






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MC1495, MC1595

Maximum Output Voltage Swing

The maximum output voltage swing is dependent upon the
factors mentioned below and upon the particular circuit being
considered.

For Figure 20 the maximum output swing is dependent
upon V+ for positive swing and upon the voltage at Pin 1 for
negative swing. The potential at Pin 1 determines the
quiescent level for transistors Q5, Qg, Q7 and Qg. This
potential should be related so that negative swing at Pins 2 or
14 does not saturate those transistors. See General Design
Procedure for further information regarding selection of
these potentials.

Figure 20. Basic Multiplier

If an operational amplifier is used for level shift, as shown in
Figure 21, the output swing (of the muiltiplier) is greatly
reduced. See Section 3 for further details.

GENERAL DESIGN PROCEDURE

Selection of component values is best demonstrated by the
following example. Assume resistive dividers are used at the X
and Y-inputs to limit the maximum muiltiplier input to + 5.0 V
[VX = VY(max)] for a + 10 V input [Vx = VY’(max)]
(see Figure 21). If an overall scale factor of 1/10 is desired,

then, Vo = VX VY @YX YY) 40 vy vy

10 10
Therefore, K = 4/10 for the multiplier (excluding the divider
network).

Step 1. The fist step is to select current I3 and current 113.
There are no restrictions on the selection of either of these
currents except the power dissipation of the device. I3 and 143
will normally be 1.0 mA or 2.0 mA. Further, I3 does not have to
be equal to 143, and there is normally no need to make them
different. For this example, let

I3=113=1.0mA.

Figure 21. Multiplier with Operational Amplifier Level Shift

—o Vt
P & Ry RL
1om 5 9601
9 2 § R
—O0— + + -y
Vx 12
_ 14 Vo
4 MC1495 -fo———o
*——0— 4+
Vy l 8
*—0— -
Vo =KVxVy
3 13 7
TI3 = Gk
RxRyl3
Ry Ri3
= = v
-15v
Ry Ry
10k 10k
10k 4 ‘°m mﬁ 7
Vy’ +
v
s Y
1 MC1495
10k
Vyr
10k
~10V< Vy < +10V
—10V<Vy < +10V
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MC1495, MC1595

To set currents 13 and 113 to the desired value, it is only
necessary to connect a resistor between Pin 13 and ground,
and between Pin 3 and ground. From the schematic shown in
Figure 3, it can be seen that the resistor values necessary are
given by:

V-] 0.7V
R13+500Q=—"——
13 13

—|-0.7V
R3+5009=M%

Let V= =—15 V, then Ry3 + 500 =143V or R13 = 13.8 kQ
1.0 mA

Let R13 = 12 kQ. Similarly, R3 = 13.8 kQ, let R3 = 15 kQ

However, for applications which require an accurate scale
factor, the adjustment of R3 and consequently, 13, offers a
convenient method of making a final trim of the scale factor.
Forthis reason, as shown in Figure 21, resistor Rg is shown as
a fixed resistor in series with a potentiometer.

For applications not requiring an exact scale factor
(balanced modulator, frequency doubler, AGC amplifier, etc.)
Pins 3 and 13 can be connected together and a single resistor
from Pin 3 to ground can be used. In this case, the single
resistor would have a value of 1/2 the above calculated value
for R13.

Step 2. The next step is to select Rx and Ry. To insure that
the input transistors will always be active, the following
conditions should be met:

ﬂ <3 V—Y <l
Rx ’ Ry
A good rule of thumb is to make I3Ry 2 1.5 Vy(max) and
113Rx=1.5VX(max)-. Thelargerthe I3Ry and 11 3Rx productin
relation to Vy and Vx respectively, the more accurate the
multiplier will be (see Figures 17 and 18).
LetRx = Ry =10kQ,
then 3Ry =10V
l43Rx =10V
since VX(max) = VY(max)=5.0V, the value of Rx=Ry=10 kQ
is sufficient.
Step 3. Now that Rx, Ry and I3 have been chosen, R|_can
be determined:

2RL 4
Ke—2tl 4
RxRyl3 10

Thus RL = 20 kQ.

