The general solution is to use DECI.MATE to design a filter 
with an output rate that is twice the desired rate, or a integer 
multiple of the desired rate that is >2(pass + trans). Outside 
of the Design Module the FIR decimation rate is increase by 
the factor needed to achieve the desired output rate. The 
new filter response is obtained graphically. 

Consider a filter with a passband of 70KHz and a transition 
band of 60KHz. The desired output rate is 200KHz. 
DECI.MATE requires an output rate of >260KHz, an output 
rate of 400KHz is chosen (see Figure 1 below and FILTER 1 
page 2). 

By increasing the FIR decimation by a factor of 2 the folding 
point (Fsl2) is moved and the desired output rate is obtained. 
The filter response can be generated graphically. The alias­
ing component is represented by the dotted line (see Figure 
2 below). 

0--.. ____ "-

dB 

-40 

70KHz 

FIGURE 1 
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130KHz 200KHz 
FsJ2 

Notice in FILTER 1 the stopband attenuation was limited to 
40dB (FIR_CK=CK_IN). Because the FIR decimation was 
increased from 5 to 10, there are more taps available with 
FIR_CK=20MHz. USing equation 2.0 from the 43220 data 
sheet, we see how many taps are available. 

2 x20(10) 10 
#Taps = ( 20 10-4) = 172 

We can therefore use FILTER 2 which uses 151 taps and 
has 96dB stopband. The part will of course be programmed 
for FIR decimation rate of 10 and an FIR_CK of 20MHz is 
used. 

To correctly simulate or generate PROM files for the "new fil­
ter" the *.DAR file must be edited. The corrected value for 
FDRATE on line 1 column 4 is entered. The correct output 
rate and FIR_CK rate are entered on the next to the last and 
the last line of the *.DAR file. 

The above procedure works for standard or Precomp FIR. 
Remember the maximum FIR decimation rate is 16. 

0....,. ____ "-

dB 

200KHz 
FsJ2 

FIGURE 2 
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HSP43220 
DECI.MATE DESIGN RULE CHECKS 

In order to maximize effectiveness of DECI-MATE software 
there are two design rule checks that need some in depth 
discussion. Once these crosschecks are understood the 
usefulness of DECI-MATE and the DDF will improve 
because filters that were previously thought unrealizable are 
in fact achievable. Consider the following normalized HDF 
response (to first nUll). 

In Figure 1 the dotted line represents aliasing. The pOint 
defined by stopband attenuation (50dB) and the sum of the 
passband and transitionband frequencies. must not cross 
the dotted line. Sometimes in MANUAL design mode you will 
come upon a filter in which you can vary either the transition­
band or passband frequencies or attenuation by just a few 
Hz or a few dB. and find the filter jumps from unrealizable 
due to many taps to a viable filter that only needs a few taps. 
This may be due to crossing the aliasing curve. This in 
effect. renders the HDF ineffective and DECI-MATE is trying 
to accomplish everything in the FIR. You may also get the 
error message "HDF unrealizable". 

so 
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HDF FREQ RESPONSE 
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FIGURE 1. 

Violation of the second rule exhibits similar symptoms. 

Figure 2 illustrates the design rule check that the HDF rolloff 
should not violate the passband attenuation spec. This con­
dition can occur in a variety of ways. if the passband is a 
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large percentage of the output rate. if the passband attenua­
tion is very small. if most of the decimation is being done in 
the HDF (which brings the first null of the HDF response in 
close to the passband region). The number of stages in the 
HDF also determines the rolloff of the HDF response. This 
design rule check is done with no knowledge of the type of 
FIR being used. STANDARD. IMPORTED. or PRECOMP. 
Therefore switching to a PRECOMp, or IMPORTED FIR will 
not alleviate a violation of this rule. The PRECOMP FIR can 
in fact reduce the HDF rolloff effect when the rolloff is within 
the limits stated above. 

i 0 t-----__ _ DESIRED RESPONS 

w o 
~ 
Z 

--- PASSBAND-----3-~ ..... 

~ 
:ii 

HDF FREQ RESPONSE 

FIGURE 2. 

It is important the user understand which rule is being vio­
lated because the first one is hard and fast. must not be vio­
lated. The second is correctable with additional work 
(manual design of FIR on other software). It is of course pos­
sible that both rules are being broken. There are two Simple 
tests that can be done to identify what the problem is. If the 
difficulty is with HDF rolloff in the passband (rule 2). then 
relaxing the passband attenuation will allow the software to 
generate a filter. 

If the problem is intrusion of stopband attenuation past the 
dotted line (rule 1). then changing the passband attenuation 
will not solve anything. Try reducing the stopband attenua­
tion. a little. then a lot. if this results in a filter design then the 
problem is rule 1. 

Solutions 

If DECt-MATE was in design mode MANUAL when the prob­
lem occurred then the user can adjust the design parame­
ters (input rate. output rate. passband. transition band. 
passband attenuation. stopband). or the HDF filter parame­
ters to achieve a filter. For problems with rule 1 try any of the 
following: higher input rate. narrower passband. less stop-
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band attenuation, less HDF decimation, more HDF stages. 
For problems with rule 2 try any of the following: higher input 
rate, higher output rate, narrower passband, looser pass­
band attenuation, less HDF decimation, fewer HDF stages. 

In general, if DECI.MATE was in design mode AUTO when 
the problem occurred, then going to manual design mode 
and playing with HDF stages, or HDF decimation will not 
produce any better results (with the one exception noted 
below as "Special Case"). The user then must decide if the 
system can tolerate the relaxed design parameters (input 
rate, output rate, passband, transition band, passband atten­
uation, stopband attenuation) needed to achieve a realizable 
filter. If not, the user will need to perform a manual design of 
the HDF and FIR filter parameters. 

Special Case 
For those users who have the option of low system decima­

tion rates there are some alternatives. For those with system 
decimation rates of less than 10, trying varying combinations 
of HDF decimation and HDF stages may prove worth while. 
Also, for those that can have system decimation of 16 or less, 
bypassing the HDF (setting HDF decimation to 1 and HDF 
stages to 0) and using only the FIR may be beneficial. 
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NOTES ON USING THE HSP43220 

Operation And Programming 

Typical operation of the part using DECI-MATE software is 
as follows. RESET# is held low long enough to satisfy the 
specification of 4 clocks for the slowest clock. Coming out of 
reset both start inputs must be high. After waiting the speci­
fied reset recovery time the registers are then loaded. 
H_Register1: H_DRATE register will accept values from 0 to 
1023. H_BYP is set as desired. F _CLA is typically set to a 
zero, F _DIS is set to a zero. H_Register2: H_STAGES is set 
as desired, a six or seven may be entered and will be inter­
preted as a five. H_GROWTH is entered as specified in the 
data sheet or DECI-MATE with acceptable values from 0 to 
63, with values above 50, the most significant bits of the 
input data will be dropped. F _Register: F _TAPS will accept 
values from 2 to 511. DECI-MATE always generates odd tap 
filters, therefore the value N to be entered will typically be 
even. F _ORATE, enter value between 0 and 15 as desired. 
F _ESYM, as with most filter design software, DECI-MATE 
always generates even symmetric filters, enter a one. 
F _BYp, enter as desired. F _OAD, typically set to a zero, 
used only for non-symmetric filters and for verifying filter 
coefficients. FC_Register, for a the value N loaded in the 
F _TAPS register there will be (N/2)+1 coefficients to be 
entered for odd length filters and N/2 coefficients for even 
length filters. It takes two writes to load each coefficient. 
Internally the number of coefficients loaded is recorded and 
used to determine the length of the filter, NOT F _TAPS. 
F _TAPS is used to offset a read pOinter in the data RAM and 
to determine if an odd or even number of taps is being done 
to properly handle the center tap. 

With programming of the HSP43220, the part must be 
started as described in the data sheet. If STARTIN# is used, 
it will be the third rising edge of CK_IN (from STARTIN# 
active) that the DATA_IN pins will start accepting data. If 
ASTARTIN# is used it will be the fifth rising edge of CK_IN. 

If at any time RESET# goes active, or glitches low, the above 
procedure must be repeated (except for reloading coeffi­
cients). Also see reprogramming. 

Implementing Non-symmetric Filters 

The HSP43220 can implement up to a 256 tap non-symmet­
ric filter. Correct programming procedures are as follows. By 
definition the number of coefficients loaded is equal to the 
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number of taps (N). The F _TAPS is set equal to 2N-1, and 
F _OAD and F _SYM are set to a one. The remaining registers 
are loaded normally. 

In many cases the source of information to be fed into the 
DATA_IN pins will be less than 16 bits wide. The recom­
mended configuration is to connect the input bus to the most 
significant bits of DATA_IN and to tie unused DATA_IN pins 
to GND. In some systems there will be available a 16 bit bus 
to connect to the DATA_IN pins but the full range of the bus 
is not being used. For example the upper 4 bits are always 
sign bits. This can be adjusted for in software by setting the 
growth for three more than normal. Even if the HDF is to be 
bypassed this can be accomplished by manually putting the 
HDF in bypass. This is done by setting H_STAGES and 
H_DRATE to o. For the case described above, H_GROWTH 
would be set to 50+3, or 53. This pushes the 3 extra sign bits 
off the top of the data shifter. 

Output Format 

As stated on page 4-5 of the DECI-MATE manual, the FIR 
coefficients are computed using the Parks-McClellan 
(Remez) method and then scaled by the inverse of the HDF 
scale factor as well as an additional factor which accounts 
for the maximal ripple gain of the derived FIR. As a reSUlt, 
the output format is as follows. DATA_OUT bits 0-15 are the 
most significant bits. If OUT_SELH is held high, then 
DATA_OUT bits 16-23 are simply sign extension, if held low 
they are the LSB extension, for a total of 24 bits of resolution. 
For those that wish more bits of resolution the sign extension 
bits can be used. This may be accomplished through the 
users own software or the coefficients from DECI-MATE 
may be scaled. This is accomplished by determining the 
magnitude of the largest coefficient, and then multiplying all 
coefficients by the factor 0.999999/mag. The coefficients 
must then be quantized to 20 bits. This results in the magni­
tude of the largest coefficient being about 0.999999, the 
largest representable value. This procedure also allows the 
realization of filters of greater than 96dB attenuation since it 
reduces quantization effects. The new position of the deci-
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mal point in the output will be moved into the sign extension 
bits with its exact position being dependent on the coeffi­
cients. 

Bypass Modes Of The HDF And FIR 

When the H_BYP bit is set, H_Register2 bits are affected as 
follows. H GROWTH is set to 50, H_STAGES is set to zero. 
The clock divider is disabled so CK_DEC=CK_IN. The 
H_Register1 value H_DRATE is not altered by setting the 
H_BYP bit. H_Register2 must be reloaded after H_BYP has 
been returned to a zero. 

With H BYP set to a one, the feedback paths in the integra­
tors and the holding registers in the comb are zeroed. The 16 
bits of chip input data pass through the HDF section unal­
tered. As always, the first data sample out of the HDF (after 
reseVstartup) is a zero due to resetting of the data paths. 
Because the FIR section has several operations to complete 
between rising edges of CK_DEC it is necessary for FIR_CK 
to be faster than CK_IN as described in the data sheet. The 
duty cycle of CK_IN must meet the conditions described 
Tech Brief TB312. DECIMATE can be used to determine the 
necessary frequency of FIR_CK or equation 1.0 in the data 
sheet can be solved for the case of HDF in bypass by setting 
Hdec=1. 

When the F BYP bit is set the FIR filter is configured as a 3 
tap, even symmetric filter, no decimation with one input to 
the pre-adder set to zero (same side as if F _OAD was set). 
The output of the coefficient ram is forced to 00OO4H to aid 
in positioning the result in the accumulator. The output multi­
plexes are set by the F _BYP bit to output data from the bot­
tom of the accumulator. For a 3 tap filter there are two 
multiply/accumulate (MAC) cycles. The data flow is as fol­
lows. A new piece of data becomes available at the HDF out­
put as signaled by a rising edge of CK_DEC. The FIR is 
signaled and the data is written into the data ram. The first 
MAC cycle begins. From the data ram the new data and 
some old data are read. The new data is added to zero in the 
pre-adder, then multiplied by the coefficient, and then accu­
mulated with a zero (because start of new FIR cycle). The 
second MAC cycle starts one FIR_CK cycle after the first. 
Two old pieces of data are read from ram. But two zeros are 
input to the pre-adder because of zeroing the other side of 
the pre-adder at the center of odd length tap filters. The 
resulting zero is multiplied by the coefficient and accumu­
lated. The accumulator results are sent to the output pins 
along with a DATA_RDY. 

Reprogramming 

After initial startup of the HSP43220 the FIR section can be 
reprogrammed using the F _DIS bit of H_Registerl. When 
writing H_Registerl be sure to maintain the same values in 
bits 0-10, H_DRATE and H_BYP. When the F _DIS bit is writ­
ten the FIR section will terminate a FIR cycle if one is in 
progress, no DATA_RDY is issued. The FIR section is dis­
abled from performing multiply/accumulate cycles. The 
FIR CK must continue to run. The HDF section continues to 
ope~ate and its output continues to be written into the data 
ram. By letting the HDF section continue to run the synchro-

nous operation of multiple DDFs is maintained. By continu­
ing to load the data ram. a transient response is a~ided 
when the FIR section is restarted. Writing the F _DIS bit also 
resets the coefficient ram address pointer to zero (to allow 
for reloading coefficients) and enables writing of the coeffi­
cient ram (writing is disabled when FIR section is enabled). 
Once the bit is set and at least two rising edges of FIR_CK 
have occurred, the user may then reconfigure the FIR sec­
tion as desired. The FIR section can be re-enabled either by 
writing F _DIS to a zero or by generating a high to low transi­
tion on either of the start inputs, which automatically clears 
F_DIS. 

For those users that wish to clear the HDF data paths before 
bringing in a new signal, or for those that wish to change 
HDF programming and have multiple DDFs running syn­
chronously, activating the RESET# input is recommended. 
Re-programming the DDF and restarting will be necessary. 
The coefficient ram is not corrupted by reset and will not 
need to be reloaded unless new coefficients are needed. It is 
also possible to reconfigure the HDF without losing synchro­
nization between DDFs if CK_IN is stopped (high or low) 
during writing of the registers. For Single chip applications or 
where synchronization is not a concern, the HDF registers 
can be written on the fly. This will result in a transient 
response and changing HDF registers at regular intervals in 
an attempt to achieve fractional decimation rates with the 
chip is not recommended. 

Internal Decimation 

The total decimation in the DDF, also called the system deci­
mation, is equal to the product of Hdec and Fdec. The output 
rate of the DDF will be equal to CK_IN divided by system 
decimation, regardless of FIR_CK speed. The time from the 
start of the DDF to the first DATA_RDY may not be the same 
as time between DATA_RDYs. To the user the FIR decima­
tion appears at the FIR output. That means the output of the 
DDF is equivalent to using a standard FIR filter and only 
looking at every Nth output for FIR decimation of N. 

In the HDF the counter used for decimation is initialized to 
Hdec. The first CK_DEC (internal to chip) will occur about 
Hdec CK.:.,INs after the part is started. The FIR decimation 
counter is initialized to zero and the first CK_DEC will always 
cause an FIR cycle which generates a DATA_RDY about 
taps/2 FIR_CKs later. Thus the time delay from start of the 
DDF to the first DATA_RDY is about CK_IN period times 
Hdec plus FIR_CK period times taps/2. 

Transient Response 

After reset, after changing the source of input data, or after 
re-programming the HDF, the output of the DDF will have a 
transient response until the data ram is sufficiently full of 
"valid" data. There is no transient response when only the 
FIR is reprogrammed using the FIR disable bit in the co~trol 
register. It is impossible to predict exactly when the transient 
is complete as the answer depends on the FIR filter coeffi­
cients as well as new data values relative to old data values 
in both the FIR and HDE 
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First the integrator stage(s) must be flushed of old data 
(except when reset is used). The number of stages and 
growth will influence this. But in general the flushing of the 
integrator stages is small compared to the remainder of the 
chip. For N stages it will take N CK_DEC cycles to flush all 
the holding registers in the comb. The number of taps deter­
mines how many locations of the data ram needs to be writ­
ten with new data. The equation for the number of input 
samples needed to complete the transient response is: 

number of input samples = Hdec(taps + N) 

The number of output samples that are part of the transient 
response is: 

number of output samples = taps/Fdec + N/Fdec 

Because the center coefficients are usually much larger than 
outer coefficients the transient response is done before all 
the ram locations are filled. In some cases in half the time 
described above. 

The simulator in DECI.MATE assumes all unwritten ram 
locations are zero and may not necessarily reflect the star­
tup transient of the DOE This can be overcome by making 
sure leading zeros are input ahead of the signal for both the 
simulator and the chip. For the case of the data input chang­
ing (one signal followed by another) the simulator will match 
the DDFs transient response. You cannot simulate repro­
gramming the DOE 

Clock Inputs 

The requirement that the two input clocks be synchronous is 
driven by the handshake circuitry between the HDF and FIR 
section. In this circuitry there is a flip/flop which has CK_DEC 
as the data input and FIR_CK as the clock input. Based on 
the theory that it is impossible to design a synchronizer that 

is 100% immune to metastable conditions it was needed to 
specify the FIR_CK and CK_IN inputs as synchronous 
inputs. Metastable condition refers to when the flop output 
oscillates due to the data and clock changing simultaneously. 
For the user that finds it very inconvenient to use synchro­
nous clocks, or for one that does not wish to use clocks that 
are integer multiples (which is by definition not synchro­
nous), the use of a local synchronizer can be of benefit. This 
option puts the risks and control of metastability at the board 
level under user control. One example of this might be a user 
that has designed the needed filter in DECI.MATE and the 
required FIR_CK is 3SMhz with a CK_IN rate of SMhz. 
Through the use of equation 1.0 in the data sheet the mini­
mum FIR_CK is 32Mhz. The software chose 3SMhz because 
it is smallest integer multiple (30Mhz would have been to 
slow). Assume the fastest available speed grade of 
HSP43220 is 33Mhz. The user may then use a local syn­
chronizer to make the filter realizable. The following is just 
one example of a local synchronizer that re-aligns the sys­
tem clock edges to create a synchronous CK_IN. 

The following restrictions are needed to insure maximum 
performance. 

1. System clock must have high and low times greater than 
oscillator period. 

2. Have to still meet DATA_IN setup and hold times at DDF 
pins. Use of Q bar output makes this easier. 

3. Realistically the maximum system clock rate is one sixth 
of oscillator. 

Node A can still become metastable but it has one oscillator 
period to become stable. The user has access to node A and 
can make his own evaluation as to if the circuit performance 
is acceptable. In general the higher the speed capabilities of 
the flip/flops used makes for faster resolution of the metasta­
ble condition if it should occur. 
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HDF BYPASS IN THE HSP43220 

When HDF bypass is selected special timing restrictions 
exist for signal CK_IN. 

When no decimation is selected for the HDF section either 
by setting the H_BYP bit to 1 or by setting H_DRATE = 0, the 
timing requirements for CK_IN require special consideration. 
The FIR section of the chip is signaled that there is new data 
from the HDF when a transition is detected on the signal 
CK_DEC (see Figure 1). Failure to meet the timing require­
ments on CK_IN when Hd = 1 results in no or erratic 
DATA_ROY pulses being issued. 

TRANSITION 
DETECT 

FIGURE 1. CK_DEC GENERATION AND DETECTION 

When Hd > 1, the internal divider sets the high or low time of 
CK_DEC equal to the period of CK_IN, guaranteeing that 
CK_DEC will be detected by FIR_CK (Figure 2). When Hd = 
1, the duty cycle of CK_DEC is the same as CK_IN as 
shown in Figure 3. 

CK_INn n n n -J I~--..I ... _ ___..1 ..... __ 

CILDEC --1 L 

FIGURE 2. CIRCUIT TIMING WHEN Ho = 2 

FIGURE 3. CIRCUIT TIMING WHEN Ho = 1 
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By definition of valid part operation, any time Hd = 1 the 
FIR_CK will be at least 2 times the frequency of CK_IN. 

In the example shown in Figure 3, the state of CK_DEC is 
always a zero when sampled by the rising edge of FIR_CK. 
To insure that signal CK_DEC is sampled in both its high and 
low state by the flipflop requires careful control of CK_IN. 
The most obvious solution is for the high or low time of 
CK_IN to be a minimum of one period of FIR_CK. This guar­
antees sampling both a 1 and a 0 no matter what the phase 
relation of FIR_CK and CK_IN is. 

There is a specified range of allowed phase offset between 
FIR_CK and CK_IN as given in the AC specifications by 
spec TSK. Using this spec with 2ns of margin yields the fol­
lowing minimum CK_IN high or low time with setup and hold 
as specified. 

T FIR -TSKuAx + 2"s 

TS~IN+2ns 

FIGURE 4. 

For a 25Mhz part the minimum high or low time requirement 
for CK_IN is 19ns (when Hd = 1) given the above timing 
(independent of clock frequencies). 

For the typical user, guaranteeing the CK_IN high and low 
times greater than or equal to the period of FIR_CK will be 
the most desirable solution in terms of hardware. For the 
user with additional system constraints, such as those that 
vary the frequency of CK_IN but hold a high or low time con­
stant, the above timing yields the most flexible solution. 
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READING OUT FIR COEFFICIENTS FROM THE HSP43220 

There are two methods of reading out the FIR coefficients. 
With method 1, a single coefficient is output with every 
DATA_RDY. With method 2, a coefficient is output every ris­
ing edge of FIR_CK. 

Method 1 

The premise is to configure the 43220 to look like a FIR filter, 
input an impulse, and observe the'coefficients at the output. 

First, the FIR section of the chip is programmed for no deci­
mation (Fdec = 1). This may require changing H_DRATE from 
the original setup (see BYPASSING THE HDF). The F _REG 
is written for the original value of F _TAPS, F _BYP = 0, 
F _OAD = 0, F _ESYM = 1, F _DRATE = 0, and F _CLA = 0 
(H_REG1). The FC_REG is loaded normally. The FIR data 
ram must be sufficiently filled with zeros before the impulse. 
The minimum number of zeros to clock into the 43220 is 
Hdec*taps. The pin OUTSELH should be set to a zero. An 
impulse, value 0800H, is input and the coefficients will be 
output in the order, outer coeff through center coeff and back 
to outer coeff. The 20 bit coefficients are output on the 24 
DATA_OUT pins with the format shown below. 

Method 2 

This method allows for reading out the FIR coefficients in 
less time than method 1 but requires the system to have the 
ability to capture the value on the DATA_OUT pins every 
FIR_CK. DATA_RDY has no meaning in this mode. The HDF 
section must be configured as described in the BYPASSING 
THE HDF portion of this memo. For an NTAP filter, the value 
for F _TAPS is either NTAPS or NTAPS-1, which ever is odd. 
For example, for either a 67 or 68 tap filter, F _TAPS = 67. 
Set other FIR parameters as follows: F _BYP = 0, F _OAD = 1, 
F _ESYM = 1, F _DRATE = 0, and F _CLA = 1 

Instead of an impulse, the DATA_IN pins are held at the 
value 0800H. After (taps/2)(Hdec+10) CK_IN cycles, all the 
coefficients will be output on consecutive FIR_CKs in the 
order in which they were written. 

Bypassing The HDF 

Use the following equation to determine the Hdec required 
with Fdec = 1 (if Fdec was equal to 1 in the original filter then 
the correct Hdec is already known). 

CK_IN [(taps/2) + 5] 
HDEC = FIR_CK 

Round the resultant value for Hdec up to the next integer 
value. 

For Hdec = 1, set H_BYP = 1, in this case an impulse is 
defined as the DATA_IN pins having the value 0800H for one 
rising edge of CK_IN. 

For Hdec = N, N>1, set HBYP = 0, H_DRATE = N-1, 
H_GROWTH = 50, H_STAGES = O. In this case an impulse 
is defined as the DATA_IN pins having the value 0800H for N 
rising edges of CK_IN (see Figure 1). 
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FIGURE 1 

OUTPUT FORMAT 

SE - SIGN EXTENSION 
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QUADRATURE DOWN CONVERSION 
WITH THE HSP45116, HSP43168 AND HSP43220 

The Harris HSP45116 Numerically Controlled Oscillator/ 
Modulator (NCOM) can be combined with a low pass filter to 
perform down conversion on a digital signal. The NCOM 
rotates the spectrum of a real or complex signal and outputs 
a complex data stream. The signal of interest is now at base 
band, so that the output can be low pass filtered to eliminate 
unwanted signals (Figure 1). 

