








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Voltage References for SAR-type A/D Converters

Reference Type Untrimmed Maximum Output PSRR
Accuracy Impedance Drift (50Hz to 100Hz)
LT1019-5 Bandgap 2.5mV 6.5 Q @ 3.2kHz 5ppm / °C 90dB
LT1019-4.5 Bandgap 3.0mV 3.1Q @ 6.1kHz 5ppm / °C 90dB
LT1019-2.5 Bandgap 1.25mV 4.0Q @ 5.8kHz 5ppm / °C 90dB
LT1021-5 Zener 2.5mV 3.8Q @ 5.0kHz 3ppm / °C 86dB
VRE104 Zener 500uV 2.5Q @ 20kHz 0.5ppm / °C 100dB
Low Supply Bandgap 1.5mV 4.4Q @ 1kHz 8ppm / °C 60dB
Low Headroom Bandgap 50mV 6.9Q @ 2kHz 25ppm / °C 80dB
Great Bandgap 25mV 0.5Q @ 3kHz 9ppm / °C 95dB
TL431 Shunt Bandgap 30mV 50Q @ 600Hz 30ppm / °C 85dB
Reference Long Term Output Noise S/(N+D) S/(N+D)
Stability* (dc to 1MHz) (100Hz2) (1kHz)
LT1019-5 - 250uV p-p 89dB 89dB
LT1019-4.5 - 150uV p-p 91dB 90dB
LT1019-2.5 - 100uV p-p 87dB 86dB
LT1021-5 15ppm / 1000hr 60uV p-p 90dB 90dB
VRE104 6ppm / 1000hr 80uV p-p 90dB 90dB
Low Supply - 400uV p-p 88dB 88dB
Low Headroom - 30uV p-p 90dB 90dB
Great 50ppm / 1000hr 10pV p-p 92dB 92dB
TL431 Shunt - 100uV p-p 92dB 91dB
*Taken from reference data sheets. All other parameters were measured.
Performance Comparison Table

5-126 AN4REV5
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Introduction

This application note discusses buffer amplifiers
for use with Crystal Semiconductor’s CS5012,
CS5014, CS5016, CS5101A, CS5102A or CS5126
A/D converters. Amplifier design considerations
are discussed and several circuits are proposed.

Signal Requirements for Analog to Digital
Converters

Crystal Semiconductor is a source for a variety of
monolithic A/D Converters. While the type of
design configuration of the converters may differ,
their uses could be classified into two general
categories: those which require specifications in
static measurement applications; and those which
require specifications for signal processing or dy-
namic signal measurement applications.

The capability of a converter to achieve a stated
static measurement requirement is generally de-
fined by its linearity error specifications, both
integral and differential, and by its offset error
and gain error specifications. To assess the total
error in a static measurement, the effects of tem-
perature on the offset, gain, and linearity errors
must also be investigated. In static measurement
systems, these same error sources need to be
scrutinized in the signal conditioning circuitry as
well.

When a converter is used in dynamic signal
measurement applications (generically known as
"signal processing"), its signal measurement ca-
pability is indicated by specifications such as
total harmonic distortion, signal to noise ratio,
and signal to peak harmonic or spurious noise.
Signal processing designers generally evaluate
the error contribution of the signal conditioning
circuitry in terms of these same parameters.

Signal conditioning circuitry generally includes
all circuitry from the transducer or the signal
source up to the A/D converter. This application
note will concern itself primarily with the re-
quirements of the amplifier which immediately
precedes the A/D converter. This amplifier will
be called a buffer amplifier.

In the design of an A/D converter system, the
buffer amplifier can be a source of significant er-
rors. The significance of these errors can only be
assessed if the circuit configuration is thoroughly
analyzed forits total error contribution. A thor-
ough analysis requires a good understanding of
amplifier specifications, of the limitations of the
different circuit configurations, and of the bene-
fits and limitations of feedback. A good place to
begin is with a review of feedback theory.

I. OPERATIONAL AMPLIFIERS: Review Of
Theory

Feedback Control Theory

The goal in using feedback is to establish a
closed-loop system whose operating charac-
teristics are primarily determined by the choice of
the feedback elements. The extent to which this
goal can be accomplished is explained by feed-
back control theory. Figure 1 illustrates the

A(Vin - BVout)
- » Vout
-O

Figure 1. The Classic Feedback Control Loop

AN6REV5
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classical feedback control loop. The equations
which describe this control loop are directly ap-
plicable to the noninverting operational amplifier
circuit.

The control loop consist of an input voltage dif-
ferencing section whose output is amplified by a
positive gain section. A fractional part of the sig-
nal output is then returned to the negative
terminal of the differencing section though the
feedback network. The input differencing sec-
tion, indicated by the circle with the X in it,
determines the difference in the signals at the (+)
and (-) inputs. The difference is indicated by an
error signal of the quantity:

es=(Vin—P Vout)

Equation 1

which is then amplified by the open-loop voltage
gain of the amplifier:

A (Vin— Bvout) = Vout

Equation 2

The amplifier open-loop gain is represented in
Figure 1 by the box with the A in it. The feed-
back portion of the loop is represented by the
box with the B in it. B is defined as the feedback
attenuation factor and its value is that fractional
part of the output voltage which is fed back to
the input. Equation 2 can be manipulated to give:

AcL = Vout _ A
Vin 1+AB
Equation 3

This is the key equation in the feedback system.
Equation 3 indicates that the closed-loop gain is

dependent upon both the open-loop gain and the
feedback factor, B. The product, A, in the de-
nominator is called the loop gain. Its name
comes from the gain seen by a signal propagating
around the loop through both the A and B net-
works.

Equation 3 can be manipulated to give:

Vout 1 1
A = — = — .
AB
Ideal Error
Term  Multiplier
Equation 4

In equation 4 the ideal term, 1/B, determines the
ideal closed-loop gain of the system. The value
of 1/B is determined by the elements chosen for
the feedback path. The intent is for these ele-
ments to determine the closed-loop characteristics
of the feedback system. To the extent that this is
accomplished is dependent upon the magnitude
of the loop gain AB. The greater the magnitude
of AP, the more closely the error multiplier term
approaches unity, therefore allowing the ideal
term 1/B to determine the closed-loop gain of the
system. Said another way, the magnitude of the
loop gain AP is the primary factor which deter-
mines how closely the closed-loop performance
of a feedback system is determined by the feed-
back elements. The term 1/B is known as the
noise gain and also determines the gain seen by
amplifier input referred noise and other input re-
ferred errors (such as offsets and drift
parameters). The noise gain of the system is
used to determine closed loop amplifier perform-
ance with respect to these error parameters, not
the signal gain. The noise gain of the two basic
op amp configurations will be discussed later in
this application note.
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40

Ay (dB)

Figure 2. Bode plot illustrating the relationship of Avo, 3, 1/5, and Avof

Feedback and the Operational Amplifier Bode
Plot

The feedback parameters which have been dis-
cussed can be depicted graphically on a Bode
plot. Figure 2 depicts the relationship between
open-loop gain, the feedback attenuation factor,
noise gain, and loop gain as a function of fre-
quency for the noninverting circuit.

The Bode diagram shows a typical plot of the
open-loop gain characteristic of an operational
amplifier. At very low frequencies a typical op-
erational amplifier may have a dc open-loop gain,
(Avo) near 100 dB. A large number of amplifiers
use dominant pole frequency compensation
which simplifies the compensation requirements

for the user. The dominant pole, located between
0.1 and 100 Hz on various amplifiers, causes the
open-loop gain characteristic (A) to decrease in
magnitude at a 20 dB/decade rate as the fre-
quency is increased. In Figure 2 the logarithm of
the feedback attenuation factor (B) is shown to be
negative as it is a reduction in signal amplitude.
The loop gain, the product of AP, (or Avop at
de), is depicted in the figure as the sum ( +100
dB plus -40 dB = 60 dB at very low frequency)
of the open-loop gain and the feedback attenu-
ation factor, or the difference (+100 dB - ( +40
dB) = 60 dB) between the open-loop gain and
the noise gain (1/B). From the figure, one can ob-
serve that as frequency increases, the loop gain
(AP) decreases for a set value of B. To obtain a
greater amount of loop gain at higher frequencies

ANG6REV5
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Figure 3A. Inverting:

0

Figure 3B. Noninverting:

Figure 3C. Noninverting:

Gain of -1 Nonunity Gain Gain of +1
-R2[ 1 RI+R2 1 - 1
Closed Loop {AcL="p1 1 AcL ={ Rl } 1] Acc=1 N
Signal Gain 1 +[A_B} 1+ [A_B} AB
Feedback
Attenuation B= R1 _ R =05 B= R1 B=1
Factor R1+R2 2R R1+R2
Loop Gain Avof3
Noise Gain l—L—Z 1 l—l
BT05" B B~
Closed Loop ‘= fu fu
Corner “T)AcL| +1 [l] fo=fu
Frequency
1 note: lACL|=l—1 B
B
Closed Loop AAcL AAoL 1
Gain Stability AcL  AoL |1+AB
Closed Loop
Distortion and 1
Nonlinearity THDcr. =THDoL [ 1+ AB}
Closed Loop
Output _ 1
Impedance ZcL=ZoL {1 + AB:|
Figure 3. Basic Circuit Configurations
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a designer must either increase the open-loop
gain of the amplifier or increase the feedback fac-
tor, B (decrease the noise gain). Remember that
both the open-loop gain and the feedback attenu-
ation factor are not constant, but instead are
functions of frequency. Therefore the value of
the loop gain is a function of frequency as well.
The quantity of loop gain at the operating fre-
quency is the key measure of how closely an
amplifier configuration approaches the ideal.

Amplifier Configurations and Feedback

Figure 3 provides an overview of the inverting
and noninverting voltage amplifier configura-
tions. General equations for various parameters
of the configurations are given with special em-
phasis on the unity gain configuration. Signal
gain is set by the choice of resistors, but the gain
error (assuming perfectly accurate resistors) is a
function of the loop gain in the error multiplier
term as previously stated in our discussion on
feedback. The unity gain noninverting amplifier
is just a special case of choosing the value of re-
sistor R1 as being infinite and R2 being zero.
Notice that the feedback attenuation factor, B, as
derived for both circuits yields the same equa-
tion:

p=—RL
R1+R2

Equation 5

but for the unity gain inverting amplifier this re-
sults in a value of 0.5 whereas the unity gain
noninverting amplifier results in a B of 1. These
unequal values of B between the two unity-gain
configurations yield further differences between
the inverting and noninverting circuits. Loop
gain for the unity-gain inverting circuit is half
that of the noninverting unity-gain circuit. This
results in the inverting circuit being more easily
compensated for stability, but also yields greater

errors in those parameters where loop gain is a
factor. More will be said about these parameters
later.

Reduced B for the inverting configuration results
in greater noise gain (1/B). Error sources such as
offset and noise are amplified by the noise gain
and therefore the unity-gain inverting amplifier is
more adversely affected by these error sources.
Another negative factor of the unity-gain invert-
ing stage is that its signal bandwidth is half that
of the noninverting circuit with identical amplifi-
ers. This bandwidth reduction is because
bandwidth is a function of the noise gain, not the
signal gain. Be aware of this fact when using
low gain inverting stages.

The magnitude of the loop gain in a circuit af-
fects many parameters in both the inverting and
noninverting configurations. Closed loop gain
stability is improved by increased loop gain as
indicated in the equation:

AAcL _ AAoL 1
AcL  AoL [ 1+Af

Equation 6

The effects of changes in the open-loop gain
(such as a reduction due to increased tempera-
ture) are reduced proportionally to the amount of
loop gain. Open loop distortion and nonlinearity
are reduced by increased loop gain. This reduc-
tion in total harmonic distortion as indicated in
the equation:

1
THDcL =TH
CL DOL|:1 n AB]

Equation 7
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The output impedance of a voltage amplifier is
reduced with feedback as indicated in the equa-
tion:

1
ZcL =7
CL OL[I"'AB:I

Equation 8

The input impedance of both amplifier configura-
tions benefit from increased loop gain. Although
increased loop gain is desirable in both circuit
configurations the effect of feedback on the two
configurations is different.

The noninverting amplifier utilizes voltage ratio
feedback which increases the differential input
impedance seen by the input signal. But the dif-
ferential input impedance of the amplifier is
shunted by the common mode input impedance
of the amplifier. Because the common mode im-
pedance cannot be increased by the use of
feedback it is usually the limiting factor in in-
creasing the input impedance.

The inverting amplifier configuration uses tran-
sadmittance feedback which decreases the
impedance at the summing node of the input and
feedback resistors. This decrease in impedance
improves the virtual ground characteristic of the
amplifier. In the inverting configuration the effect
of a good virtual ground enables the effective
value of the input impedance seen by the signal
source to be set by the input resistor.

In both configurations the improvements to the
respective impedances depend on the magnitude
of loop gain. As the magnitude of loop gain gen-
erally decreases with increased frequency, all of
the parameters normally improved by loop gain
tend to degrade as the signal frequency increases.
All real-world amplifiers have finite open loop
gain and finite bandwidth, both of which affect
the amount of loop gain available to a designer. A
designer must make a prudent choice of amplifier

and of the circuit configuration to minimize the
errors due to loop gain limitations.

Some Other Error Sources

There are many sources of error in a given ampli-
fier configuration. As already discussed, limited
loop gain is a source of gain error which can af-
fect DC accuracy. In addition to the DC gain
error, there are the various offset errors which are
contributed dependent upon the characteristics of
the chosen amplifier. Sources of offset errors are
the input offset voltage of the amplifier, the input
bias and the input offset currents of the amplifier,
limited power supply rejection and limited com-
mon-mode rejection.

Which of these errors is dominant will depend
upon the choice of amplifier and its application
configuration. It is a routine procedure to calcu-
late the contribution of each source of error and
this should be done as a matter of course. A few
comments on each of these sources of error is
appropriate.

All amplifiers have input offset voltage and input
bias currents which result in errors in signal
measurement. The input bias currents flow
through the resistances on the (+) and (-) leads of
the amplifier and produce an offset voltage error
at each input. These offset voltages, and the volt-
age offset of the amplifier itself, are then
amplified by the circuit to produce an error in the
output signal. To reduce the errors due to the
bias currents the standard practice has been to
balance the value of resistance at the inverting
and noninverting inputs to an amplifier. The pur-
pose of making these two resistances equal has
been to enable the bias currents at both inputs to
produce equivalent values of offset voltage which
could then be rejected by the common mode ca-
pability of the amplifier. This practice is an
acceptable method of reducing error due to the
bias currents and is recommended except with
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modern amplifier designs which have internal
bias current compensation circuitry. The bias
current compensation circuitry tends to reduce
the bias currents an order of magnitude or more,
to the extent that they are reduced to the same
order of magnitude as the amplifier’s input offset
currents. Adding a resistor to one input to achieve
equal resistances at the two inputs of these types
of amplifiers is not recommended. The added re-
sistance is not effective in reducing the error due
to the bias currents, but it will add another source
of thermal noise.

Initial offset errors as well as gain errors gener-
ally can be reduced to zero with initial system
calibration adjustments at room temperature. The
effects of temperature-induced offset drift and
gain drift remain unless a method of ongoing cor-
rection or recalibration is used to remove these
effects. This correction may be accomplished
with a computer after the analog signals are digit-
ized and is recommended when maximum
accuracy of measurement is demanded.

Even if the effects of temperature-induced offset
errors are removed from the final data by soft-
ware, it remains desirable to examine the total
errors at each gain stage throughout the system.
Voltage offsets due to temperature drift can be re-
moved in software, but may still consume a
significant portion of the dynamic range available
to the signal. This is especially true in 16-bit
converter systems with wide temperature range
requirements such as required by some military
specifications (-55 to +125 ° C).

Limited power supply rejection and limited com-
mon mode rejection are two more sources of
errors. Most commercially-available amplifiers
are designed such that the offset voltages induced
by power supply variations or common-mode
signals are very small; but these errors can be
significant when amplifying very low level sig-
nals with high gain. It is therefore recommended

to examine the error contribution of each of these
sources.

Figure 4a shows an inverting amplifier circuit.
The operational amplifier and the circuit compo-
nents have been chosen for illustration purposes.
The errors in the circuit due to the various ampli-
fier parameters will be examined. Not included
are those errors due to the signal source imped-
ance (the impedance is assumed to be zero),
output loading (which reduces open loop gain),
resistor tolerance and temperature coefficient, and
component long term drift effects.