Step 4. To determine what power supply voltage is
‘necessary for this application, attention must be given to the
circuit schematic shown in Figure 3. From the circuit
schematic it can be seen that in order to maintain transistors
Q1,Q2,Q3zandQ4inanactive region whenthe maximuminput
voltages are applied (Vx’ = Vy» = 10 V or Vx = 5.0 V,

3

(2) (RL) -4
(10K) (10K) (1.0 mA) 10

Vy = 5.0 V), their respective collector voltage should be at
least a few tenths of a volt higher than the maximum input
voltage. It should also be noticed that the collector voltage of
transistors Q3 and Q4 is at a potential which is two diode-drops
below the voltage at Pin 1. Thus, the voltage at Pin 1 should be
about 2.0 V higher than the maximum input voltage.
Therefore, to handle +5.0 V at the inputs, the voltage at Pin 1
must be at least +7.0 V. Let V1 = 9.0 Vdec.

Since the current flowing into Pin 1 is always equal to 213,
the voltage at Pin 1 can be set by placing a resistor (R1) from
Pin 1 to the positive supply:

+
R1=1 Vi
2l3
15V-9.0V
LetV+=15V,then Ry = ——
et V+ then Ry 2 (1.0 mA)
R{ =3.0 kQ.

Note that the voltage at the base of transistors Qs, Qg, Q7 and
Qg is one diode-drop below the voltage at Pin 1. Thus, in order
that these transistors stay active, the voltage at Pins 2 and 14
should be approximately halfway between the voltage at Pin 1
and the positive supply voltage. For this example, the voltage
at Pins 2 and 14 should be approximately 11 V.

Step 5. For DC applications, such as the multiply, divide
and square-root functions, itis usually desirable to convert the
differential output to a single-ended output voltage referenced
to ground. The circuit shown in Figure 22 performs this
function. It can be shown that the output voltage of this circuitis
given by:

Vo =(l2-114) RL
) 2l ly  2VxVy
And since Io-IB =12 -l14 = I3~ TaRxRy
2RL VX' VY’ .
then Vo =———2—— where, VY’ V th |
(6] 4Ry Ry I3 where, Vx’ Vy’ is the voltage at

the input to the voltage dividers.

Figure 22. Level Shift Circuit

v+

L ]

p

Ro£ Ro
Ip < V2
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The choice of an operational amplifier for this application
should have low bias currents, low offset current, and a high
common mode input voltage range as well as a high common
mode rejection ratio. The MC1456, and MC1741C operational
amplifiers meet these requirements.

Referring to Figure 21, the level shift components will be
determined. When Vy = Vy =0, the currents |2 and 114 will be
equaltol13. In Step 3, R was found tobe 20 kQ and in Step 4,
Va2 and V14 were found to be approximately 11 V. From this
information R can be found easily from the following equation
(neglecting the operational amplifiers bias current):

V2 V+ -V,
Ve  l4a= 2
RL* 13 RO
: 1V 15V-11V
And for this example, 20kQ+ 1.0mA = TO

Solving for Ro: Ro = 2.6 kQ, thus, select Rp = 3.0 kQ

For Rp = 3.0 kQ, the voltage at Pins 2 and 14 is calculated
to be:
Vo =Vi4=104V.

The linearity of this circuit (Figure 21) is likely to be as good
or better than the circuit of Figure 5. Further improvements are
possible as shown in Figure 23 where Ry has been increased
substantially to improve the Y linearity, and Rx decreased
somewhat so as not to materially affect the X linearity. This

avoids increasing RL significantly in order to maintain a K
of 0.1.

The versatility of the MC1495 allows the user to to optimize
its performance for various input and output signal levels.