SIGNALOF.\ 
INTEREST 

INPUT SPECTRUM I • t t t t 
OUTPUT OF 
SIN/COS 
GENERATOR 
IN NCOM 

OUTPUT OF NCOM: 
INPUT ROTATED BY 0> 

OUTPUT OF LOW: 
PASS FILTER: 
PASS ONLY 
BASEBAND SIGNAL 

• t 

! t 

I t 
.joot 

t t t t • 
:"f f.i. \1 1 ! 

FIGURE 1. DOWN CONVERSION SPECTRAL PLOTS 

t 

I-

If the spectrum of the signal of interest is sufficiently narrow, 
the output sample rate of the filter can be reduced to ease 
the throughput requirements of the downstream processing. 
Reducing the sample rate of a signal is commonly known as 
decimation. The input sample rate divided by the output 
sample rate is known as the decimation factor, or simply 
decimation. Note that decimation by one is equivalent to no 
decimation, and decimation by less than one is undefined. 
For the purposes of this discussion, base band signals will 
be divided into two categories: wide band Signals, where the 
decimation factor is 16 or less, and narrow band signals, 
where the decimation is greater than 16. 

Narrow Band Down Conversion 

For narrow band output Signals, Harris has a three chip set 
with a filter that is capable of decimation by up to 16,384. 
Figure 2 shows how the NCOM and HSP43220 Decimating 
Digital Filter (DDF) are connected to perform down conver-

Copyright © Harris Corporation 1993 

sion and real to quadrature conversion of an input signal. 
This is a generalized block diagram which can be used as 
the basis for a specific design. 

Several assumptions were made in defining this block dia­
gram. Among these assumptions are: 

• Input and output data are sixteen bits. Users requiring less 
than that should keep bit 15 as the most significant bit, 
grounding the unused bits on the input of the NCOM. In all 
cases, bits 0 through 15 on the output of the NCOM 
should be connected to the sixteen input bits of the DDF. 
To select the output bits of the DDF, note that if the input is 
a cosine at frequency A and the NCOM is tuned to fre­
quency B and the phase offset is 0, then the real and 
imaginary outputs of the NCOM at sample n are: 

• Real Output: cos(An}cos(Bn} = [cos(An-Bn} + cos(An+Bn}] 

• Imaginary Output: cos(An}sin(Bn) = [sin(An+Bn) - sin{An-Bn)] 

• Note that the factor of 1/2 has been omitted. The output of 
the Complex Multiplier is shifted left by one bit internally. 
For this reason, both the real and imaginary outputs have 
the same magnitude as the input. 

• The Phase Register is selected to control the phase of the 
NCOM (as opposed to MODO-1) and is initialized along 
with the center frequency. In this example, the lOAD# sig­
nal is not exercised, so the initial phase of the NCOM is 
unknown. 

• To shift the positive component of a real input signal to 
base band, the Center Frequency Register of the NCOM 
is set to a negative number. 

• The Offset Frequency Register, Timer Accumulator and 
Complex Accumulator of the NCOM are not used. 

• The filter clocks of the two DDFs are driven at a higher 
rate than the input data clocks. For many applications the 
FIR_CK, CK_IN and ClK signals can all be connected 
together. In this case the divide by N block is not needed. 

• The DDFs are reset and started asynchronously with a 
pulse generator that receives asynchronous commands 
from an outside source and drives the two DDFs simulta­
neously. The DDF receiving the asynchronous start pulse 
performs the synchronization and starts the other part at 
the proper time. 
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Wide Band Down Conversion 

Figures 3 and 4 show how the NCOM and HSP43168 Dual 
FIR Filter (Dual FIR) are connected to perform down conver­
sion and real to quadrature conversion of an input signal. 
Because the Dual FIR can implement either one or two fil­
ters, two block diagrams are shown. Figure 3 shows the 
case where each 43168 is implementing a single filter. The 
maximum number of coefficients in this case is 16 times the 
decimation factor for each filter. Figure 4 shows the same 
configuration with the exception that the Dual FIR is now 
configured as two independent filters, each with a maximum 
length of 8 times the decimation factor. 

These are generalized block diagrams which can be used as 
the basis for a specific design. Note that they do not repre­
sent detailed schematics with all gates represented. For 
instance, the control signals are driven with a single 
PAL22V10 operating as a self contained state machine; it 
reality, the 22V1 0 may not have enough gates to generate all 
the necessary output sequences; in that case, it would be 
necessary to have a counter generate the states and use the 
PAL to decode the counter output, generate the control sig­
nals to the 43168, and reset the counter when the sequence 
is completed. 

The design parameters of these circuits are: 

• Input data is 10 bits. Users requiring less than that should 
keep bit 15 as the most Significant bit of the NCOM, 
grounding the unused bits on the input. In all cases, bits 6 
through 15 on the output of the NCOM should be con­
nected to the input bits of the Dual. To select the output 
bits of the Dual, note that if the input is a cosine at fre­
quency A and the NCOM is tuned to frequency B and the 
phase offset is 0, then the real and imaginary outputs of 
the NCOM at sample n are: 

• Real Output: cos(An)cos(Bn) = (cos(An-Bn) + cos(An+Bn)] 

• Imaginary Output: cos(An)sin(Bn) = [sin(An+Bn) - sin(An-Bn)] 

• Note that the factor of 1/2 has been omitted. The output of 
the Complex Multiplier is shifted left by one bit internally. 
For this reason, both the real and imaginary outputs have 
the same magnitude as the input. 

• The Phase Register is selected to control the phase of the 
NCOM (as opposed to MODO-1) and is initialized along 
with the center frequency. In this example, the LOAO# sig­
nal is not exercised, so the initial phase of the NCOM is 
unknown. 

• To shift the positive component of a real input signal to 
base band, the Center Frequency Register of the NCOM 
is set to a negative number. 

• The Offset Frequency Register, Timer Accumulator and 
Complex Accumulator of the NCOM are not used. 

• The decimation rate in the Dual FIRs is greater than one. 
For no decimation, TXFR# should be grounded. Note that 
the maximum number of coefficients in the 43168 is eight 
or sixteen times the decimation rate, depending on the 
mode (see above). 

Combined Narrow And Wide Band 

In some applications, it is necessary to pass both wide and 
narrow band signals. In this case, both the HSP43220 and 
HSP43168 can be used in parallel, with the user selecting 
the output of either set of chips, depending on the character­
istics of the signal of interest. Figure 5 shows this applica­
tion, with most of the control signals eliminated for clarity. 
(These signals can be derived from the previous block dia­
grams.) In addition, note that the input data clock (CK_IN) 
and the FIR clock (FIR_CK) of the DDF have been con­
nected together. This configuration is applicable when the 
input data rate is sufficiently high to allow the filter to operate 
at this rate also. If this is not the case, the divide by N circuit 
used in Figure 2 could be used, with the high speed clock 
driving the FIR_CK pins and the divided down clock used for 
all other clocks in the circuit. 

New Products 

Now available from Harris are the HSP50016 Digital Down 
Converter, which is a single chip quadrature down converter 
and low pass filter (Figure 6). In addition, the HSP43216 Half 
Band Filter allows the user to double the input sample rate of 
the NCOM for real signals (Figure 7). Contact your local Har­
ris sales office or representative for more details on these 
and other new products from Harris. 
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PIPELINE DELAY THROUGH THE HSP45116 

The following timing diagrams show the pipeline delays 
through the HSP45116 NCOM from the time that data is 
applied to the inputs until the outputs are affected by the 
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change. The delay is shown as a number of clock cycles, 
with no attempt made to accurately represent the setup and 
hold times or the clock to output delays. 
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READING THE PHASE ACCUMULATOR OF THE HSP45106 

The block diagram shown below illustrates the method of 
reading the phase accumulator of the NC016 from a micro­
processor. The setup shown is very similar to that used 
when the part is used for generating a complex sinusoid, 
except that the intemal SIN/COS lookup is bypassed by put­
ting a logic 1 on the TEST pin. While the TEST pin is high, 
the phase accumulator continues to drive the inputs of the 
SIN/COS Generator while the most Significant 28 bits of the 
phase accumulator are multiplexed out onto the output pins. 
Because of this, the part can be operated in two modes, one 
where the SIN/COS Generator is permanently bypassed, 
and one where the phase accumulator output is brought out 
to the outputs as a check. 

Figure 1 shows the circuit for reading out the phase accumu­
lator all the time. In this case, a microprocessor loads the 
frequency and phase registers of the NC016. This is fairly 
straightforward, except the Start logic block, which needs to 
be synchronous to the oscillator clock and the microproces­
sor interface. This has been left as an undefined function, 
since it is dependent on the implementation. Also note that 
COSO-15 are connected up, although only COS4-15 are 
valid in this application. The microprocessor reads the sine 
and cosine data busses as if they were RAMs, using the 
decoded address bus to select one or the other. 
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FIGURE 1. CIRCUIT FOR READING PHASE ACCUMULATOR 
OF NC016 
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The timing for loading the center frequency register and see­
ing the output on COSO-15 and SINO-15 is shown in Figure 2. 
This timing is independent of whether the output data repre­
sents the phase accumulator data or the SIN/COS Genera­
tor output. 
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FIGURE 2. NC016 PIPELINE DELAY 

When the output of the NC016 is to be switched back and 
forth between sine/cosine and the phase accumulator, a cir­
cuit such as the one shown in Figure 3 could be used. In this 
case, the sinusoidal output cannot be interrupted, so the 
phase accumulator must be read out between samples. This 
is possible due to the fact that the TEST signal is Simply the 
control line for a multiplexer on the output of the SIN/COS 
Generator, but carries with it a limitation on the maximum 
possible clock rate. Since TEST is a synchronous input, the 
output of the NC016 must be either driven by the SIN/COS 
Generator or the phase accumulator for an entire clock 
cycle. Therefore, the part must be driven at twice the desired 
speed at all times so there is a clock cycle available for 
TEST when necessary. Note that the processor must be 
driven from the same clock that generates the NCO clock in 
order to maintain synchronous operation. The timing is iden­
tical to that shown in Figure 2 with ClK replaced with ClKl2. 
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PIPELINE DELAY THROUGH THE HSP45106 

The following timing diagrams show the pipeline delays 
through the HSP45106 NC016 from the time that data is 
applied to the inputs until the outputs are affected by the 

change. The delay is shown as a number of clock cycles, 
with no attempt made to accurately represent the setup and 
hold times or the clock to output delays. 
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THE NCO AS A STABLE, ACCURATE SYNTHESIZER 

Low Jitter Frequency Reference 

In communication and other circuits, it is often necessary to 
produce an accurate reference signal whose frequency and 
phase can be precisely controlled in real time. The Numeri­
cally Controlled Oscillator (NCO) is ideally suited for this pur­
pose. For some applications, the output reference signal is a 
square wave, so the temptation is to use only the MSB of the 
NCO output. This is useful in low frequency applications 
such as motor controllers, but is inadequate for most com­
munications tasks. This is because the zero crossings of this 
signal can vary by one period of the input clock from one 
pulse to the next, which creates an unacceptable amount of 
jitter in the output. For example, if the NCO is clocked at 
30MHz, the jitter is 33nsec. For a 1 MHz square wave, this 
results in 120 of phase jitter. The straightforward solution is 
to use an NCO with a much higher clock rate. This is not 
cost effective for applications requiring phase jitter of less 
than 5nsec, however, since it requires a sample rate of 200 
Mega Samples Per Second, (MSPS), which drives the user 
to an ECl NCO. 

A much less costly circuit which solves this problem is 
shown in Figure 1. The output of the comparator is a square 
wave with much less jitter than the NCO alone. The basic 
idea is that the sampled sine wave output of the NCO is con­
verted to a smooth sine wave, which is converted back to a 
square wave with a comparator. In the circuit shown, the 
comparator drives a filter, which attenuates the odd order 
harmonics so that the final output of the circuit is a sine 
wave. The upper limit on the purity of the sine wave is also 
much better than that of the NCO, as will be seen below. 

The primary sources of error In this circuit are: 

In the NCO, spurs are classified as either AM or PM. PM 
spurs are due to truncation of the phase in calculating the 
sine and cosine. If M = number of bits into the input of the 
Sine/Cosine Generator, the PM spur level is -6M + 5.17dB[1]. 
The AM spurs are due to amplitude quantization on the out­
put of the NCO. If the number of NCO output bits is N, the 
AM spur level is approximately equal to -6.02N - 1.76dB. [1] 
There will also be jitter due to the clock oscillator driving the 

FCU< 

ALTER 
RESPONSE 

/ 

FCU< 
FIGURE 1. MINIMUM SPUR CIRCUIT 
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NCO, but since it is only the short term jitter, not the long 
term stability of the oscillator that contributes to phase noise, 
this will be negligible if a reasonably good oscillator is used. 

The DAC introduces additional spurs, which come from 
three sources: intermodulation spurs due to non-linearities in 
the DAC; a spur at the clock oscillator frequency due to clock 
feed-through; and power supply noise. The DAC also faith­
fully reproduces the aliases and harmonics that are unavoid­
able products of the NCO due to the digital nature of the 
output. 

The filter on the output of the DAC eliminates the clock feed 
through, aliases due to the sampled nature of the NCO output 
and most of the AM spurs are eliminated with the bandpass. 
Spurs within the pass band are unchanged. The spectrum of 
the DAC output is a tone surrounded by spurs and noise in the 
frequency band corresponding to the pass band of the filter 
with negligible noise elsewhere. The area comprised of the 
tone, spurs and noise is known as the pedestal. 

The input of the comparator is a relatively clean sine wave 
which the comparator converts into a square wave. This lim­
iting action eliminates the AM spurs but has no effect on the 
PM spurs. For this reason, the number of bits used on the 
output of the NCO and the input of the DAC has little mea­
surable effect on the output. The primary contributions to 
errors on the output of the comparator are the PM spurs on 
its input, which are passed through relatively unaffected, and 
power supply noise, which is attenuated by the power supply 
rejection of the comparator. If the filter on the input of the 
comparator did not remove the aliases and clock feed 
through, then the comparator will generate intermodulation 
components. This makes a good filter and a careful fre­
quency plan essential. 

If the desired output of the circuit is a sine wave rather than a 
square wave, the output of the comparator is filtered to 
extract the fundamental - that is, to suppress the odd order 
harmonics of the square wave signal. Note that this signal is 
much cleaner than the output of the first filter, since the com­
parator has removed the AM spurs. 

The circuit shown here is often used to generate the refer­
ence tone for an indirect loop Pll synthesizer. In this case, 
the output of this circuit is fed into one input of a mixer, with 
the other input of the mixer driven by a high frequency VCO. 
The output of the mixer is a high frequency tone. The phase 
noise at the output of the mixer due to the noise in the refer­
ence circuit will be equal to the spur level of the reference 
circuit plus 20*log10(output frequency/NCO frequency). For 
example, using the 45106 as a 5MHz reference for a 1GHz 
synthesizer, the spurs on the output of the reference would 
increase by 2010g10(200), so the output spur level would be 
-114 + 46 = -68dBc at 1 GHz. The NCO frequency resolution 
is 0.008Hz at 33 MSPS, so the tuning resolution of the syn­
thesizer is 200(0.008) = 1.6Hz. Finer resolution can be 
obtained by cascading the Time Accumulator with the Phase 
Accumulator. (See below.) 

Extended Frequency Resolution 

The phase accumulator of the HSP45106 (NC016) is 32bits 
wide. This corresponds to a frequency resolution of (Sample 
Frequency)/232. For a 25 MSPS sample rate, this results in 
an output frequency resolution of 0.006Hz. In certain appli­
cations, there is a requirement for much greater resolution. 
The NC016 can address these applications using the Time 
Accumulator as an extension of the Phase Accumulator. Fre­
quency resolutions of up to 64bits can be obtained in this 
configuration. Using the previous example of a 25MHz clock, 
the frequency resolution is 25MHzl264 = 1.35picoHertz. 
USing the parts in this configuration requires a small change 
to the external control logic: the Timer Accumulator register 
must be loaded over the control bus interface. This mode of 
operation has no effect on any of the other performance 
parameters, such as spurious free dynamic range, phase 
resolution, etc. 

To configure the HSP45106 for this application, the setup 
shown in Figure 2. Note that the Timer Accumulator output, 
TICO#, is connected to the Phase Accumulator input, PACI#. 
To set the output frequency of the part, the Center Fre­
quency Register and the Timer Accumulator must be loaded. 
Assuming that the Offset Register is not used, the equation 
for calculating the output frequency is now: 

MICROPROCESSOR HSP45106 

MOD0-2 
PMSEL SIN0-15 

DATA 1--------IC0-15 
WEI WR# 

ADDRESS A0-2 
.. .,....-----'cs# nCQ# 

I-----IENPOREG# 
I-----IENCFREG# 
1-----fOES# 
I-----IOEC# 

ENOFREG# 
ENPHAC# 
ENTIGEG# 
INHOFR# 

I------IINITPAC# 
----'PACIt 

INITTAC# 
TEST 
PAR/SER# 
BINFMTI 

1--4----f ClK -----_ .... 
OSCILLATOR 

FIGURE 2. EXTENDED FREQUENCY RESOLUTION CIRCUIT 

Center Frequency = 
ClK Frequency x «Center Frequency Register / 232) 

+ (Timer Accumulator Register / 264) 

In this equation, the contents of the value in the Center Fre­
quency Register is a two's complement number, i.e., the part 
tunes from -(ClK Frequency) / 2 to +(ClK Frequency) / 2. 
The value in the Timer Accumulator is an unsigned number. 
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It is unsigned because it provides the carry in to the Phase 
Accumulator, which is always added to the LSB of the cur­
rent phase value. 

The user should note that there is a flip flop between the 
Time Accumulator carry out and the TICO# pin, and another 
flip flop between the PACI# pin and the Phase Accumulator 
carry input. This will cause a two clock cycle delay between 
the carry out of the timer into the carry in of the accumulator. 
This will only have an effect on the output when the fre­
quency register is updated; in effect, the Time Accumulator 
lags the Phase Accumulator by two clock cycles. If this is a 
concern, this can be compensated for by loading the input 
registers for both accumulators, then toggling ENTIREG# 
two clock cycles before ENCFREG#. 

While the internal architecture of the HSP45116 NCOM and 
the HSP45106 NC016 are very similar, this application 
works better with the NC016 for two reasons. The first is 
that on the NC016, the timer is loaded using a unique pin, 
rather than sharing this function with the ROM bypass line. 
This means that the output of the NC016 is always valid, 
instead of having erroneous results on the output whenever 
the timer is updated. The second is that with the NC016, the 
data for the various registers is downloaded into separate 
input registers, which can be downloaded into the operating 
registers with the ENXXREG# pulses. With the NCOM, there 
is only one 32bit input register, which must be downloaded 

into the appropriate operating register before the next value 
can be input into the part. In this application, it means that 
the user can adjust the phase between the register updates 
with the NC016 but not with the NCOM. 

Example 

The circuit used to verify this equation is shown in Figure 2. 
The clock oscillator frequency was measured at 
25.24102MHz. In order to achieve an output frequency of 
1.00oo00Hz, the center frequency was set to hexadecimal 
AA, the offset frequency set to 0, and the Timer Accumulator 
set to hexadecimal 28880000. A frequency counter was 
attached to bit 15 of the cosine output. The actual frequency 
out varied from 0.9999999 to 1.0000003 as the oscillator 
drifted with time. A more stable oscillator would yield more 
predictable results. Note that going through the calculations 
results in an output frequency of 1.0oo0006Hz. The differ­
ence is due to the fact that the oscillator frequency measure­
ment was only carried out to 7 digits, but the counter used in 
this example had 8 digits. 

References 
[1] Cercas, Francisco A. B., Tomlinson, M and Albuquerque, 
A. A. Designing with Digital Frequency Synthesizers, Pro­
ceedings of RF Expo East, 1990 
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HISTOGRAMMING WITH A VARIABLE PIXEL INCREMENT 

The HSP48410 Histogrammer/Accumulating Buffer has sev­
eral modes; two of these are Histogram mode, in which the 
part computes the histogram of an input data stream, and 
bin accumulate mode, in which it computes the totals of a set 
of rank-ordered data. These operations work on generalized 
digital data, but for the purposes of this tech brief, image 
data will be used as an example. 

In Histogram mode (Figure 1 ),the HSP48410 accepts pixel 
data on the PIN0-9 bus. It uses this information as the 
address of its internal RAM to compute the number of pixels 
in an image that are at each gray level. The contents of the 
RAM at the given address is fed into an adder; the other 
input of the adder is set to all zeroes except for a one in the 
LSB. The output of the adder is written back into the RAM in 
the same location. When all pixels have been processed by 
the chip, the RAM contains the histogram of the image. 

When placed in Bin Accumulate mode (Figure 2), the 
HSP48410 operates in a similar manner, except that the 
inputs to the adder come from the RAM and the DIN0-23 
input bus. In this mode, the user loads the DIN bus with the 
desired increment value. Since this is a synchronous input, it 
can be changed on a pixel by pixel basis. When the opera­
tion is finished, the completed histogram will be stored in the 
RAM as before. 

FIGURE 1. HISTOGRAMMER MODE BLOCK DIAGRAM 

Copyright © Harris Corporation 1993 

Figure 3 shows an implementation of the latter function 
using a TMS320 for the system microprocessor. The circuit 
diagram and timing were derived from the TMS320C25 data 
sheet and the 1989 Second Generation TMS 320 User's 
Guide. This circuit has not yet been verified with a physical 
implementation. 

Initially, the part is set to Bin Accumulate mode (FCT = 100). 
The memory is reset with FC# (Flash Clear) prior to data 
processing. The input image data is latched into PINO-9, the 
histogram increment for that pixel is simultaneously loaded 
into DINO-23. The internal pipeline delays align the two sets 
of data internally so that the proper bit in the histogram is 
incremented with the right number. The SYNC signal is used 
to flag the beginning of the new frame of data, and stays low 
while image data is being fed into the part. 

When one frame of image data has been processed, the his­
togram can be read out of the memory over the microproces­
sor interface. After the START# pin is brought high, the 
TMS320 uses the FCT0-2 lines to configure the part for 16 bit 
Asynchronous mode (FCT = 111). The contents of the bins 
can now be read out asynchronously to the pixel clock and in 
random order. START# remains high during this operation. 

FIGURE 2. BIN ACCUMULATE MODE BLOCK DIAGRAM 
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WR# 
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~----------------------------------~ DATA~15 
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74AS32 

WAIT STATE 
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FIGURE 3. HSP48410 CIRCUIT SHOWING INTERFACE TO TMS 320 AND DYNAMIC PIXEL INCREMENT 
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CASCADING MULTIPLE HSP45256 CORRELATORS 

When multiple correlators are cascaded for longer reference 
data sets, the Programmable Delay is used to adjust the tim­
ing between chips so that they can be connected with no 
external hardware. Figure 1 shows the portions of two corre­
lators that would be active when two 45256's are set up to 
perform a 1 bit, 512 tap correlation. In this case, DOUT7 of 
one correlator is connected to DIN7 of the next one; 
CASOUTO- 12 of the first part are connected to CASINQ-12 
of the second one. (See the HSP45256 data sheet.) Figure 2 
shows the relevant portions of two Correlators which are 

HSP45256 

INPUT DATA 

cascaded together; in this example, each is configured as 
1x256. In the interest of clarity, the only portions shown are 
the final stage of the first correlator and the first stage of the 
second one. The data sample number at each stage for a 
given clock cycle is shown in the boxed in numbers. Note 
that the Programmable Delay of the first part is set to a delay 
of one (the minimum possible) and the second part is set to a 
delay of two. This assures that the proper samples are 
added in the Cascade Summer. 

HSP45256 

DINO-7 

REFERENCE DATA DREFO-7 

DOUT0-7 

CASOUT0-12 

AUXOUT0-7 

DlN0-7 

CASIN0-12 

DREFO-7 
CASOUT0-12 

DCONT0-7 AO-2 CLOAD# DCONT0-7 A0-2 CLOAD# 

FROM MICROPROCESSOR: 

DATA BUS 

ADDRESS BITS 0-2 

ADDRESS BITS 3-N 

WE. 