A table in Figure 4a contains a selected subset of
specifications for a "generic" OP-27C. No spe-
cific manufacturer is implied. The subset of data
is for the total error band of the stated parameters
over the -55° to +125°C temperature range.
Manufacturers do not always specify temperature
drift coefficients in their component data sheets.
Instead, the specification sheets contain a table of
data for the amplifier at room temperature (25°
C) along with a table showing the total error
band of the various parameters over a stated tem-
perature span (say 55° to 125° C). Usually the
specification data tables are supplemented by
supporting graphs which indicate typical drift
characteristics for the various parameters. These
graphs can be very informative. For example,
graphs in the manufacturer’s data sheets (see the
Precision Monolithics or the Linear Technology
data book) for the OP-27 indicate that input bias
currents and input offset currents show much
more drift at temperatures approaching -55° C
than at temperatures above 25° C. Another graph
indicates that the direction of the input offset
voltage drift in the OP-27 is unpredictable.

The normal procedure to calculate the error con-
tribution of each of the operational amplifier drift
parameters is to multiply the rate of drift times
the temperature span over which the circuit is to
be subjected. These errors due to drift are then
added to the initial errors of each of the parame-
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Generic OP-27 Specifications
Total Error Band for -55° to +125°C Temperature

Span
Rer Ry Typical Worst
S 20k 0 Case
Input Offset Voltage V1o, 70 uv 300 pv
Input Bias Current’  Is,  #35nA +150 nA
Assumed to be zero. Large Signal Ao 800x10°V/V 300 10° VIV
Open Loop Gain
Re= R _y667k0
Ri+R2
Ry Power Supply PSRR. 4x10°V/V 51x10°v/v
Ideal Signal Gain = R " -5 Rejection Ratio (108 dB) (86 dB)
R1 1
Feedback Attenuation Factor B = Ri+R; = 6 Common Mode ~CMRR. 1.6x 100 v/v 20x10°v/v
Rejection Ratio (116 dB) (94 dB)

1
Noise Gain = B— =6
¢  Bias currents are usually of one polarity. Bias currents of
fu [8 x 10 } =133 MHz DPoth polarities indicate the use of bias current cancella-

Closed Loop Bandwidth fc = Ac+1] 6 tion circuitry in the input stage.

Figure 4a. OP-27 Circuit and Total Error Band Specifications

Input Input
Gain Offset Voltage Bias Current PS.R. C.M.R. ) Noise
A 1
Vo =-Vj I:_lg 1+ L [+ Vioa ‘:l_} + IsalR1 [BZ} + 2AVio 1:1_} + AVio [_1_} + Noise
Ri] AP B Ri AVsup LB AVem LB

1

1 v
Vo='V{&:| T ———— | 4 @300x10)(6) + (£150x10%)(2x10)(S) + @)S1x10)(100x107)(6) + (= 0) + Noise
Ri (300x10°) &

Vo= -99998 Vi +18x10°V +15x10% v +61.2x100 v =0 + Noise
Worst Case Error % Full Scale OutputIIE
0.002% +0.040% +0.033% +0,00136 +=0% + Noise

¥ Based upon: 4.5 V FSO; 100 mV power supply change on each supply.
Figﬁre 4b. Total Error Band Calculations
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ters at the ambient operating temperature. Be-
cause amplifier manufacturers specify total error
band rather than drift rates, the method of com-
puting the error contribution of each parameter
must be modified. The equation in Figure 4b il-
lustrates the errors calculated using the total error
band specifications on the OP-27C in Figure 4a.
The calculations indicate the relative contribution
of each source of error in the worst case with the
exception of noise, which is yet to be discussed.
As can be seen from the numbers, real world am-
plifiers can contribute significant errors in a high
precision data acquisition system due to their
non-ideal characteristics.

Noise and its Effects on Measurement

Noise can have a significant detrimental effect in
high precision data acquisition systems. Although
one can encounter many different sources of
noise and of interference in system design, only
certain noises made by the components them-
selves will be discussed here. Thermal noise, also
called Johnson noise, is fundamental to all com-
ponents. The thermal noise in a resistor can be
calculated by use of the formula:

en =\ (4kTBR)
Equation 9

where k = 1.38 x 10723 Joules/ degree K
(Boltzman’s constant), T = Absolute temperature
of the resistor, B = the effective "brick wall"
Bandwidth over which the noise is to be meas-
ured, in Hz, R = Resistance value.

The amount of noise generated by a resistor can
be made easier to calculate by remembering that
the amount of noise generated by a 1 k€ resistor
in a 1 Hz bandwidth is 4 nV rms. The amount of
noise per \Hz generated by any other valued re-
sistor can be computed from this normalized
value:

_ _4nV R
=z V1O

Equation 10

~—

This noise value assumes a one Hz bandwidth.
The noise within a wider bandwidth can be com-
puted by:

Equation 11

Components other than resistors generate thermal
noise. The OP-27 monolithic amplifier is classi-
fied by its manufacturers as a low noise
amplifier. It is optimized for low voltage noise
and requires low source impedances to achieve
good noise performance. A plot of the OP-27
noise voltage and noise current characteristics is
given in the manufacturer’s data sheet. The am-
plifier’s noise is uniform across the higher
frequencies, but increases at frequencies ap-
proaching DC. This increase is called flicker
noise, or 1/f noise.

A thermal noise model of the circuit of Figure 4a
is shown in Figure 5. Five noise sources are
shown in the model. The amplifier has a voltage
noise source ep and two current noise sources;
one associated with each input of the amplifier.
Each of the amplifier current noise sources will
generate a corresponding noise voltage which is a
function of the impedance seen by the current
noise source. In addition to the voltage and cur-
rent noise sources, each of the resistors has a
noise voltage source associated with it. The
amount of noise contributed at the input of the
amplifier by the each of the resistor noise sources
is reduced by the loading of the other resistor.
For example, consider noise source er2 as having
resistor R2 as its source impedance with resistor
R1 acting as the load. The noise seen at the in-
put of the amplifier from source er2 will be only
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Effective Amplifier Bandwidth
OP-27 typical unity gain frequency = 8 MHz

R2

€R2

R1

6
n) circuit bandwidth = fu _ 8x10° _ 133 MHz
AcL|+1 5+1

.
, Noisel effective noise bandwidth
e it | B = (1.33x108)(1.57)" = 2.1 MHz

T The effective noise bandwidth of a single pole, lowpass
Noise Model of Amplifier in Figure 4a. filter is 1.57 times greater than the 3 dB corner frequency.

Noise Sources of the Model
Amplifier Noise Voltage en max (fo = 1 kHz) 25 °C = 4.5 nVAHz From data sheet
Amplifier Noise Current in max (fo = 1 kHz) 25 °C = 0.6 pA~NHz specifications

eri= 450V _[2k _ 5650V
VHz |\ lk Az

erpp= 450V _[10k_ 12.6nV
\VHz 1k Az

Equivalent Input Referred Noise (Thermal)

et = \/ (en)2 + [ln( ) R1 R2 2:]] [}n(.;.)(O):] l}Rl R+ Rz :' l:eRz R+ R :l

6.8 nV
VHz

€t =

Total Output Noise (Thermal)

1 6.8 nV 6 1
ET =enB = 21x10 =59 uVrms
B \Hz 16

Peak Noise will be much greater.

Figure 5. Noise Calculations
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that portion of its output which is developed
across resistor R1 (assuming the input impedance
of the op amp is very high). The noise generated
by er1 is reduced by the loading of resistor R2.
The amount of noise generated at the input of the
amplifier by each of the sources is tabulated in
Figure 5. The two current sources each have the
same value of current noise. Using the values of
the noise sources, the effective input-referred
voltage noise of the circuit has been calculated.
It must be remembered that the noise sources are
uncorrelated and therefore add in root-mean-
square fashion. This equivalent noise source then
represents the total input referred thermal noise.
To obtain the value of the noise at the output of
the amplifier which will be input to the A/D con-
verter, the input referred noise is amplified by the
noise gain of the amplifier while at the same time
taking into consideration the effective noise
bandwidth of the circuit.

Arriving at a value for the noise bandwidth of the
OP-27 circuit is not as obvious as it might seem.
If the noise gain of the circuit in Figure 4a is
used to compute the 3 dB signal bandwidth the
result will be 1.33 MHz. The effective noise
bandwidth of a single pole filter is actually 1.57
times greater than the 3 dB corner frequency.
But, above 1.33 MHz the OP-27 gain-phase char-
acteristics are not those of a single pole system,
but are more complex. The internal gain-phase
compensation of the OP-27 will actually cause
gain peaking in the circuit of Figure 4a. The
gain peaking will occur at the point where the
closed loop gain and open loop gain crossover.
Also, at frequencies approaching the unity-gain-
crossover of the OP-27, the amplifier gain will
differ from the roll off of a single pole filter. The
effects of the gain peaking and the complex gain-
phase characteristics of the OP-27 above the 3
dB corner frequency make an accurate estimate
of the resultant noise difficult. One can use the
single pole filter characteristics and can approxi-
mate the noise bandwidth of the circuit as being
1.57 times the 1.33 MHz corner frequency (2.1
MHz), but the resultant noise calculation using

this bandwidth will yield only a coarse approxi-
mation of the actual noise .

Using the assumption that the approximation is
adequate, the noise at the output of amplifier has
been calculated as shown in Figure 5. The calcu-
lated value is the amount of thermal noise in rms
volts.

Thermal noise is both white and Gaussian.
"White" describes the noise as having equal spec-
tral density at all frequencies. "Gaussian" defines
the probability density function which describes
the amplitude characteristics of the noise. Gauss-
ian noise follows the Normal Distribution.
Therefore, once the rms value of the noise has
been determined, the probability of occurrence of
any value greater than a particular amplitude can
be determined. The peak (+ and -) noise associ-
ated with a stated probability of occurrence is
indicated in the following table:

Probability of Peak to Peak

Having a higher Amplitude
Amplitude Occurrence
10 % 3.29 x RMS
1 % 5.15 x RMS
0.1 % 6.58 x RMS
.001 % 7.78 x RMS

Since the peak noise can adversely affect A/D
measurements it should be investigated by both
analysis and measurement.

Minimization of thermal noise in system design
is accomplished with the application of three de-
sign principles. First, it is good practice to use
the lowest resistor values possible (this assumes a
voltage amplifier system) limited only by the
constraints necessary to meet other system re-
quirements. Second, choose an appropriate
amplifier. Some amplifiers, such as the popular
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LM324, do not include noise specifications in
their data sheet. If low noise is a system require-
ment, amplifiers which have no noise
specifications are not likely to be an appropriate
choice. Also, choose an amplifier which is opti-
mized to work with the source impedance
requirements of the system. Bipolar-input ampli-
fiers are generally optimized to work with low
impedances as they have lower voltage noise
than current noise while FET-input amplifiers are
generally optimized for high impedances due to
their lower current noise. The optimum choice of
amplifier will depend not only on the amplifier,
but its associated gain elements and circuit con-
figuration. Analysis of the various possible
configurations is necessary to disclose which will
be optimum to meet design requirements. Third,
one of the easiest ways to reduce the effects of
noise is to restrict the bandwidth. System band-
width should be restricted to only that amount
necessary to meet system requirements. This
should be done as a matter of good practice.

While only the effects of thermal noise have been
discussed be aware of other noise sources (see
the reference material at the end of this applica-
tion note). Note that in the circuit of Figure 4a
the effects of the 1/f noise were not investigated.
If the system requirements demand the lowest
noise possible the effects of the 1/f noise needs to
be examined. The example calculations on ther-
mal noise were done at room temperature. An
increase in temperature to 125° C will result in
about 1.3 dB greater noise.

Last of all, the calculated answers are only theo-
retical estimates. The calculations provide a
theoretical minimum value but the final determi-
nant of design should be in the evaluation of total
system function and/or measurement of the actual
amount of noise in the system. Remember that
the value of the noise calculated provides only a
reference point for the minimum amount of noise
in the circuit; the actual amount present will
never be less than the theoretical amount calcu-

lated, but can be more, due to other noise sources
which have not been accounted for. For a more
thorough discussion of noise as it applies to am-
plifier design see references 2 through 6 listed at
the end of this application note.

Settling Time

Amplifier circuits have limitations which restrict
just how quickly they can produce an accurate
output signal at the application of a step change
of the input signal. For small changes in signal
amplitude, the ability of the amplifier to respond
is dependent upon its 3 dB upper corner fre-
quency. If the amplifier gain-phase characteristics
approximate a single pole response above the 3
dB frequency the output signal will asymptoti-
cally approach a steady state output value Vs as
defined by the equation:

(=)
Vo(t) = Vs I:l—e T ]
Equation 12

Where the time constant, Tc, is given as a func-
tion of the corner frequency:

1
27fe

Tc

Equation 13

Settling time is defined as the elapsed time from
when the input step voltage is applied until the
output signal reaches and stays within a given er-
ror band of a steady state value.

If the input step change is large, the slew rate
limit of the amplifier will restrict the speed at
which its output can change. The limit at which
an amplifier can slew is a function of how fast it
can charge or discharge its compensation capaci-
tor. The maximum frequency of a given
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amplitude that can be faithfully reproduced by an
amplifier with a stated slew rate is defined by the
equation:

SR
27|',Vp

fmax =

Equation 14
where Vp is the peak output voltage.

When large changes of signal at the input occur,
the settling time of the amplifier will be a combi-
nation of initial delay, slew rate limited
excursion, and small signal settling time as indi-
cated in Figure 6. Note that the small signal
settling illustrated in Figure 6 is not that of a sin-
gle pole system, but is instead representative of
an actual wideband amplifier.

A first order approximation of settling time can
be estimated for a circuit under the following
conditions. First, the signal must not cause the
amplifier to enter slew rate limiting. Second, the
3 dB corner frequency of the amplifier must be
known and it’s roll-off must be at 20dB/decade
for at least a decade of frequency above the 3 dB
corner frequency. Under these conditions the fol-
lowing equation yields a good approximation to
the settling time:

1
t——2ﬂ:f In

=21

Vs

Vo l

Equation 15

where f is the 3dB frequency. To settle to 1/2
LSB at N bits (N = 16 in a 16-bit A/D) the equa-
tion can be written as:

1
P N
ot

2N-o05

1
2N

Equation 16

Which can be simplified to the following:

(1+N) (0.11)
T

Equation 17

Settling time is not readily predicted in other cir-
cumstances. It varies with signal amplitude and
is as much dependent upon the circuit configura-
tion and circuit components (including things like
stray capacitance) as it is upon the amplifier char-
acteristics. An assessment of circuit settling time
is often best be obtained from observation of the
circuit under applicable conditions.

OVERSHOOT
FINAL ENTRY INTO ERROR BAND
ERROR BAND

FINAL VALUE

L

AMPLITUDE

N

SLEW RATE |
LIMITING

0 Je—SETTLING ——»]
TIME TIME

Figure 6.

II. THE CS5016 FAMILY A/D CONVERTER
INPUT STRUCTURE

The analog input pin (AIN) of the CS5016 series
converter acts as a load to the buffer amplifier
output. A good understanding of the internal
workings of this pin on the converter will help in
the design of an appropriate buffer amplifier.

Figure 7a depicts a simplified circuit diagram of
the circuitry internal to the A/D converter as seen
from the AIN pin. From the metal pin of the
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Figure 7a CS5016 Family Analog Signal Input Model

package a bond wire connects to the semiconduc-
tor chip. Clamp diodes on the chip connect to
both of the supplies. Under abnormal conditions,
excess signal amplitude may forward bias the di-
odes. The diodes protect the chip from voltage
breakdown. Unless the current under such fault
conditions is limited, the diodes may short out or
the bonding wire may "blow its fuse". The cur-
rent should be limited to under one hundred mA
transient or under 10 mA steady state to eliminate
any possibility of damage. Methods of limiting
input current to the A/D converter are discussed
below. Once the input signal travels beyond the
protection circuitry, it sees a buffer amplifier Al,
CMOS switches S1, S2, and S3, a hold capacitor
Ch, and transconductance amplifiers G1 and G2.
To accomplish a complete conversion cycle, the
states of the CMOS switches are altered. These
state changes cause the effective load at the AIN
pin to change dynamically during the three differ-
ent phases of the conversion cycle. These three
phases are called coarse-charge, fine-charge and
conversion. An understanding of the function of
each of these three phases will explain the rea-
sons for the dynamic change in loading. The
conversion phase begins with the activation of
the hold command (HOLD goes low).