OFFSET AND SCALE FACTOR ADJUSTMENT

Offset Voltages

Within the monolithic multiplier (Figure 3) transistor base-
emitter junctions are typically matched within 1.0 mV and
resistors are typically matched within 2%. Even with this
careful matching, an output error can occur. This output error
is comprised of X-input offset voltage, Y-input offset voltage,
and output offset voltage. These errors can be adjusted to zero
with the techniques shown in Figure 21. Offset terms can be
shown analytically by the transfer function:

VO = K[Vx % Viox + Vx(off)l [Vy £ Vioy + Vy(off)l £ VOO (1)

Where: K = scale factor

Vx = “x” input voltage
Vy ="y” input voltage
Viox = “x” input offset voltage
Vioy ="y” input offset voltage
Vx(offy = “x” input offset adjust voltage
Vy(oﬁ) = “y” input offset adjust voltage
Voo = output offset voltage.

Figure 23. Multiplier with Improved Linearity

15V -1V
E I © T © +15V
75 o7k 30k $30k 330k
ok 4 mm 5 0697 o1
VY’ + _ _é
10k -Vx Vy
Hov L MC1495 e Vo=— —
10k 9
vy + + 2
10k 30 13 0 O12
= 13k
= Kk
12k 3
5.0k
0 10k Output
Fsacc?"; = Offset
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Adjust I s
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15k 20K \
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X, 'Y and Output Offset Voltages

Output vV Output
Vo Offset 0 / Offset
N v
/ J J N
X Offset Y Offset [

For most DC applications, all three offset adjust
potentiometers (P1, P2, P4) will be necessary. One or more
offset adjust potentiometers can be eliminated for AC
applications (see Figures 28, 29, 30, 31).

If well regulated supply voltages are available, the offset
adjust circuit of Figure 13 is recommended. Otherwise, the
circuit of Figure 14 will greatly reduce the sensitivity to power
supply changes.

Scale Factor

The scale factor K is set by P3 (Figure 21). P3 varies I3
which inversely controls the scale factor K. It should be noted
that current I3 is one-half the current through R1. R1 sets the
bias level for Qs, Qg, Q7, and Qg (see Figure 3). Therefore, to
be sure that these devices remain active under all conditions
of input and output swing, care should be exercised in
adjusting P3 over wide voltage ranges (see General Design
Procedure).

Adjustment Procedures
The following adjustment procedure should be used to null
the offsets and set the scale factor for the multiply mode of
operation, (see Figure 21).
1. X-Input Offset
(@) Connect oscillator (1.0 kHz, 5.0 Vp.p sinewave)
to the Y-input (Pin 4).
(b) Connect X-input (Pin 9) to ground.
(c) Adjust X offset potentiometer (P2) for an AC
null at the output.
2. Y-Input Offset
(a) Connect oscillator (1.0 kHz, 5.0 Vp-p sinewave)
to the X-input (Pin 9).
(b) Connect Y-input (Pin 4) to ground.
(c) AdjustY offset potentiometer (P1) for an AC null
at the output.
3. Output Offset
(a) Connect both X and Y-inputs to ground
(b) Adjust output offset potentiometer (P4) until
the output voltage (V) is 0 Vdc.
4. Scale Factor
(a) Apply +10 Vdc to both the X and Y-inputs.
(b) Adjust P3 to achieve + 10 V at the output.
5. Repeat steps 1 through 4 as necessary.

The ability to accurately adjust the MC1495 depends upon
the characteristics of potentiometers P4 through P4.
Multi-turn, infinite resolution potentiometers with low
temperature coefficients are recommended.

DC APPLICATIONS

Multiply

The circuit shown in Figure 21 may be used to multiply
signals from DC to 100 kHz. Input levels to the actual multiplier
are 5.0 V (max). With resistive voltage dividers the maximum
could be very large however, for this application two-to-one
dividers have been used so that the maximum input level is
10 V. The maximum output level has also been designed for
10 V (max).