DECODE 

FIGURE 1. CIRCUIT BLOCK DIAGRAM 

Copyright © Harris Corporation 1993 
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FIGURE 2. CASCADED CORRELATORS SHOWING RELATIVE CLOCK CYCLES. 
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CORRELATION WITH MULTIBIT DATA 
USING THE HSP45256 

For single bit data, the output of the correlator, that is, the 
correlation score, represents the total number of data bits 
that match the reference at time n. At time n+1, the data 
slides past the reference by one sample, a new data sample 
is input into the device, and the new sum is calculated. When 
the data matches the reference most closely, a correlation 
peak is obtained. Figure 1 shows a stream of data being cor­
related with a reference and the corresponding peak in the 
output score. 

The maximum possible correlation score (corresponding to a 
perfect match) equals the number of bits in the data stream. 
Assuming that the reference pattern occurs only once in the 
data, the correlation score will build slowly until it reaches the 
peak. Assuming random input data, most of the time about 

REFERENCE 

DATA 

TIME n 

n+2 

n=3 

n+4 

half of the data samples will match the reference. The mini­
mum correlation score for a given configuration will then be 
one half of the peak score. 

This example is ideal; the received pulse is not corrupted by 
noise, so correlation is perfect. In the real world, noise on the 
input data will lower the correlation peak, making it more diffi­
cult to determine its position in the data. Quantizing the data 
using more than one bit helps to alleviate this problem. In the 
example shown in Figure 2, two bit quantization is used to 
illustrate this point. In this case, calculation of the maximum 
possible score must take into account the bit weighting. The 
output scores are shown normalized to their respective maxi­
mums so that a fair comparison is achieved. Note that using 
more data bits sharpens the peak of the score. 

CORRELATION SCORE 

o MIN MAX 

FIGURE 1. CONCEPTUAL DIAGRAM OF CORRELATION OF SINGLE BIT DATA AND REFERENCE 

Copyright © Harris Corporation 1993 
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REFERENCE 
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DATA AT TIME n + 2 

o 0 

1 BIT QUANTIZATION 

o o 

L 

o 

00 00 11 11 10 00 00 11 10 11 11 00 

IV\ I~\ 
I \ I \ 
~ \===:t ~ 

2 BIT QUANTIZTION 

CORRELATION SCORE: 

1+1+1+1+0 +1+1+1+0+1+1+1 -10 

TOTAL POSSIBLE .12 

SCORE AT n + 1 _ 8112 '" 0.75 

SCORE AT n + 3 '" 6112 '" 0.50 

2 (1+1+1+1+0+1+1+1+0+1+1+1) 
+ (1+1+1+1+1+1+1+1+1+1+1+1) = 32 

TOTAL POSSIBLE = 36 

32136.0.89 

SCORE AT n + 1 '" 21/36 '" 0.58 
SCORE AT n + 3 = 18136 = 0.50 

FIGURE 2. COMPARISON OF CORRELATION USING ONE BIT AND TWO BIT DATA 
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Introduction 

Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today's market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improve­
ment and evolution, with perfection as the constant goal. 

Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market­
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 

Quality in integrated circuits cannot be added on or consid­
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man­
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 

The Role of the Quality Organization 

The emphasis on building quality into the design and manu­
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. In addition to 
facilitating the development of SPC and DOX, Quality profes­
sionals support other continuous improvement tools such as 
control charts, measurement of equipment capability, stan­
dardization of inspection equipment and processes, proce­
dures for chemical controls, analysis of inspection data and 
feedback to the manufacturing areas, coordination of efforts 
for process and product improvement, optimization of envi­
ronmental or raw materials quality, and the development of 
quality improvement programs with vendors. 

At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization's role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, conSUlt­
ing, and managing Quality Improvement projects. 

To support specific market requirements, or to ensure con­
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (e.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every­
one's job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs - with 
the people who make the product. The Quality organization 
is there to provide leadership and assistance in the deploy­
ment of quality techniques, and to monitor progress. 

The Improvement Process 

t 
CTON IMPA 

PRO 
au 

DUCT 
ALITY 

STAGE I 

PRODUCT 
SCREENING 

STAGE III 

PROCESS 
OPTIMIZATION 

STAGEII 

PROCESS 
CONTROL 

SOPHISTICATION OF 
aUAUTYTECHNOLOGY 

STAGEIV I 
PRODUCT II 

OPTIMIZATION 

---. 

FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 

Harris Semiconductor's quality methodology is evolving 
through the stages shown in Figure 1. In 1981 we embarked 
on a program to move beyond Stage I, and we are currently 
in the transition from Stage III to Stage IV, as more and more 
of our people become involved in quality activities. The tradi­
tional "quality" tasks of screening, inspection, and testing are 
being replaced by more effective and efficient methods, put­
ting new tools into the hands of all employees. Table 1 illus­
trates how our quality systems are changing to meet today's 
needs. 

Designing for Manufacturability 

Assuring quality and reliability in integrated circuits begins 
with good product and process design. This has always 
been a strength in Harris Semiconductor's quality approach. 
We have a very long lineage of high reliability, high perfor­
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 
of new tools and methods has allowed us to continuously 
upgrade the design process. 

Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 

The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 

MANUFACTURING QA/QC MONITOR 
AREA FUNCTION CONTROLS AUDIT 

Wafer Fab • JAN Self-Audit X 

• Environmental 

Room/Hood Particulates X X 

- Temperature/Humidity X X 

- Water Quality X 

• Product 

- Junction Depth X 

- Sheet Resistivities X 

- Defect Density X X 

- Critical Dimensions X X 

- Visual Inspection X X 

- Lot Acceptance X 

• Process 

- Film Thickness X X 

Implant Dosages X 

- CapaCitance Voltage Changes X X 

- Conformance to Specification X X 

• Equipment 

- Repeatability X X 

Profiles X X 

- Calibration X 

Preventive Maintenance X X 
Assembly • JAN Self-Audit X 

• Environmental 

- Room/Hood Particulates X X 

- Temperature/Humidity X X 

- Water Quality X 

• Product 

Documentation Check X 

Dice Inspection X X 

- Wire Bond Pull Strength/Controls X X 

- Ball Bond Shear/Controls X 

Die Shear Controls X 

- Post-BondiPre-Seal Visual X X 

- Fine/Gross Leak X X 

- PIND Test X 

- Lead Finish Visuals, Thickness X X 

- Solderability X 

• Process 

- Operator Quality Performance X X 

- Saw Controls X 

Die Attach Temperatures X X 

- Seal Parameters X 

- Seal Temperature Profile X X 

- Sta-Bake Profile X 

- Temp Cycle Chamber Temperature X X 

- ESO Protection X X 

- Plating Bath Controls X X 

- Mold Parameters X X 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 

AREA FUNCTION 

Test • JAN Self-Audit 

• Temperature/Humidity 

• ESD Controls 

• Temperature Test Calibration 

• Test System Calibration 

• Test Procedures 

• Control Unit Compliance 

• Lot Acceptance Conformance 

• Group A Lot Acceptance 

Probe • JAN Self-Audit 

• Wafer Repeat Correlation 

• Visual Requirements 

• Documentation 

• Process Performance 

Burn-In • JAN Self-Audit 

• Functionality Board Check 

• Oven Temperature Controls 

• Procedural Conformance 

Brand • JAN Self-Audit 

• ESD Controls 

• Brand Permanency 

• Temperature/Humidity 

• Procedural Conformance 

QCI Inspection • JAN Self-Audit 

• Group B Conformance 

• Group C and D Conformance 

Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 

TABLE 2. HARRIS I.C. DESIGN TOOLS 

PRODUCTS 

DESIGN STEP ANALOG DIGITAL 

Functional Cds Spice Cds Spice 
Simulation Verilog 

Parametric Cds Spice Cds Spice 
Simulation Monte Carlo 

Schematic Capture Cadence Cadence 

Functional Checking Cadence Cadence 

Rules Checking Cadence Cadence 

Parasitic Extraction Cadence Cadence 

MANUFACTURING QAlQC MONITOR 
CONTROLS AUDIT 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

X X 

X X 

X 

X 

X 

X 

X 

Special Testing 

Harris Semiconductor offers several standard screen flows to 
support a customer's need for additional testing and reliability 
assurance. These flows include environmental stress testing, 
burn-in, and electrical testing at temperatures other than 
+250 C. The flows shown on pages 9·6 and 9-7 indicate the 
Harris standard processing flows for a Commercial Linear part 
in PDIP Package. In addition, Harris can supply products 
tested to customer specifications both for electrical require­
ments and for nonstandard environmental stress screening. 
Consult your field sales representative for details. 

10-5 



Harris Semiconductor Standard Processing Flows 

HIGH/ROOM 
TEMP 

PROBE TEST 

DIE ATTACH 
CONTROL 

WIRE BOND 
CONTROL 

POST BOND 
VISUAL 

MOLD CONTROL 

LEAD FINISH 
CONTROL 

(1) Example for a PDIP Package Part 

PROBEIDICE 
PREPARATION 

ASSEMBLY (1) 

• OPERATION * QUALITY MONITOR 

DIE MOUNT 

MOUNT CURE CONTROL 

* QUALITY DIE ATTACH 
CONTROL (SPC) 

WIRE BOND 

* QUALITY WIRE BOND 
CONTROL (SPC) 

POST BOND INSPECTION 
(RTPC) 

* QUALITY POST BOND 
INSPECTION 

MOLDING 

MOLD CONTROL (SPC) 

BOTTOM CODE 

POST MOLD CURE 

TRIMlFORMlDERAIL 

SINGULATED SOLDER DIP 

100% VISUAL INSPECTION 

LOAD SHIPPING TUBES 

* QA LOT ACCEPTANCE 

* QA DOCUMENTATION 
INSPECTION 
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Harris Semiconductor Standard Processing Flow (Continued) 

ACIDC SINGLE 
INSERTION TEST 

CAPABILITY; 
HIGHILOW TEMP 

BURN-IN 

QUALITY 
LOT ACCEPTANCE 

PDIPLEAD 
SCANNING 

(2) Example for a Linear Part in PDIP Package 

TEST (2) 

• OPERATION * QUALITY MONITOR 

100% ELECTRICAL TEST 

TOP BRAND 

PRE-BURN-IN ELECTRICAL 
TEST 

BURN-IN 

POST BURN-IN 
ELECTRICAL TESTS 

APPLY BURN-IN PDA 

* QC PRESHIP LOT 
ACCEPTANCE TEST 

100% LEAD SCANNING 

PACKING 

* ac PRESHIP LOT 
ACCEPTANCE 
INSPECTION 

FINAL DATA REVIEW 
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TABLE 3. SUMMARIZING CONTROL APPLICATIONS 

FAB 

• Diffusion • Thin Film 
- Junction Depth - Film Thickness 
- Sheet Resistivities - Uniformity 
- Oxide Thickness - Refractive Index 

- Implant Dose Calibration - Film Composition 
- Uniformity 

ASSEMBLY 

• Pre-Seal • Post-Seal 
Die Prep Visuals - Internal Package Moisture 

- Yields - Tin Plate Thickness 

- Ole Attach Heater Block - PIND Defect Rate 
- Die Shear - Solder Thickness 
- Wire Pull Leak Tests 

Ball Bond Shear - Module Rm. Solder Pot Temp. 
- Saw Blade Wear - Seal 
- Pre-Cap Visuals - Temperature Cycle 

TEST 

- HandlerslTest System 
- Defect Pareto Charts 
- Lot % Defective 
- ESD Failures per Month 

OTHER 

• IQC • Environment 
- Vendor Performance - Water Quality 
- Material Criteria - Clean Room Control 
- Quality Levels - Temperature 

- Humidity 

Controlling and Improving the 
Manufacturing Process - SPCIDOX 

• Photo Resist • Measurement Equipment 
- Critical Dimension - Critical Dimension 
- Resist Thickness - Film Thickness 
- Etch Rates - 4 Point Probe 

- Ellipsometer 

• Measurement 
- XRF 

Radiation Counter 
- Thermocouples 
- GM-Force Measurement 

- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-In PDA 

• IOC MeasuremenVAnalysis 
- XRF 
- ADE 
- 4 Point Probe 
- Chemical Analysis Equipment 

Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufac­
turing people use control charts to determine the normal vari­
abilities in processes, materials, and products. Critical 
process variables and performance characteristics are mea­
sured and control limits are plotted on the control charts. 
Appropriate action is taken if the charts show that an opera­
tion is outside the process control limits or indicates a nonran­
dom pattern inside the limits. These same control charts are 
powerful tools for use in reducing variations in processing, 
materials, and products. Table 3 lists some typical manufac­
turing applications of control charts at Harris Semiconductor. 

reduce product defects to the levels expected by today's buy­
ers. In addition, screening and inspection have an associated 
expense, which raises product cost. (See Table 4). 

SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The conven­
tional way of dealing with this in the semiconductor industry 
has been to implement 100% screening or inspection steps to 
remove defects, but these techniques are insufficient to meet 
today's demands for the highest reliability and perfect quality 
performance. 

Harris still uses screening and inspection to "grade" products 
and to satisfy speCific customer requirements for burn-in, mul­
tiple temperature test insertions, environmental screening, 
and visual inspection as value-added testing options. How­
ever, inspection and screening are limited in their ability to 

I 

II 

III 

IV 
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TABLE 4. APPROACH AND IMPACT OF STATISTICAL 
QUALITY TECHNOLOGY 

STAGE APPROACH IMPACT 

Product • Stress and Test · Limited Quality 
Screening · Defective Prediction • Costly 

• After-The-Fact 

Process • Statistical Process · Identifies Variability 
Control Control · Reduces Costs 

• Just-In-Time · RealTime 
Manufacturing 

Process · Design of Experi- · Minimizes Variability 
Optimization ments • Before-The-Fact 

· Process Simulation 

Product · Design for Produc- · Insensitive to Vari-
Optimization ibility ability 

· Product Simulation · Designed-In Quality 

• Optimal Results 
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Harris engineers are, instead, using Design of Experiments 
(DOX) , a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yield the best result. This approach 
is a more time-consuming method of achieving quality per­
fection, but a better product results from the efforts, and the 
basic causes of product nonconformance can be eliminated. 

SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. 

Average Outgoing Quality (AOQ) 

Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in JEDEC 
STD 16, MIL-STD-883 and MIL-I-38535 are used by our 
quality inspectors. 

The focus on this quality parameter has resulted in a contin­
uous improvement to less than 100 PPM, and the goal is to 
continue improvement toward 0 PPM. 

Training 

The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product manufac­
turing began in 1984 at Harris, with a comprehensive devel-

opment program in statistical methods. Using the resources 
of Harris statisticians, private consultants, and internally 
developed programs, training of engineers, supervisors, and 
operators/technicians has been an ongoing activity in Harris 
Semiconductor. 

Over the past years, Harris has also deployed a comprehen­
sive training program for hourly operators and supervisors in 
job requirements and functional skills. All hourly manufactur­
ing employees participate (see Table 5). 

Incoming Materials 

Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance­
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a statistically 
controlled manufacturing line have also been produced by 
statistically controlled vendor processes. 

To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 

SPC seminars, development of open working relationships, 
understanding of Harris' manufacturing needs and vendor 
capabil~ies, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quant~ative requirement of incoming materials. 

TABLE 5. SUMMARY OF TRAINING PROGRAMS 

COURSE AUDIENCE TOPICS COVERED 

SPC, Basic Manufacturing Operators, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Non-Manufacturing Problem Analysis Tools, Graphing Techniques, Control Charts 
Personnel 

SPC, Intermediate Manufacturing Supervisors, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Technicians Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 

Measurement Process Evaluation, Introduction to Capability 

SPC, Advanced Manufacturing Engineers, Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Manufacturing Managers Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 

Measurement Process Evaluation, Advanced Control Charts, Variance Com-
ponent Analysis, Capability Analysis 

Design of Experiments Engineers, Managers Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis 
(DOX) of Variance, Normal Probability Plots, Statistical Intervals, Variance Compo-

nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
Assumptions/Diagnostics 

Regression Engineers, Managers Simple Unear RegreSSion, Multiple Regression, Coefficient Interval Estima-
tion, Diagnostic Tools, Variable Selection Techniques 

Response Surface Engineers, Managers Steepest Ascent Methods, Second Order Models, Central CompOSite De-
Methods (RSM) signs, Contour Plots, Box-Behnken Designs 
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Specified requirements include centered means, statistical 
control limits. and the requirement that vendors deliver their 
products from their own statistically evaluated, in-control manu­
facturing processes. 

In addition to the certification process, Harris has worked to 
promote improved quality in the performance of all our qualified 
vendors who must meet rigorous incoming inspection criteria 
(see Table 6). 

TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 

MATERIAL 

Silicon 

ChemicalslPhotoresistsl 
Gases 

Thin Film Materials 

Assembly Materials 

INCOMING INSPECTIONS 

• Resistivity 

• Crystal Orientation 

• Dimensions 

• Edge Conditions 

• Taper 

• Thickness 

• Total Thickness Variation 

• Backside Criteria 

• Oxygen 

• Carbon 

• Chemicals 
- Assay 
- Major Contaminants 

• Molding Compounds 
- Spiral Flow 
- Thermal Characteristics 

• Gases 
Impurities 

• Photoresists 
- Viscosity 
- Film Thickness 

- Solids 
- Pinholes 

• Assay 
• Selected Contaminants 

• Visual Inspection 

• Physical Dimension Checks 

• Glass Composition 

• Bondability 

• Intermetallic Layer Adhesion 

• Ionic Contaminants 

• Thermal Characteristics 

• Lead Coplanarity 

• Plating Thickness 

• Hermeticity 
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VENDOR DATA REQUIREMENTS 

• Equipment Capability Control Charts 
- Oxygen 
- Resistivity 

• Control Charts Related to 
- Enhanced Gettering 
- Total Thickness Variation 
- Total Indicated Reading 

Particulates 

• Certificated of Analysis for all Critical Parameters 

• Control Charts from On-Line Processing 

• Certificate of Conformance 

• Certificate of Analysis on all Critical Parameters 

• Certificate of Conformance 

• Control Charts from On-Line Processing 

• Control Charts 
- Assay 
- Contaminants 
- Water 
- Selected Parameters 

• Control Charts 
- Assay 
- Contaminants 

• Control Charts on 
- Photospeed 

- Thickness 
- UV Absorbance 
- Filterability 
- Water 
- Contaminants 

• Control Charts from On-Line Processing 

• Control Charts 
- Assay 
- Contaminants 
- Dimensional Characteristics 

• Certificate of Analysis for all Critical Parameters 

• Certificate of Conformance 

• Certificate of Analysis 

• Certificate of Conformance 

• Process Control Charts on OutgOing Product Checks 
and In-Line Process Controls 
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Calibration Laboratory 

Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a national stan­
dards. Each lab maintains a system which conforms to the 
current revision of MIL-STD-45662, "Calibration System 
Requirements." 

Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 

Manufacturing Science - CAM, JIT, TPM 
In addition to SPC and DOX as key tools to control the prod­
uct and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. How­
ever, they have a significant impact on quality results. 

Computer Aided Manufacturing (CAM) 

CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi­
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 

The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num­
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 

The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 

Just In Time (JIT) 

The major focus of JIT is cycle time reduction and linear pro­
duction. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 

Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added activ~ 
ities, demand/pull to improve production flow, TQC check 
points and Employee Involvement Teams using root cause 
analysis for problem solving. 

JIT implementations at Harris Semiconductor have resulted in 
significant improvements in cycle time and linearity. The bene­
fits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 

JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 

Total Productive Maintenance (TPM) 

TPM. or Total Productive Maintenance is a specific methodol­
ogy which utilizes a definite set of principles and tools focus­
ing on the improvement of equipment utilization. It focuses on 
the total elimination of the six major losses which are equip­
ment failures, setup and adjustment, idling and minor stop­
pages, reduced speed, process defects, and reduced yield. A 
key measure of progress within TPM is the overall equipment 
effectiveness which indicates what percentage of the time is a 
particular equipment producing good parts. The basic TPM 
principles focus on maximum equipment utilization, autono­
mous maintenance, cross functional team involvement, and 
zero defects. There are some key tools within the TPM techni­
cal set which have proven to be very powerful to solve long 
standing problems. They are initial clean, P-M analysiS, condi­
tion based maintenance, and quality maintenance. 

Utilization of TPM has shown significant increases in utiliza­
tion on many tools across the Sector and is rapidly becoming 
widespread and recognized as a very valuable tool to improve 
manufacturing competitiveness. 

The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a good 
stepping stone to JIT because a high overall equipment effec­
tiveness guarantees the equipment to be available and opera­
tional at the right time as demanded by JIT. 
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The reliability operations for Harris Semiconductor are consol­
idated into three locations; in Palm Bay, Florida, and Research 
Triangle Park, North Carolina, for integrated circuits products, 
and Mountaintop, Pennsylvania for Power Discrete Products. 
This consolidation brought the reliability organizations 
together to form a team that possesses a broad cross section 
of expertise in: 

• Custom Military 

• Automotive ASICs 

• Har!)h Environment Plastic Packaging 

• Advanced Methods for Design for Reliability (DFR) 

• Strength in Power Semiconductor 

• ChemicaVSurface Analysis Capabilities 

The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics and service systems. These 
major systems are summarized below: 

• A process and product development system which 
emphasizes getting new products to market over product 
design. Uses empowered cross functional development 
teams. 

• Standard test vehicles (96 in all) for process characteriza­
tion of wearout failure mechanisms using conventional 
stresses (for modeling FITs/MTIF) and wafer level reliabil­
ity characterization during development. 

• Common qualification standards and philosophy for all 
sites and developments. 

• Matrix monitor standard - a reliability monitoring system 
for products in production to insure ongoing reliability and 
verification of continuous improvement. 

• Field return failure analysis system deployed world wide to 
track and expedite root cause analysis and irreversible 
corrective actions in a timely manner for our customers. 
The system is called by the team name PFAST, Product 
Failure Analysis Solution Team. Failure analysis sites are 
located in Brussels, Mountaintop, Palm Bay, Singapore, 
Kuala Lumpur, and Tokyo. In order to optimize our 
response time to the customer all locations are networked 
for optimum communication, trend analysis, and perfor­
mance tracking. 

Integrated circuits reliability home base is in Palm Bay, Flor­
ida. This new facility has consolidated the reliability organiza­
tion of the standard products divisions reliability group from 
Palm Bay, Florida; Somerville, New Jersey; Santa Clara, Cali­
fornia, and the Military and Aerospace Division in Palm Bay, 
Florida. This facility contains 

• A 9,000 square foot reliability analysis laboratory, 

• An 8,000 square foot reliability stress testing facility, 

• A 5,000 square foot analytical (chemistry/surface analysis) 
laboratory, 

• A 3,000 square foot of engineering office space. 

The facilities are well equipped and manned with highly 
trained and disciplined analysts. The reliability facilities are 
JAN certified and certified by a host of customers including 
major automotive and telecommunications companies. 

Process/Product/Package Qualifications 

Qualification activities at Harris begin with the in-depth qualifi­
cation of new wafer processes. These process qualifications 
focus on the use of test vehicles to characterize wearout 
mechanisms for each process. These data are used to estab­
lish design ground rules for each process to eliminate wearout 
failure during the useful life of the product. Products designed 
within the established ground rules are qualified individually 
prior to introduction. New package configurations are qualified 
individually prior to being available for new products. Harris 
qualification procedures are specified via controlled documen­
tation. 

Product/Package Reliability Monitors 

Many of the accelerated stress-tests used during initial reli­
ability qualification are also employed during the routine moni­
toring of standard production product. Harris' continuing 
reliability monitoring program consists of three groups of 
stress tests, labeled Matrix I, II and III. As an example, Table 7 
outlines the Matrix tests used to monitor plastic packaged 
CMOS Logic ICs in Harris' Malaysia assembly plant, where 
each wafer fab technology is sampled weekly for both Matrix I 
and II. Matrix I consists of highly accelerated, short duration 
(48 hours or less) tests, which provide real-time feedback on 
product reliability. Matrix II consists of the more traditional, 
longer term stress-tests, which are similar to those used for 
product qualification. Finally, Matrix III, performed monthly on 
each package style, monitors the mechanical reliability 
aspects of the package. Any failures occurring on the Matrix 
monitors are fully analyzed and the failure mechanisms identi­
fied, with corrective actions obtained from Manufacturing and 
Engineering. This information along with all of the test results 
are routinely transmitted to a central data base in Reliability 
Engineering, where failure rate trends are analyzed and 
tracked on an ongoing basis. These data are used to drive 
product improvements, so as to ensure that failure rates are 
continuously being reduced over time. 

TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
RELIABILITY MONITORING TESTS. 

MATRIX I 

TEST CONDITIONS DURATION SAMPLE 

Bias life + 175°C 48 Hours 40 

HAST + 145°C, 85% RH 20 Hours 40 
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TABLE 7. PLASTIC PACKAGED CMOS LOGIC ICS MALAYSIA 
RELIABILITY MONITORING TESTS (Continued) 

MATRIX II 

TEST CONDITIONS DURATION SAMPLE 

Bias Life +125OC 1000 Hours 50 

Dynamic Ufe +125°C 1000 Hours 50 

Biased Humidity +85°C, 85% RH 1000 Hours 50 

Autoclave 15 PSIG, +121°C, 192 Hours 50 
100% RH 

Storage Ufe +150oC 1000 Hours 50 

Temp. Cycle -650C to + 1500C 1000 Cycles 50 

Thermal Shock -6500 to +1500C 1000 Cycles 50 

MATRIX III 

TEST CONDITIONS SAMPLE 

Solderability MIL-STD 88312003 15 

Lead Fatigue MIL-STD 88312004 15 

Brand Adhesion MIL-STD 88312015 20 

Flammability (UL-94 Vertical Burn) 5 

Field Return Product Analysis System 
The purpose of this system is to enable Harris' Field Sales 
and Quality operations to properly route, track and respond 
to our customers' needs as they relate to product analysis. 

The Product Failure Analysis Solution Team (PFAST) con­
sists of the group of people who must act together to provide 
timely, accurate and meaningful results to customers on 
units returned for analysis. This team includes the salesman 
or applications engineer who gets the parts from the cus­
tomer, the PFAST controller who coordinates the response, 
the Product or Test Engineering people who obtain charac­
terization and/or test data, the analysts who failure analyze 
the units, and the people who provide the ultimate corrective 
action. It is the coordinated effort of this team, through the 
system described in this document that will drive the Cus­
tomer responsiveness and continuous improvement that will 
keep Harris on the forefront of the semiconductor business. 

The system and procedures define the processing of prod­
uct being returned by the customer for analysis performed by 
Product Engineering, Reliability Failure Analysis and/or 
Quality Engineering. This system is designed for processing 
"sample" returns, not entire lot returns or lot replacements. 

The philosophy is that each site analyzes its own product. 
This applies the local expertise to the solutions and helps 
toward the goal of quick turn time. 

Goals: quick, accurate response, uniform deliverable (con­
sistent quality) from each site, traceability. 

The PFAST system is summarized in the following steps: 

1) Customer calls the sales rep about the unit(s) to return. 

2) Fill out PFAST Action Request - see the PFAST form in 
this section. This form is all that is required to process a 
Field Return of samples for failure analysis. This form 
contains essential information necessary to perform root 
cause analysis. (See Figure 2). 

3) The units must be packaged in a manner that prevents 
physical damage and prevents ESD. Send the units and 
PFAST form to the appropriate PFAST controller. This 
location can be determined at the field sales office or rep 
using "Iook-up'''tables in the PFAST document. 

4) The PFAST controller will log the units and route them to 
ATE testing for data log. 

5) Test results will be reviewed and compared to customer 
complaint and a decision will be made to route the failure 
to the appropriate analytical group. 

6) The customer will be contacted with the ATE test results 
and interim findings on the analysis. This may relieve a 
line down situation or provide a rapid disposition of mate­
rial. The customer contact is valuable in analytical pro­
cess to insure root cause is found. 

7) A report will be written and sent directly to the customer 
with copies to sales, rep, responsible individuals with cor­
rective actions and to the PFAST controller so that the 
records will capture the closure of the cycle. 

8) Each report will contain a feedback form (stamped and 
preaddressed) so that the PFAST team can assess their 
performance based on the customers assessment of 
quality and cycle time. 

9) The PFAST team objectives are to have a report in the 
customers hands in 28 days, or 14 days based on agree­
ments. Interim results are given real-time. 
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Request II _____ _ 
Customer Analysis II _____ _ 

PFAST ACTION REQUEST 

Date: 

ORIGINATOR CUSTOMER 

LoCATION/PHONE No. loCATION 

DEVICE TYPE!P ART No. PURCHASE ORDER No. 
No. SAMPLES RETURNED QUANTITY RECEIVED 

THE COMPlEI'ENESS AND TIMELY RESPONSE OF TIm EVALUATION IS DIRECTLY RELATED TO TIm COMPLETENESS 

OF TIm DATA PROVIDED. PLEAsE PROVIDE AIL PERTINENT DATA. ATTACH ADDITIONAL SHEETS IF NECESSARY. 

TYPE OF PROBLEM DETAns OF REJECf 
(Wbere appropriate ICrialize IIIIIS and specify for eacb) 

1. [) INCOMING INSPECTION TEsT CONDITIONS RELATING TO FAIUJRE 

[) 100% ScREEN D SAMPLE INSPECTION [] TEsTER USED (MFGR/MODEL) 

No. 1'eiTED No. OF REJEcrs [] 1'EsT . TEMPERA l1JRE ---- ----ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? [] TEST TIME: [] CONTINUOUS TEsT 
D YFS D NO [] ONE SHOT (f = ___ SEC) 

[] BRIEF DESCRIPTION OF EVALUATION [] DESCRIPTION OF ANY OBSERVED CONDITION TO 

AND RESULTS ATTACHED wmCH FAILURE APPEARS SENSITIVE: 

2. [] IN PROCESS/MANUFACTURING FAILURE 

a BOARD CHECKOUT [] SYSTEM CHEcKOUT 

[] FAILED ON TuRN-ON 1.a DC FAILURES 

[] FAILED APTER HOURS OPERATION [] OPENS [] SHORTS [] LEAKAGE [] STRESS 

WAS UNIT RETESTED UNDER INCOMING INSPECTION [] POWER DRAIN [] INPUT LEVEL [] OUTPUT LEvEL 
CONDITIONS? D YES [] NO [] LIsT OF FORCING CONDITIONS AND MEASURED 

a BRIEF DESCRIPTION OF HOW FAILURE WAS ISOLATED RESULTS FOR EACH PIN IS ATTACHED 

TO COMPONENT AITACHED [] POWER SUPPLY SEQUENCING ATTACHED 

3. [] FiELD FAILURE 2. D AC FAILURES 

FAILED AFTER HOURS OPERATION LIsT F AlUNG CHARACTERISTICS 

EsTIMATED FAILURE RATE __ % PER 1000 HOURS 

END USER LocATION 

AMBIENT TEMPERATURE C ADDRESS OF FAIUNG LocATION (IF APPUCABLE) 
MIN. C MAx. C ----REL. HUMIDITY % ATTACHED: 

[] END USER FAILURE CORRESPONDENCE AITACHED [] LIST OF POWER SUPPLY AND DRIVER LEVELS 

ACI10N REQUESTED BY CUSTOMER 
(Include pictures of waveforms). 

[J LIsT OF OUTPUT LEVELS AND LOADING CONDITIONS 

[] INPUT AND OUTPUT TIMING DIAGRAMS 

[] DESCRIPTION OF PATTERNS USED 
SPECIFIC ACTION REQUESTED (If not standard patterns, give very complete 

description including address sequence). 
IMPACf OF FAILED UNITS ON CUSTOMER'S SITUATION: --- 3. [] PROM PROGRAMMING FAILURES 

ADDRESS OF FAILURES 

CUSToMER CONTACTS WITH SPECIFIC KNoWLEOOE OF REJECTS 
PROGRAMMER USED (MFG/MODEIlREV. No.) 

NAME 4. [] PHYSICAIJAssEMBLY RELATED FAILURES 
PosmoN PHONE [] SEE COMMENTS BELOW [] SEE ATTACHED 

Additional Comments: 

FIGURE 2. PFAST ACTION REQUEST 
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INSfRucnONS FOR COMPLETING PFAST AcnON REOUEST FORM 

The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failu1U which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need 
for accurate and complete information, requests without a completed PFAST Action Request form will be returned. 

Source of Problem: 
This section requests the product flow leading to the failure. Mark an ·X· in the appropriate boxes up to and including the step which 
detected the failure. Also mark an ·X· in the appropriate box under ARE RESULTS REPRESElIITATIVE OF PREVIOUS WTS? 
to indicate whether this is a rare failure or a repeated problem. 

Example 1. No incoming electrical test was performed, the 
units were installed onto boards, the boards functioned 
correctly for two hours and then 1 unit failed. The 
customer rarely has a failure due to this Harris device. 

SOURCE OF PROBLEM 
(EaIC' 110. ocq .. _ or eve •• Ia 110. bol. poovtd04) 

1. VlSuA1lMEcHANiCAL 
CDfSCRlBE ______________ _ 

2. INCOMING TEsT • NOT PERFORMED 

[J 100% nsrm [J SAMPll TF.srEo 
No. TESTED __ No. OF REIEcrs __ 
ARE RFSULTS REPRESENTATIVE OF PREVIOUS LOTS? 

[J TIS C NO 
3. IN PRocESSIMANuFAC11JRINO FAILURE 

• BoARD TEsT [J SYS11!M Terr 

How MANY UNITS FAlUID? --L­
FAILED AfTER L HOURS OF TES11NG 

WAS UNIT RETESTED AT INCOMING INSPEC11ON? 

[J TIS • NO 
AIlE RFSULTS REPRESENTATIVE OF PREVIOUS LOTS? 

[J TIS • NO 
4. AELO FAiLUIlE 

FAillD AfTER HOURS OPERATION 
EsTIMATED FAiLUIlE RATE __ % PER ____ _ 

~. USER.
C 

AVE. Loc,":~OH -MAX,-----,-.C-
S. OTHER _______________ _ 

Action Requested by Customer: 

Example 2. 100 out of the SOO units shipped were tested 
at incoming and all passed. The units were installed into 
boards and the boards passed. The boards were installed 
into the system and the system failed immediately when 
turned on. There were 3 system failu1U due to this part. 
The customer frequently has failuteS of this Harris device. 
The 3 units were not retested at incoming. 

SOURCE OF PROBLEM 
(EaIC, III. ocq ... cc or .v ... Ia ... bol. pnoviokd) 

1. VISUAUME.cHANlCAL 
[J DfSCRiBE 

2. INCOMING Terr C NOT PEaFORMED 
[J 100% ThsrED • ~TF.srEo 

No. TEsm>.J.22... No; OF REIEcrs ~ 
AIlE RFSULTS REPR.ESE.mATIVE OF PREVIOUS LOTS? 

• TIS [J NO 
3. IN PROCESS/MANuFAC1UlUNO FAlUJIlE 

• BoARDTerr • SyS11!M TEsT 
How MANY UNITS FAlUID?...3.....-

FAillD AfTER ~ HOURS OF TES11NG 

WAS UNIT RETESTED AT INCOMING INSl'EC11OH? 

C TIS • NO 
AIlE RFSULTS REPRESENTATIVE OF PREVIOUS LOTS? 

• TIS [J NO 
4. AEU> FAiLUIlE 

FAillD AfTER __ HOURS OPERATION 

EsTIMATED FAiLUIlE RATE __ % PER 

END USER locATION 
MIN. -- ·C AVE. --·C MAx. -- ·C 

S. OTHER 

This section should be completed with the customer's expectations. This information is essential for an appropriate response. 

Reason for Electrical Reject: 
This section should be completed if the type of failure could be identified. If this information is contained in attached customer 
correspondence there is no need to transpose onto the PFAST Action Request form. 

PFAST REOUIREMENTS 

The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 
cause an erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being 
returned. Contact the local PFAST Coordinator if you have any questions. 

Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed 
in order to perform electrical or hermeticity testing. 

1) Units must be returned with proper ESD protection (ESD-68fe shipping tubes within shielding box/bag or inserted into conductive 
foam within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensu1U that the devices are 
not damaged during shipment back to Harris. 

2) Units must be intact (lid not removed and at least part of each package lead present). This requirement is in place since the parts 
must be intact in order to perform electrical test. Also, opening the package can remove evidence of the cause for failure and lead to 
an incorrect conclusion. 

3) Programmable parts (ROMs, PROMS, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This 
requirement is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 

FIGURE 2. PFAST ACTION REQUEST (Continued) 
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Failure Analysis Laboratory 

The Failure Analysis Laboratory's capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. 

Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective 
actions. To ensure the integrity of the analysis, correlation 
of the failure mechanism to the initial electrical failure is 
essential. 

A general failure analysis procedure has been established 
in accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The. exact steps for an analysis are 
determined as the situation dictates. (See Figures 3 and 4). 
Records are maintained by laboratory personnel and con­
tain data, the failure analyst's notes, and the formal Product 
Analysis Report. 

Analytical Services Laboratory 

Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 

FIGURE 3. NON-DESTRUCTIVE 

complete analytical studies. The capabilities of each area 
are shown below. 

SPECTROSCOPIC METHODS: Colorimetry, Optical Emis­
sion, Ultraviolet Visible, Fourier Transform-Infrared. Flame 
Atomic Absorption, Furnace OrganiC Carbon Analyzer, Mass 
Spectrometer. 

CHROMATOGRAPHIC METHODS: Gas Chromatography, 
Ion Chromatography. 

THERMAL METHODS: Differential Scanning Colorimetry. 
Thermogravimetric Analysis, Thermomechanical Analysis. 

PHYSICAL METHODS: Profilometry, Microhardness, Rhe­
ometry. 

CHEMICAL METHODS: Volumetric, Gravimetric, Specific 
Ion Electrodes. 

ELECTRON MICROSCOPE: Transmission Electron Micros­
copy, Scanning Electron Microscope. 

X-RAY METHODS: Energy Dispersive X-ray Analysis 
(SEM), Wavelength Dispersive X-ray Analysis (SEM), X-ray 
Fluorescence Spectrometry, X-ray Diffraction Spectrometry. 

SURFACE ANALYSIS METHODS: Scanning Auger Micro­
probe, Electron Spectroscopy/Chemical Analysis, Second­
ary Ion Mass Spectrometry, Ion Scattering Spectrometry, Ion 
Microprobe. 

The department also maintains ongoing working arrange­
ments with commercial, university. and equipment manufac­
turers' technical service laboratories, and can obtain any 
materials analysis in cases where instrumental capabilities 
are not available in our own facility. 

FIGURE 4. DESTRUCTIVE 
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Reliability Fundamentals and Calculation 
of Failure Rate 

Table 8 below defines some of the more important terminol­
ogy used in describing the lifetime of integrated circuits. 

Of prime importance is the concept of "failure rate" and the 
calculation thereof. 

Failure Rate Calculations 

Reliability data may be composed of several different failure 
mechanisms and the combining of potentially diverse failure 
rates into one comprehensive failure rate is desired. The fail­
ure rate calculation is complicated because the failure mecha­
nisms are thermally activated at differing rates. Additionally, 
this data is usually obtained on a number of life tests per­
formed at unique stress temperatures. The equation below 
accounts for these considerations along with a statistical fac­
tor to obtain the upper confidence level (UCL) for the resulting 
failure rate. 

[ 

~ x. J = L k I • MX 10
9 

A i-1~ ~ 
- ."'- TDHj AFij ~ x. 

J=1 "'- I 
i= 1 

where, 

A = failure rate in FITs (Number fails in 109 device hours) 

~ = # of distinct possible failure mechanisms 

k = # of life tests being combined 

Xi = # of failures for a given failure mechanism 
i = 1,2, ... ~ 

TDHj = Total device hours of test time (unaccelerated) for 
Life Test j, j = 1, 2, 3, ... k 

AFij = Acceleration factor for appropriate failure mecha­
nism i = 1, 2, ... k 

M = x2 (a, 2r + 2 ) 

2 

where, 
X2 = chi square factor for 2r + 2 degrees of freedom 
r = total number of failures (I Xi) 

a = risk associated with UCL; 
i.e. a = (100-UCL(%))/100 

In the failure rate calculation, Acceleration Factors (AFij) are 
used to derate the failure rate from the thermally accelerated 
life test conditions to a failure rate indicative of actual use 
temperature. Although no standard exists, a temperature of 
+550 C has been popular. Harris Semiconductor Reliability 
Reports will derate to +5SoC and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 

TABLE 8. FAILURE RATE PRIMER 

TERMS DEFINITIONSJDESCRIPTION 

Failure Rate A Measure of failure per unit of time. The failure rate typically decreases slightly over 
early life, and then becomes relatively constant over time. The on set of wearout will 
show an increasing failure rate, which should occur well beyond useful life. The useful 
life failure rate is based on the exponential life distribution 

FIT (Failure In Time) Measure of failure rate in 109 device hours; e.g., 1 FIT = 1 failure in 109 device hOUrs, 
100 FITS = 100 failure in 109 device hours, etc. 

Device Hours The summation of the number of units in operation multiplied by the time of operation. 

MnF (Mean Time To Failure) Mean of the life distribution for the population of devices under operation or expected 
lifetime of an individual, MnF = 1/A, which is the time where 63.2% of the population 
has failed. Exampled: ForA= 10 FITS (or 10 E-9/Hr.), MTTF = 11A= 100 million hours. 

Confidence Level (or Limit) Probability level at which population failure rate estimates are derived from sample life 
test: 10 FITs at 95% UCL means that the population failure rate is estimated to be no 
more than 10 FITs with 95% certainty. The upper limit of the confidence interval is 
used. 

Acceleration Factor (AF) A constant derived from experimental data which relates the times to failure at two 
different stresses. The AF allows extrapolation of failure rates from accelerated test 
conditions to use conditions. 
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Acceleration Factors Activation Energy 

Acceleration factor is determined from the Arrhenius 
Equation. This equation is used to describe physiochemical 
reaction rates and has been found to be an appropriate 
model for expressing the thermal acceleration of semicon­
ductor failure mechanisms. 

The Activation Energy (Ea) of a failure mechanism is deter­
mined by performing at least two tests at different levels of 
stress (temperature and/or voltage). The stresses will pro­
vide the time to failure (tf) for the two (or more) populations 
thus allowing the simultaneous solution for the activation 
energy as follows: 

AF = EXP ~ (_1 ___ 1_) 
[ E J 

k T use T stress 

In (tf1) = C + Ea 

kT1 

In 

where, 

AF = Acceleration Factor 

By subtracting the two equations, and solving for the activa­
tion energy, the following equation is obtained: 

Ea = k [In(ttl) - In(ft2)] 

(1rr1 - 1rr2) 
Ea = Thermal Activation Energy (See Table 9) 

where, 
k = Boltzmann's Constant (8.63 x 10-5 eVfOK) 

Both Tuse and T stress (in degrees Kelvin) include the internal 
temperature rise of the device and therefore represent the 
junction temperature. 

Ea = Thermal Activation Energy (See Table 9) 

k = Boltzmann's Constant (8.63 x 10-5 eVfOK) 

T 1, T2 = Life test temperatures in degrees Kelvin 

TABLE 9. FAILURE MECHANISM 

FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 

Oxide Defects 0.3 - 0.5eV High temperature operating life (HTOL) and Statistical Process Control of oxide parameters, 
voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 

Silicon Defects 0.3 -0.5eV HTOL & voltage stress screens. Vendor statistical Quality Control programs, and 
(Bulk) Statistical Process Control on thermal processes. 

Corrosion 0.45eV Highly accelerated stress testing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product handling. 

Assembly 0.5 - O.7eV Temperature cycling, temperature and me- Vendor Statistical Quality Control programs, Sta-
Defects chanical shock, and environmental stressing. tistical Process Control of assembly processes, 

proper handling methods. 

Electromigration Test vehicle characterizations at highly ele- Design ground rules, wafer process statistical pro-
- AI Line O.BeV vated temperatures. cess steps, photoresist, metals and passivation 
- Contact O.geV 

Mask Defects! O.7eV Mask FAB comparator, print checks, defect Clean room control, clean mask, pellicles, Statisti-
Photoresist density monitor in FAB, voltage stress test cal Process Control of photoresist/etch processes. 
Defects and HTOL. 

Contamination 1.OeV C-V stress at oxide/interconnect, wafer FAB Statistical Process Control of C-V data, oxidelin-
device stress test and HTOL. terconnect cleans, high integrity glasSivation and 

clean assembly processes. 

Charge Injection 1.3eV HTOL & oxide characterization. Design ground rules, wafer level Statistical Pro-
cess Control and critical dimensions for oxides. 
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ELECTROSTATIC DISCHARGE CONTROL 
A GUIDE TO HANDLING INTEGRATED CIRCUITS 

This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo­
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, test­
ing, assembly and all operations where ICs are involved. 

All integrated circuits are sensitive to electrostatic discharge 
(ESD) to some degree. Since the introduction of integrated 
circuits with MOS structures and high quality junctions, safe 
and effective means of handling these devices have been of 
primary importance. 

If static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It 
has been found that handling equipment and personnel can 
generate static potentials in excess of 10kV in a low humidity 
environment; thus it becomes necessary for additional mea­
sures to be implemented to eliminate or reduce static 
charge. Avoiding any damage or degradation by ESD when 
handling devices during the manufacturing flow is therefore 
essential. 

ESD Protection and Prevention Measures 

One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolithic 
chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 

In areas where ICs are being handled, certain equipment 
should be utilized to reduce the damaging effects of ESD. 
Typically, equipment such as grounded work stations, con­
ductive wrist straps, conductive floor mats, ionized air blow­
ers and conductive packaging materials are included in the 
IC handling environment. Any time an individual intends to 
handle an IC, in any way, they must insure they have been 
grounded to eliminate circuit damage. 

Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the strap 
to ground completes a discharge path for ESD when the 
operator wears the strap in contact with the skin. Another 
method is to insure direct physical contact with a grounded, 
conductive work surface. 

This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm (1/2 
watt) resistor in series with ground. 

Copyright © Harris Corporation 1994 

In addition to personnel grounding, areas where work is being 
performed with ICs, should be equipped with an ionized air 
blower. Ionized air blowers force positive and negative ions 
simultaneously over the work area so that any nonconductors 
that are near the work surface would have their static charge 
neutralized before it would cause device damage or degrada­
tion. 

Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 40% 
RH, a static build-up condition can exist on nonconductors 
allowing stored charges to remain near the ICs causing possi­
ble static electricity discharge to ICs. 

Integrated circuits that are being shipped or transported require 
special handling and packaging materials to eliminate ESD 
damage. Dice or packaged devices should be in conductive 
carriers during all phases of transport and handling. Leads of 
packaged devices can be shorted by tubular metalic carriers, 
conductive foam or foil. 

Do's and Don'ts for Integrated 
Circuit Handling 
Do's 

Do keep paper, nonconductive plastic, plastic foams and films 
or cardboard off the static controlled conductive bench top. 
PlaCing devices, loaded sticks or loaded burn-in boards on top 
of any of these materials effectively insulates them from ground 
and defeats the purpose of the static controlled conductive sur­
face. 

Do keep hand creams and food away from static controlled 
conductive work surfaces. If spilled on the bench top, these 
materials will contaminate and increase the resistivity of the 
work area. 

Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the gun 
may melt and damage the conductive mat. 

Do check the grounded wrist strap connections daily. Make cer­
tain they are snugly fitted before starting work with the product. 

Do put on grounded wrist strap before touching any devices. 
This drains off any static build-up from the operator. 

Do know the ESD caution symbols. 

Do remove devices or loaded sticks from shielding bags only 
when grounded via wrist strap at grounded work station. This 
also applies when loading or removing devices from the antistatic 
sticks or the loading on or removing from the burn-in boards. 
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Do wear grounded wrist straps in direct contact with the bare 
skin never over clothing. 

Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 

Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated 
metal hand tools be used. Ordinary plastic solder suckers 
and other plastic assembly aids shall not be used. 

Do use ionizing air blowers in static controlled areas when 
the use of plastic (nonconductive) materials cannot be 
avoided. 

Don'ts 

Don't allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 

Don't touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 

Don't handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by anyone 
not grounded. 

Don't use freon or chlorinated cleaners at a grounded work 
area. 

Don't wax grounded static controlled conductive floor and 
bench top mats. This would allow build-up of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 

Don't touch devices or loaded sticks or loaded burn-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 

Don't allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 

Don't touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 

driver circuits when not grounded. This also applies to burn­
in programming cards containing ICs. 