When hold is activated, the "sample capacitor” of
the track-and-hold section of the converter imme-
diately traps a charge on the sample capacitor

which is representative of the input signal. The
binary representation of the value of the charge
is then determined. The number of master clock
cycles necessary for this determination to occur is
a function of the number of bits of the converter
and the particular mode of operation (loopback or
asynchronous). The occurrence of the EOC (end
of conversion) signal indicates that the conver-
sion time is complete. The converter must then
acquire a new sample of the input signal for the
next conversion. The coarse-charge and fine-
charge times accomplish this. First to occur
is the coarse-charge phase. A buffered ver-
sion of the analog input signal is first
connected to the sample capacitor. The input
impedance of the buffer is very high and
therefore does not load the input signal
source. The output of the buffer is connected
via switches S2 and S3 to the sample capaci-
tor (switch S1 is open). The buffer (Figure
7a, Al) furnishes the majority of the current
necessary to charge the capacitor toward the
new voltage value. The buffer therefore re-
duces the transient current demand from
the signal source if the input signal has
changed from the value previously stored
on the sample capacitor. The sample ca-
pacitor is connected to the output of the
buffer for six cycles of the master clock
(CLKIN) frequency. At the end of the six
cycles the coarse-charge phase is complete.
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The sample capacitor is then directly connected
to the analog input signal for the fine-charge AN
phase (Switches S1 and S3 are closed, S2 is
opened). Immediately before being connected for 15 pF 100 M ohm

the fine-charge phase, the voltage on the sample
capacitor may still differ slightly from the analog
input value. This is due to the offset voltage of
the buffer amplifier (Al). This offset voltage is
typically 50 mV but may be up to 150 mV in the
worst case. At the beginning of the fine-charge
phase a small transient demand of current from
the external signal source may occur as the ca-
pacitor charges to its final value. The fine-charge
phase will last until the hold command becomes
active again. In loopback mode the fine-charge
phase lasts nine master clock cycles until the end
of track (EOT) signal reactivates the hold com-
mand. When the hold command is activated
asynchronously, the fine-charge phase should last
a minimum of nine master clock cycles and may
continue indefinitely until the hold command is
activated.

Simplified models of the impedances seen by the
analog input signal are depicted in Figures 7b
and 7c. For the conversion and coarse-charge
phases, the impedance seen at the AIN pin is the
input impedance of the buffer Al. This imped-
ance is approximately 100 MQ shunted by 15 pE
When in the coarse-charge phase the sample ca-

1 I

Figure 7b. Simplified Input Model During
Coarse-charge / Conversion

pacitor is charged by the buffer (A1) output. The
speed at which the voltage on the sample capaci-
tor can track the input signal is limited to the rate
at which the buffer output current can charge the
capacitor. The slew rate of the buffer is 5 V/us
when the converter is in unipolar mode and 10
V/us when in the bipolar mode. The reason for
the difference is that the sample capacitor in bi-
polar mode is only half the value of that in
unipolar mode.

The simplified model of the impedance seen in
fine-charge is that of Figure 7c. Resistor R1 is
the effective resistances of the S1 and S3 CMOS
analog switches of Figure 7a. The sample ca-
pacitor consists of C2, whereas capacitor C1 and
CS are stray capacitance. Gl is a transconduc-
tance amplifier with an effective input resistance
of about 35 Q at DC. The slew rate in the fine-
charge mode is limited to the rate at which the
output current of the transconductance amplifier

AIN R1 (T‘lz AIN 100 ohm
O \NWV\ Py Py O‘H .
‘L j‘ h Ct1+C2+CS
<[ o] T
= = L =
c1 c2 cs R1 Gin
Unipolar | 170 pF | 170 pF |20 pF | 100 ohm | 35 ohm
Bipolar | 85 pF | 85pF |30 pF | 100 ohm | 35 ohm
Figure 7c¢ Simplified Input Model During Fine-charge.
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G1 can charge capacitor C2. In unipolar mode
the slew rate is 0.25 V/us. In bipolar mode when
the capacitance of C2 is less, the slew rate in-
creases to 0.5 V/us. Acquisition of fast slewing
signals (step functions) can be hastened if the
step occurs during the conversion cycle or during
the coarse-charge cycle since at these times the
slew rate of the converter input is faster. It
should be noted that in fine-charge, any external
impedance on the AIN pin becomes part of the
total network and will contribute to the settling
time response characteristics.

Also, Figure 7a shows that when switches S1 and
S3 are turned on (S2 is off) in the fine-charge
phase, the source impedance of the external cir-
cuitry connected to the AIN pin actually becomes
part of the feedback network of amplifier GI1.
The external circuitry should offer an impedance
less than 400 Q at frequencies greater than
2 MHz or amplifier G1 may oscillate.

The input circuitry of the analog front end of the
A/D converter uses CMOS analog switches
which are similar to analog switches available in
individual integrated circuits. The resistances of
the CMOS switches, such as shown in Figure 7c,
exhibit non-linear effects with changes in signal
amplitude and frequency. These dynamic
changes in switch characteristics are a source of
distortion at high frequencies.

III. EXAMPLE BUFFER CIRCUITS

Buffer Circuit Test Method

Several example buffer circuits have been con-
structed and tested. Evaluation was restricted to
dynamic testing at room temperature (25° C).
The testing was performed using a CDB5016
evaluation board connected to an IBM compat-
ible computer via a 16-bit parallel I/O card.
Signal processing software developed at Crystal
was used to evaluate the data. The signal source

was a Khron-Hite 4400A Low Distortion Oscilla-
tor modified to produce low broadband noise per
the article in Reference 1 (Reprints available
from Crystal upon request). The oscillator was
adjusted to the appropriate full-scale value for
each circuit. A frequency of 1.5 kHz was chosen
as the test frequency.

The output data from the A/D converter was
processed to yield three indicators of dynamic
performance. These are:

1) S/(N+D): The ratio of the rms value of the
signal to the rms sum of all other spectral compo-
nents below the Nyquist rate (except DC),
including distortion components.

2) S/D: The ratio of the rms signal value to the
ratio of the rms sum of all harmonics.

3) S/PN: The ratio of the rms signal value to the
rms value of the next largest spectral component
below the Nyquist rate (except DC).

Benefits of an RC Isolation Network

All of the example circuits show an RC network
coupling the output of the buffer to the input of
the A/D converter. The 200 Q resistor and 1 nF
capacitor network is recommended for the
CS5012A, CS5014, CS5016, and CS5126. The
200 Q resistor should be replaced with 50 © for
the CS5101A and CS5102A. The RC filter en-
hances circuit operation in four ways. First, the
network reduces the amount of broadband noise.
Second, it decouples the input capacitance of the
A/D converter from the amplifier. This reduces
the possibility of the amplifier having stability
problems driving a capacitive load. Third, the cir-
cuit isolates the output of the amplifier from the
high frequency pulsed charge effects of the sam-
pling front end of the A/D converter. And finally,
the passive network offers a well-behaved low
source impedance to the internal transconduc-
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Figure 8.. MAX410 Noninverting Amplifier

tance amplifier, satisfying its stability needs. The
component values are chosen to have a time con-
stant of 200 ns to provide appropriate settling
time when the converter (16 bits) is sampling at
50 kHz. The NPO dielectric characteristic mini-
mizes the effect of voltage coefficient of
capacitance which can adversely affect perform-
ance at the 16-bit level. Other dielectrics may be
adequate while some may result in non-linear ca-
pacitance with signal level and therefore
introduce distortion. Empirical testing may be
necessary to insure whether a given dielectric is
adequate for a particular application.

+ 5 Volt Supply Op Amp Circuits

The first example circuit is a unity gain buffer
circuit shown in Figure 8. The MAX410 op amp
is designed for operation from * 5 V power sup-
plies. The input common mode range of the
amplifier is specified as = 3.5 V, therefore the ref-
erence voltage for the A/D converter was set to
use +3.5 V as its full scale reference value. The
circuit yields quite good results when the reduced
signal level is considered.

The second circuit, Figure 9, configures the
MAX410 in the inverting mode. The minimum
output voltage swing for the MAX410 is speci-
fied as + 3.6 V (2 kQ load) with a typical range
of £ 3.7 V. A 3.5 volt reference was used for the
A/D converter. Performance was good using the
3.5 volt reference.

+ 15 Volt Supply Op Amp Circuits

Most precision operational amplifiers are speci-
fied for operation from + 15 V supplies. Figure
10 shows an OP-27 used to reduce signal levels
of £ 10 V to = 4.5 V. The performance is excel-
lent. Figure 11 then shows the OP-27 in the
non-inverting configuration.

The performance levels being achieved with the
OP-27 result from operating the amplifier well
within its specifications for input range and out-
put amplitude capability. The Signetics NE5534A
worked equally well in both circuit configura-
tions (Figures 10 and 11). Note that low value
resistors are used to minimize the component
noise in the circuits.
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Figure 9. MAX410 Inverting Amplifier

If an OP-27 type amplifier is used, the inverting
circuit is preferred for signal processing applica-
tions. This is because some brands of OP-27
amplifiers exhibit much higher distortion at fre-
quencies above 10 KHz or so when used in the
non-inverting configuration. It may be that the
internal bias current cancellation circuitry does
not track the input stage well when subjected to
the rapidly-varying (high frequency) common
mode voltages such as those experienced by the
positive gain configuration.

Achieving * 4.5 Volt Output with + 5 Volt
Supplies '

Some designs may require that the entire system
operate from x5V, but achieve the full dynamic
range of the A/D converter when using a 4.5 V
reference. The Signetics NE5534A op amp,
known to be excellent for audio use, can be com-
bined with a discrete transistor output stage to
yield excellent results when using only £ 5 V
supplies. Figure 12 illustrates the NE5534A in
the inverting configuration, reducing a £ 10 V
signal to £ 4.5 V. The OP-27 (without the exter-
nal compensation capacitor) yielded similar noise

and distortion results but had slightly slower rise
time when tested with a transient input.

An Instrumentation Amplifier Circuit

Some systems require an instrumentation ampli-
fier front end. One instrumentation amplifier was
tested; the AD625C from Analog Devices. The
data sheet specifies a maximum nonlinearity of
0.001%. Although the device may have good
static linearity, its dynamic performance was well
below 16-bit performance. The AD625C, shown
in Figure 13, was tested with two different gains.
The instrumentation amplifier was tested with a
gain of one, and then with a gain of nine. The
gain of nine configuration is with the 5 k€ resis-
tor connected to pins 2 and 15. The data indicates
that the part actually has greater distortion (in-
dicative of greater nonlinearity) in the lower gain
configuration.

Signal Limiting Circuits

When utilizing op amps with + 15 V supplies to
drive A/D converters with £ 5 V supplies it is
possible under certain input conditions for the
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Figure 10. OP-27 Inverting Amplifier

amplifier output voltage to attempt to exceed the
supply rails of the converter. As described pre-
viously, the converter has protection diodes at the
analog input and therefore will clamp the voltage
whenever the signal forward biases the diodes. If
high current amplifiers are used, excess current
from the amplifier may damage the converter. If
excess current is a possibility, then the voltage
swing of the amplifier must be limited so as to
not exceed the supplies of the converter; or some
means of current-limiting must be used. Many
amplifiers have current limiting circuitry as part
of their output stage and will limit their output
current if a fault condition exists. Even though
the amplifier may protect itself in this manner it

0.1I *ILO e
]J.Fg ;gpF

3
™ op27 200

2| 6

4 1nF

15k NPO
W
«T-15
1k A== 1.0

may not be desirable from a system performance
point-of-view. System measurement accuracy
can be degraded due to offset and gain errors
which occur as a result of amplifier self-heating.

Several approaches to amplifier output limiting
can be used. Zener or diode bounding circuits
can be used. Some bounding/clamping circuits
reduce the circuit gain by reducing the effective
feedback resistance when an overvoltage signal
exists. Others limit the signal by shunting it to
ground when it exceeds the desired amplitude.
Reference 6 documents some of these circuits
and discusses their strengths and weaknesses.

Gain +2.5

Input 1.5 kHz, +1.8 Vpk

VREF 45V
S(N+D) 90.7 dB

S/D 98.0 dB

S/PN 102.3 dB

Figure 11. OP27 Noninverting Amplifier
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Figure 12. Op Amp with Transistor Buffer Stage

Voltage Clamping via the Compensation Pin

Figure 14 indicates a simple means of clamping
available on some op amps. Illustrated is a Harris
HA-2600 with diodes connected to its compensa-
tion pin (8). The + 5 V supplies of the A/D
converter provide the clamp voltage reference
values for the diodes. The output stage of the
HA-2600 has unity voltage gain but high current
gain. The signal on pin 8 of the amplifier is a
low current signal of identical amplitude to the
output signal. Limiting of the output signal swing

200

is accomplished by clamping the signal at pin 8
to the desired level. Even if the on voltage of the
clamp diodes on the op amp exceed the on voltage
of the clamp diodes inside the A/D, the 200 Q resis-
tor will limit the current to an acceptable level.

A Novel Method to Aid Current Limiting

Another method of protecting the A/D converter
from excess signal conditions is illustrated in Fig-
ures 15 and 16. The circuits make use of

Gain 1
Input 1.5 kHz, +4.5 Vpk
VREF 45V
S/(N+D) 73.1dB
S/D 81.5 dB*
S/PN 83.7 dB*

* Primarily 2nd harmonic

Gain 9*
Input 1.5 kHz, +0.5 Vpk
VREF 45V
S/(N+D) 74.1dB
S/D 87.3dB
S/PN 84.7dB

* 5 K resistor connected

Figure 13. Instrumentation Amplifier
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Figure 14. Compensation Pin Clamping

additional series resistance between the op amp
and the converter to limit the amount of signal
current available. The resistor is placed inside of
the feedback loop of the amplifier where the loop
gain of the circuit reduces the effect of the 1 kQ
resistor under normal operating conditions. When
a fault condition exists, the signal output from the
amplifier may attempt to exceed the power sup-
ply rails of the A/D converter. Under this
condition the current into the A/D converter input
will be limited to less than 10 mA by the 1 kQ
resistor.

The added 1 kQ resistor increases the open loop
output impedance of the circuit. This increase in
output impedance adversely affects the effective
open loop gain of the circuit when driving lower

22 pF

impedance loads. Therefore, it is desirable to take
advantage of op amps with higher open loop
gains. Decompensated op amps offer greater
gain-bandwidth products but with the restriction
that they are generally specified to be stable only
with higher gain configurations. For example, the
OP-37 is specified for operation with a minimum
gain of 5 but offers higher open loop gain than
the OP-27 (about 15 dB higher at 1C kHz). The
circuits in Figures 15 and 16 take advantage of
the added open loop gain of the OP-37 yet still
meet the requirements for stability demanded by
the amplifier. At low frequencies (below 10 kHz)
the loop gain of the circuit reduces the effect of
the 1 kQ resistor significantly. At the same time
the effective load to the amplifier output (includ-
ing the 1 kQ output resistor) is dominated by the

4.99k Gain 2
ﬁ +15 Input 1.5kHz,+9Vpk
°-F1 1.0 VREF 45V
2.49 k 2 % g g hF S/(N+D) 91.2dB
o—AWy, - g 1k 200 SiD 97.9.dB
3 OP 37 >——/\N\/\,—I—————o
R S/PN 99.2 dB
1nF
4 45 L NPO
0.1 1.0
uF g; ;g pF
Figure 15. Inverting Amplifier with current limiting
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feedback resistor. At high frequencies (above 1
MHz) the impedance of the 1 nF capacitor in the
output filter begins to look like a short circuit
therefore the load seen by the op amp circuit is
dominated by the 200 € resistor. At the higher
frequencies the open loop gain of the op amp is
decreasing. The corresponding reduction in loop
gain allows the effect of 1 kQ resistor to begin to
take effect, increasing the output impedance to
the feedback node. The combined effect of the
higher output impedance due to the 1 kCQ resistor
and the loading effect of the 200 Q resistor
causes an effective loop gain reduction of about
200/(1000 + 200) or a factor of 6. This gain re-
duction in combination with the phase
compensation of the feedback capacitor allows
the circuit to maintain stability while it also pro-
vides current limiting under fault conditions.

This application note has discussed the making of
a good buffer circuit and has illustrated several
examples with relevant test data. For further in-
formation on design and dynamic testing of
amplifier circuits refer to the following refer-
ences.

200

T -15 ;E NPO

0.1 1.0
wF L s yF
L

iz_o K |20K

82 pF

Gain +2
Input 1.5 kHz, +2.25Vpk
1nF VREF 45V
S(N+D) 92.0dB
s/D 100.4 dB
S/PN 102.8 dB
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Figure 16. Noninverting Amplifier with Current Limiting
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CS501X APPLICATION HINTS

Here are several application hints which extend
the flexibility of the CS501X series of A/D con-
verters.