Squaring Circuit
If the two inputs are tied together, the resultant function is
squaring; thatis Vo = KV2 where Kis the scale factor. Note that
all error terms can be eliminated with only three adjustment
potentiometers, thus eliminating one of the input offset
adjustments. Procedures for nulling with adjustments are
given as follows:
A. AC Procedure:
1. Connect oscillator (1.0 kHz, 15 Vp-p) to input.
2. Monitor output at 2.0 kHz with tuned voltmeter
and adjust P3 for desired gain. (Be sure to peak
response of the voltmeter.)
3. Tune voltmeter to 1.0 kHz and adjust P{ for a
minimum output voltage.
4. Ground input and adjust P4 (output offset) for
0 Vdc output.
5. Repeat steps 1 through 4 as necessary.
B. DC Procedure:
1. SetVy =Vy =0V and adjust P4 (output offset
potentiometer) such that Vg = 0 Vdc
2. SetVx=Vy=1.0V and adjust P1 (Y-input offset
potentiometer) such that the output voltage is
+0.100 V.
3. SetVx=Vy =10 Vdc and adjust P3 such that
the output voltage is + 10 V.
4. SetVy =Vy=-10 Vdc. Repeat steps 1 through
3 as necessary.

Figure 24. Basic Divide Circuit

KV Vy

5—o \y
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Divide Circuit

Consider the circuit shown in Figure 24 in which the
multiplier is placed in the feedback path of an operational
amplifier. For this configuration, the operational amplifier will
maintain a “virtual ground” at the inverting (-) input. Assuming
that the bias current of the operational amplifier is negligible,
then I =12 and,

KVxVy ~ -Vz .
RI - Re ()
. -R1 Vz
forVy, Vy=—— —%<
Solving for Vy, Vy RZK Vx (2
_VZ
f R1= =—2% 3
IfR1=R2, Vy KV (3)
_VZ
IfR1=KR2, Vy=—= 4
Y=y (4)

Hence, the output voltage is the ratio of Vz to Vx and
provides a divide function. This analysis is, of course, the ideal
condition. If the multiplier error is taken into account, the output
voltage is found to be:

v __[_RLlﬂ AE
Y="|R2K| Vx* Kvx (5)

where AE is the error voltage at the output of the multiplier.
From this equation, it is seen that divide accuracy is strongly
dependent upon the accuracy at which the multiplier can be
set, particularly at small values of V. For example, assume
that R1 = R2, and K = 1/10. For these conditions the output of
the divide circuit is given by:

-10Vz 10AE

From Equation 6, it is seen that only when Vx = 10 V is the
error voltage of the divide circuit as low as the error of the
multiply circuit. For example, when VY is small, (0.1 V) the
error voltage of the divide circuit can be expected to be a
hundred times the error of the basic multiplier circuit.

In terms of percentage error,

percentage error = error 4 100%

actual
or from Equation (5),
AE
Kvx  _[R2]aE
PED:{ Ri ]ﬁ '[F"] Vz (7)
.R2 K. Vx

From Equation 7, the percentage error is inversely related
to voltage V7 (i.e., for increasing values of Vz, the percentage
error decreases).

A circuit that performs the divide function is shown in
Figure 25.

Two things should be emphasized concerning Figure 25.

1. The input voltage (Vx’) must be greater than zero and
must be positive. This insures that the current out of Pin
2 of the multiplier will always be in a direction compatible
with the polarity of Vz.

2. Pin2and 14 of the multiplier have been interchanged in
respect to the operational amplifiers input terminals. In
this instance, Figure 25 differs from the circuit
connection shown in Figure 21; necessitated to insure
negative feedback around the loop.

A suggested adjustment procedure for the divide circuit.

1. SetVz =0V and adjust the output offset potentiometer
(P4) until the output voltage (VQ) remains at some (not
necessarily zero) constant value as Vx’ is varied
between +1.0 V and +10 V.

2. KeepVz at0V, set Vx’ at +10 V and adjust the Y input
offset potentiometer (P4) until Vo =0 V.

3. LetVy’=Vzand adjust the X-input offset potentiometer
(P2) until the output voltage remains at some (not
necessarily — 10 V) constant value as Vz = V- is varied
between +1.0 and +10 V.

4. Keep Vx’=Vz and adjust the scale factor potentiometer
(P3) until the average valueof Vo is—10VasVz=Vy’is
varied between +1.0 V and +10 V.