Don't unload stick on a metal bench top allowing rapid dis­
charge of charged devices. 

Don't touch leads. Handle devices by their package even 
though grounded. 

Don't allow plastic "snow or peanut" polystyrene foam or 
other high dielectric materials to come in contact with 
devices or loaded sticks or loaded burn-in boards. 

Don't allow rubber/plastic floor mats in front of static con­
trolled work benches. 

Don't solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 

Don't use antistatic sticks for more than one throughput pro­
cess. Used stickS should not be reused unless recoated. 

Recommended Maintenance Procedures 

Daily: 

Perform visual inspection of ground wires and terminals on 
floor mats, bench tops, and grounding receptacles to ensure 
that proper electrical connections via 1 megohm resistor (1/2 
watt) exist. 

Clean bench top mats with a soft cloth or paper towel damp­
ened with a mild solution of detergent and water. 

Weekly: 

Damp mop conductive floor mats to remove any accumu­
lated dirt layer which causes high resistivity. 

Annually: 

Replace nuclear elements for ionized air blowers. 

Review ESD protection procedures and equipment for 
updating and adequacy. 

Static Controlled Work Station 

The figure below shows an example of a work bench prop­
erly equipped to control electro-static discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup if the wrist strap has a 1 
megohm assembled on the cable attached. 