Jam ADC Into Coarse Charge For High Slew
Signals

The CS501X family of A/D converters have
within their capacitor-based architecture a track-
and-hold function. Upon completing a conversion
the A/D converter immediately begins to track
the input signal. The design is such that the in-
put signal is buffered (internal to the A/D) from
the capacitor array for six cycles of the master
clock. Then the buffer is bypassed and the array
is directly connected to the AIN pin of the con-
verter. This allows the converter to settle to its
final value within the accuracy specifications.
The period of time that the buffer is connected is
known as the coarse charge time. The time when
the buffer is bypassed to sample the input signal
directly is known as fine charge time. Slew rate
capability during coarse charge time is much

TIMING
GENERATOR

greater than the slew rate in fine charge. Any step
changes of the input signal should occur either
prior to or during the coarse charge time. Under
normal operation, once the converter has com-
pleted the coarse charge time and entered into the
fine charge time it will stay in the fine charge
state until the HOLD input goes low. When
HOLD goes low the charge on the capacitor ar-
ray is immediately trapped and conversion
begins.

In applications which exhibit step changes in the
input signal, it is not desireable that the converter
remain waiting in the fine charge mode (with its
slower slew rate capability). Extending the coarse
charge time allows the ADC to track high slew
signals.

Figure 1 depicts the logic by which the master
clock to the converter is stopped during the
coarse charge time to lock the converter into
coarse charge. At the end of each conversion the
End of Conversion (EOC) signal indicates the

L]

RST—
Q

EOT
E HOLD

}Tar’ OLKIN

4 MHz CS5012
CS5014
CS5016

A/D Converter

DATA 16 )

TO SYSTEM
P
RD ¢

O

A
CCD or PIN
DIODE ARRAY

DIFF AMP

> AIN

«~—{EOC

Figure 1. Sample Logic Jams Converter into High Slew Rate Mode
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DARK DARK
LIGHT1
AIN LIGHT2
ty —  e——
o I
HOLD 1 7
|
RST L 7 R4
EOC | L]
— FINE CHARGE
Q

COARSE CHARGE

t, =>15 CLKIN CYCLES

H

Figure 2. Extending Coarse Charge Time Allows Tracking of Dark to Light Transition

end of a conversion and the beginning of a
coarse charge time. EOC falling toggles the flip-
flop, causing its Q output to go low. This jams
the NAND gate output high which locks the con-
verter into the coarse charge mode until the
timing generator circuitry resets the flip-flop.

+5V—J Q CLKIN
2X
OSCILLATOR - -
Q [ HOLD
+5V
€S501X
Q J|-+5V
B EOC
o K
START CONVERT LI~ ]
DATA READY

Figure 3.Coarse Charge Jamming with
""StartConvert'" Control

Figure 2 illustrates the timing of the various sig-
nals of the circuit in Figure 1. CCD or PIN
diode array outputs exhibit step changes in their
signal levels as each array element is selected for
output. After each conversion the converter is
stopped in the coarse charge mode until the video
output signal from a particular element of the
sensor array is stable. The clock to the A/D con-
verter is then restarted. :The converter then
proceeds through the coarse and fine charge
times and awaits a HOLD signal. If the EOT
output of the converter is tied to the HOLD con-
version will begin as soon as the track time is
complete.

While this coarse charge jamming circuit is de-
signed to operate with the CS501X series of
converters, note that the CS5101 A/D converter
offers a CRS/FIN (coarse/fine) pin as an input to
allow user control of the tracking mode.

Creating a Single ''Track, Hold, and Convert"
Command

The coarse charge jamming circuitry of Figure 1
is altered to allow a single control line to initiate
a sample and convert sequence. First, the EOT
output from the converter must be directly tied to

ANSREV4

5-153




AR B K N 455 45 S N
N EErew e N Ny
NNy eay N ANy
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HOLD input. This connection will enable the
converter to initiate a conversion upon comple-
tion of 9 clock cycles of fine charge (the
minimum fine charge time necessary for adequate
settling).

At the end of each conversion the EOC signal
will toggle the flip-flop and lock the converter in
coarse charge. The converter will track the input
signal in the coarse charge mode until the "start
convert” input resets the flip-flop to restart the
clock. With EOT tied to HOLD the converter
will proceed through coarse charge, fine charge,
and conversion at which time it will stop and
await another "start convert" command. Data in
the output port will remain available until a new
start convert command is issued, but due to inter-
nal logic, the port cannot be read in the
byte-wide (BW = 0) mode.

Figure 3 illustrates an example of the "start con-
vert" circuitry using a dual J-K flip-flop. Note
that the input clock is twice that required by the
converter and that the low time of "start convert"
pulse should be less than the conversion time of
the converter. The "start convert” signal should
be held low during calibration.

Synchronizing Multiple CS501X Series A/D
Converters

Simultaneous sampling of several channels is
often required. For example, in measurements of
the outputs of three-axis magnetometers or three-
axis inclinometers it is desireable that all three
signals be simultaneously sampled and then con-
verted. Because the CS501X converters offer
very good repeatibility from part to part they can
yield very good channel to channel measurement
correlation even though each channel is convert-
ing with its own A/D converter.

Figure 4 illustrates how multiple CS501X series
converters can be synchronized, allowing simul-
taneous sampling. The circuit uses a flip-flop to
synchronize a reset (RST) signal common to all

of the A/D converters such that the reset signal
goes low on a falling edge of the master clock
(CLKIN) to each converter. A common HOLD
command can then be connected to all of the
converters to initiate simultaneous sampling. Or,
if the synchronous loopback mode of sampling is
desired, the EOT output from one of the convert-
ers can be input to the HOLD inputs of all of the
converters.

When several converters are galvanically isolated
from the digital processing system, synchronaza-
tion is useful. The data is passed across the
isolation barrier in serial form. If several con-
verters are in the system, normally both SDATA
and SCLK signals from each converter are
passed across the isolation barrier. However, if
the converters are synchronized, the SDATA out-
puts of several converters can be clocked into
serial to parallel registers on the digital side by
sending a single SCLK signal across the barrier.

+5V
74HC14

74HC73 or 74HC107

CS501X

¢ RST
CLKIN
HOLD

CS501X
lL RST

CLKIN
HOLD

SYSTEM RESET
(Active Low)

OSCILLATOR [—*

HOLD —*

|
|
[
v o

Figure 4. Controlled Reset for Synchronizatoin of
Multiple Converters
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CS501X APPLICATION HINTS

+ 5V Input Signal Range Operation

Some system specifications may require signal
levels of £ 5 V. Operating the CS501X series of
A/D converters with = 5 V signals requires a 5 V
reference and therefore the supplies have to be
raised. The supplies should be adjusted to output
voltages in the range from 5.3 to 5.5 volts. The
positive and negative supplies should be of equal
magnitude and the system connections recom-
mended in the A/D converter data sheet should
be maintained.

An easy means of achieving the proper supply
voltages is to use LM317L and LM337L regula-
tors. These devices are acceptable as the power
requirements of the A/D converter are very low.
See Figure 5 for the appropriate resistor values to
set the regulator voltages. An alternative is to use
LM78LOSAC and LM79LOSAC regulators with
adjustment resistors to increase their output volt-
ages. This is illustrated in Figure 6.

2V LM317L

ViN Vout
ADJ

+5.5V (VA+)

T 0.1pF .

ov » AGND
412 % %

——0.1pF

I ADY
—VIN Vour

-12v LM337L

5.5V (VA)

Figure 5. LM317L/LM337L Voltage Regulators

References which output 5 V require a minimum
input voltage from 6.5 to 11 volts. This increased
voltage is necessary to accommodate the 1 to 6
volt input to output voltage differential needed by
the reference. Supply voltages of +12 Vor +15V
are common. Care should be excercised to insure

+12V LM78LO5SAC

ViN Vout—* +5.5 V (VA+)
GND 1uF
rl P —
[ 1pF P

+

[+

ov o> AGND
w2 v
L
+ + | 1pF
— 2005
GND
ViN Vour »>.55V (VA)

A2V LM79L05AC

Figure 6. LM78L05/LM79L05 Voltage Regulators

that the voltage reference output does not source
current into the A/D converter VREF pin before
the power supplies on the A/D are established.
One means of insuring this is to add an RC filter
in front of the voltage reference as illustrated in
Figure 7. This will delay the reference output un-
til the regulated supplies (Figure 5 or 6) for the
A/D are established.

With raised supply voltages on the A/D converter,
the digital outputs will output logic 1’s with a
higher output voltage (VoH). To accommodate
this increase the digital logic in the system can
use 74HC4049 or 74HC4050 logic level transla-
tors to restore the logic outputs back to the 5 V
level. Alternatively, the logic system (if 74HC
logic is used) can also use a supply voltage ele-
vated to the value of the A/D supply. This
problem is also eliminated if the ADC is isolated
using opto-couplers.

ok LT10195*
2N out +5.0 V (VREF)
+12V 0.1uF
GND
+
15uF 4 % 26
L o » AGND

* or LT1021-5 for better tempco.
or LT1019-4.5 for 4.5V output

Figure 7. 5Volt Reference with RC Input Delay
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DEFINITIONS

PRODUCT CATEGORY LEVELS

Crystal’s integrated circuit (IC) products are fabri-
cated, assembled and tested either in-house or
through one or more subcontractors. Qualifica-
tion and manufacturability criteria are defined for
each of four product category levels achievable
during the product life cycle of an IC. Products
are classified by the most stringent category level
requirements met. Crystal’s goal is to achieve
Level I (World-Class) status for the majority of its
product families. The product category levels are:

Level IV: Engineering Prototype (EP) Release
Level III:  Production Level I

Level II:  Production Level II

Level I. World Class
Level IV -- i ing Protot lifica-
tion (EP) ,

Level IV is the first qualification level for IC
products. It is used for early sampling and risk
production builds. Qualification tests to achieve
Level III begin shortly after the receipt of first
functional devices. Level IV packaged devices
are marked with an additional "EP".

Level III -- Production Level IIT

Level IIT is the second qualification level for IC
products. This level is applicable to devices
which are on track to achieving a Production
Level II qualification and provides an interim re-
duction in the risk of substandard product ship-
ments to customers. Comprehensive production
test programs (with guardbands) are used for test-
ing Level IIT products. Characterization of initial
products is complete. Qualification tests have
been completed per the criteria shown in the
Qualification Criteria Table at the front of this
databook.

Level II -- Production Level 11

Level II is the high volume production qualifica-
tion level for IC products. Level II products have
met the goals for sustainable manufacturability
and reliability by passing a comprehensive series
of qualification tests, completing product docu-
mentation, and demonstrating product perform-
ance through detailed characterization.

Level I -- World Class Products

Level I is the highest level attainable for any
product family. Qualification tests for Level I in-
volve routine monitoring of ramped product fami-
lies over a period of time to measure increasingly
stringent reliability and quality levels that require
a substantial number of devices and device-hours.
Additionally, sources of variation throughout the
manufacturing process (fab, assembly and test)
are monitored and reduced over time following
industry standard learning curves. This provides a
statistical, pro-active approach to direct improve-
ments in reliability performance and outgoing
quality. It is the goal of every product family to
achieve Level I status.
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RELIABILITY METHODS

RELJABILITY METHODS

I. CONCEPT OF RELIABILITY

In general terms, the reliability of a semiconduc-
tor device is defined as the measure of the
functional stability of .the device with respect to
time. Expressed in a more quantitative sense, it is
the probability that the device will operate with a
specified performance over a specified period of
time under a given set of conditions.

Reliability characteristics are usually stated in re-
verse terms as the loss of ability to function, or
failure rate. The reliability performance of a de-
vice can best be summarized by the reliability life
or "bathtub" curve (Figure 1). The reliability per-
formance is characterized by three phases: infant
mortality, useful life, and wearout. Infant mortal-
ity failures can be reduced by proper
manufacturing controls and screening techniques.
The useful life period is typically a long period of
time where only occasional random failures occur.
During this time the failure rate is usually very
low. The final period is aptly named wearout. Us-
ing proper design guidelines and device
applications, this period is shifted well beyond the
lifetime required by the user.

Reliability Life
( Bathtub) Curve

—_

Digital Device or Crystal -

2 Smart Analog Device —~~
T ~
Py Traditional Analog IC ——~,
3 —
= _
w
Infant Mortality Random Wearout
Failures Failures Failures

Operating Life =g

Figure 1.
An item of great importance in evaluating re-
ported reliability characteristics is the definition of
a failure. Crystal’s definition of a failure is any
device that fails to meet ANY data sheet parame-
ter. Crystal’s digital self-calibration techniques
provide stable performance over temperature and

life. Traditional Analog IC’s and hybrids exhibit
wearout mechanisms very early in the life of the
product. One competitor’s analog-to- digital con-
verter’s linearity error stability is specified at
t+ .00075 % per 1000 hours at 25 °C. Stability
degradation at 70 °C is unspecified and is likely
to be accelerated greatly as temperature increases.
The dashed line of Figure 1 is typical of the
wearout seen in a competitor’s Analog IC or hy-
brid. As you can see, wearout begins much earlier
than a digital device or a mixed analog and digital
chip utilizing Crystal’s SMART analog design ar-
chitecture and CMOS wafer technology.

II. CRYSTAL SEMICONDUCTOR
RELIABILITY STRESSING

These stresses are done on every new product, as-
sembly house or fabrication subcontractor. Some
of Crystal’s acceptance criteria and goals are as
described in the Qualification Criterion Table in
section 1 of this data book.

Accelerated Operating Life Stress

Accelerated operating life stressing is performed
to accelerate thermally-activated failure mecha-
nisms through the application of extreme
temperature and dynamic biasing conditions. The
typical temperature and voltage conditions used in
the stress are 125 °C with a bias level at the maxi-
mum data sheet specifications. Some devices may
be stressed at an even higher voltage level to fur-
ther stress the oxides of the device. All devices
used in life stress are sampled directly from the
production flow with no special processing or pre-
screening. Stressing is performed per MIL STD
883, method 1015, condition D (dynamic signals).
These dynamic conditions simulate as much as
possible actual operating conditions in an applica-
tion.

64
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Infant mortality (48 hrs at 125 °C), early operat-
ing life stress (168 hrs at 125 °C) and long term
operating life (typically 1000 hrs at 125 °C) are
reported . Infant mortality life simulates approxi-
mately 3-4 months in the field at 55 °C and is
reported as a percent. Early and Long term life
simulate the total failures seen in the field and are
expressed in FITS (failures in time ). 1 FIT =1
failure per billion device-hours. Derating of early
and long term operating life is done using Ar-
rhenius thermal equations along with Weibull
statistics. A 60 % upper confidence limit (UCL)
and .7 electron volts (eV) activation energy are
used in this calculation.

85 °C/85% R.H.

85 °C/ 85% R.H. is an environmental stress per-
formed at a temperature of 85 °C and at a relative
humidity of 85%. The test is designed to measure
the moisture resistance of plastic encapsulated de-
vices. A nominal-voltage static bias is applied,
with minimum power consumption, to the device,
to accelerate the electrolytic corrosion of the met-
allization. Failures are expressed in % /time with
168, 500, and 1000 hour cumulative results re-
ported.

Autoclave

Autoclave is also an environmental stress which
measures the moisture resistance of plastic encap-
sulated devices. Conditions for this test are
121 °C, 100% relative humidity, and 1 atmos-
phere of pressure (15 psig), with no bias applied
to the circuit. Corrosion of the die is the expected
failure mechanism. Stressing is usually performed
for 144 hours. Failures are expressed in %f/time
with 48, 96, and 144 hour results reported.

Temperature Cycling
Temperature cycling typically accelerates the ef-

fects of the thermal expansion mismatch among
the different components within a specific pack-

age and circuit. The stress is performed per MIL
STD 883, method 1010, Condition B (-55 °C to
+125 °C) or C (-65 °C to +150 °C). Stressing is
done in an air environment. A cycle consists of
ten minutes at -65 °C, five minutes transfer time,
and ten minutes at +150 °C. Stressing is typically
performed for 1000 cycles. Failures are expressed
in %/cycles, with 100, 500, and 1000 cycle results
reported.

Thermal Shock

The objective of thermal shock is basically the
same as that of temperature cycling - to exercise
the difference in thermal expansion coefficients
within the integrated circuit package and die.
Thermal shock provides additional stress as the
device is exposed to a rapid change in tempera-
ture, due to a maximum transfer time of ten
seconds, as well as the increased thermal conduc-
tivity of a liquid environment. This test is
performed per MIL STD 883, method 1011, Con-
dition B (-55 °C to +125 °C). In one cycle of
thermal shock, devices are placed in a fluorocar-
bon bath cooled to -55 °C for five minutes, then
transferred to an adjacent bath filled with fluoro-
carbon at 125 °C for five minutes. Stressing is
performed for 500 cycles. Failures are expressed
in %/cycles, with results reported at 100, 200, and
500 cycles.