5. Repeat steps 1 through 4 as necessary to achieve
optimum performance.

Figure 25. Divide Circuit
—15V -15V
?
o +15V
Rx Ry
10k 0k 1ok 3.9k
4 1om ms 7 01
+ -
10k
1 MC14g5 *—e Vo
-10Vz
10k _10VZ
Vyr 3 + + r—C2 Vo= Vx
10k 39 13 8 12
L 13k A ° V;
= 2% 18k 20k z
5.0k
To Offset { Output
Scale Adjust S0 Offset 0<Vyr <410V
igﬁg; = (See Figure 13) Adjust -10V<Vz<+0V
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Figure 26. Basic Square Root Circuit

KVg2 +
g MC1495 |«

Square Root
A special case of the divide circuit in which the two inputs to
the multiplier are connected together is the square root
function as indicated in Figure 26. This circuit may suffer from
latch-up problems similar to those of the divide circuit. Note
that only one polarity of input is allowed and diode clamping
(see Figure 27) protects against accidental latch-up.
This circuit also may be adjusted in the closed-loop mode
as follows:
1. Set Vz to -0.01 V and adjust P4 (output offset) for
Vo = +0.316 V, being careful to approach the output
from the positive side to preclude the effect of the
output diode clamping.
2. Set Vz to —0.9 V and adjust P2 (X adjust) for
Vo=+3.0V.
3. Set Vz to —10 V and adjust P3 (scale factor adjust)
for Vo =+10V.

4. Steps 1 through 3 may be repeated as necessary to
achieve desired accuracy.

AC APPLICATIONS

The applications that follow demonstrate the versatility of
the monolithic multiplier. If a potted multiplier is used for these
cases, the results generally would not be as good because the
potted units have circuits that, although they optimize DC
multiplication operation, can hinder AC applications.

Frequency doubling often is done with a diode where
the fundamental plus a series of harmonics are
generated. However, extensive filtering is required to obtain
the desired harmonic, and the second harmonic obtained
under this technique usually is small in magnitude and
requires amplification.

When a multiplier is used to double frequency the second
harmonic is obtained directly, except for a DC term, which can
be removed with AC coupling.

eo = KE2 cos2 ot

eo =KTE2 (1 + cos 2at).

A potted multiplier can be used to obtain the double
frequency component, but frequency would be limited by its
internal level-shift amplififer. In the monolithic units, the
amplifier is omitted.

In atypical doubler circuit, conventional =15 V supplies are
used. An input dynamic range of 5.0 V peak-to-peak is
allowed. The circuit generates wave-forms that are double
frequency; less than 1% distortion is encountered without
filtering. The configuration has been successfully used in
excess of 200 kHz; reducing the scale factor by decreasing
the load resistors can further expand the bandwidth.

Figure 29 represents an application for the monolithic
multiplier as a balanced modulator. Here, the audio input
signal is 1.6 kHz and the carrier is 40 kHz.

Figure 27. Square Root Circuit

—15V - 15V
L ]
I ? —0 +15V
R R
10k ok 10k 39 $30k %3.0k
4 10m 5 0607 o1
* 13
MC1495 o—e \
S 14 Vo= V1o vy
+ + [~o
10k 3¢ 18 8 1zj
- s = 18 o *Vz
12
RL
5.0k
P3 To Offset 5.0k Output
Scale Adjust Offset -10<V7 <40V
Factor (See Figure 13)

Adjust =
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Figure 28. Frequency Doubler

Ry Ry
8. 2k 8.2k
m m "
13
E cos ot 9
(<5.0 Vp.p)
Ofset Y 8 MC1495
Adjust 1
12 14 g

01"
*Select
€= — eos 2wt

B

-15V
Whentwo equal cosine waves are appliedto Xand Y, the result

is a wave shape of twice the input frequency. For this example
the input was a 10 kHz signal, output was 20 kHz.