r---"'fttlR~ ___ -@) ~~~~~CTIVE WRIST 

~~~~~~~~~~TOP 
ESD WARNING SYMBOLS 

GROUND, I ••• COLD WATER 
PIPE OR EQUIVALENT 
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DSP Package Selection Guide 
Using the Selection Guide: 

The first character of each entry indicates the package type, while the number preceding the decimal pOint details the pack­
age lead count. Except for CPGA and TAB packages, the decimal point and succeeding numbers relate to the package body 
dimensions {e.g .. 14 x 20 = 14mm x 20mm; .95 = 950 mil sq.; .3 = 300 mils. The entire entry indicates the table containing 
the appropriate package dimensions {e.g. 24 lead PDIP dimension are detailed in Table E24.3}. The index on page 11-1 lists 
page numbers for MQFP, PLCC, SOIC, PDIP, CPGA and TAB tables. 

PART NUMBER MQFP PLCC SOIC PDIP CPGA TAB 

HMA51 0 N68.95 G68.A 

HMA510/883 G68.A 

HMU16 N68.95 G68.A 

HMU161883 G68.A 

HMU17 N68.95 G68.A 

HMU17/883 G68.A 

HSP43124 M28.3 E28.6 

HSP43168 Q100.14x20 N84.1.15 G84.A 

HSP431681883 G84.A 

HSP43216 N84.1.15 G85.A 

HSP43220 Q100.14x20 N84.1.15 G84.A S84.A 

HSP43220/883 G84.A 

HSP43481 N68.95 G68.A 

HSP43481/883 G68.A 

HSP43881 N84.1.15 G85.A 

HSP43881/883 G85.A 

HSP43891 Q100.14x20 N84.1.15 G85.A 

HSP43891/883 G85.A 

HSP45102 M28.3 E28.6 

HSP45106 N84.1.15 G85.A 

HSP451 06/883 N84.1.15 G85.A 

HSP45116 Q160.28x28 G145.A S156.A 

HSP45116A Q160.28x28 

HSP45116/883 G145.A 

HSP45240 N68.95 G68.A 

HSP45240/883 G68.A 

HSP45256 N84.1.15 G85.A 

HSP452561883 G85.A 

HSP48212 Q64.14x14 N68.95 

HSP48410 N84.1.15 G84.A 

HSP4841 0/883 N84.1.15 G84.A 

HSP48901 N68.95 G68.A 

HSP48908 Q100.14x20 N84.1.15 G84.A 

HSP489081883 G84.A 

HSP50016 N44.65 G48.A 

HSP9501 N44.65 

HSP9520 M24.3 E24.3 

HSP9521 M24.3 E24.3 
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Package Outlines 
Metric Plastic Quad Flatpack (MQFP) Packages 

,----+---rr:!=!=!=!~-fAlfA~I·1 
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A-B@ D@ 

0.1310.17 ~ 0.00510.00. 

BASE METAL i 
WITH PLATING 0.1310.23 

0.005l0.00Sl 
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Q64.14x14 (JEDEC MQ.108BD-2ISSUE A) 
64 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - 0.130 3.30 -
A1 0.004 0.010 0.10 0.25 -
A2 0.100 0.120 2.55 3.05 -
B 0.012 0.018 0.30 0.45 6 

B1 0.012 0.016 0.30 0.40 -
0 0.667 0.687 16.95 17.45 3 

01 0.547 0.555 13.90 14.10 4,5 

E 0.667 0.687 16.95 17.45 3 

E1 0.547 0.555 13.90 14.10 4,5 

L 0.026 0.037 0.65 0.95 -
N 64 64 7 

e 0.032 esc 0.80BSC -
Rev. 0 1194 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 and E1 to be determined at datum plane 8£]. 
5. Dimensions 01 and E1 do not Include mold protrusion. 

Allowable protrusion is 0.25mm (0.010 inch) per side. 

6. Dimension B does not Include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. "N" is the number of terminal positions. 



Package Outlines 

Metric Plastic Quad Flatpack (MQFP) Packages (Continued) 

e 

PIN 1 
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Q1 00.14:x20 (JEDEC M0-108CC-1 ISSUE A) 
100 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A . 0.134 . 3.40 · 
A1 0.010 . 0.25 . · 
A2 0.100 0.120 2.55 3.05 · 
B 0.009 0.015 022 0.38 6 

Bl 0.009 0.013 0.22 0.33 · 
0 0.904 0.923 22.95 23.45 3 

01 0.783 0.791 19.90 20.10 4,5 

E 0.667 0.687 16.95 17.45 3 

El 0.547 0.555 13.90 14.10 4,5 

L 0.026 0.037 0.65 0.95 · 
N 100 100 7 

e 0.026 BSC 0.65BSC · 
NO 30 30 · 
NE 20 20 · 

Rev. 0 1/94 

Q160.28x28 (JEDEC M0-108DD-1 ISSUE A) 
160 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A . 0.160 . 4.07 · 
Al 0.010 . 0.25 . · 
A2 0.125 0.144 3.17 3.67 · 
B 0.009 0.015 0.22 0.38 6 

B1 0.009 0.013 0.22 0.33 

0 1.219 1.238 30.95 31.45 3 

01 1.098 1.106 27.90 28.10 4,5 

E 1.219 1.238 30.95 31.45 3 

E1 1.098 1.106 27.90 28.10 4,5 

L 0.026 0.037 0.65 0.95 

N 160 160 7 

e 0.026BSC 0.65BSC · 
Rev. 0 1/94 

NOTES: 

1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 

2. All dimensions and tolerances per ANSI Y14.5M-1982. 

3. Dimensions 0 and E to be determined at seating plane ~. 
4. Dimensions 01 and E1 to be determined at datum plane~. 
5. Dimensions 01 and E1 do not include mold protrusion. 

Allowable protrusion Is 0.25mm (0.010 Inch) per side. 

6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 

7. "N" Is the number of terminal positions. 



Package Outlines 

Plastic Leaded Chip Carrier (PLCC) Packages 
0.042 (1.07) 

0.042 (1.07) N44.65 (JEDEC M5-018 ISSUE A) 
0.048 (1.22) 0.056 (1.42) \0 0.004 (0.10) \ C \ 44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 1:" (1) IDENTIFIER ..... ~.27) TP h 0.026 (0.64) R INCHES MILLIMETERS r-J T1!~ r;; ;"045 (1.14) 

SYMBOL MIN MAX MIN MAX NOTES 

n l,..<D TIl ~y' f A 0.165 0.180 4.20 4.57 -
D2JE2 

A1 0.090 0.120 2.29 3.04 -

~ 
D 0.685 0.695 17.40 17.65 -

D1 0.650 0.656 16.51 16.66 3 + E1 E --
D2 0.291 0.319 7.40 8.10 4,5 

D2JE2 
-- ;t VIEW "A" 

E 0.685 0.695 17.40 17.65 -

it::;=J 
-- E1 0.650 0.656 16.51 16.66 3 

-' : 
-

~';! 
0.020 (0.51) E2 0.291 0.319 7.40 8.10 4,5 

--MIN N 44 44 6 .. 
A_ Rev. 0 12193 

0.020 (0.51) MAX ~SEATING 
PLANE 

3PLCS 0.026 (0.66) N68.95 (JEDEC M5-018 ISSUE A) 
0.032 (0.81) 0.013 (0.33) 68 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

m~ 0.1121 ( .. 53) INCHES MILLIMETERS 

t::::!" 0.025 (0.64) 
SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.180 4.20 4.57 0.045 (1.14) MIN -
MIN 

VIEW "A" TYP. A1 0.090 0.120 2.29 3.04 -
NOTES: 

D 0.985 0.995 25.02 25.27 -
1. Controlling dimension: INCH. Converted millimeter dimensions 

D1 0.950 0.958 24.13 24.33 3 

are not necessarily exact. D2 0.441 0.469 11.21 11.91 4,5 

2. Dimensions and tolerancing per ANSI Y14.5M-1982. E 0.985 0.995 25.02 25.27 -
3. Dimensions D1 and E1 do not include mold protrusions. Allow- E1 0.950 0.958 24.13 24.33 3 

able mold protrusion Is 0.010 inch (0.25mm) per side. 
E2 0.441 0.469 11.21 11.91 4,5 

4. To be measured at seating plane ~ contact point. 
N 68 68 6 

5. Centerline to be determined where center leads exit plastic body. 
Rev. 0 12193 

6. "N- is the number of terminal positions. 

N84.1.15 (JEDEC M5-018 ISSUE A) 
84 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.165 0.180 4.20 4.57 

A1 0.090 0.120 2.29 3.04 -
D 1.185 1.195 30.10 30.35 -

D1 1.150 1.158 29.21 29.41 3 

D2 0.541 0.569 13.75 14.45 4,5 

E 1.185 1.195 30.10 30.35 -
E1 1.150 1.158 29.21 29.41 3 

E2 0.541 0.569 13.75 14.45 4,5 

N 84 84 6 

Rev. 0 12193 
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Package Outlines 

Small Outline Plastic (SOle) Packages 

M24.3 (JEDEC Ms-G13-AD ISSUE C) 
24 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 

NOTES: 

1. Symbols are defined in the "MO Series Symbol Lisr In Section 
2.2 of Publication Number 95. 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX 

A 0.0926 0.1043 2.35 2.65 

A1 0.0040 0.0118 0.10 0.30 

B 0.013 0.020 0.33 0.51 

C 0.0091 0.0125 0.23 0.32 

0 0.5985 0.6141 15.20 15.60 

E 0.2914 0.2992 7.40 7.60 

e 0.05BSC 1.27BSC 

H 0.394 0.419 10.00 10.65 

h 0.010 0.029 0.25 0.75 

L 0.016 0.050 0.40 1.27 

N 24 24 

a 0° 8° 00 8° 

M28.3 (JEDEC Ms-G13-AE ISSUE C) 

NOTES 

-
-
9 

-
3 

4 

-
-
5 

6 

7 

-
Rev. 0 12193 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 28 LEAD WIDE BODY SMALL OUTLINE PLASTIC PACKAGE 

3. Dimension "0- does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0,006 inch) per side. 

4. Dimension "E" does not include interlead flash or protrusions. In­
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 

5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 

6. "L- is the length of terminal for soldering to a substrate. 

7. "N" is the number of terminal positions. 

8. Terminal numbers are shown for reference only. 

9. The lead width "B", as measured O.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 

10. Controlling dimension: MILLIMETER. Converted inch dimen­
sions are not necessarily exact. 
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SYMBOL 

A 

A1 

B 

C 

0 

E 

e 

H 

h 

L 

N 

a 

INCHES 

MIN MAX 

0.0926 0.1043 

0.0040 0.0118 

0.Q13 0.0200 

0.0091 0.0125 

0.6969 0.7125 

0.2914 0.2992 

0.05 BSC 

0.394 0.419 

0.01 0.029 

0.016 0.050 

28 

0° 8° 

MILLIMETERS 

MIN MAX NOTES 

2.35 2.65 -
0.10 0.30 -
0.33 0.51 9 

0.23 0.32 -
17.70 18.10 3 

7.40 7.60 4 

1.27BSC -
10.00 10.65 -
0.25 0.75 5 

0.40 1.27 6 

28 7 

00 8° -
Rev. 0 12193 



Package Outlines 

Dual-In-Line Plastic (PDIP) Packages 

1~~-OQt 
E24.3 (JEDEC M8-001·AF ISSUE D) 
24 LEAD NARROW BODY DUAL·IN-LiNE PLASTIC PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0210 5.33 4 

~1m1~~Ata 
A1 0.015 0.39 4 

A2. 0.115 0.195 2.93 4.95 

SEATING \. 
B 0.014 0.022 0.356 0.558 

P:E~ ~., L ~:~ 
B1 0.045 0.070 1.15 1.n 8 

C 0.008 0.014 0.204 0.355 

f- ec c 
0 1.230 1.280 31.24 32.51 5 

B ~ 0.010 (0.25)(!)I C I A I B(!) I eB 
01 0.005 0.13 5 

E 0.300 0.325 7.62 8.25 6 

E1 0.240 0.280 6.10 7.11 5 
NOTES: 

e 0.1ooBSC 2.54BSC 
1. Controlling Dimensions: INCH. In case of conflict between 

eA 0.3OOBSC 7.62BSC 6 English and Metric dimensions, the inch dimensions control. 

2. Dimensioning and tolerancing per ANSI Y14.5M-1982. eB 0.430 10.92 7 

3. Symbols are defined In the -MO Series Symbol Lisr In Section L 0.115 0.150 2.93 3.81 4 

2.2 of Publication No. 95. N 24 24 9 
4. Dimensions A, A 1 and L are measured with the package seated Rev. 0 12193 

in JEDEC seating plane gauge GS-3. 

5. 0, 01, and E1 dimensions do not include mold flash or protru-
E28.6 (JEDEC M8-011-AB ISSUE B) sions. Mold flash or protrusions shall not exceed 0.010 inch 

(0.25mm). 28 LEAD DUAL·IN·LlNE PLASTIC PACKAGE 

6. E and ~ are measured with the leads constrained to be per- INCHES MILLIMETERS 
pendicu ar to datum ~. SYMBOL MIN MAX MIN MAX NOTES 

7. eB and 9c are measured at the lead tips with the leads uncon- A 0.250 6.35 4 
strained. 9c must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. A1 0.015 0.39 4 

Oambar protrusions shall not exceed 0.010 inch (0.25mm). A2. 0.125 0.195 3.18 4.95 

9. N is the maximum number of terminal positions. B 0.014 0.022 0.356 0.558 

10. Comer leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, B1 0.030 0.070 o.n 1.n 8 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 

C 0.008 0.015 0.204 0.381 
(0.76 - 1.14mm). 

0 1.380 1.565 35.1 39.7 5 

01 0.005 0.13 5 

E 0.600 0.625 15.24 15.87 6 

E1 0.485 0.580 12.32 14.73 5 

e 0.1ooBSC 2.54BSC 

eA 0.6ooBSC 15.24BSC 6 

eB 0.700 17.78 7 

L 0.115 0.200 2.93 5.08 4 

N 28 28 9 

Rev. 0 12193 
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Package Outlines 

Ceramic Pin Grid Array (CPGA) Packages 

..-f--=--;;;-=~-- + ----=---=---:;:::;__+_ 

SEE 
NOTE 7 

1. 00.007 

b1~ 

SECTION B-B b 

C 

SEATING PLANE 
AT STANDOFF 

k 

G48.A 
48 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A - - - - -
A1 0.080 0.120 2.03 3.05 3 

b 0.016 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.040 0.060 1.02 1.52 4 

C - 0.80 - 2.03 -
D 0.790 0.810 20.07 20.57 -

D1 0.700 BSC 17.78 BSC -
E 0.790 0.810 20.07 20.57 -

E1 0.700 BSC 17.78 BSC -
e 0.100 BSC 2.54BSC 6 

k - - - -
L 0.090 0.110 2.29 2.79 -
a 0.40 0.060 1.02 1.52 5 

S 0.050 BSC 1.27 BSC 10 

S1 - - - -
M 8 8 1 

N - 64 - 64 2 

NOTES: 

1. "M" represents the maximum pin matrix size. 
2. "N" represents the maximum allowable number of pins. Number 

of pins and location of pins within the matrix is shown on the 
pinout listing In this data sheet. 

3. Dimension· A 1" includes the package body and Lid for both cav­
ity-up and cavity-down configurations. This package is cavity up. 
Dimension does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di­
agonals. The seating plane is defined by the standoffs at dimen­
sionsa. 

5. Dimension "a" applies to cavity-up configurations only. 
6. All pins shall be on the 0.100 inch grid. 
7. Datum C is the plane of pin to package interface for both cavity 

up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Corner shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index comer shall be clearly unique. 

10. Dimension ·S" is measured with respect to daturns A and B. 
11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling Dimensions: Inch. 
13. Lead Finish: Type C. 

14. Materials: Compliant to MIL-I-38535. 
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Package Outlines 

Ceramic Pin Grid Array (CPGA) Packages (Continued) 

G68.A MIL·STD-1835 CMGA3-PN (P·AC) 

1 
[±J -I 

68 LEAD CERAMIC PIN GRID ARRAY PACKAGE 
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t-l ~C -- ~ -

INDEX CORNER b1 ~ 
SEE NOTE I 

SEE 
NOTE 7 

~ A SECTION B-B b 

I 
C o.DOslc 

G:1 I SEATING PLANE 
~ AT STANDOFF 

r--~~B -r-k 

~ =:::3 ~ --I A1 t 
~=:::3~ I L f-

e b2 

~=:::3 t 
~--.--L ~~ n~t==: 

t 
u 

~=:::3 

~QL ~=:::3 

~=:::3 
SECTION A-A 

~=:::3 b 

~=:::3A ..- 00.030 C A@IB@I 

~I=:=tt 00.010 C 

.1 00.007 ~ C 
"""'-

--L~ 
r-- A1 

-- ~Q 
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INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 -
A1 0.070 0.145 1.78 3.68 3 

b 0.016 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.042 0.058 1.07 1.47 4 

C - 0.080 - 2.03 -
0 1.140 1.180 28.96 29.97 -
01 1.000 BSC 25.4BSC -
E 1.140 1.180 28.96 29.97 -

E1 1.000BSC 25.4BSC -
e 0.100 BSC 2.54BSC 6 

k 0.008 REF 0.20 REF -
L 0.120 0.140 3.05 3.56 -
Q 0.040 0.060 1.02 1.52 5 

S 0.000 BSC O.OOBSC 10 

S1 0.003 - 0.08 - -
M 11 11 1 

N . 121 - 121 2 

NOTES: 
1. "M" represents the maximum pin matrix size. 
2. "N" represents the maximum allowable number of pins. Number 

of pins and ,location of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension "A 1" includes the package body and Ud for both cav­
ity-up and cavity-down configurations. This package is cavity up. 
Dimension does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di­
agonals. The seating plane is defined by the standoffs at dimen­
sionsQ. 

5. Dimension -0" applies to caVity-up configurations only. 
6. All pins shall be on the 0.100 Inch grid. 
7. Datum C is the plane of pin to package interface for both cavity 

up and down configurations. 
8. Pin diameter includes solder dip or custom finishes. Pin tips shall 

have a radius or chamfer. 
9. Corner shape (chamfer, notch, radius, etc.) may vary from that 

shown on the drawing. The index corner shall be clearly unique. 
10. Dimension"S" is measured with respect to datums A and B. 
11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
12. ContrOlling Dimensions: Inch. 
13. Lead Finish: Type C. 
14. Materials: Compliant to MIL-I-38535. 



Package Outlines 

Ceramic Pin Grid Array (CPGA) Packages (Continued) 

T-~~ 0 0 0 0 0 0000 0-++{)+-+----'",-
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SEE NOTE 9 

SEE 
NOTE 7 
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G84.A MIL-STD-1835 CMGA3-PN (P-AC) 
84 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 

A1 0.070 0.145 1.78 3.68 3 

b 0.016 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 

b2 0.042 0.058 1.07 1.47 4 

C - 0.080 - 2.03 -
0 1.140 1.180 28.96 29.97 -

01 1.000 BSC 25.4BSC -
E 1.140 1.180 28.96 29.97 

E1 1.000 BSC 2S.4BSC 

e 0.100 BSC 2.54BSC 6 

k 0.008 REF 0.20 REF -
L 0.120 0.140 3.05 3.56 -
Q 0.040 0.060 1.02 1.52 5 

S 0.000 BSC O.OOBSC 10 

S1 0.003 - 0.08 - -
M 11 11 1 

N - 121 121 2 

NOTES: 

1. "M- represents the maximum pin matrix size. 

2. "N- represents the maximum allowable number of pins. Number 
of pins and location of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension "A 1- includes the package body and Lid for both cav­
ity-up and cavity-down configurations. This package is cavity up. 
Dimension does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di­
agonals. The seating plane is defined by the standoffs at dimen­
sionsQ. 

5. Dimension -0- applies to cavity-up configurations only. 

6. All pins shall be on the 0.100 inch grid. 

7. Datum C is the plane of pin to package interface for both cavity 
up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Corner shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index corner shall be clearly unique. 

10. Dimension "5- is measured with respect to datums A and B. 

11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling Dimensions: Inch. 

13. Lead Finish: Type C. 

14. Materials: Compliant to MIL-I-38535. 



Package Outlines 

Ceramic Pin Grid Array (CPGA) Packages (Continued) 

SEE 
NOTE 7 

b1~ 

SECTION B-B b 

SEATING PLANE 
AT STANDOFF 

k 

G85.A MIL-STD-1835 CMGA3-PN (P-AC) 
85 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILUMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 -
A1 0.070 0.145 1.78 3.68 3 

b 0.Q16 0.215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.042 0.058 1.07 1.47 4 

C - O.OSO - 2.03 

D 1.140 1.180 28.96 29.97 

D1 1.000 BSC 25.4BSC -
E 1.140 1.180 28.96 29.97 

E1 1.000 BSC 25.4BSC -
e 0.100BSC 2.54BSC 6 

k O.OOS REF 0.20 REF -
L 0.120 0.140 3.05 3.56 -
Q 0.040 0.060 1.02 1.52 5 

S 0.000 BSC O.OOBSC 10 

S1 0.003 - 0.08 -
M 11 11 1 

N - 121 - 121 2 

NOTES: 
1. "M- represents the maximum pin matrix size. 

2. ~- represents the maximum allowable number of pins. Number 
of pins and location of pins within the matrix is shown on the 
pinout listing in this data sheet. 

3. Dimension -A 1- includes the package body and Lid for both cav­
ity-up and cavity-down configurations. This package is cavity up. 
Dimension does not include heatsinks or other attached 
features. 

4. Standoffs are Intrinsic and shall be located on the pin matrix di­
agonals. The seating plane is defined by the standoffs at dimen­
sionsQ. 

5. Dimension -0- applies to cavity-up configurations only. 
6. All pins shall be on the 0.100 inch grid. 
7. Datum C Is the plane of pin to package interface for both cavity 

up and down configurations. 
8. Pin diameter includes solder dip or custom finishes. Pin tips shall 

have a radius or chamfer. 
9. Corner shape (chamfer, notch, radius, etc.) may vary from that 

shown on the drawing. The Index corner shall be clearly unique. 
10. Dimension -S-Is measured with respect to datums A and B. 
11. Dimensioning and toleranclng per ANSI Y14.5M-1982. 

12. Controlling Dimensions: Inch. 
13. Lead Finish: Type C. 
14. Materials: Compliant to MIL-I-38535. 
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Package Outlines 

Ceramic Pin Grid Array (CPGA) Packages (Continued) 
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G145.A MIL-STD-1835 CMGA7-PN (P-AG) 
145 LEAD CERAMIC PIN GRID ARRAY PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.215 0.345 5.46 8.76 -
A1 0.070 0.145 1.78 3.68 3 

b 0.016 0.0215 0.41 0.55 8 

b1 0.016 0.020 0.41 0.51 -
b2 0.042 0.058 1.07 1.47 4 

C - 0.080 2.03 -
0 1.540 1.590 39.12 40.38 -

01 1.400 BSC 35.56 BSC -
E 1.540 1.590 39.12 40.38 -

E1 1.400 BSC 35.56BSC -
e 0.100BSC 2.54BSC 6 

k 0.008 REF 0.20 REF -
L 0.120 0.140 3.05 3.56 -
Q 0.040 0.060 1.02 1.52 5 

S O.OOOBSC O.OOBSC 10 

S1 0.003 - 0.08 - -
M 15 15 1 

N - 225 225 2 

NOTES: 

1. "M" represents the maximum pin matrix size. 

2. "N" represents the maximum allowable number of pins. Number 
of pins and location of pins within the matrix Is shown on the 
pinout listing in this data sheet. 

3. Dimension "A 1" Includes the package body and Ud for both cav­
ity-up and cavity-down configurations. This package is cavity up. 
Dimension does not include heatsinks or other attached 
features. 

4. Standoffs are intrinsic and shall be located on the pin matrix di­
agonals. The seating plane is defined by the standoffs at dimen­
sionsQ. 

5. Dimension "0" applies to cavity-up configurations only. 

6. All pins shall be on the 0.100 Inch grid. 

7. Datum C is the plane of pin to package interlace for both cavity 
up and down configurations. 

8. Pin diameter includes solder dip or custom finishes. Pin tips shall 
have a radius or chamfer. 

9. Corner shape (chamfer, notch, radius, etc.) may vary from that 
shown on the drawing. The index corner shall be clearly unique. 

10. Dimension"S" Is measured with respect to datums A and B. 

11. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

12. Controlling Dimensions: Inch. 

13. Lead Finish: Type C. 

14. Materials: Compliant to MIL-I-38535. 



Package Outlines 

Tape Automated Bonding (TAB) Packages 

f 
07 

1 

r--E7~ fA 

+ 

DETAIL "A" 

SECTION A-A 
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884.A 
84 LEAD TAPE AUTOMATED BONDING PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.034 0.86 

b 0.002 0.004 0.05 0.10 2, 7 

c 0.0010 0.0018 0.025 0.046 2, 7 

B1 0.019 0.021 0.47 0.53 5 

B2 0.023 0.028 0.60 0.70 5 

0 0.559 0.569 14.20 14.45 

E 0.562 0.572 14.27 14.53 

01 0.410 0.420 10.41 10.67 3 

E1 0.409 0.419 10.39 10.64 3 

02 0.300 0.310 7.62 7.87 4 

E2 0.300 0.310 7.62 7.87 4 

D3IE3 0.500 SSC 12.70BSC 

D41E4 0.531 SSC 13.475 BSC 

D5IE5 1.061 SSC 26.95 BSC 

06 1.372 1.382 34.85 35.10 

E6 1.244 1.314 31.62 33.37 

oJ 0.345 0.351 8.n 8.92 

/ E7 0.344 0.350 8.74 8.89 

08 0.360 0.370 9.14 9.40 

E8 0.358 0.368 9.09 9.35 

e 0.015 SSC 0.38 BSC 2 

e1 0.016 SSC 0.40 SSC 5 

F 0.054 1.45 

G 0.055 1.45 

H 1.253 SSC 31.83 BSC 

H1 0.187 SSC 4.75BSC 

aaa 0.003 0.08 

NOTES: 

1. All dimensioning and tolerancing per ANSI Y14.5M-
1982. 

2. Controlling dimension is MILLIMETERS except for di­
mensions b, c and e which are in INCHES. 

3. Dimensions D1/E1 define the package "body size". 

4. Dimensions D2IE2 define the maximum allowable di­
mension between the outside edges of the outermost 
leads. This dimension provides necessary clearance 
from the OLB window corners for excise operations. 

5. This dimension applies to all test pads. 

6. All lead and test pad arrays shall be arranged in a sym­
metric configuration with respect to datums 0 or B-C. 

7. Dimensions band c apply to base material only. 

8. Lead Material: Copper 
Lead Finish: Gold over nickel underplate 

9. Film format and test pads per JEDEC US-001, Ax - 2x. 

10. TAB packages shipped in slide carriers per JEDEC 
CS-006 with the leads unformed (flat). 



Package Outlines 

Tape Automated Bonding (TAB) Packages (Continued) 

DETAIL "A" 

SUPPORT 
RING 

OLBWlNDOW 

SEcnONA-A 
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S156.A 
156 LEAD TAPE AUTOMATED BONDING PACKAGE 

INCHES MILLIMETERS 

SYMBOL MIN MAX MIN MAX NOTES 

A 0.034 0.86 

b 0.002 0.004 0.05 0.10 2 

c 0.0010 0.0018 0.025 0.046 2,7 

B1 0.019 0.021 0.47 0.53 5 

62 0.023 0.028 0.60 0.70 5 

D 0.559 0.569 14.20 14.45 

E 0.562 0.572 14.27 14.53 

D1 0.429 0.439 10.90 11.15 3 

E1 0.431 0.441 10.95 11.20 3 

D2 0.380 0.390 9.65 9.90 4 

E2 0.380 0.390 9.65 9.90 4 

D3IE3 0.500BSC 12.70BSC 

D41E4 0.531 BSC 13.475 BSC 

D5IE5 1.061 BSC 26.95 BSC 

D6 1.372 1.382 34.85 35.10 

E6 1.244 1.314 31.62 33.37 

D7 0.349 0.355 8.87 9.02 

E7 0.346 0.352 8.79 8.94 

D8 0.360 0.370 9.14 9.40 

E8 0.367 0.377 9.32 9.57 

e 0.010BSC 0.254BSC 2 

e1 5 

F 

G 

H 

H1 

aaa 0.002 0.05 

NOTES: 

1. All dimensioning and tolerancing per ANSI Y14.5M-
1982. 

2. Controlling dimension is MilLIMETERS except for di­
mensions b, c and e which are in INCHES. 

3. Dimensions D1/E1 define the package "body size-. 

4. Dimensions D2IE2 define the maximum allowable di­
mension between the outside edges of the outermost 
leads. This dimension provides necessary clearance 
from the OlB window corners for excise operations. 

5. This dimension applies to all test pads. 

6. All lead and test pad arrays shall be arranged in a sym­
metric configuration with respect to datums D or s.c. 

7. Dimensions band c apply to base material only. 

8. Lead Material: Copper 
Lead Finish: Gold over nickel underplate 

9. Film format and test pads per JEDEC US-001, Ax - 2x. 

10. TAB packages shipped in slide carriers per JEDEC 
CS-006 with the leads unformed (flat). 



Package Outlines 

Tape Automated Bonding (TAB) Suggested Lead Form Dimensions 

ML 
TI~M 

b I G I H I 
0.003 I 0.475 I 0.515 I 

DEVICE LEADS E1 01 

HSP43220 84 0.414 0.415 

HSP45116 156 0.436 0.434 

G 

I : z 

I~ E7 

H 

• 
1 
T 

b 

1 
T 

J 

~I----L 
IR..L~ s 

.1 .IT 

CONSTANT DIMENSIONS 

J I K I L I M 1 c 

0.472 I 0.512 I 0.020 I 0.0114 I 0.0014 

DEVICE DEPENDENT DIMENSIONS 

E2 02 C • Ex Ey 

0.305 0.305 0.025 0.015 0.0545 0.0550 

0.385 0.385 0.032 0.010 0.0256 0.0245 
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1 
07 K 

1 

I R I S 

I 0.0057 I 0.0224 

E7 07 Z 

0.348 0.349 0.019 

0.350 0.353 0.019 
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HOW TO USE HARRIS AnswerFAX 

What is AnswerFAX? 
AnswerFAX is Harris' automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products . 

••• 
What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week . 

••• 
How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how . 

••• 
How do I find out the order number for the publications I want? 
The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are seven catalogs: 

• New Products • Digital Signal Processing (DSP) Products • Application Notes 

• Linear/Telecom Products • Discrete & Intelligent Power Products 

• Data Acquisition Products • Microprocessor Products 

Once they're faxed to you, you can call back and order the publications themselves by number . 

••• 
How do I start? 

Dial 407-724-3818. That's it. 

ANSWER 

FAX 
Please refer to next page for a map to AnswerFAX. 

12-1 

U)~ -a::: a::: w a:::;= 
cCU) 
l:z 

cC 



j\) 
Ib 

ORDER 
WELCOME TO 
AnawerFAX! 

GET HELP 

Your Map to Harris AnswerFAX 

MORE 
QlVEA ENTER DONE 

YOUR DOCUMENT 
NUMBER 

DONE III II I FAX NUMBER 

DATA ACQUlsmON 
PRODUCTS 

DIGITAL SIGNAL 
PROCESSING 

DISCRETE AND 
INTELLIGENT 

POWER PRODUCTS 

MICROPROCESSOR 
PRODUCTS 

RADlAnON HARDENED 
PRODUCTS 

ENnRE CATALOG 
USnNG 

APPUCAnON 
NOTES 

CHOOSE A CATALOG 

CONFIRM 
YOUR 
CHOICE 

(ORDER UP 
TO THREE 
DOCUMENTS) 

DONE 

CORRECT YOUR 
FAX NUMBER 

ENTER • 
YOUR 
NAME 

RAPID • ACCESS 
NUMBER 

ENTER YOUR 
NUMBER 

DONE. 

m~ 

ANSWER 

FAX 



Harris AnswerFAX Data Book Request Form 

DATA BOOKS AVAILABLE NOWI 

PUBLICATION 
NUMBER DATA BOOK/DESCRIPTION 