Electrostatic Discharge

Electrostatic discharge testing is performed to de-
termine the handling sensitivity of a
semiconductor device. This test is performed per
MIL STD 883 method 3015, which simulates the
resistance (1500€2) and capacitance (100 pF) of
the human body. Also the machine model test is
performed with a 0€2 resistance and a capacitance
of 200 pF to simulate, as its name implies, a typi-
cal insertion tool, handler, etc. that comes in
contact with the leads of a semiconductor device.

REL3
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Latchup

Latchup testing is performed to ascertain whether
a device can sustain SCR latchup due to a DC
current input. The pin being tested has a DC cur-
rent forced to it with the device power supplies at
nominal voltage and inputs at ground state. Sus-
ceptibility of each input is tested with both a
positive and negative DC current forced into it.
This test is performed per the standard test proce-
dure recognized by JEDEC.

C dv/dt Latchup Testing

This test is performed to evaluate the susceptibil-
ity of a CMOS device’s power pin to
instantaneous ESD discharge into a power  sup-
ply pin or a rapid ramp of a power pin during
power up. Positive and negative pulses are sup-
plied to the power supply pins with a change in
voltage of greater than 500 V/us and a0 to 5V
risetime of less than 15 ns. Ground, Vss, and the
pin under test are connected to ground. The sup-
ply current is monitored for excessive current.

III. FAILURE RATE CALCULATIONS

Failures during typical reliability stressing gener-
ally are in the infant mortality and random failure
sections of the "bathtub" curve. Thermally accel-
erated failure rates can be derated to actual
operating conditions by commonly accepted
mathematical models.

Operating life stress is usually reported in the der-
ated form. That is, operating life is performed at
125 °C and results are reported for an equivalent
time at a typical operating stress temperature for
an application, generally 25 °C, 55 °C, or 70 °C.
Failure rates for other temperatures are calculated
using a computed acceleration factor.

There are many probability models used in reli-
ability analysis for calculating failure rates. The

simplest form of calculating a failure rate (FR.)
would be to divide the number of failures ob-
served after test (N) by the number of
device-hours of stress.

FR.= N
DeH M

where D is the number of devices stressed and H
is the number of stress hours. If this number is
multiplied by 10° we obtain the failure rate ex-
pressed as Failure In Time (FIT). FITS are
expressed as failures per billion device operating
hours.

FITS = (ER.)(10°) 2

However, using equation (1) allows only for a
failure rate calculation at the stress temperature. In
order to apply the equation to the desired use tem-
perature we use the well-known Arrhenius
relationship to determine the thermal acceleration
factor, Fa. One hour of device operation at tem-
perature T is equivalent to F, hours of operation
at temperature T2. The activation energy, EA, is
an important parameter in the Arrhenius equation
and is discussed below. The Arrhenius equation is:

EA 1. 1
FaTi > T2 =e¢ ¥ (_%_1 T2 ) €

where k = Boltzman’s Constant (8.63 x 107
eV/°K) and Tj is the accelerated stress junction
temperature and T2 is the desired use operating
junction temperature in degrees Kelvin.

Junction temperatures, T1 and T2, should be used
in determining acceleration factors. This temper-

ture can be obtained from the equation below.

Tj = Ta + 6jaPd ‘ “@

where Ta is the operating ambient temperature
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and Bja is the package thermal dissipation (°C/ W)
and Pq is the device power dissipation.

Crystal utilizes a low power CMOS process
which typically raises the junction temperature
about 7 to 15 °C, whereas analog bipolar IC’s and
hybrids can have power dissipations in the 1 W
range. These differences in device junction operat-
ing temperatures can greatly affect the
acceleration factors. For example, let’s calculate
the acceleration factors of a device with a power
dissipation of 1 watt packaged in a 40 pin ceramic
package. This is equivalent to a junction tempera-
ture change from 160 °C to 60 °C and from Table
2 the acceleration factor is 277. A typical Crystal
device junction temperature is 10 °C higher than
the ambient which results in a junction tempera-
ture change from 135 °C to 35 °C. This results in
an acceleration factor of 636, as shown in Table 2.
By comparing the results in Table 2 one can see
how derating to a lower use temperature or failing
to consider junction temperature when calculating

TEMPERATURE CHANGE | TYPICAL ACCELERATION
FACTOR (.7 E.A.)
125 - 70 °C 263
125 — 56 °C 775
125 - 25 °C 933.0
135 — 35 °C 636
160 — 60 °C 277

TABLE 2
ACCELERATION FACTORS FOR DIFFERENT
TEMPERATURES (E.A. = .7 eV)

ACCELERATION FACTOR
106.0

—~|m

66.7

41.7

26.3

16.4

10.3

6.5

w D oo [N]o o (s e

4.1

TABLE 3
ACCELERATED FACTORS FOR DIFFERENT
ACTIVATION ENERGIES (125 °C — 70 °C)

acceleration factors can result in greatly differing
failure rates.

Table 3 compares acceleration factors for different
activation energies. Using a 1.0 eV activation en-
ergy versus a .7 eV activation energy results in a
factor of four increase in the acceleration factor.
Crystal uses an activation energy of .7 eV, a con-
servative value, compared to the .8 eV to 1.0 eV
used by some other analog IC vendors.

We now take the failure rate equation (1) at accel-
erated temperatures expressed in FITS and factor
in the acceleration factors from the Arrhenius rela-
tionships considering junction temperatures and
arrive at the equation below.

10°N 6))
DHF,

FITS =

Using composite Crystal data through the 1st
quarter of 1988, a failure rate at 25°C can be cal-
culated by substituting in equation (5) above:

N =108

DeH = 28,475,272

Fa = 641 (Assuming .7 eV and stress temperature
of 125°C, using junction temperature derating)

DeH is the summation of the devices stressed at
each readpoint multiplied by that number of stress
hours.

Substituting we get:

. (10%)(108)
FITS 25°C = (35 475 272)(641) = 52 FITS

The Weibull distribution is often used for product
life predictions because it can describe increasing
and decreasing failure rates. Also the Weibull dis-
tribution has both a shape parameter, B, and a
scaling parameter, o.. This is very useful in accu-
rately describing the shape and scaling of the
"bathtub" curve. These more accurate descriptions
of the failure rate of the Weibull distribution make

REL3
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this method superior to the uniform failure distri-
bution described in Equation (1). The Weibull
probability distribution function (PDF) f(t) is the
probability of failure between time t and t + dt.

- tB
f(t) = gt(ﬁ'”e(“) (6)

The Weibull PDF can also be expressed as a func-
tion of the Reliability function, R(t), and the
instantaneous failure rate function, h(t), therefore:

7
f(t) = h()R(t) @

The Reliability function is found by integrating
the Weibull PDF from t to ee. This function is the
probability that a device will survive to time t.

- (8
R(t) = tIf(t’)dt’ = e(ﬁ) ®

The instantaneous failure rate function is the
probability that a device will fail between time t
and t+dt:

4R _B

h(t)=-1—R- T = {B-D ©9)

The Reliability function is used to calculate the
shape parameter, 3, and the time scale parameter,
o. The shape parameter is the key function in
shaping the infant mortality portion of the "bath-
tub" curve. A B of 1 indicates a uniform failure
rate, B > 1 indicates wearout and B < 1 indicates a
declining failure rate. To use Weibull statistics,
failures that occur during operating life stresses
are used to produce values of R(t). Failure times
and R(t) values can be combined to estimate o
and B. We first take the natural logarithm of both
sides of equation (8).

n _1_ =£ﬁ
(R(t)) o

We again take the natural logarithm and obtain:

1
In [ln@} =B In(t) - In(or) (10)

This last equation is now in the form of a linear
function. Using linear regression techniques or
Weibull plotting paper we obtain the Weibull
shape and scale parameter. Some semiconductor
manufacturers perform a burn-in screening on de-
vices to insure that the end customer receives a
population of devices that have minimal infant
mortality and are from the useful life period of the
reliability "bathtub" curve. It is very important to
include this data for the entire lifetime of the de-
vice to obtain an accurate curve fit for obtaining
o and .

Once the parameters o and B for the Weibull dis-
tribution are known we utilize R(t) to calculate
FITS. Crystal uses a 10 year lifetime in its FIT
calculations and typically uses a 48 hour burn-in
at 125 °C hence:

t10 = 10 yrs = 87,600 hours
t1 = 48 hours

The number of devices that will fail in the ten
year lifetime following burn-in is given by:

N =D [R(t1) - R(t1 + t10)] 1n

where D is the total number of devices stressed.
The number of device-hours accumulated in 10
years can be estimated by counting the devices
surviving after 10 years.

DH 2D e R(t1+t10) ® t10 (12)

REL3
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RELIABILITY METHODS

Using equation (2) for expressed failures in FITS
we obtain the equation below for a Weibull distri-
bution

o D [R(t1) - R(t1 + t10)]
FITS <10” D'e R(t; + t10) * (t10)

_10° [R(t) - R (t1+4t10)]
R(t1+ t10) ® (t10)

13)

The above equation applies only at the stress tem-
perature. In order to apply the equation to the
desired use temperature we factor in the accelera-
tion factors, Fa, from the Arrhenius relationship as
it relates to time in the reliability function. There-
fore in equation (12) above we replace R(t1 + t10)
by R(t1 + t10/Fa). Note that the device lifetime t1o
is still 10 years but the reliability function must
have the acceleration factor considered for derat-
ing to use temperature. Using composite Crystal
data through the second quarter of 1993, yields a
failure rate at 25 °C of 8.7 FITS.

This failure rate is a more accurate measure of
Crystal reliability than that provided by the con-
stant failure rate model of equation (5).

Reliability evaluations involve only samples of an
entire population of devices. Therefore a confi-
dence level, (CL), should be placed on the
average failure rate. At any time a sample is
stressed from a population there exists a finite
chance of failures. If many separate samples were
stressed from the same population and failure
rates plotted, a normal distribution of failure rates
would occur. Therefore, valid statistical methods
for a normal distribution should be used to deter-
mine the desired CL. Confidence levels for
reliability analysis are expressed in upper confi-
dence levels (UCL), typically at 60% or 90%
depending on the criticality of the device’s appli-
cation. The total sample size stressed is critical in
defining the UCL. Therefore rather large sample

sizes must be stressed to more accurately demon-
strate the true failure rate. A larger spread  will
exist between the 60% and 90% UCL distribution
for smaller sample sizes due to the greater prob-
ability that the sample stressed was not
representative of the entire population.

Environmental stresses, such as autoclave, tem-
perature cycling, thermal shock, storage life and
85°C/85%R.H., usually have their actual results
reported, due to the lack of widely recognized
derating models. These stresses are experiments
in which a given device will either pass or fail.
Test results can be expressed as a simple failure
rate - the number of failing devices divided by the
total number of devices. However, the true failure
rate is usually very small, so often there will be
no failures observed. Instead of reporting an ob-
served failure rate of zero, a confidence bound on
the true failure rate is determined. Crystal uses a
90% confidence level in a standard formula to de-
termine the test results for environmental stresses.

2
FR = X ) (2;:2) (14)

The failure rate, FR, is computed by finding an
upper bound confidence interval from a standard
chi-squared table and dividing it by 2n, where n is
the number of parts in the test, and f is the num-
ber of failures observed. x2(2f+2) is the right
endpoint of the interval starting at zero which
spans 90% of the area under the chi-squared curve
with 2f+2 degrees of freedom. This formula re-
sults from a Poisson approximation to the
Binomial distribution, which is appropriate when
the Binomial distribution is heavily skewed to-
wards zero. A chi-squared value arises as an easy
way to compute Poisson probabilities. This calcu-
lation agrees with the widely accepted lot
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RELIABILITY METHODS

tolerance percent defective, LTPD, plans that are
based on 90 % upper confidence.

Of course it is not satisfactory to have accurate
methods on reporting failure rates without having
programs and methods in place to continuously
improve the reliability of the product. Crystal uses
methodologies in every level of the company to
provide the highest possible quality and reliability
standards of its products.

In summary Crystal Semiconductor uses conser-
vative models that are accepted throughout the
semiconductor industry to determine the reliability
of its devices and has active programs in place to
continuously improve the quality and reliability of
its devices.

For further information on a summary of Crystal’s
methods of insuring high quality and reliability
standards see the Quality and Reliability informa-
tion in section 1 of this data book, or contact
Crystal’s Reliability and Quality Assurance De-
partment at the factory.
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R S I e R R S
MECHANICAL DATA

40 pin MILLIMETERS INCHES
40 21 T . DIM | MIN | NOM | MAX | MIN | NOM | MAX
N £ Ceramic A | 318 | 381 | 445 | 0425 | 0150 | 0175
l Side-Brazed A1 | 102 | 127 | 152 | 0.040 | 0.050 | 0.060
1 20 DIP B | 038 | 046 | 058 | 0.015 | 0.018 | 0.023
By | 076 | 1.4 | 152 | 0,030 | 0.045 | 0.060
C [ 020 | 025 | 030 | 0008 | 0010 | 0012
D | 5029 | 50.80 | 5156 | 1980 | 2,000 | 2.030
- D i E1 | 1475 | 1511 | 1549 | 0580 | 0595 | 0610
iyl sk | e [ 1511 | 1549 | 1588 | 0.595 | 0.610 | 0.625
R A e \ [ertae s s fows [orof ors
By e A gA c+ oo L | 318 - 445 | 0125 | - | 0175
—_—— oc 0° - 15° 0° - 15°

N, . MILLIMETERS INCHES
(16 9 L 16 pin DIM | MIN | NOM | MAX| MIN | NOM| MAX
[ 1 8 CerDIP A | 381 | — |508|0.150] — |0.200

VWYY YWY YW

At | 051 | — [1.02]0020] — |0.040
B | 0.38 | 0.46 | 0.53]0.015| 0.18 | 0.021
Bi| 140 | — |1.78]0.055| — |0.070

C 0.20 | 0.25 | 0.30 | 0.008 |0.010|0.012
D |19.05 [19.30 [19.94| 0.750 [0.760{ 0.785
Eq1[6.10 | 7.24 | 7.49 | 0.240 |0.285| 0.295
eq | 241 | 254|267 |0.095|0.100|0.105 !
eA | 749 | 7.62|7.75) 0.295 {0.300| 0.305 |
L 2.92 | 3.81|4.32|0.115/0.150|0.170

NOTES: T o T =T o T —1 15° ‘
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN !
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER |

2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL. :

MD46 6-11



A NNavay N FEE MECHANICAL DATA

e CRI! MILLIMETERS INCHES

; 10 |'51 20 pin DIM | MIN | NOM|MAX| MIN | NOM| MAX

T T T AT AT AT AT CerDIP A 381 | — |5.08]| 015 | — | 0.200
' A1]051 | — [1.02|0.020] — |0.040

" b | B | 0.38 | 0.46 | 0.53 | 0.015 |0.018] 0.021

: ] . By|127 | — [178]0.050] — |0.070

SEATING Jay A

C |0.20 | 0.25|0.30 | 0.008 |0.010| 0.012
D |23.88 | 24.26/24.64| 0.940 | 0.955| 0.970
E1]6.60 | 7.24|7.49 | 0.260 |0.285| 0.295
€1 241 | 254 2.67 | 0.095 0.100| 0.105

NOTES: eA| 749 | 7.62]|7.75|0.295 | 0.300| 0.305
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN L | 318 | 35611452 10.1250.150 0.170
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN o |— 1] 0 |—]|15

RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION e TO CENTER OF LEADS WHEN FORMED PARALLEL.

o1 = —f MILLIMETERS INCHES
E, 24 pin piM | MIN |NOM| mAX| MIN | NOM| MAX
A | 381 | — [5.08]0.150] — | 0.200
l L CerDIP Aq ]| 051 | — [1.02]0020] — | 0040
B | 0.38 | 0.46 | 0.53 | 0.015|0.018 0.021

B¢ | 127 | — | 1.78 | 0.050| — | 0.070
C 0.20 | 0.25 | 0.30 | 0.008 |0.010| 0.012
D |31.24| 32.0 |32.51) 1.2301.260| 1.280
Eq | 12.95 |14.73|15.49| 0.510|0.580| 0.610
eq | 241 | 254|267 | 0.095|0.100| 0.105
eA | 15.11 {15.24|15.37 | 0.595 | 0.600| 0.605
L 3.18 | 3.81 | 4.32 | 0.125|0.150| 0.170
o< 0° — | 15° 0° —_— 15°
NOTES:
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.