PSG201S PRODUCT SELECTION GUIDE (1992: 320pp) Key product information on all Harris Semiconductor de-
vices. Sectioned (Analog, Data Acquisition, Digital, Application Specific, Power, Hi-Rei & Rad-Hard, 
ASIC) for easy use and includes cross references and alphanumeric part number index. 

OB500B UNEAR AND TELECOM ICa (1993: 1,312pp) Product specifications for: op amps, comparators, S/H 
amps, differential amps, arrays, special analog circuits, telecom ICs, and power processing circuits. 

OB301B DATA ACQUISITION (1994: 1,104pp) Product specifications on AID converters (display, integrating, 
successive approximation, flash); O/A converters, switches, multiplexers, and other products. 

DB302A DIGITAL SIGNAL PROCESSING (1993: 380pp) This new edition includes specifications on one- and 
two-dimensional filters, signal synthesizers, multipliers, speCial function devices (such as address se-
quencers, binary correlators, histogram mer). Includes sections on development tools, application notes 
and QualitylReliability. 

DB304 INTELLIGENT POWER ICa (1992: 512pp) Product specifications for low- and high-side switches, half 
bridges, AC-OC converters, full bridges, regulators & power supplies, protection circuits, and special func-
tion ICs. Includes application notes and Quality/Reliability sections. 

DB450C TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994: 400pp) Product specifications of Harris varis-
tors and surgectors. Also, general informational chapters such as: "Voltage Transients - An Overview," 
"Transient Suppression - Devices and Principles," "Suppression - Automotive Transients." 

DB223.2 POWER MOSFETa (1992: 1,504pp) Product specifications on MOSFETs (N- and P-channel, logic level, 
military and radiation-hardened); IGBTs; Intelligent discretes; power drivers and switches; and ultra-fast 
rectifiers. Includes industry replacement guide and application notes. 

OB220.1 BIPOLAR POWER TRANSISTORS (1992: 592pp) Technical information on over 750 power transistors 
for use in a wide range of consumer, industrial and military applications. Indexing and packaging included. 

OB303 MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product 
speCifications on CMOS microprocessors, peripherals, data communications, and memory ICs. Includes 
application notes and QualitylReliability chapters. 

DB309 MCTnGBT/DIODES (1994: 528pp) This databook fully describes Harris Semiconductor's line of MOS 
Controlled Thyristors, Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. It in-
cludes a complete set of datasheets for product specifications. application notes with design details for 
specific applications of Harris products, and a description of the Harris Quality and Reliability program. 

Analog Military ANALOG MILITARY (1989: 1.264pp) This databook describes Harris' military line of Linear. Data Acqui-
sition, and Telecommunications circuits. 

Digital Military DIGITAL MILITARY (1989: 680pp) Harris CMOS digitallCs -- microprocessors. peripherals, data com-
munications and memory -- are included in this databook. 

NAME: ______________________________ __ COMPAN~ __________________________ __ 

MAILSTOP: __________________________ _ 

PHONE: ___________________ _ 

FAX: ______________________________ __ 

ADDRESS: __________________________ __ 

DATABOOKREQUESTED: _____________ _ 
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aD HARRIS WI SEMICONDUCTOR 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

27007 BROO7 Complete Listing of Harris Sales Offic-
es, Representatives and Authorized 
Distributors World Wide (7 pages) 

HARRIS SEMICONDUCTOR APPUCATION NOTES 

9001 ANOO1 Glossary of Data Conversion Terms 
(6 pages) 

9002 ANOO2 Principles of Data Acquisition and 
Conversion (20 pages) 

9004 ANOO4 The IH5009 Analog Switch Series 
(9 pages) 

9007 ANOO7 Using the 804818049 Log/Antilog 
Amplifier (6 pages) 

9009 ANOO9 Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors In 
Mind (7 pages) 

9012 AN012 Switching Signals with Semiconductors 
(4 pages) 

9013 AN013 Everything You Always Wanted to 
Know About the ICL8038 (4 pages) 

9016 AN016 Selecting AID Converters (7 pages) 

9017 AN017 The Integrating AID Converter 
(5 pages) 

9018 AN018 Do's and Don'ts of Applying AID 
Converters (4 pages) 

9020 AN020 A Cookbook Approach to High Speed 
Data Acquisition and Microprocessor 
Interfacing (23 pages) 

9023 AN023 Low Cost Digital Panel Meter Designs 
(5 pages) 

9027 AN027 Power Supply Design Using the 
ICL8211 and 8212 (8 pages) 

9028 AN028 Build an Auto-Ranging DMM with the 
ICL7103A18052A AID Converter Pair 
(6 pages) 

9030 AN030 ICL7104: A Binary Output AID Convert-
er for Microprocessors (16 pages) 

9032 AN032 Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL7106/7107n109 Family (8 pages) 

9040 AN040 Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 

9042 AN042 Interpretation of Data Converter 
Accuracy Specifications (11 pages) 

9043 AN043 Video Analog-to-Dlgltal Conversion 
(6 pages) 

9048 AN046 Building a Battery Operated Auto Rang-
ing DVM with the ICL7106 (5 pages) 

9047 AN047 Games People Play with Intersll's AID 
Converter's (27 pages) 

AnswerFAX Technical Support 
Application Note Listing 

AnewerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

9048 AN048 Know Your Converter Codes (5 pages) 

9049 AN049 Applying the 7109 AID Converter 
(5 pages) 

9051 AN051 Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 page~) 

9052 AN052 Tips for Using Single Chip 3.5 Digit AID 
Converters (9 pages) 

9053 AN053 The ICL7650 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 
(19 pages) 

9054 AN054 Display Driver Family Combines Con-
venience of Use with Microprocessor 
Interfaceability (18 pages) 

9059 AN059 Digital Panel Meter experiments for the 
Hobbyist (7 pages) 

9108 AN108 82C52 Programmable UART 
(12 pages) 

9109 AN109 82C59A Priority Interrupt Controller 
(14 pages) 

9111 AN111 Harris 8OC286 Performance 
Advantages Over the 80386 (12 pages) 

9112 AN112 8OC286180386 Hardware Comparison 
(4 pages) 

9113 AN113 Some Applications of Digital Signal Pro-
ceSSing Techniques to Digital Video 
(5 pages) 

9114 AN114 Real-Time Two-Dimensional Spatial 
Altering with the Harris Digital Alter 
Family (43 pages) 

9115 AN115 Digital Alter (OF) Family Overview 
(6 pages) 

9118 AN116 Extended OF Configurations (10 pages) 

9120 AN120 Interfacing the 8OC286-16 With the 
80287-10 (2 pages) 

9121 AN121 Harris 8OC286 Performance Advantag-
es Over the 80386SX (14 pages) 

9400 AN400 Using the HS-3282 ARINC Bus 
Interface Circuit (6 pages) 

9509 AN509 A Simple Comparator Using the 
HA-2620 (1 page) 

9514 AN514 The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 

9515 AN515 Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 

9517 AN517 Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 

9519 AN519 Operational Amplifier Noise Prediction 
(4 pages) 
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11 HARRIS 
SEMICONDUCTOR 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

9520 AN520 CMOS Analog Miltlplexers and Switch-
es; Applications Considerations 
(9 pages) 

9521 AN521 Getting the Most Out of CMOS Devices 
for Analog Switching Jobs (7 pages) 

9522 AN522 Digital to Analog Converter 
Terminology (3 pages) 

9524 AN524 Digital to Analog Converter High Speed 
ADC Applications (3 pages) 

9525 AN525 HA-5190/5195 Fast Settling Operation-
al Amplifier (4 pages) 

9526 AN526 Video Applications for the HA-51901 
5195 (5 pages) 

9531 AN531 Analog Switch Applications In AID Data 
Conversion Systems (4 pages) 

9532 AN532 Common Questions Concemlng CMOS 
Analog Switches (4 pages) 

9534 AN534 Additional Information on the HI-300 
Series Switch (5 pages) 

9535 AN535 Design Considerations for A Data 
Acquisition System (DAS) (7 pages) 

9538 AN538 Monolithic SampleIHold Combines 
Speed and Precision (6 pages) 

9539 AN539 A Monolithic 16-Bit 01 A Converter 
(5 pages) 

9540 AN540 HA-5170 Precision Low Noise JFET 
Input Operation Amplifier (4 pages) 

9541 AN541 Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational 
Amplifier (4 pages) 

9543 AN543 New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 

9544 AN544 Micropower Op Amp Family (6 pages) 

9546 AN546 A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 

9548 AN548 A Designers Guide for the HA-5033 
Video Buffer (12 pages) 

9549 AN549 The HC-550X Telephone Subscriber 
Une Interface CirCUits (SLlC) 
(19 pages) 

9550 AN550 Using the HA-2541(6 pages) 

9551 AN551 Recommended Test Procedures for 
Operational Amplifiers (6 pages) 

9552 AN552 Using the HA-2542 (5 pages) 

9553 AN553 HA-5147137127. Ultra Low Noise 
Amplifiers (8 pages) 

9554 AN554 Low Noise Family 
HA-5101/02l04l11/12114 (7 pages) 
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AnswerFAX Technical Support 
Application Note Listing 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

9558 AN556 Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 

9557 AN557 Recommended Test Procedures for An-
alog Switches (6 pages) 

9558 AN558 Using the HV-1205 AC to DC Converter 
(2 pages) 

9559 AN559 HI-222 VideoJHF Switch Optimizes Key 
Parameters (7 pages) 

9571 AN571 Using Ring Sync with HC-5502A and 
HC-5504 SLlCs (2 pages) 

9573 AN573 The HC-5560 Digital Line Transcoder 
(6 pages) 

9574 AN574 Understanding PCM Coding (3 pages) 

9576 AN576 HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 

9607 AN607 Delta Modulation for Voice 
Transmission (5 pages) 

95290 AN5290 Integrated Circuit Operational 
Amplifiers (20 pages) 

96048 AN6048 Some Applications of A Programmable 
Power Switch/Amp (12 pages) 

96077 AN6077 An IC Operational-Transconductance-
Amplifier (OTA) With Power Capability 
(12 pages) 

96157 AN6157 Applications of the CA3085 Series 
Monolithic IC Voltage Regulators 
(11 pages) 

96182 AN6182 Features and Applications of Integrated 
Circuit Zero-Voltage Switches 
(CA3058, CA3059 and CA3079) 
(31 pages) 

96386 AN6386 Understanding and Using the CA3130. 
CA3130A and CA3130B30Al30B ~ 
BIMOS Operation Amplifiers (5 pages) 

96459 AN6459 Why Use the CMOS Operational 
Amplifiers and How to Use It (4 pages) 

96565 AN6565 Design of Clock Generators For Use 
With COSMAC Microprocessor 
CDP1802 (3 pages) 

96669 AN6669 FET -Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 

96915 AN6915 Application of CA1524 Series 
Pulse-Width Modulator ICs (18 pages) 

96970 AN6970 Understanding and Using the CDP1855 
MultlplylDlvide Unit (11 pages) 

97063 AN7063 Understanding the CDP1851 
Programmable I/O (7 pages) 

97174 AN7174 The CA 1524E Pulse-Width Modulator-
Driver for an Electronic Scale (2 pages) 
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AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

97244 AN7244 Understanding Power MOSFETs 
(4 pages) 

97254 AN7254 Switching Waveforms of the L 2FET: 
A 5 Volt Gate-Drive Power MOSFET 
(8 pages) 

97260 AN7260 Power MOSFET Switching Waveforms: 
A New Insight (7 pages) 

97275 AN7275 User's Guide to the CDP1879 and 
CDP1879C1 CMOS Real-TIme Clocks 
(18 pages) 

97326 AN7326 Applications of the CA3228E Speed 
Control System (16 pages) 

97332 AN7332 The Application of Conductivity-Modu-
lated Field-Effect Transistors (5 pages) 

97374 AN7374 The CDP1871 A Keyboard Encoder 
(9 pages) 

98602 AN8602 The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 

98603 AN8603 Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 

98610 AN861 0 Spicing-Up Spice II Software for Power 
MOSFET Modeling (8 pages) 

98614 AN8614 The CA1523 Variable Interval Pulse 
Regulator (VI PUR) For Switch Mode 
Power Supplies (13 pages) 

98707 AN8707 The CA3450: A Single-Chip Video Line 
Driver and High Speed Op Amp 
(14 pages) 

98742 AN8742 Application of the CD22402 Video Sync 
Generator (4 pages) 

98743 AN8743 Micropower Crystal-Controlled Oscilla-
tor Design Using CMOS Inverters 
(8 pages) 

98754 AN8754 Method of Measurement of Simulta-
neous Switching Transient (3 pages) 

98756 AN8756 A Comparative DeSCription of the UART 
(16 pages) 

98759 AN8759 Low Cost Data Acquisition System Fea-
tures SPI AID Converter (9 pages) 

98761 AN8761 User's Guide to the CDP68HC68T1 
Real-Time Clock (14 pages) 

98811 AN8811 BIMOS-E Process Enhances the 
CA5470 Quad Op Amp (8 pages) 

98818 AN8818 Exceptional Radiation levels from SIII-
con-on-8apphire Processed High-
Speed CMOS logic (5 pages) 

98820 AN8820 Recommendations for Soldering Termi-
nal Leads to MOV Varistor Discs 
(2 pages) 

AnswerFAX Technical Support 
Application Note Listing 

AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

98823 AN8823 CMOS Phase-locked-loop Applica-
tions Using the CD54174HCJHCT 4046A 
and CD54174HClHCT7046A (23 pages) 

98829 AN8829 SP600 and SP601 an HVIC MOSFETI 
IGBT Driver for Half-Bridge Topologies 
(6 pages) 

98910 AN8910 An Introduction to Behavioral Simula-
tion Using Harris AC/ACT logic Smart-
Models™ From logic Automation Inc. 
(9 pages) 

99001 AN9001 Measuring Ground and VCC Bounce In 
Advanced High Speed (AC/ACT/FCl) 
CMOS Logic ICs (4 pages) 

99002 AN9002 Transient Voltage Suppression In 
Automotive Vehicles (8 pages) 

99003 AN9003 low-Voltage Metal-Oxide Varistor -
Protection for low Voltage (S5V) ICs 
(13 pages) 

99010 AN9010 HIP2500 High Voltage (5OOVoc) Half-
Bridge Driver IC (8 pages) 

99011 AN9011 Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 

99101 AN9101 High Current Off line Power Supply 
(4 pages) 

99102 AN91 02 Noise Aspects of Applying Advanced 
CMOS Semiconductors (9 pages) 

99105 AN91 05 HVICIIGBT Half-Bridge Converter 
Evaluation Circuit (1 page) 

99106 AN9106 Special ESD Considerations for the HS-
65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 

99108 AN91 08 Harris Multilayer Surface Mount Surge 
Suppressors (10 pages) 

99201 AN9201 Protection Circuits for Quad and Octal 
low Side Power Drivers (8 pages) 

99202 AN9202 Using the HFA1100. HFA1130 
Evaluation Fixture (4 pages) 

99203 AN9203 Using the H15800 Evaluation Board 
(13 pages) 

99204 AN9204 Tools for Controlling Voltage Surges 
and Noise (4 pages) 

99205 AN9205 Timing Relationships for HSP45240 
(2 pages) 

99206 AN9206 Correlating on Extended Data lengths 
(2 pages) 

99207 AN9207 DSP Temperature Considerations 
(2 pages) 

99208 AN9208 High Frequency Power Converters 
(10 pages) 
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DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

99209 AN9209 A Splce-2 Subcircuit Representation for 
Power MOSFETs, Using Empirical 
Methods (4 pages) 

99210 AN921 0 A New PSpice Subclrcult for the Power 
MOSFET Featuring Global Tempera-
ture Options (12 pages) 

99211 AN9211 Soldering Recommendations for 
Surface Mount Metal Oxide Varistors 
and Multilayer Transient Voltage 
Suppressors (8 pages) 

99212 AN9212 HIP5060 Family of Current Mode 
ControllCs Enhance 1 MHz Regulator 
Performance (7 pages) 

99213 AN9213 Advantages and Application of Display 
Integrating AID Converters (6 pages) 

99214 AN9214 Using Harris High Speed AID 
Converters (10 pages) 

99215 AN9215 Using the HI-5700 Evaluaton Board 
(7 pages) 

99216 AN9216 Using the HI5701 Evaluation Board 
(8 pages) 

99217 AN9217 High Current Off Line Power Supply 
(11 pages) 

99301 AN9301 High Current Logic Level MOSFET 
Driver (3 pages) 

99302 AN9302 CA3277 Dual 5V Regulator Circuit 
Applications (9 pages) 

99303 AN9303 Upgrading Your Application to the 
H17166 or HI7167 (7 pages) 

99304 AN9304 ESD and Transient Protection Using the 
SP720 (10 pages) 

99306 AN9306 The New ·C· 11\ Series of Metal Oxide 
Varistors (5 pages) 

99307 AN9307 The Connector Pin Varistor for 
Transient Voltage Protection In 
Connectors (7 pages) 

99308 AN9308 Voltage Transients and their 
Suppression (5 pages) 

99309 AN9309 Using the HI58001H15801 Evaluation 
Board (8 pages) 

99310 AN9310 Surge Suppression Technologies 
Advantages and Disadvantages 
(MOVs, SADs, Gas Tubes, Alters and 
Transformers) (6 pages) 

99311 AN9311 The ABCs of MOVs (3 pages) 

99312 AN9312 Suppression of Transients In an 
Automative Environment (11 pages) 

99313 AN9313 Circuit Considerations In Imaging 
Applications (8 pages) 

99314 AN9314 Harris UHF Pin Drivers (4 pages) 
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AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

99315 AN9315 RF Amplifier Design Using HFA3046/ 
3096/312713128 Transistor Arrays 
(4 pages) 

99316 AN9316 Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
(2 pages) 

99317 AN9317 Mlcropower Clock Oscillator and Op 
Amps Provide System Control for Bat-
tery Operated Circuits (2 pages) 

99321 AN9321 Single Pulse Unclamped Inductive 
Switching: A Rating System (5 pages) 

99322 AN9322 A Combined Single Pulse and 
Repetitive UIS Rating System (4 pages) 

99323 AN9323 HIP5061 High Efficiency, High Perfor-
mance, High Power Converter 
(10 pages) 

99324 AN9324 HIP4080, 80V Frequency H-Bridge 
Driver (12 pages) 

99327 AN9327 HC-5509A 1 Ring Trip Component 
Selection (9 pages) 

99328 AN9328 Using the H11166 Evaluation Board 
(9 pages) 

99329 AN9329 Using the H111761H11171 Evaluation 
Board (5 pages) . 

99330 AN9330 Using the HI1396 Evaluation Board 
(9 pages) 

99331 AN9331 Using the HI1175 Evaluation Board 
(10 pages) 

99332 AN9332 Using the HI1276 Evaluation Board 
(10 pages) 

99333 AN9333 Using the HI1386 Adapter Board 
(2 pages) 

99334 AN9334 Improving Start-Up Time at 32kHz 
for the HA7210 Low Power Crystal 
Oscillator (2 pages) 

99335 AN9335 HIP5500 High Voltage (500Vod Power 
Supply Driver IC (13 pages) 

99337 AN9337 Reduce CMOS-Multiplexer Troubles 
Through Proper Device Selection 
(6 pages) 

660001 MMOOO1 HFA-0001 Spice Operational Amplifier 
Macro-Model (4 pages) 

660002 MMOOO2 HFA-0002 Spice Operational Amplifier 
Macro-Model (4 pages) 

660005 MMOOO5 HFA-OOOS Spice Operational Amplifier 
Marco-Model (4 pages) 

662500 MM2500 HA2500/02 Spice Operational Amplifier 
Macro-Model (5 pages) 

662510 MM251 0 HA-251 0/12 Spice Operational 
Amplifier Macro-Model (4 pages) 



AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

662520 MM2520 HA-2520122 Spice Operational 
Amplifier Macro-Model (4 pages) 

662539 MM2539 HA-2539 Spice Operational Amplifier 
Macro-Model (4 pages) 

662540 MM2540 HA-2540 Spice Operational Amplifier 
Macro-Model (4 pages) 

662541 MM2541 HA-2541 Spice Operational Amplifier 
Macro-Model (5 pages) 

662542 MM2542 HA-2542 Spice Operational Amplifier 
Macro-Model (5 pages) 

662544 MM2544 HA-2544 Spice Operational Amplifier 
) Macro-Model (5 pages) 

662548 MM2548 HA-2548 Spice Operational Amplifier 
Macro-Model (5 pages) 

662600 MM2600 HA-2600102 Spice Operational 
Amplifier Macro-Model (5 pages) 

662620 MM2620 HA-2620122 Spice Operational 
Amplifier Macro-Model (5 pages) 

662839 MM2839 HA-2839 Spice Operational Amplifier 
Macro-Model (4 pages) 

662840 MM2840 HA-2840 Spice Operational Amplifier 
Macro-Model (4 pages) 

662841 MM2841 HA-2841 Spice Operational Amplifier 
Macro-Model (4 pages) 

662842 MM2842 HA-2842 Spice Operational Amplifier 
Macro-Model (4 pages) 

662850 MM2850 HA-2850 Spice Operational Amplifier 
Macro-Model (4 pages) 

665002 MM5002 HA-5002 Spice Buffer Ampilfier 
Macro-Model (4 pages) 
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AnswerFAX 
DOCUMENT PART 

NUMBER NUMBER DESCRIPTION 

865004 MM5004 HA-5004 Spice Current Feedback 
Amplifier Macro-Model (4 pages) 

665020 MM5020 HA-5020 Spice Current Feedback 
Operational Amplifier Macro-Model 
(4 pages) 

665033 MM5033 HA-5033 Spice Buffer Amplifier 
Macro-Model (4 pages) 

885101 MM5101 HA-5101 Spice Operational Amplifier 
Macro-Model (5 pages) 

885102 MM5102 HA-5102 Spice Operational Amplifier 
Macro-Model (5 pages) 

885104 MM5104 HA-5104 Spice Operational Amplifier 
Macro-Model (5 pages) 

885112 MM5112 HA-5112 Spice Operational Amplifier 
Macro-Model (5 pages) 

885114 MM5114 HA-5114 Spice Operational Amplifier 
Macro-Model (5 pages) 

885127 MM5127 HA-5127 Spice Operational Amplifier 
Macro-Model (4 pages) 

665137 MM5137 HA-5137 Spice Operational Amplifier 
Macro-Model (4 pages) 

665147 MM5147 HA-5147 Spice Operational Amplifier 
Macro-Model (4 pages) 

885190 MM5190 HA-5190 Spice Operational Amplifier 
Macro-Model (4 pages) 

885221 MM5221 HA-5221122 Spice Operational 
Amplifier Macro-Model (4 pages) 

797338 MM Harris Power MOSFET and MCT Spice 
PWRDEV Model Library (16 pages) 
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SALES OFFICES 

A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is available. Please order the 
"Harris Sales Listing" from the Literature Center (see page iii). 

HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 

U.S. HEADQUARTERS 
Harris Semiconductor 
1301 Woody Burke Road 
Melbourne, Florida 32901 
TEL: (407) 724-3000 

SOUTH ASIA 
Harris Semiconductor H.K. Ltd 
13/F Fourseas Building 
208·212 Nathan Road 
Tsimshatsui, Kowloon 
Hong Kong 
TEL: (852) 3-723-6339 

EUROPEAN HEADQUARTERS 
Harris Semiconductor 
Mercure Centre 
100, Rue de la Fusse 
1130 Brussels, Belgium 
TEL: 32 2 246 21 11 

NORTH ASIA 
Harris K.K. 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-Ku, Tokyo 163 Japan 
TEL: (81) 03-3345-8911 

TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES: 

UNITED STATES 

INTERNATIONAL 

CAUFORNIA 

FLORIDA 

GEORGIA 

ILLINOIS 

NEW JERSEY 

NEW YORK 

FRANCE 

GERMANY 

HONG KONG 

ITALY 

JAPAN 

KOREA 

SINGAPORE 

UNITED KINGDOM 

San Jose . . . . . . . . . . . . . . . . . . . 408-995-7322 
Woodland Hills ............... 818-992-0686 

Melbourne .................. 407·723-0501 

DUluth ...................... 404-476-2035 

Schaumburg ................. 708-240-3480 

Voorhees . . . . . . . . . . . . . . . . . . . 609-751-3425 

Great Neck .................. 516-829-9441 

Paris. . . . . . . . . . . • . . . . . . . . . . . 33-1-346-54046 

Munich ..................... 49-8-963-8130 

Kowloon. . . . . . . . . . . . . . . • . . . . 852-723-6339 

Milano ...... . . . . . . . . . . . . . . . 39-2-262-0761 

Tokyo ...................... 81-33-345-8911 

Seoul ...................... 82·2-551-0931 

Singapore. . . . . . .. . . . . . . . . . . . 65-291-0203 

Camberley . . . . . . . . . . . . . . . . . . 44-2-766-86886 
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North American Sales Offices and Representatives 

ALABAMA 
Harris Semiconductor 
Suite 103 
Office Park South 
600 Boulevard South 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 

Glestlng & Associates 
Suite 15 
4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 

ARIZONA 
Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 

P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602577 0581 

CALIFORNIA 
Harris Semiconductor 

* Suite 320 
1503 So. Coast Drive 
Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 

Harris Semiconductor 
* 3031 Tisch Way 

1 Plaza South 
San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 

Harris Semiconductor 
* Suite 350 

6400 Canoga Ave. 
Woodland Hills, CA 91367 
TEL: (818) 992-0686 
FAX: 818 883 0136 

CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 102 
San Diego, CA 92111 
TEL: (619) 279-0420 
FAX: 619 279 7650 

Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6598 

Ewing Foley, Inc. 
895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 9415109 

Vision Technical Sales, Inc. 
6400 Canoga Ave. 
Suite 350 
Woodland Hills, CA 91367 
TEL: (818) 992-0686 
FAX: 818 883 0136 

CANADA 
Blakewood Electronic 
Systems, Inc. 
#201 - 7382 Winston Street 
Burnaby, BC 
V5A2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 

Clark Hurman Associates 
Unit 14 
20 Regan Road 
Brampton, Ontario 
Canada L7A IC3 
TEL: (905) 840-6066 
FAX: 905 840-6091 

66 Colonnade Rd. 
Suite 205 
Nepean, Ontario 
Canada K2E 7K7 
TEL: (613) 727-5626 
FAX: 613 7271707 

4 Chester 
Pointe Claire, Quebec 
Canada H9R 4H7 
TEL: (514) 426-0453 
FAX: 514 426 0455 

COLORADO 
Compass Mktg. & Sales, Inc. 
Suite 3500 
5600 So. Quebec St. 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 

CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 

FLORIDA 
Harris Semiconductor 

* 1301 Woody Burke Rd. 
Melbourne, FL 32901 
TEL: (407) 724-3576 
FAX 407 724 3130 

Sun Marketing Group 
SuiteA8 
1956 Dairy Rd. 
West Melbourne, FL 32904 
TEL: (407) 723-0501 
FAX 407 7233845 

GEORGIA 
Glestlng & Associates 

* Suite 108 
2434 Hwy.120 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 4762405 

IWNOIS 
Harris Semiconductor 

* Suite 600 
1101 Perimeter Dr. 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 6191511 

Oasis Sales 
1101 Tonne Road 
Elk Grove Village, IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 

INDIANA 
Harris Semiconductor 

* Suite 100 
11590 N. Meridian St. 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 8435191 

Glestlng & Associates 
370 Ridgepolnt Dr. 
Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 8445861 

IOWA 
Oasis Sales 
Suite 203 
4905 Lakeside Dr., NE 
Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319377 8803 

KANSAS 
Advanced Tech. SaIes,Inc. 
Suite 8 
601 North Mur-Len 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 

KENTUCKY 
Glestlng & Associates 
212 Grayhawk Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 
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MARYLAND 
New Era Sales, Inc. 
Suite 103 
890 Airport Pk. Rd 
Glen Burnie, MD 21061 
TEl: (410) 761-4100 
FAX: 410761-2981 

MASSACHUSETTS 
Harris Semiconductor 

* Suite240 
3 Burlington Woods 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 6172211866 

Advanced Tech Sales, Inc. 
Suite 102 
348 Park Street 
Park Place West 
N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX: 508 664 5503 

MICHIGAN 
Harris Semiconductor 

* Suite 460 
27777 Franklin Rd. 
Southfield, MI 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 

Giestlng & Associates 
Suite 113 
34441 Eight Mile Rd. 
Livonia, MI48152 
TEL: (810) 478-8106 
FAX: 810 477 6908 

1279 Skyhills N.E. 
Comstock Park, M149321 
TEL: (616) 784-9437 
FAX: 616 784 9438 

MINNESOTA 