6-12 MD46



9= MECHANICAL DATA
24 pin MILLIMETERS INCHES
)2;’ 12 Eq Skinny DIM | MIN |NOM[ MAX| MIN | NoM| MAX
CerDIP A 1381 | — |508]0.150| — [0.200
Aq | 051 | — | 1.02]0.020| — [0.040
B | 0.38 | 0.46 | 0.53 | 0.015 [0.018/0.021
By | 1.27 | — | 1.78]0.050 | — |0.070
C | 0.20 | 0.25 | 0.30 | 0.008 |0.010/0.012
SEATING L D |29.97 | 32.0 |32.51] 1.180 |1.260|1.280
PLANE Ey | 559 | 7.11 | 7.87 | 0.220 |0.280|0.310
By eq | 2.41 | 254 | 267 |0.095 |0.100/0.105
eA| 7.37 | 7.62 | 8.13 | 0.290 |0.300/0.320
NOTES: L | 3.18 |3.81|4.320.125|0.150|0.170
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN bl 0 | — | 1% 0 | — | 15
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.
;E&'* E— —[ MILLIMETERS INCHES
. DIM | MIN | NOM| MAX| MIN | NOM| MAX
Eq 28 pin A | 406 | — |5.84 [0.160 | — | 0.230
1 14 J CerDIP Aq| 051 | — |1.27 |0.020| — |0.050
B | 0.38 | 0.46 | 0.56 |0.015 |0.018| 0.022
By | 1.27 | — |1.65 |0.050 | — | 0.065
1‘ b l ¢ | 0.20 | 0.25|0.30 |0.008 |0.010] 0.012
[ — D |36.45 |37.08/37.85 | 1.435 | 1.460| 1.490
SeEATING [T JUT I i A Eq | 12.70 | 14.73(15.37 | 0.500 | 0.580| 0.605
PLANE I Tag T L eq | 2.41 | 2.54|2.67 |0.095 |0.100| 0.105
Byl e AN ! eA | 15.1115.24|15.37 | 0.595 | 0.600] 0.605
B —ep— L | 292 |381|4.06 |0.115|0.150| 0.160
< | 5% | — 150 | 5° | | 15°
NOTES:

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.

MD46

6-13



r 4 JIrr 2. 4 /14
N __4 . wy /]

7> 711" MECHANICAL DATA
40 2 . MILLIMETERS INCHES
Eq 40 pin DIM | MIN |NOM| MAX| MIN | NOM| MAX
1 20 J CerDIP A | 406 | — [5.84[0.160] — [0.230
A4 | 051 | — [1.27]0.020] — | 0.050
B | 0.38 | 0.46 | 0.56 | 0.015 [0.018] 0.022
D By | 127 | — [1.65]0.050 | — |0.065
| —l y C | 0.20] 0.25 | 0.30 |{0.008 {0.010 0.012
[ ] D |50.29 |52.32|52.57| 1.980 | 2.060| 2.070
A . . 57| 1. ]
ﬁﬂ‘:‘g‘m "4" —————————— J[K—Ti E; | 12.70|14.73 15.37| 0.500 | 0.580] 0.605
JL—1—T le—ep— eq | 241 | 254 | 2.67 | 0.095 |0.100| 0.105
By~ L eq 5 ep | 15.11(15.24 |15.37| 0.595 |0.600| 0.605
L | 2.92 (381 | 4.06]0.115 [0.150] 0.160
NOTES: = e [ — 15| 5 | — 15°
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.
28/44 pin
CLCC
Top View
NO. OF TERMINALS
28 a4
MILLIMETERS INCHES MILLIMETERS INCHES
DIM MIN [NOM | MAX | MIN [NOM [MAX | MIN [NOM|MAX | MIN [NOM|MAX
A 2.54 | 3.05 | 3.43 [0.100{0.12010.135 | 2.54 | 3.05 | 3.43 |0.100{0.120|0.135
B 0.33 | 0.46 | 0.58 |0.013|0.0180.023| 0.33 | 0.46 | 0.58 |0.013|0.018|0.023
By 0.51 | 0.64 | 0.81 | 0.02 [0.025[0.032| 0.51 [ 0.64 | 0.81 | 0.02 |0.025(0.032
D/E  |12.19{12.46]|12.70|0.480|0.490 |0.500 |17.27 |17.53|17.78 | 0.680 |0.690 | 0.700
D1/E1  |11.18[11.4311.68|0.440|0.450{0.460 |16.26 |16.51|16.76]0.640 |0.650|0.660
D2/E2 | 7.49 | 7.62 | 7.75 |0.295|0.300 |0.305 |12.57 |12.70|12.83| 0.495 | 0.500| 0.505
D4/E4 |10.80(10.92]11.05)0.425|0.430|0.435 |15.88 |16.00|16.13|0.625 [0.630|0.635
ey 1.14 | 1.27| 1.40|0.045|0.050 |0.055| 1.14 | 1.27 | 1.40|0.045|0.050|0.055

6-14
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-5y MECHANICAL DATA

A1
1 T
[
I Bottom View
Top View E |
l
1
|
4
f D
NO. OF TERMINALS
28 44
MILLIMETERS INCHES MILLIMETERS INCHES
28/44 pln DIM | MIN | NOM | MAX | MIN |[NOM | MAX | MIN |NOM | MAX | MIN |[NOM | MAX
LCcC A4 |1.57|1.91|2.49 |0.062|0.075/0.098| 1.57 | 1.91 | 2.49 |0.062|0.075|0.098
B 0.51 | 0.64 | 0.76 {0.020/0.025{0.030| 0.51 | 0.64 | 0.76 [0.020|0.025|0.030
D/E [11.25{11.43|11.73]0.443|0.450|0.462{16.33|16.51|16.81|0.643|0.650|0.662
D2/E2| 7.49 | 7.62 | 7.75 {0.295|0.300{0.305{12.57(12.70{12.83|0.495(0.500|0.505
e 1.14 | 1.27 | 1.40{0.045|0.050|0.055| 1.14 | 1.27 | 1.40|0.045|0.050(0.055
L 1.14 | 1.27 | 1.400.045(0.050{0.055| 1.14 | 1.27 | 1.40{0.045|0.050(0.055
L1 | 191|216 | 2.41|0.075/0.085(0.095! 1.91 | 2.16 | 2.41|0.0750.085]0.095
A Yy
16 9 T 16 pin MILLIMETERS INCHES
1 8 F1 Plastic DIP DIM | MIN | NOM | MAX | MIN | NOM | MAX
T T AT TR A 3.94 - 5.08 | 0.155 - 0.200

A{ | 0.51 - 1.02 |0.020| - 0.040
B 038 | 0.46 | 0.53 0.015/0.0180.021
B1 | 0.89 | 1.27 | 1.65 | 0.0350.050 | 0.065
\ C |0.20 | 0.25 | 0.38 |0.008|0.010|0.015
D 118.93|19.43|19.93|0.745|0.765 | 0.785

e S E1 | 6.10 | 6.35 | 6.60 |0.240 | 0.250 | 0.260
—ep— eq | 2.41 [ 254 | 2.67 [0.095]0.100[0.105
ep | 762 - [825[0300] - [0.325

L [318] - [381]0125] - [0.150

o< | 0° - 15 ] o - | 150

NOTES:
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.13mm (0.005") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER. )
2. DIMENSION ea TO CENTER OF LEADS WHEN FORMED PARALLEL. !
3. DIMENSION E1 DOES NOT INCLUDE MOLD FLASH.
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MECHANICAL DATA

S M M
20

EER . MILLIMETERS INCHES
; 10‘51 20 pin DIM [ MIN | NOM [ MAX | MIN | NOM | MAX
A A Plastic DIP A [ 394 | - [ 457 0155 | - |0.180
A1| 051 | 0.80 | 1.02 |0.020 | 0.030 | 0.040
B | 0.38 | 0.46 | 0.56 |0.015 | 0.018 | 0.022
B1| 1.27 | 152 | 1.78 |0.050 | 0.060 | 0.070
SEATING C | 020 | 0.25 | 0.38 |0.008 | 0.010 | 0.015
PLANE | D | 24.38 | 25.40 | 26.42 | 0.960 | 1.000 | 1.040
BJL E1]| 6.10 | 6.35 | 6.60 | 0.240 | 0.250 | 0.260
1 eq| 241 | 2.54 | 2.67 |0.095 | 0.100 | 0.105
eAl 7.62 | 7.92 | 8.25 |0.300 | 0.312 | 0.325
NOTES: ‘ L | 318 | 3.30 | 3.81 | 0.125 | 0.130 | 0.150
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN < | 0° N 15 | o° N 15°
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION ea TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION Ey DOES NOT INCLUDE MOLD FLASH.
A A SN N S S Y Y Y Y MILL'METERS INcHEs
24 13 DIM | MIN | NOM | MAX | MIN | NOM | MAX
Eq 24 pin A [ 394|432 5.08 [0.155|0.170]0.200
] 12 l Plastic DIP A1 | 051 | 0.76 | 1.02 | 0.020] 0.030 | 0.040
R B | 0.36 | 0.46 | 0.56 | 0.014|0.018 | 0.022
B4 | 1.02 | 1.27 | 1.52 | 0.040 0.050 | 0.060
I————DA’I C | 020025 038 |0.008]|0.010]0.015
D [31.37]31.75|32.13]1.235]1.250 1.265
E¢ |13.72|13.97|14.22]|0.540] 0.550 | 0.560
%ENL ___________ ey | 241|254 | 2,67 [0.095|0.100{0.105
-1 ep [1524| - [1587]0.600] - |0.625
By= = eq I L [318] - [3810.125] - |0.150
< | 0° - 15° | 0° - 15°
NOTES:

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.

2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.

3. DIMENSION Ef DOES NOT INCLUDE MOLD FLASH.

6-16

MD46



e irar ey & RN MECHANICAL DATA
MILLIMETERS INCHES
. DIM | MIN | NOM | MAX | MIN [ NOM | MAX
2 & 24 pin A |394] 432457 [0.155[0.170[0.180
'y 12 {E1 Plastic A1 | 051 | 0.76 | 1.02 |0.020 | 0.030 | 0.040
VRN Skinny DIP B |0.36 | 0.46 | 0.56 |0.014|0.018 | 0.022

By | 1.02 | 1.27 | 1.65 |0.040|0.050 | 0.065
C 1020 0.25 | 0.38 |0.0080.010/0.015
D [31.3731.75/32.131.235|1.250 | 1.265
Eq | 6.10 | 6.35 | 6.60 | 0.240 | 0.250 | 0.260
€4 | 241 | 254 | 2.67 |0.095|0.100|0.105

ep | 7.62 - 8.25 10.300| - 10.325
L 3.18 - 3.81 |0.125| - 10.150
oc 0° - 15° 0° - 15°

NOTES:
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION eA TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION E1 DOES NOT INCLUDE MOLD FLASH.

NN O O N A N N . MILLIMETERS INCHES

28 15 . DIM | MIN [NOM|MAX | MIN [NOM [ MAX
Eq 28 pin A |3.94[4.32]5.08 |0.155[0.170/0.200

1 14 J Plastic DIP A1 | 0.51]0.76 | 1.02 |0.020{0.030|0.040

B |0.36 | 0.46 | 0.56 |0.014|0.0180.022
B4 | 1.02 | 1.27 | 1.65 |0.040|0.050(0.065
C [0.20|0.25| 0.38 |0.008(0.010/0.015
D |36.45/36.83(37.21/1.435/1.450|1.465

I

seaTnG Eq |13.72]13.97|14.220.540|0.550|0.560
PLANE eq | 241|254 | 267 |0.095/0.100/0.105
5, ep |15.24] - [15.87[0.600] - |0.625

L |318] - |381]0.125] - [0.150

< | 0° | - [15° ] 0 | - |15

NOTES:
1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION E1 DOES NOT INCLUDE MOLD FLASH.
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ey & BE MECHANICAL DATA
DM MR S N B B MILLIMETERS INCHES
) 40 21) | DIM | MIN [NOM | MAX | MIN [ NOM | MAX
5 Eq 40 pin A 3941432508 {0.155/0.170[0.200
1 2 l Plastic DIP A1 | 0.51 | 0.76 | 1.02 | 0.0200.030|0.040
TR T T T AT AT A T AT AT AT AT AT AT A B 0.36 | 0.46 | 0.56 |0.014)0.018|0.022

By | 1.02 | 1.27 | 1.65 |0.040|0.050 |0.065
C 020025 0.38 |0.008|0.010|0.015
D [51.69|52.20|52.71(2.035|2.055 | 2.075

seATiNG Ll E1_[13.72]13.97|14.22]0.540 | 0.550 | 0.560
PLANE ~ ¢ e1 [ 241|254 | 267 |0.095/0.100]0.105
By ey eA [15.24] - [15.87/0.600] - |0.625
L [318] - |381]0125] - |0.150

NOTES: e L O L - 17 | 00 [ - [15

1. POSITIONAL TOLERANCE OF LEADS SHALL BE WITHIN
0.25mm (0.010") AT MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH OTHER.
2. DIMENSION ep TO CENTER OF LEADS WHEN FORMED PARALLEL.
3. DIMENSION Ef DOES NOT INCLUDE MOLD FLASH.

28/44 pin
PLCC

I

I NO. OF TERMINALS

i 28 44
] E1E MILLIMETERS INCHES MILLIMETERS INCHES
I

I

I

DIM | MIN | NOM | MAX | MIN { NOM | MAX | MIN | NOM | MAX | MIN | NOM | MAX
A | 4.20|4.45 | 457 |0.165|0.175]/0.180| 4.20 | 4.45 | 4.57 |0.165|0.175|0.180
A1 | 229|279 | 3.04 |0.090|0.110{0.120| 2.29 | 2.79 | 3.04 |0.090|0.110|0.120
B |0.33|0.41 | 0.53 [0.013|0.016|0.021| 0.33 | 0.41 | 0.53 [0.013(0.016{0.021
@) D/E |12.32|12.45(12.57|0.485/0.490|0.495|17.40|17.53|17.65|0.685|0.690|0.695
e D1 D1/E1{11.43|11.51|11.58|0.450|0.453|0.456|16.51|16.59 | 16.66|0.650 |0.653 | 0.656

D D2/E2| 9.91 {10.41]10.92|0.390|0.410{0.430|14.99|15.50|16.00|0.590|0.610{0.630
e |1.19|1.27 | 1.35|0.047(0.050{0.053| 1.19 | 1.27 | 1.35 |0.047|0.050{0.053
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MECHANICAL DATA

68 pin
PLCC
MILLIMETERS INCHES

DIM | MIN |NOM | MAX | MIN | NOM | MAX
A 4.20 | 4.45 | 5.08 |0.165|0.175|0.200
A1 2.29 | 2.79 | 3.30 |0.090|0.110{0.130
B 0.38 | 0.41 | 0.53 |0.013|0.016|0.021
D/E |25.02|25.15|25.27|0.985|0.990|0.995

D1/E1 |24.13|24.23|24.33/0.950|0.954|0.958

D2/E2 |22.61|23.11|23.62|0.890{0.910|0.930
e 1.14 | 1.27 | 1.40 |0.045|0.050|0.055

MD46
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D1 100 pin

A Tare

[ [\
CJ]:J/ i :ALLA
’BL e Terminal
Detall1x‘\
MILLIMETERS INCHES o
DIM | MIN | NOM | MAX | MIN | NOM [ mAX I 1
A | - | - 18| - | - looses e
A1 | 0.00 - - |0.000| - -
B |0.14 | 020 | 0.26 |0.006 | 0.008 | 0.010
c | 040|051 | 060 |0.016]0.020 |0.024
D |15.70|16.00 | 16.30 | 0.618 | 0.630 | 0.642
Dy |13.90 | 14.00 | 14.10 | 0.547 | 0.551 | 0.555
E |15.70 | 16.00 | 16.30 | 0.618 | 0.630 | 0.642
Ey |13.90 | 14.00 | 14.10 | 0.547 | 0.551 | 0.555
e |0.077] 013 |0.177 |0.003 | 0.005 | 0.007
L | 030|051 | 070 |0.012|0.020 ] 0.028
w | 00 | - |12e [ oo | - | 12
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D MILLIMETERS INCHES
DIM | MIN |[NOM| MAX | MIN | NOM| MAX
8 Pin A | 1.78 | 1.96 | 2.13 |0.070 |0.077] 0.084
I solc Aq 0 - lo2s ] o - | 0010
bo— LEy E Az | 1.78 | 1.83 | 1.88 |0.070 |0.072| 0.074
‘L 0.33 | 0.41 | 051 |0.013|0.016 0.020
0.15 | 0.20 | 0.25 |0.006 |0.008] 0.010
—1 523 | 528 | 5.33 |0.206 |0.208| 0.210
767 | 7.87 | 8.08 |0.302 [0.310| 0.318
518 | 5.30 | 5.38 |0.204 |0.208| 0.212

L\, ! 1 1.14 [ 127 | 1.40 |0.045 [0.050| 0.055

R
|l | HA ' L»’ }J 048 | - | 076 |0.019] - | 0.030
Aq

6 = bAJ - oo - 80 Oo - 80

Rir|e|mmoe|e

. MILLIMETERS INCHES
pins MIN | NOM | MAX| MIN [ NOM | MAX
16 9.91 [10.16 |10.41| 0.390] 0.400| 0.410
20 | 12.45 [12.70[12.95| 0.490] 0.500| 0.510 |
24 14.99 |15.24 |15.50| 0.590| 0.600| 0.610 \
D 28 | 17.53 |17.78 [18.03]0.690| 0.700] 0.710 ‘

AgfA  HA , MILLIMETERS INCHES f
T SoIC DIM | MIN [NOM | MAX| MIN | NOM| MAX
B D\ = A | 241 | 254 | 2.67 |0.095]0.100]0.105

|
A4y | 0127 | - |0.300/0.005| - |0.012 i
|
|

2.29 | 241 {254 |0.090|0.095|0.100
0.33 | 0.46 | 0.51 |0.013{0.0180.020
0.203 |0.280 |0.381|0.008| 0.011|0.015
see table above
10.11 |10.41 {10.67|0.398| 0.410 | 0.420
7.42 | 7.49 | 7.57 | 0.292| 0.295| 0.298
1.14 | 1.27 | 1.40 | 0.040{ 0.050| 0.055
0.41 - 0.89 |0.016] - |0.035
0° - 8° 0° - 8°

LLL R

xralﬂmcoc:
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E SSOP Package
O Dimensions
PPl
AR
TOP VIEW
D1 E11
()()
C A2 A
LTI ’11 ol o
.JeL- A1 \ %
b2z Seating END VIE
Plane
SIDE VIEW "
MILLIMETERS INCHES
‘ DIM | MIN |[NOM | MAX | MIN |NOM | MAX [Note
NOE;I;ESE:NS ONS D AND' E1 ARE REFERENCE DATUMS A - -_1218 - -_[0.084
1. DIMENSI 1
AND DO NOT INGLUDE MOLD FLASH OR A1 | 0.05|0.15]0.25|0.002|0.006|0.010
PROTRUSIONS, BUT DO INCLUDE MOLD MISMATCH A2 |1.62|1.75|1.88 |0.064/0.070/0.074
AND ARE MEASURED AT THE PARTING LINE. MOLD b |0.22] 0.30]0.38 |0.009/0.012/0.015|2, 3
FLASH OR PROTRUSIONS SHALL NOT EXCEED D | see other table | see other table | 1
0.20mm PER SIDE. 2
2. DIMENSION b DOES NOT INCLUDE DAMBAR E |7.40|7.80 | 8.20 |0.291/0.307/0.323
PROTRUSION/INTRUSION. ALLOWABLE DAMBAR E1 [5.005.30]5.60 |0.197]0.209]0.220] 1
PROTRUSION SHALL BE 0.13mm TOTAL IN EXCESS OF e |0.61]0.65|0.69 (0.024/|0.026|0.027
b DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR INTRUSION SHALL NOT REDUCE DIMENSIoN | = | 063 0.90 | 1.03 0.025]0.035/0.040
b BY MORE THAN 0.07mm AT LEAST MATERIAL N | seeothertable | see other table
CONDITION. oc| 0° [ 4° | 8 [0 [4 | &
3. THESE DIMENSIONS APPLY TO THE FLAT SECTION ;
OF THE LEAD BETWEEN 0.10 AND 0.25mm FROM LEAD
TIPS. D
MILLIMETERS INCHES
N | MIN [NOM|MAX | MIN |NOM | MAX |Note
20 |6.90|7.20 | 7.50 |0.272{0.283(0.295| 1
28 | 9.90|10.20/10.50|0.390/0.402/0.413| 1
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STANDARD MILITARY DRAWINGS

Crystal Semiconductor manufactures A/D converters which meet specifications as defined by DESC
approved Standard Military Drawings. The following cross reference list is provided to assist in the
converter selection process. The SMD (Standard Military Drawing) should be used to determine speci-
fications. Devices are marked with the DESC SMD part number, not with the equivalent Crystal
Semiconductor part number. Consequently, orders can only be accepted for the DESC SMD part num-
ber.

Standard Military Drawing Cross Refence

Crystal Part Number DESC SMD Part Number

CS5012-TD12B
CS5012-TE12B

CS5014-SD14B
CS5014-SE14B
CS5014-TD14B
CS5014-TE14B

CS5016-SD16B
CS5016-SE16B
CS5016-TD16B
CS5016-TE16B

CS5412-TC1B
CS5412-TJ1B
CS5412-SC1B
CS5412-SJ1B

CS5101A-SD8B
CS5101A-SE8B
CS5101A-TDSB
CS5101A-TESB

CS5102A-SDB
CS5102A-SEB
CS5102A-TDB
CS5102A-TEB

CS5336-TCB

5962-8967901QA
5962-8967901XA

5962-8967401QA
5962-8967401XA
5962-8967402QA
5962-8967402XA

5962-8967601QA
5962-8967601XA
5962-8967602QA
5962-8967602XA

5962-9095701MQA
5962-9195701MXA
5962-9095702MQA
5962-9095702MXA

5962-9169101MXX
5962-9169101M3X
5962-9469102MXX
5962-9169102M3X

5962-9169201MXX
5962-9169201M3X
5962-9169202MXX
5962-9169202M3X

5962-9469001MXX
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GENERAL INFORMATION

DATA ACQUISITION
General Purpose
Industrial Measurement
Seismic
High Speed

AUDIO PRODUCTS
Consumer/Professional
Broadcast
Multimedia

COMMUNICATIONS PRODUCTS
Infrared Transceiver
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Communications Codecs
Ethernet/Cheapernet
Telecom

APPLICATION NOTES

APPENDICES
Product Category Levels
Reliability Calculation Methods
Package Mechanical Drawings ' 1
Standard Military Drawings
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SALES REPRESENTATIVES

UNITED STATES
SALES OFFICES
WESTERN AREA CENTRAL AREA EASTERN AREA
Sales Office and Crystal Semiconductor Corp. Crystal Semiconductor Corp.
Applications Support: P.O. Box 17847, 78760 5511 Capital Center Dr., Suite 103
Crystal Semiconductor Corp. 4210 S. Industrial Dr. Raleigh, NC 27606
50 Airport Parkway Austin, TX 78744 Ph: 919-859-5393

San Jose, CA 95110
Ph: 408-437-7743
FAX: 408-437-4943

Crystal Semiconductor Corp.
27281 Las Ramblas, Suite 200
Mission Viejo, CA 92691

Ph: 714-348-8770

FAX: 714-348-9556

Ph: 512-445-7222
FAX: 512-445-7581

FAX: 919-859-5334

Crystal Semiconductor Corp.
Salem Business Center

68 Stiles Rd., unit H

Salem, NH 03079

Ph: 603-894-5544

FAX: 603-894-5533

SALES REPRESENTATIVES
ALABAMA CALIFORNIA COLORADO
CP&F, Inc. Earle Associates, Inc. PromoTech
2317 Starmount Circle 7585 Ronson Rd., Suite 200 2901 S. Colorado Blvd., Suite A
P.O. Box 1424 San Diego, CA 92111 Denver, CO 80222

Huntsville, AL 35807
Ph: 205-536-1506
FAX: 205-551-0558

ALASKA
Call Crystal Head Office
Ph: 512-445-7222

ARIZONA

Western High Tech Marketing, Inc.
9414 E. San Salvador, Suite 206

Scottsdale, AZ 85258
Ph: 602-860-2702
FAX: 602-860-2712

ARKANSAS

TL Marketing, Inc.

14850 Quorum Dr., Suite 100
Dallas, TX 75240

Ph: 214-490-9300

FAX: 214-960-6075

Ph: 619-278-5441
FAX: 619-278-5443
Easylink: 62835672

Bager Electronics

17220 Newhope St., Suite 209
Fountain Valley, CA 92708
Ph: 714-957-3367

FAX: 714-546-2654

Bager Electronics

6324 Variel Ave., Suite 314
Woodland Hills, CA 91367
Ph: 818-712-0011

FAX: 818-712-0160

NORCOMP, Inc.

1267 Oakmead Parkway
Sunnyvale, CA 94086
Ph: 408-733-7707
FAX: 408-774-1947

NORCOMP, Inc.

8880 Wagon Way
Granite Bay, CA 95746
Ph: 916-791-7776
FAX: 916-791-2223

Ph: 303-692-8484
FAX: 303-692-8416

CONNECTICUT
Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

DELAWARE

Nexus Technology Sales, Inc.
200 Lakeside Dr., Suite 236
Horsham, PA 19044

Ph: 215-675-9600

FAX: 215-675-9604

DISTRICT OF COLUMBIA

New Era Sales, Inc.

890 Airport Park Rd., Suite 103
Glen Burnie, MD 21061-2559
Ph: 410-761-4100

FAX: 410-761-2981




>N SALES REPRESENTATIVES

FLORIDA

CP&F Florida, Inc.

7335 Lake Ellenor Dr.
P.O. Box 593229
Orlando, FL. 32809-6219
Ph: 407-855-0843

FAX: 407-851-1464

GEORGIA

CP&F Florida, Inc.
2866 Buford Hwy.
Duluth, GA 30136
Ph: 404-497-9404
FAX: 404-497-9412

HAWAII
Call Crystal Head Office
Ph: 512-445-7222

IDAHO

Anderson Associates

270 S. Main St., Suite 108
Bountiful, UT 84010

Ph: 801-292-8991

FAX: 801-298-1503

ILLINOIS

Micro Sales Inc.

901 W. Hawthorn
Itasca, IL 60143
Ph: 708-285-1000
FAX: 708-285-1008

Stan Clothier Co.

3910 Old Hwy. 94 S., Suite 116
St. Charles, MO 63304

Ph: 314-928-8078

FAX: 314-447-5214

INDIANA

TMC Electronics

1526 E. Greyhound Pass
Carmel, IN 46032-1036
Ph: 317-844-8462
FAX: 317-573-5472

TMC Electronics

4630-10 W. Jefferson Blvd.
Ft. Wayne, IN 46804-6800
Ph: 219-432-5553

FAX: 219-432-5555

TMC Electronics
1218 Appletree Ln
Kokomo, IN 46902
Ph: 317-459-5152
FAX: 317-457-3822

I0OWA

Stan Clothier Co.

1930 St. Andrews N.E.
Cedar Rapids, IA 52402
Ph: 319-393-1576

FAX: 319-393-7317

KANSAS
Stan Clothier Co.

13000 W. 87th St. Parkway, Suite 105

Lenexa, KS 66215
Ph: 913-492-2124
FAX: 913-492-1855

KENTUCKY

TMC Electronics

100 Trade St., Suite 1A
Lexington, KY 40510-1007
Ph: 606-253-1808

FAX: 606-253-1662

LOUISIANA

TL Marketing, Inc.

14343 Torrey Chase Blvd., Suite 1
Houston, TX 77014

Ph: 713-587-8100

FAX: 713-580-7517

MAINE

Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

MARYLAND

New Era Sales, Inc.

890 Airport Park Rd., Suite 103
Glen Burnie, MD 21061-2559
Ph: 410-761-4100

FAX: 410-761-2981

MASSACHUSETTS
Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

MICHIGAN

J.M.J. & Associates, Inc.
5075 Cascade Rd. S.E.
Grand Rapids, MI 49546
Ph: 616-285-8887

FAX: 616-285-7633

MINNESOTA
The Twist Company

12800 Industrial Park Blvd., Suite 150

Plymouth, MN 55441
Ph: 612-550-0922
FAX: 612-550-0925

MISSISSIPPI
CP&F, Inc.

2317 Starmount Circle
P.O. Box 1424
Huntsville, AL 35807
Ph: 205-536-1506
FAX: 205-551-0558

MISSOURI

Stan Clothier Co.

3910 Old Hwy. 94 S., Suite 116
St. Charles, MO 63304

Ph: 314-928-8078

FAX: 314-447-5214

MONTANA

PromoTech .
2901 S. Colorado Blvd., Suite A
Denver, CO 80222

Ph: 303-692-8484

FAX: 303-692-8416
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SALES REPRESENTATIVES

NEBRASKA

Stan Clothier Co.

13000 W. 87th St. Parkway, Suite 105
Lenexa, KS 66215

Ph: 913-492-2124

FAX: 913-492-1855

NEVADA
NORCOMP, Inc.

1267 Oakmead Parkway
Sunnyvale, CA 94086
Ph: 408-733-7707
FAX: 408-774-1947

NEW HAMPSHIRE
Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

NEW JERSEY (NORTH)
Nexus Technology Sales

2460 Lemoine Ave.

Fort Lee, N.J. 07024

Ph: 201-947-0151

FAX: 201-947-0163

NEW JERSEY (SOUTH)
Nexus Technology Sales, Inc.
200 Lakeside Dr., Suite 236
Horsham, PA 19044

Ph: 215-675-9600

FAX: 215-675-9604

NEW YORK

Nexus Technology Sales
2460 Lemoine Ave.

Fort Lee, NJ 07024

Ph: 201-947-0151
FAX: 201-947-0163

Bob Dean, Inc.

P.O. Box 4568

Ithaca, NY 14852-4568
Ph: 607-257-1111
FAX: 607-257-3678

Bob Dean, Inc.

Hollowbrook Park, Suite 1D
15 Myers Corner Rd.
Wappingers Falls, NY 12590
Ph: 914-297-6406

FAX: 914-297-5676

NORTH CAROLINA
CPF Atlantic, Inc.

1 Centerview Dr., Suite 306
Greensboro, NC 27407
Ph: 910-852-4498

FAX: 910-852-4556

OHIO
TMC of Ohio

9200 Montgomery Rd., Suite 11A

Cincinnati, OH 45242
Ph: 513-984-6720
FAX: 513-984-6874

TMC Electronics

One Independence Place
4807 Rockside Rd., Suite 360
Independence, OH 44131
Ph: 216-520-0150

FAX: 216-520-0190

OKLAHOMA

TL Marketing, Inc.

14850 Quorum Dr., Suite 100
Dallas, TX 75240

Ph: 214-490-9300

FAX: 214-960-6075

OREGON
Call Crystal San Jose, CA Office
Ph: 408-437-7743

PENNSYLVANIA

TMC Electronics

One Independence Place
4807 Rockside Rd., Suite 360
Independence, OH 44131

Ph: 216-520-0150

FAX: 216-520-0190

Nexus Technology Sales, Inc.
200 Lakeside Dr., Suite 236
Horsham, PA 19004

Ph: 215-675-9600

FAX: 215-675-9604

RHODE ISLAND
Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

SOUTH CAROLINA
CPF Atlantic, Inc.

1 Centerview Dr., Suite 306
Greensboro, NC 27407
Ph: 919-852-4498

FAX: 919-852-4556

SOUTH DAKOTA

The Twist Co.

12800 Industrial Park Blvd., Suite 150
Plymouth, MN 55441

Ph: 612-550-0922

FAX: 612-550-0925

TENNESSEE (WEST)
CP&F, Inc.

2317 Starmount Circle

P.O. Box 1424

Huntsville, AL 35807

Ph: 205-536-1506

FAX: 205-551-0558

TENNESSEE (EAST)
CP&F, Florida

2866 Buford Hwy

Duluth, GA 30136

Ph: 404-497-9404

FAX: 404-497-9412
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SALES REPRESENTATIVES

TEXAS

TL Marketing, Inc.

8100 Shoal Creek, Suite 250
Austin, TX 78758

Ph: 512-371-7272

FAX: 512-371-0727

TL Marketing, Inc.