Oasis Sales 
Suite 210 
7805 Telegraph Road 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 9415701 

* Field Application Assistance 
Available 



North American Sales Offices and Representatives (Continued) January 1994 

MISSOURI 
Advanced Tech. Sales 
13755 SI. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 2917958 

NEBRASKA 
AdVanced Tech. Sales 
13755 SI. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 

NEW JERSEY 
Harris Semiconductor 

• Plaza 1000 at Main Street 
Suite 104 
Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 

Harris Semiconductor 
724 Route 202 
P.O. Box 591 MIS 13 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 

Tritek Sales, Inc. 
Suite 410, One Cherry Hill 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 6096678741 

NEW MEXICO 
Compass Mktg. I. Sales, Inc. 
Suite 109 
4100 Osuna Rd., NE 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 

NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 9142980425 

Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 

2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 7165861359 

7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 

Trionic Associates, Inc. 
• 320 Northern Blvd. 

Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 5164662319 

NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2TOS 
Durham, NC 27703 
TEL: (919) 549-3600 
FAX: 9195493660 

New Era Sales 
Suite 203 
1110 Navajo Dr. 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 8788514 

OHIO 
Glestlng I. Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 5133855069 

Suite 521 
26250 Euclid Avenue 
Cleveland, OH 44132 
TEL: (216) 261-9705 
FAX: 216261 5624 

6324 Tamworth CI. 
Columbus, OH 43017 
TEL: (614) 752-5900 
FAX: 614792-6601 

OKLAHOMA 
Nova Marketing 
Suite 1339 
81250 East 51st Street 
Tulsa, OK 74145 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 6653815 

OREGON 
Northwest Marketing Assoc. 
Suite 330 
6975 SW Sandburg Road 
Portland, OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 

PENNSYLVANIA 
Glestlng I. Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 4128286160 

TEXAS 
Harris Semiconductor 

• Suite205 
17000 Dallas Parkway 
Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 

Nova Marketing 
Suite 180 
8310 Capitol of Texas Hwy. 
Austin, TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 

Suite 174 
8350 Meadow Rd. 
Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 

Corporate Atrium II 
Suite 140 
10701 Corporate Dr. 
Stafford, TX 77477 
TEL: (713) 240-6082 
FAX: 7132406094 

UTAH 
Compass Mktg.1. Sales, Inc. 
Suite 320 
5 Triad Center 
Salt Lake City, UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 

WASHINGTON 
Northwest Marketing Assoc. 
Suite330N 
12835 Bel-Red Road 
Believue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 

WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 

·Field Application Assistance Available 

North American Authorized Distributors and Corporate Offices 

Alliance Electronics 
20 Custom House SI. 
Boston, MA 02110 
TEL: (617) 261-7988 
FAX: (617) 261-7987 

ArrowJSchweber 
Electronics Group 
25 Hub Dr. 
Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 5163911644 

Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 6142994121 

Farnell Electronic Services 
(Formerly ITT MulticonlX>nents) 
300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 2Z4 
TEL: (416) 798-4884 
FAX: 416 798 4889 

Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
TEL: (617) 769-6000, x156 
FAX: 617 762 8931 

Hamilton Hallmark 
10950 W. Washington Blvd. 
Culver City, CA 90230 
TEL: (310) 558-2000 
FAX: 310 558 2809 (Mil) 
FAX: 310 558 2076 (Com) 

Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 

Wyle laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 

Zeus Electronics, 
An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX: 914937-2553 

Obsolete Products: 

Rochester Electronic 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 50s 462 9512 

Hamilton Hallmark and zeus are the only authorized North AmerIcan 
distributors for stocking and sale of Harris Rad Hard Space products. 
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North American Authorized Distributors January 1994 

ALABAMA 
Rancho Cordova 

CONNECTICUT 
Newark Electronics, Inc. 

ArrowJSchweber 
TEL: (916) 638-5282 

Alliance Electronics, Inc. Chicago 

Huntsville San Diego Shelton TEL: (312) 907-5436 

TEL: (205) 837-6955 TEL: (619) 565-9171 TEL: (203) 926-0087 Wyle laboratories 

Hamilton Hallmark Santa Clara ArrowJSchweber 
Schaumburg 

Huntsville TEL: (408) 727-2500 Wallingford 
TEL: (708) 303-1040 

TEL: (205) 837-8700 Zeus, An Arrow Company TEL: (203) 265-7741 Zeus, An Arrow Company 

WyIe laboratories Calabasas Hamilton Hallmark Itasca 

Huntsville TEL: (818) 880-9686 Danbury TEL: 708) 250-0500 

TEL: 205) 830-1119 San Jose TEL: (203) 271-2844 

Zeus, An Arrow Company TEL: (408) 629-4789 Zeus, An Arrow Company 
INDIANA 

Huntsville TEL: (800) 52-HI-REL Wallingford 
ArrowJSchweber 

TEL: (205) 837-6955 Yorba Linda TEL: (203) 265-7741 Indianapolis 

TEL: (714) 921-9000 
TEL: (317) 299-2071 

ARIZONA TEL: (800) 52-HI-REL FLORIDA Hamilton Hallmark 

Alliance Electronics, Inc. Alliance Electronics, Inc. Indianapolis 

Gilbert CANADA Tampa TEL: (317) 872-8875 

TEL: (602) 813-0233 ArrowJSchweber TEL: (813) 831-7972 

Scottsdale Burnaby, British Columbia ArrowJSchweber IOWA 

TEL: (602) 483-9400 TEL: (604) 421-2333 Deerfield Beach ArrowJSchweber 

Dorval, Quebec TEL: (305) 429-8200 Cedar Rapids 

ArrowJSchweber TEL: (319) 395-7230 

Tempe 
TEL: (514) 421-7411 Lake Mary 

Hamilton Hallmark 
TEL: (602) 431-0030 Napan, Ontario TEL: (407) 333-9300 

Cedar Rapids 

Hamilton Hallmark 
TEL: (613) 226-6903 Hamilton Hallmark TEL: (319) 362-4757 

Phoenix Mississagua, Ontario Miami 
Zeus, An Arrow Company 

TEL: (602) 437-1200 TEL: (416) 670-7769 TEL: (305) 484-5482 
Cedar Rapids 

Wyle laboratories Farnell Electronic Services Orlando TEL: (319) 395-7230 

Phoenix Burnaby, British Columbia TEL: (407) 657-3300 

TEL: (602) 437-2088 TEL: (604) 421-6222 St. Petersburg KANSAS 

Zeus, An Arrow Company Calgary, Alberta TEL: (813) 541-7440 ArrowJSchweber 

Tempe TEL: (403) 273-2780 Wyle laboratories Lenexa 

TEL: (602) 431-0030 Concord, Ontario Fort Lauderdale TEL: (913) 541-9542 

TEL: (416) 738-1071 TEL: (305) 420-0500 Hamilton Hallmark 

CALIFORNIA V. St. Laurent, Quebec St. Petersburg Kansas City 

Alliance Electronics, Inc. TEL: (514) 335-7697 TEL: (813) 530-3400 TEL: (913) 888-4747 

Santa Clarita Napean, Ontario Zeus, An Arrow Company 
TEL: (805) 297-6204 TEL: (613) 596-6980 Lake Mary 

MARYLAND 

ArrowJSchweber TEL: (407) 333-3055 
ArrowJSchweber 

Winnipeg, Manitoba Columbia 
Calabasas TEL: (204) 786-2589 TEL: (800) 52-HI-REL 

TEL: (301) 596-7800 
TEL: (818) 880-9686 

Irvine 
Hamilton Hallmark GEORGIA Hamilton Hallmark 

TEL: (714) 587-0404 
Montreal ArrowJSchweber Baltimore 

San Diego 
TEL: (514) 335-1000 Duluth TEL: (410) 988-9800 

TEL: (619) 565-4800 
Ottawa TEL: (404) 497-1300 Wyle laboratories 

San Jose 
TEL: (613) 226-1700 Hamilton Hallmark Columbia 

TEL: (408) 441-9700 
Vancouver, B.C. Atlanta TEL: (301) 490-2170 

Hamilton Hallmark 
TEL: (604) 420-4101 TEL: (404) 623-5475 Zeus, An Arrow Company 

Costa Mesa 
Toronto Wyle Laboratories Columbia 

TEL: (714) 641-4100 
TEL: (416) 795-3859 Duluth TEL: (301) 596-7800 

TEL: (404) 418-0380 
Los Angeles COLORADO Zeus, An Arrow Company MASSACHUSETTS 
TEL: (818) 594-0404 ArrowJSchweber Atlanta Alliance Electronics, Inc. 
Sacramento Englewood TEL: (404) 497-1300 Winchester 
TEL: (916) 624-9781 TEL: (303) 799-0258 TEL: (617) 756-1910 

San Diego Hamilton Hallmark ILLINOIS ArrowJSchweber 
TEL: (619) 571-7540 Denver Alliance Electronics, Inc. Wilmington 

Sunnyvale 
TEL: (303) 790-1662 Vernon Hills TEL: (508) 658-0900 

TEL: (408) 743-3300 Colorado Springs TEL: (708) 949-9890 Gerber 

Wyle laboratories 
TEL: (719) 637-0055 

ArrowJSchweber Norwood 

Calabasas Wyle laboratories Itasca TEL: (617) 769-6000 

TEL: (818) 880-9000 Thornton TEL: (708) 250-0500 Hamilton Hallmark 

Irvine 
TEL: (303) 457-9953 

Hamilton Hallmark Boston 

TEL: (714) 863-9953 Chicago TEL: (508) 532-9808 

TEL: (708) 860-7780 Wyle Laboratories 
Burlington 
(617) 272-7300 
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North American Authorized Distributors (Continued) January 1994 

Zeus, An Arrow Company NEW YORK OKLAHOMA UTAH Wilmington, MA Alliance Electronics, Inc. Arrow/schweber Arrow/schweber TEL: (508) 658-4776 Binghamton Tulsa Salt Lake City TEL: (BOO) HI-REL TEL: (607) 648-8833 TEL: (918) 252-7537 TEL: (B01) 973-6913 

MICHIGAN Huntington Hamilton Hallmark Hamilton Hallmark 

Arrow/Schweber TEL: (516) 673-1900 Tulsa Salt Lake City 

Livonia Arrow/schweber TEL: (918) 254-6100 TEL: (B01) 266-2022 

TEL: (313) 462-2290 Hauppauge Zeus, An Arrow Company Wyle laboratories 
Hamilton Hallmark TEL: (516) 231-1000 Tulsa West Valley 
Detroit Melville TEL: (918) 252-7537 TEL: (B01) 974-9953 
TEL: (810) 416-5800 TEL: (516) 391-1276 

Grandville TEL: (516) 391-1300 OREGON WASHINGTON 
TEL: (616) 531-0345 TEL: (516) 391-1277 AlmacJArrow AlmacJArrow 

Rochester Beaverton Bellevue 

MINNESOTA TEL: (716) 427-0300 TEL: (503) 629-B090 TEL: (206) 643-9992 

Arrow/Schweber Hamilton Hallmark Hamilton Hallmark Hamilton Hallmark 
Eden Prarie Long Island Portland Seattle 
TEL: (612) 941-5280 TEL: (516) 737-0600 TEL: (503) 526-6202 TEL: (206) 881-6697 

Hamilton Hallmark Rochester Wyle laboratories Wyle laboratories 
Minneapolis TEL: (716) 475-9130 Beaverton Redmond 
TEL: (612) 881-2600 Syracuse TEL: (503) 643-7900 TEL: (206) 881-1150 

Wyle Laboratories TEL: (315) 453-4000 
PENNSYLVANIA 

Zeus, An Arrow Company 
Minneapolis Zeus, An Arrow Company Arrow/schweber 

Bellevue 
TEL: (612) 921-5910 Hauppauge Pittsburgh 

TEL: (206) 649-6265 

TEL: (516) 231-1175 TEL: (412) 963-6807 
MISSOURI WISCONSIN 

Arrow/Schweber 
Pt. Chester Hamilton Hallmark Arrow/schweber 

St. Louis 
TEL: (914) 937-7400 Pittsburgh Brookfield 

TEL: (314) 567-6888 
TEL: (BOO) 52-HI-REL TEL: (412) 281-4150 TEL: (414) 792-0150 

Hamilton Hallmark NORTH CAROLINA Zeus, An Arrow Company Hamilton Hallmark 
St. Louis Arrow/schweber Marlton Milwaukee 
TEL: (314) 291-5350 Raleigh TEL: (609) 596-8000 TEL: (414) 797-7844 

TEL: (919) 876-3132 Wyle laboratories 
NEW JERSEY EMC 

TEXAS Waukesha 
Arrow/Schweber Charlotte 

Alliance Electronics, Inc. TEL: (414) 521-9333 
Marlton TEL: (704) 394-6195 

Carroliton 
TEL: (609) 596-8000 TEL: (214) 492-6700 

Pinebrook Hamilton Hallmark 
Arrow/schweber 

TEL: (201) 227-7880 Raleigh 
Austin Puerto Rican 

Hamilton Hallmark 
TEL: (919) 872-0712 

TEL: (512) 835-4180 Authorized Distributor 
Cherry Hill OHIO Dallas Hamilton Hallmark 
TEL: (609) 424-0110 Alliance Electronics, Inc. TEL: (214) 380-6464 TEL: (B09) 731-1110 
Parsippany Dayton Houston 
TEL: (201) 515-5300 TEL: (513) 433-7700 TEL: (713) 530-4700 

Wyle Laboratories Arrow/schweber Hamilton Hallmark 
Marlton Solon Austin South American 
TEL: (609) 985-7953 TEL: (216) 248-3990 TEL: (512) 258-8848 Authorized 
Mountain Lakes Centerville Dallas Distributor 
TEL: (201) 402-4970 TEL: (513) 435-5563 TEL: (214) 553-4300 

Zeus, An Arrow Company EMC Houston 
Graftec Electronic Sales Inc. 
One Boca Place, 

Pine Brook Columbus TEL: (713) 781-6100 
Suite 305 East 

TEL: (201) 882-8780 TEL: (614) 299-4161 Wyle laboratories 2255 Glades Road 
Hamilton Hallmark Austin Boca Raton, Florida 33431 

NEW MEXICO Cleveland TEL: (512) 345-8853 TEL: (407) 994-0933 
Alliance Electronics, Inc. TEL: (216) 498-1100 Houston FAX: 407 994-5518 
Albuquerque 

Columbus TEL: (713) 879-9953 
TEL: (505) 292-3360 

TEL: (614) 888-3313 Richardson BRASIL 
Hamilton Hallmark Toledo TEL: (214) 235-9953 Graftec Electronics 
Albuquerque TEL: (419) 242-6610 Zeus, An Arrow Company Praca Lucelia, 21-Surnare 
TEL: (505) 345-0001 CEP 01256-120 - Sao Paulo-

Zeus, An Arrow Company Carrollton 
SP- Brasil 

Centerville TEL: (214) 380-4330 t/) 

TEL: (513) 291-0276 TEL: (BOO) 52-HI-REL TEL: 55 872 0118 W 
FAX: 55 871 1284 () 

Solon Ii: 
TEL: (216) 248-3990 LL. 
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European Sales Offices and Representatives 

European Sales Headquarters 
Harrl.S.A. 
Mercure Center 
100, Rue de Ia Fusee 
1130 Brussels, Belgium 
TEL: 32 2 246 21 11 
FAX: 32 2 246 22 05/ ••• 09 

AUSTRIA 
Eurodls Electronics GMBH 
larnezanstrasse 10 
A -1232Wein 
TEL: 43 1 61 0 62 0 
FAX: 43 1 61 062 151 

DENMARK 
Delco AS 
Titangade 15 
DK - 2200 Copenhagen N 
TEL: 4535 8212 00 
FAX: 45 35 82 1205 

FINLAND 
TeknokltOY 
Relnlkkalan Kartano 
SF - 51200 Kangasnieml 
TEL: 358 59 432031 
FAX: 358 59 432367 

FRANCE 
HarrIs SernIconductaurs SARL 

* 2-4, Avenue de l'Europe 
F - 78140 VeHzy 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 
TLX: 697060 

Unlrep 
Z. I. De La Bonde 1 BIS 
Rue Marcel Paul 
F - 91300 Massy 
TEL: 33 1 69 20 03 64 
FAX: 331 692000 61 

GERMANY 
Harris Semiconductor GmbH 

* Putzbrunnerstrasse 69 
81739 Muenchen 
TEL: 4989638130 
FAX: 49 89 6376201 
TWX: 529051 

Harris Semiconductor GmbH 
Kieler Strasse 55 - 59 
25451 Ouickbom 
TEL: 494106 5002 04 
FAX: 49410668850 
TWX: 211582 

Harris Semiconductor GmbH 
Wegener Strasse, 5/1 
71063 Sindelfingen 
TEL: 49 7031 8694-0 
FAX: 497031 873849 
TWX: 7265431 

Ecker Mlchelstadt GmbH 
Koningsberger Strasse, 2 
Postfach 3344 
D - 64720 Michelstadt 
TEL: 49 6061 2233 
FAX: 496061 5039 
TWX: 4191630 

Erwin W. Hildebrandt 
Nleresch32 
D - 48301 Nottuln-Darup 
TEL: 49 2502 6065 
FAX: 49 2502 1889 
TWX: 892565 

Hartmut Welte 
Rebweg,23A 
D - 886n Markdorf 
TEL: 49 7544 72555 
FAX: 49 7544 72555 

ISRAEL 
Aviv Electronics Ltd 
Hayetzlra Street, 4 Ind. Zone 
IS - Ra'anana 43651 
PO Box 2433 
IS - Ra'anana 43100 
TEL: 972 9 983232 
FAX: 972 9 916510 
TWX: 33572 

ITALY 
HarrlsSRL 

* Viale Fulvio Testl, 126 
20092 Clnisello Balsamo 
TEL: 39 2 262 07 61 

(Disti & OEM ROSE) 
TEL: 392 240 95 01 

(Distl & OEM Italy) 
FAX: 39 2 248 66 20 

39226222158 (ROSE) 
TWX: 324019 

NETHERLANDS 
Harris Semiconductor SA 
Benelux OEM Sales Office 
Mercuriusstraat 40 
Nl - 5345 lX Oss 
TEL: 31 412038561 
FAX:31412034419 

Aurlema Nederland BV 
Beatrlx de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40502602 
FAX: 31 40 510255 
TWX: 51992 

PORTUGAL 
Crlstalonlca Componentes 
De Radio E Televlsao Lda 
Rua Bemardim Ribeiro, 25 
P - 1100 Lisbon 
TEl:35113534631 
FAX: 351 1356 1755 
TWX: 64119 

SLOVENIA 
Avtotehna 
Celovska 175 
Ljubljana 
TEL: 386 61 551 287 
FAX: 386 61 1 593 341 

* Field Application Assistance Available 

SPAIN 
ElcosS.L. 
c/ Avd. de Valladolid 55 
2,lnter.1 
SP - 28008 Madrid 
TEL: 341 5417510 
FAX: 34 1 541 75 11 

TURKEY 
EMPA 
Elektronik Mamulleri 
pazarlama AS 
Besyol Londra Asfaltl 
TK - 34630 Sefakoy/lstanbul 
TEL: 90 1 599 3050 
FAX: 90 1 598 5353 
TWX: 21137 

UNITED KINGDOM 
Harris Semiconductor Ltd 

* Riverside Way 
Camberley 
Surrey GU 15 3VO 
TEL: 44276 686 886 
FAX: 44 276 682 323 

January 1994 

Laser Electronics 
Ballynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
TWX: 43679 

S.M.D. 
182 Hall Lane 
Aspull, Wigan Lanes WN2 2SS 
TEL: 44 942 54867 
FAX: 44 942 525317 

Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire Ml8 5UF 
TEL: 44 555 51566 
FAX: 4455551562 
TWX:7n404 

European Authorized Distributors 

AUSTRIA 
Eurodls Electronics GmbH 
Lamezanstrasse 10 
A -1232 Wien 
TEL: 43 1 61 0 62 0 
FAX: 43 1 61 062 151 

BELGIUM 
Diode Belgium 

* Keiberg" 
Minervastraat, 14/82 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 

Eurodls Inelco NVISA 
* Avenue des Croix de Guerre 94 

B - 1120 Brussels 
TEL: 32 2 244 28 11 
FAX: 32 2 216 46 06 
TWX: 64475 

DENMARK 
Dltz Schweitzer A/S 
Vallensbaekvej 41 
Postboks5 
DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 
TWX: 33257 

FINLAND 
Vlelselektronllkka OV 
Telercas 
P.O. Box 63 
Luomannotko, 6 
SF - 02201 Espoo 
TEL: 358 0 4526 21 
FAX: 358 0 4526 2231 

FRANCE 
3D 
ZI des Glalses 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau Cedex 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64470084 

Arrow Electronique S.A. 
73 - 79, Rue des Solets 
Silic585 
F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 
TlX:265185 

AvnetEMGSA 
* 81, Rue Pierre Semard 

F-92320 Chatilion Sous Bagneux 
TEL: 33 1 49 65 27 00 
FAX: 33 1 49 65 2738 
TWX: 632247 

CCI Electronlque 
* 5, Rue Marcelin Berthelot 

Zone Industrielle D'Antony 
BP92 
F - 92164 Antony Cedex 
TEL: 33 1 46744700 
FAX: 33 1 40 96 92 26 
TWX: 203881 

Tekelec Alrtronlc 
* Cite Des Bruyeres 

Rue Carle Vernet 
F - 92310 Sevres 
TEL: 33 1 46 23 24 25 
FAX: 33 1 45 07 21 91 
TWX: 634018 
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European Authorized Distributors (Continued) January 1994 

Harris Semiconductor SascoGmbH Diode Components BV UNITED KINGDOM 
Chip Distributors Hermann-Oberth Strasse 16 Posfbus 7139 Avnet Access Ltd. o -85640 Putzbrunn- NL - 5605 JC Eindhoven Jubilee House, Jubilee Road Edgetek 

Bei-Muenchen TEL: 31 40 54 54 30 Letchworth Zai De Courtaboeuf 
TEL: 498946110 FAX: 31 40 53 55 40 Hertfordshire SG6 1 QH Avenue Des Andes 
FAX: 49 89 46 11 270 TEL: 44 462 480888 91952 Les Ulis Cedex 
TWX: 529504 NORWAY FAX: 44 462 488567 TEL: 33 1 64 46 06 50 
Spoerle Electronic KG Hans H. Schlve AIS TWX: 826505 FAX: 33 1 69 28 43 96 

Undelstadlia 27 
ESD Distribution Ltd TWX: 600333 Max-Planck Strasse 1-3 

Postboks 185 o -63303 Oreieich Edinburgh Way, Harlow Elmo 
Bei-Frankfurt N - 1371 Asker 

Essex CM20 20E Z. A. De La Tuilerie 
TEL: 49 6103 30 48 TEL: 47 66 900 900 

TEL: 44 279 626777 B. P. 1077 
FAX: 496103304201 FAX: 47 66 904 484 

FAX: 44 279 441687 78204 Mantes-La-Jolie 
TWX: 417972 TWX: 19124 

TWX: 818801 TEL: 33 1 34 77 16 16 

Farnell Electronic FAX: 33 1 34 77 95 79 PORTUGAL 
TWX: 699737 GREECE 

Crlstalonlca Components Ltd. Semi con Co. 
Componentes De Radio E Marketing & Purchasing Oiv. Hybrltech CM (HCM) 104 Aeolou Street 
Televisao, Lda Armley Road, Leeds 7, Avenue Juliot Curie GR - 10564 Athens 
Rua Bernardim Ribeiro, 25 West Yorkshire LS12 2QQ F - 17027 LA Rochelle Cedex TEL: 30 1 32 53 626 
P -1100 Lisbon TEL: 44 532 790101 TEL: 33 46 451270 FAX: 30 13216063 
TEL: 351 1353 46 31 FAX: 44 532 633404 FAX: 33 46 45 04 44 TWX: 216684 
FAX: 351 1356 1755 TWX: 55147 TWX: 793034 
TWX: 64119 Jermyn Distribution ISRAEL 

Vestry Industrial Estate EASTERN COUNTRIES Aviv Electronics Ltd SPAIN Sevenoaks HEVGmbH Hayetzira Street 4, Ind. Zone Amitron-Arrow S.A. KentTN145EU Halbleiter-Electronic IS - 43651 Ra'anana Avenida Valladolid 470 BAJO TEL: 44 732 743743 Vertriebs GmbH PO Box 2433 SP - 28008 Madrid FAX: 44 732 451251 Alexanderplatz 6 IS - 43100 Ra'anana TEL: 34 1 542 09 06 TWX: 95142 0- 10178 Berlin TEL: 972 9 983232 TEL: 3415479313 
Macro Marketing Ltd Postfach 90 FAX: 972 9 916510 FAX: 3415417655 0-10173 Berlin 

TWX: 45550 Burnham Lane 
TEL: 49 30 248 34 00 ITALY 

EBV Elektronik Vertriebs 
Slough, Berkshire SL 1 6LN 
TEL: 44 628 604422 FAX: 49 30 248 34 24 Eurelettronlca SpA 

GmbH FAX: 44 628 666873 TWX: 307011 Via Enrico Fermi, 8 
Sucursal Espana TWX: 847945 I - 20090 Assago (MI) 
Calle Maria Tubau 6 

Mlcromark Electronics Ltd. 
GERMANY TEL: 39 2457841 

SP - 28049 Madrid Alfred Neye Enatechnik GmbH FAX: 39 2 488 02 75 
TEL: 34 1 358 86 08 Boyn Valley Road 

Schillerstrasse 14 
EBV Elektronlk SRL FAX: 34135885 60 Maidenhead o -25451 Quickborn 
Via Frova, 34 Berkshire SL6 40T 

TEL: 49 4106 6120 
F-20092 Cinisello Balsamo (MI) SWEDEN TEL: 44 628 76176 

FAX: 49 4106612268 
TEL: 392660.17111 Bexab Sweden AB FAX: 44 628 783799 

TWX: 213590 
FAX: 39 2 660.17020 P.O. Box 523 TWX: 847397 

AvnetJE2000 
Lasl Elettronlca SpA Kemistvagen, 10A Thame Components 

Stahlgruberring,12 
Viale Fulvio Testi 280 S - 183 25 Taby Thame Park Rd. 

TEL: 46 8 630 88 00 Thame, Oxfordshire OX9 3UQ D - 81829 Muenchen 
I - 20126 Milano 

FAX: 46 8 732 70 58 TEL: 44 844 261188 
TEL: 49 89 45 11 001 

TEL: 392 66 10 13 70 FAX: 49 89 45110129 
FAX: 39266101385 FAX: 44 844 261681 

TWX: 522561 
TWX: 352040 SWITZERLAND TWX: 837917 

HED Heinrich Electronic BASIX fur Elektronlk AG 
Harris Semiconductor Silverstar Ltd. Hardturmstrasse 181 Distribution GmbH 

Viale Fulvio Testi 280 Postfach Chip Distributors Steeler Strasse 529 
I - 20126 Milano CH - 8010 Zurich Die Technology Ltd. o -45276 Essen 
TEL: 392661251 TEL: 41 1 276 11 11 Corbrook Rd., Chadderton TEL: 49 201 5636225 
FAX: 39 2 6610 1359 FAX: 41 1 276 1234 Lancashire OL9 9S0 FAX: 49 201 5636 268 
TWX: 332189 TWX: 822966 TEL: 44 61 6263827 

Indeg Industrle Elektronik 
Eurodls Electronic AG 

FAX: 44 61 627 4321 
GmbH NETHERLANDS 

Bahnstrasse 58/60 
TWX: 668570 

Postfach 1563 * Aurlema Nederland BV 
CH - 8105 Regensdorf Rood Technology o -66924 Pirmasens Beatrix de Rijkweg 8 
TEL: 41 1 843 31 11 Test House Mill Lane, Aiton Emil Kommerling Str. 5 NL - 5657 EG Eindhoven 
FAX: 41 1 843 39 10 Hampshire GU34 2QG D - 66954 Pirmasens TEL: 31 40502602 TEL: 44 420 88022 TEL: 49 6331 94 065 FAX: 3140510255 

TURKEY FAX: 44 420 87259 FAX: 49 633194064 TWX: 51992 
EMPA TWX: 858456 TWX: 452269 

* Diode Components BV Elektronik Mamulleri 
tn Coltbaan 17 Pazarlama AS W NL - 3439 NG Nieuwegein Besyol Londra Asfalti 0 u:: TEL: 313402 91234 TK - 34630 Sefakoy/Istanbul 
u. FAX: 31 3402 359 24 TEL: 90 1 5993050 
0 FAX: 90 1 598 5353 
tn TWX: 21137 W 
..J 

• Field Application Assistance Available ~ 
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Asian Pacific Sales Offices and Representatives 

NORTH ASIA 
Sales Headquarters 
JAPAN 

Harris K.K. 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishl-Shlnjuku 

ShlnJuku-ku, Tokyo 163-08 
Japan 
TEL: 81-3-3345-8911 
FAX: 81-3-3345-8910 

SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H.K. 
Ltd. 
131F Fourseas Building 
208-212 Nathan Road 
TSimshatsul, Kowloon 
TEL: 852-723-6339 
FAX: 852-739-8946 
TLX: 78043645 

AUSTRALIA 

VSI Promark Electronics 
PtyLtd 
16 Dickson Avenue 
Artarmon NSW 2064 
TEL: (61) 2-439-4655 
FAX: (61) 2-439-6435 

INDIA 

Interail Private Limited 
Plot 54, SEEPZ 
Marollndustrial Area 
Andheri (E) Bombay 400 096 
TEL: (830) 15461830 3097 
FAX: (830) 836 6682 

KOREA 

Harris Semiconductor YH 
RM #419-1 4TH FL. 
Korea Air Terminal Bldg. 
159-1, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 

KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 

Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 
Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 

SINGAPORE 
Harris Semiconductor 
Pte Ltd. 
105 Boon Keng Road 
#01-01 Singapore 1233 
TEL: (65) 291-0203 
FAX: 65-293-4301 
TLX: RS36460 RCASIN 
Gloria (S) PTE Ltd 
Block 5073 #02-1656 
Ang Mo Kio Industrial Park 2 
Singapore 2056 
TEL: 4832920 
FAX: 4832930,4814619 

Asian Pacific Authorized Distributors 

AUSTRALIA 
Kingly International Co., Ltd. Takachlho Kohekl Co., Ltd. 

VSI Promark Electronics 
Flat 03, 161F, Block A, 1-2-8, Yotsuya 

PtyLtd 
HI-Tech Ind. Centre Shlnjuku-ku, Tokyo 160 

16 Dickson Avenue 
5-12 PakTin ParSt., TEL: 03-3355-6696 

Artarmon, NSW 2064 
TsuenWan FAX: 03-3357-5034 
New Territories, H.K. 

TEL: (61) 2-439-4655 TEL: (852) 499-3109 
FAX: (61) 2-439-6435 FAX: (852) 417-0961 KOREA 

KumOh Electric Co., Ltd. 

CHINA JAPAN 
203-1 , Jangsa-Dong, 

Means Come Ltd. Hakuto Co., Ltd. 
Chongro-ku, Seoul 

Room 1007, Harbour Centre Toranomon Sangyo Bldg. 
TEL: 822-279-3614 

8 Hok Cheung Street 1-2-29, Toranomon 
FAX: 822-272-6496 

Hung Hom, Kowloon Minato-ku, Tokyo 105 Inhwa Company, Ltd. 
TEL: (852) 334-8188 TEL: 03-3597-8955 Room #305 
FAX: (852) 334-8649 FAX: 03-3597-8975 Daegyo Bldg., 56-4, 

Sunnlce Electronics Co., Ltd. Macnlca Inc. Wonhyoro - 2GA, 

Flat F, 51F, Everest Ind. Ctr. Hakusan High Tech Park Young San-Ku, 

396 Kwun Tong Road 1-22-2, Hakusan Seoul 140-113, Korea 

Kowloon, Mldorl-ku, Yokoharna-shl, TEL: 822-703-7231 

TEL: (852) 790-8073 Kanagawa 226 FAX: 822-703-8711 

FAX: (852) 763-54n TEL: 045-939-6116 
FAX: 045-939-6117 NEW ZEALAND 

HONG KONG Jeplco Corp. Components and Instru-

Array Electronlocs Limited Shlnjuku Daiichi Selmel Bldg. mentation NZ, Ltd. 

Unit 1,241F 2-7-1, Nishl-8hinjuku Semple Street 

Wyler Centre Phase 2 Shinjuku-ku, Tokyo 163 Porirua, Wellington 

200 Tai Lin Pai Road TEL: 03-3348-0611 P.O. Box 50-548 

KwaiChung FAX: 03-3348-0623 TEL: (64)4-237-5632 

New Territories, H.K. Micron, Inc. FAX: (64) 4-237-8392 

TEL: (852) 481-6832 DJK Kouenjl Bldg. 5F 
FAX: (852) 481-6993 4-26-16, Kouenji-Mlnaml PHILIPPINES 

Inchcape Industrial 
Suginaml-Ku, Tokyo 166 Crystalsem, Inc. 
TEL: 03-3317-9911 

101F, Tower 2, Metroplaza FAX: 03-3317-9917 
216 Ortega Street 

223 Hing Fong Road 
San Juan, Metro 

Kwai Fong Okura Electronics Co., Ltd. Manila 1500 

New Territories Okura Shoji Bldg. TEL: (632) 7~-29 

TEL: (852) 410-6555 2-3-6, Ginza Chuo-ku, FAX: (632) 722-1006 

FAX: (852) 401-2497 
Tokyo 104 TLX: 722-22031 (IMCPH) 
TEL: 03-3564-6871 
FAX: 03-3564-6870 

13-8 

January 1994 

TAIWAN 
Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX: 886-2-715-3029 
TLX:78525174 

Applied Component Tech. 
Corp. 
8F No. 233-1 
Pao-Chia Road 
Hsin Tien City, Taipei Hsien, 
Taiwan, R.O.C. 
TEL: (886) 2 9170858 
FAX: 886 2 9171895 

Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 

TECO Enterprise Co., Ltd. 
10FL, No. 292, Mi1-Sheng W. ReI. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 

SINGAPORE 
B.B.S Electronics PTE, Ltd. 
1 Genting Link 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 7488400 
FAX: (65) 7488466 
Device Electronics PTE, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. COl1l>lex 
Singapore 1336 
TEL: (65) 2886455 
FAX: (65) 2879197 

TAIWAN 
Acer Sertek Inc. 
3F, No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 

Applied Component Tech-
nology Corp. 
8F No. 233-1 
Pao-Chial Road 
Hsin Tien City, Taipei Hsein, 
Taiwan, R.O.C. 
TEL: (02) 9170858 
FAX: (02) 9171895 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu HSing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
TECO Enterprise Co., Ltd. 
10FL, No. 292, Mi1-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 