14343 Torrey Chase Blvd., Suite 1
Houston, TX 77014

Ph: 713-587-8100

FAX: 713-580-7517

TL Marketing

14850 Quorum Dr., Suite 100
Dallas, TX 75240

Ph: 214-490-9300

FAX: 214-960-6075

UTAH

Anderson Associates

270 S. Main St., Suite 108
Bountiful, UT 84010

Ph: 801-292-8991

FAX: 801-298-1503

VERMONT
Alpha-Omega Sales Corp.
325 Main St., Suite 301
North Reading, MA 01864
Ph: 508-664-1118

FAX: 508-664-3212

VIRGINIA

New Era Sales, Inc.

890 Airport Park Rd., Suite 103
Glen Burnie, MD 21061-2559
Ph: 410-761-4100

FAX: 410-761-2981

WASHINGTON
Call Crystal San Jose, CA Office
Ph: 408-437-7743

WEST VIRGINIA

TMC Electronics

7838 Laurel Ave.
Cincinnati, OH 45243-2609
Ph: 513-271-3860

Fax: 513-271-6321

WISCONSIN (S.E.)

Micro Sales, Inc.

210 Regency Court, Suite L100
Brookfield, WI 53045

Ph: 414-786-1403

FAX: 414-786-1813

WISCONSIN (N.W.)

The Twist Co.

12800 Industrial Park Blvd., Suite 150
Plymouth, MN 55441

Ph: 612-550-0922

FAX: 612-550-0925

WYOMING

PromoTech

2901 S. Colorado Blvd., Suite A
Denver, CO 80222

Ph: 303-692-8484

FAX: 303-692-8416
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SALES REPRESENTATIVES

U. S. DISTRIBUTORS

ALABAMA

Insight Electronics, Inc.

4835 University Square, Suite 19
Huntsville, AL 35816

Ph: 205-830-1222

FAX: 205-830-1225

Nu Horizons Electronics

4835 University Square, Suite 10
Huntsville, AL 35816

Ph: 205-722-9330

FAX: 205-722-9348

ARIZONA

Insight Electronics

Tempe, AZ

1515 W. University Dr., Suite 103
Tempe, AZ 85281

Ph: 602-829-1800

Ph: 602-792-1800 (Tucson)

Ph: 505-823-1800 (New Mexico)
FAX: 602-967-2658

CALIFORNIA

(Los Angeles)

Insight Electronics

4333 Park Terrace Dr., Suite 101
West Lake Village, CA 91361
(San Fernando Valley)

Ph: 818-707-2101

FAX: 818-707-0321

(Orange County)

Insight Electronics, Inc.

Two Venture Plaza, Suite 340
Irvine, CA 92718

Ph: 714-727-3291

FAX: 714-727-1804

Insight Electronics
9980 Huennekens

San Diego, CA 92121
Ph: 619-587-1100
FAX: 619-677-3151

Insight Electronics

1295 Oakmead Parkway
Sunnyvale, CA 94086
Ph: 408-720-9222
FAX: 408-720-8390

Nu Horizons Electronics
2070 Ringwood Ave.
San Jose, CA 95131
Ph: 408-434-0800
FAX: 408-434-0935

COLORADO

Insight Electronics

384 Inverness Dr. S., Suite 105
Englewood, CO 80112

Ph: 303-649-1800

FAX: 303-649-1818

FLORIDA

Nu Horizons Electronics
3421 N.W. 55th St.

Fort Lauderdale, FL. 33309
Ph: 305-735-2555

FAX: 305-735-2880

Nu Horizons Electronics

600 S. North Lake Blvd., Suite 270
Altamonte Springs, FL. 32701

Ph: 407-831-8008

FAX: 407-831-8862

Insight Electronics

600 S. North Lake Blvd., Suite 250
Altamonte Springs, FL. 32701

Ph: 407-834-6310

FAX: 407-834-6461

Insight Electronics

621 N.W. 53rd St., Suite 240
Boca Raton, FL 33487

Ph: 407-995-1486

FAX: 407-995-1487

Insight Electronics

13575 58th St. N., Suite 149
Clearwater, FL. 34620

Ph: 813-524-8850

FAX: 813-538-4134

GEORGIA

Nu Horizons Electronics

5555 Qakbrook Parkway, Suite 340
Norcross, GA 30093

Ph: 404-416-8666

FAX: 404-416-9060

Insight Electronics, Inc.

3005 Breckinridge, Bldg 210A
Duluth, GA 30136

Ph: 404-717-8566

FAX: 404-717-8588
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ILLINOIS

Insight Electronics, Inc.
1365 Wiley Rd., Suite 142
Schaumburg, IL 60173
Ph: 708-885-9700

FAX: 708-885-9701

MARYLAND

Nu Horizons Electronics
8975 Guilford Rd., Suite 120
Columbia, MD 21046

Ph: 410-995-6330

FAX: 410-995-6332

Insight Electronics, Inc.

6925 Oakland Mills Rd., Suite D
Columbia, MD 21045 .

Ph: 410-381-3131

FAX: 410-381-3141

MASSACHUSETTS
Nu Horizons Electronics
19 Corporate Place

107 Audubon Rd., Bldg 1
‘Wakefield, MA 01880
Ph: 617-246-4442

FAX: 617-246-4462

Insight Electronics

55 Cambridge St., Suite 301
Burlington, MA 01803

Ph: 617-270-9400

FAX: 617-270-3279

MINNESOTA

Insight Electronics

5353 Gamble Dr., Suite 330
St. Louis Park, MN 55416
Ph: 612-525-9999

Fax: 612-525-9998

NEW JERSEY

Nu Horizons Electronics
39 U.S. Route 46

Pine Brook, NJ 07058
Ph: 201-882-8300
FAX: 201-882-8398

Nu Horizons Electronics

18000 Horizon Way, Suite 200
Mount Laurel, NJ 08054

Ph: 609-231-0900

FAX: 609-231-9510

Insight Electronics, Inc.
2 Eves Dr., Suite 208
Marlton, NJ 08053
Ph: 609-985-5556
FAX: 609-985-5895

NEW YORK

Nu Horizons Electronics
6000 New Horizons Blvd.
North Amityville, NY 11701
PH: 516-226-6000

FAX: 516-226-5886

Nu Horizons Electronics
333 Metro Park
Rochester, NY 14623
Ph: 716-292-0777
FAX: 716-292-0750

OHIO

Nu Horizons Electronics

6200 Sam Center Rd., Suite A15
Solon, OH 44139

Ph: 216-349-2008

FAX: 216-349-2080

Insight Electronics, Inc.

115 E. Aurora Rd., Suite 101
Northfield, OH 44067

Ph: 216-467-2522

FAX: 216-0467-3412

OREGON

Insight Electronics

8705 S.W. Numbus, Suite 200
Beaverton, OR 97005

Ph: 503-644-3300

FAX: 503-641-4530

TEXAS

(Dallas)

Insight Electronics

1778 N. Plano Rd., Suite 320
Richardson, TX 75081

Ph: 214-783-0800 (Richardson)
Ph: 817-338-0800 (Ft. Worth)
FAX: 214-680-2402

Insight Electronics

10777 Westheimer, Suite 1100
Houston, TX 77042

Ph: 713-260-9614

Insight Electronics
11500 Metric Bivd.
Austin, TX 78758
Ph: 512-719-3090
FAX: 512-719-3091

Nu Horizons Electronics
2081 Hutton Dr., Suite 119
Carrollton, TX 75006

Ph: 214-488-2255

FAX: 214-488-2265

WASHINGTON
Insight Electronics
12002 115th Ave. N.E.
Kirkland, WA 98034
Ph: 206-820-8100
FAX: 206-821-2976
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CANADA
REPRESENTATIVES
BRITISH COLUMBIA ONTARIO QUEBEC
MICROWE Electronics Corp. InTELaTECH Inc. InTELaTECH Inc.
5330 Wallace Ave. 5225 Orbitor Dr., Suite 2 6765 Cote De Liesse, Suite 366
Delta, BC Mississauga, Ontario St. Laurent, Quebec

Canada, V4M 1A1
Ph: 604-943-5020
FAX: 604-943-8184

Canada, LAW 4Y8
Ph: 905-629-0082
FAX: 905-629-1795

InTELaTECH Inc.

260 Hearst Way, Suite 248
Kanata, Ontario

Canada, K2L 3H1

Ph: 613-599-7330

FAX: 613-599-7329

Canada, HAT 1A7
Ph: 514-343-4877
FAX: 514-343-4355

EUROPE
SALES OFFICES

European Sales Office Crystal Semiconductor (UK) Ltd. Crystal Semiconductor
and Applications Support: Spectrum Point, Muhlifelder-Strasse 2

279, Farnborough Rd., D-82211 Herrsching

Farnborough, Germany

Hampshire GU14 7LS, Ph: +49(08152)40088

England FAX: +49(08152)40077

Ph: +44(0)1252372762

FAX: +44(0)1252372763

EUROPEAN DISTRIBUTORS

AUSTRIA BELGIUM & LUXEMBOURG DENMARK
Eurodis Electronics GmbH Alcom Electronics NV/SA Scansupply A/S
Lamezanstrasse 10 Singel 3 Blokken 44
A-1232Wien 2550 Kontich 3460 Birkergd
Austria Belgium Denmark

Ph: +43(1)61062-0

(In Austria) (0222)61062-0
FAX: +43(1)61062-151

(In Austria) (0222)61062-151

Ph: +32(0345)83033
FAX: +32(0345)83126

Ph: +45(045)825090
FAX: +45(045)825440

Scansupply A/S
Marselisborg Havnevej 36
8000 Arhus C.

Denmark

Ph: +45(045)825090
FAX: +45(086)127718
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FINLAND

Integrated Electronics OyAB
Turkhaudantie 1

SF-00700 Helsinki

Finland

Ph: +358(0)3513133

FAX: +358(0)3513134

FRANCE

Newtek S. A.

8, Rue De L'Esterel
Silic 583

94663 Rungis Cedex
France

Ph: +33(01468)72200
FAX: +33(014687)8049

Newtek Sud-Est

4, Rue de I’Europe
ZAC Font-Ratel
38640 CLAIX

France

Ph: +33(076)985601
FAX: +33(076)981604

GERMANY

Atlantik Elektronik GmbH
Fraunhoferstrasse, 11A
D-82152 Planegg
Germany

Ph: +49(089)857000-0
FAX: +49(089)8573702
TLX: 841-521-5111

Metronik GmbH
Leonhardsweg 2

D-82008 Unterhaching
Germany

Ph: +49(089)61108-0
FAX: +49(089)61108-161

HOLLAND

Alcom Electronics BV
Essebaan 1

2900 AJ Capelle A/D IJSSEL
Holland

Ph: +31(010)4519533

FAX: +31(010)4586482

IRELAND

Memec Ireland Ltd.
Block H

Lock Quay

Clare St.

Limerick, Ireland

Ph: +353(061)411842
FAX: +353(061)411888

ITALY

Newtek Italia S.P.A.
via Tonoli 1

20145 Milano

Italy

Ph: +39(233)105308
FAX: +39(233)103694

ISRAEL
Telsys
Atidim Industrial Park Bldg 3

Dvora Hanevia St., Neve Sharet,

Tel-Aviv 61431, Israel
Ph: +972(03)492001
TLX: 32392 and 371279
FAX: +972(03)497407

NORWAY

NC ScandComp Norway AS
Nils Hansens vei 3

N-0667 Oslo

Norway

Ph: +47(0)22724045

FAX: +47(0)22724059

PORTUGAL

Amitron Arrow Electronica LDA

QTE Grande Lote 20
Alfragide 2700
Amadora

Portugal

Ph: +351(01)4714806
FAX: +351(01)4710802

RUSSIA

PC Center Techno

126 Pervomayskaya St.
Moscow 105203
Russia

Ph: +7(095)4618775
FAX: +7(095)9651020

SPAIN

Amitron Arrow SA
Albasanz, 75

28037 Madrid

Spain

Ph: +34(1)3043040
FAX: +34(1)3272472

SWEDEN
GBTopcomp Electronics
Alstromergatan 22

P.O. Box 12009

10221 Stockholm
Sweden

Ph: +46(086541)080
FAX: +46(086531)251
TLX: 10135

SWITZERLAND
Memotec AG
Gaswerkstrasse 32

P. O. Box

CH-4901 Langenthal
Switzerland

Ph: +41(063)281122
FAX: +41(063)223506
TLX: 845-982550

UNITED KINGDOM
Sequoia Technology Ltd.
Tekelec House

Back Lane

Spencers Wood

Reading, Berks

United Kingdom RG71PD
Ph: +44(0)1734258000
FAX: +44(0)1734258020
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FAR EAST
DISTRIBUTORS
AUSTRALIA KOREA TAIWAN
ACD (N.S.W.) Cirrus Logic, Korea Co., Ltd. Cirrus Logic International Ltd.

Unit 1, 106 Belmore Rd. Nth.
P. O. Box 402

Riverwood, N. S. W. 2210
Australia

Ph: +61(02)534-6200

TLX: AA121398

FAX: +61(02)534-4910

ACD

Unit 2, 17-19 Melrich Rd.
Bayswater, Victoria, 3153
Australia

Ph: +61(03)762-4244
FAX: +61(03)761-1754

ACD

1048 Beaudesert Rd.

Coopers Plains, Queensland, 4108
Australia

Ph: +61(07)875-1113

FAX: +61(07)275-3662

HONG KONG

CET Ltd.

1108-1112 Metroplaza Tower 2
223 Hing Fong Rd., Kwai Fong
N.T., Hong Kong

Ph: (852)2485-3899 .

FAX: (852)2485-3802

Cirrus Logic International Ltd.
1203 Park Tower

15 Austin Rd., Tsimshatsui
Kowloon, Hong Kong

Ph: (852)2376-0801

FAX: (852)2375-1202

Rm 1302 SangKyung Bldg., 824-21
YeokSam-Dong,

KangNam-Ku,

Seoul, Korea

Ph: +82(02)565-8561

FAX: +82(02)565-8565

Hanaro Corp.

Hana Bldg., 122-30 Chungdam-Dong
Gangnam-Ku,

Seoul, Korea 135-100

Youngdong P. O. Box 1588, Seoul
Korea 135-615

Ph: +82(02)516-1144

FAX: +82(02)516-1151

TLX: K26376 HANARO

MALAYSIA

DCP (M) SDN BHD
6th Floor, Wisma Denko
41, Aboo Sitee Lane
10400 Penang

Malaysia

Ph: +6042281860
FAX: +6042281420

NEW ZEALAND
ACD

P.O. Box 24-500

Royal Oak

Auckland, New Zealand
Ph: +64(09)636-5984
FAX: +64(09)636-5985

Taiwan Branch

10F, No.214 Tun Hwa North Rd.
Taipei,

Taiwan R.O.C.

Ph: +886(02)718-4533

FAX: +886(02)718-4526

Morrihan International Corp.
8F-5 No. 57 Fu-Hsing N. Rd,,
Taipei,

Taiwan R. O. C.

Ph: +886(02)752-2200

FAX: +886(02)741-4690
TLX: 20422 MORRIHAN
Taichung Branch

Ph: +886(04)224-6666

FAX: +886(02)741-4690

SINGAPORE

Dynamar Computer Products, Pte Ltd.
8 Loyang Dr.

Singapore 1750

Ph: +65-542-1878

FAX: +65-542-7188

THAILAND

Dynamar Computer Systems
2991/19 Visuthanee

1st Floor

Ladprao Rd. SOI 101-103
Klongchan, Bangkapi
Bangkok 10220

Thailand

Ph: +662-376-0132

FAX: +662-376-0133
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JAPAN
SALES OFFICES

Sales Office and Cirrus Logic K.K.

Applications Support: Shinjuku Green Tower, Bldg. 26F
6-14-1 Nishi-Shinjuku,
Shinjuku-ku,
Tokyo 160
Japan

Ph: +81(03)3340-9111
FAX: +81(03)3340-9120

DISTRIBUTORS
Internix, Inc. Marubun Corp.
Shinjuku Hamada Blidg., Marubun Daiya Bldg.,
7-4-7 Nishi-Shinjuku, 8-1 Nihonbashi Odenmacho,
Shinjuku-ku, Chuo-ku,
Tokyo 160 Tokyo 103
Japan Japan
Ph: +81(03)3369-1105 Ph: +81(03)3639-9873
FAX: +81(03)3363-8486 ' FAX: +81(03)3639-3727
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A Cirrus Logic Company

P.O. Box 17847
Austin, Texas 78760
Tel: (512) 445-7222

(800) 888-5016
FAX: (512) 445-7581

Cirrus Logic, Inc. develops innovative integrated circuits for
user interface and multimedia (graphics, audio and video),
mass storage, wired and wireless communications, consumer
electronics, data acquisition, and telecommunications.