Figure 29. Balanced Modulator

(A)
Ry Ry +15V
82k 82k
m m *10 )
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ey = E cos opte———0—
9
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8 MC1495
ofset YO0
Adjust  y o
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*Select
€
6.8k3 1.0uF
gl

-15V

(B)

[AUDIO 1.8 KkH:]
CARRIER 40 kHz

‘H\w

tiit!

The defining equation for balanced modulation is
K(Emcos wmt) (E¢ cos oct) =

KEczEm [ cos (wg + @m)t + cos (g — om) t]

where g is the carrier frequency, wm is the modulator
frequency and K is the multiplier gain constant.

AC coupling at the output eliminates the need for level
translation or an operational amplifier; a higher operating
frequency results.

A problem common to communications is to extract the
intelligence from single-sideband received signal. The ssb
signal is of the form:

egsh = A cos (g + om) t
and if multiplied by the appropriate carrier waveform, cos wct,
essbecarrier =% [cos (2o¢ + om)t + cos (wc) t].

If the frequency of the band-limited carrier signal (wg) is
ascertained in advance, the designer can insert a low pass
filter and obtain the (AK/2) (cosmct) term with ease. He/she
also can use an operational amplifier for a combination level
shift-active filter, as an external component. But in potted
multipliers, even if the frequency range can be covered, the
operational amplifier is inside and not accessible, so the user
must accept the level shifting provided, and still add a low
pass filter.

Amplitude Modulation

The multiplier performs amplitude modulation, similar to
balanced modulation, when a DC term is added to the
modulating signal with the Y-offset adjust potentiometer (see
Figure 30).

Here, the identity is:
Em(1 + m cos omt) Eg cos wct = KEmEccos ogt +

‘M [ cos(wc +.mm)t + cos (g — om) t]

where m indicates the degrees of modulation. Since m is
adjustable, via potentiometer P4, 100% modulation is
possible. Without extensive tweaking, 96% modulation may
be obtained where wg and om are the same as in the balanced
modulator example.

Linear Gain Control

To obtain linear gain control, the designer can feed to one of
the two MC1495 inputs a signal that will vary the unit's gain.
The following example demonstrates the feasibility of this
application. Suppose a 200 kHz sinewave, 1.0 V
peak-to-peak, is the signal to which a gain control will be
added. The dynamic range of the control voltage Vg is 0 V to
+1.0 V. These must be ascertained and the proper values of
Rx and Ry can be selected for optimum performance. For the
200 kHz operating frequency, load resistors of 100 Q were
chosen to broaden the operating bandwidth of the multiplier,
but gain was sacrificed. It may be made up with an amplifier
operating at the appropriate frequency (see Figure 31).
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Figure 30. Amplitude Modulation

Ry Rx Veg=+15V
8.2k 8.2k

4
ey = Ecos ot e——0—

9
ex = Ecos ot e——0—
y 8 MC1495
% Modulation Adjust ®——0— glz';:(

x 12
Offset Adjust @——0—

30 13 7 T ci*
*Select
ex, ey <5.0Vpp %
6.8k3 1.0uF I

-15V
The signal is applied to the unit's Y-input. Since the total Hence, the scale factor for this configuration is:
input range is limited to 1.0 Vp.p, a 2.0 V swing, a current
source of 2.0 mA and an Ry value of 1.0 kQ is chosen. This K= RL
takes best advantage of the dynamic range and insures linear ~ RxRyl3
operation in the Y-channel. 100
Since the X-input varies between 0 and +1.0 V, the current = I 1) (D e 10+3) v-1
(2K) (1K) (2#10%3)
source selected was 1.0 mA, and the Rx value chosen
was 2.0 kQ. This also insures linear operation over the 1 v-1
X-input dynamic range. Choosing R = 100 assures wide 40
bandwidth operation. The 2 in the numerator of the equation is missing in this scale
factor expression because the output is single-ended and AC
coupled.
Figure 31. Linear Gain Control
12V E
20k 1.0k *3 12517 Vip= 10Vpyp
200 kHz
Yy N
Vin + —0—1'&/'&—1
5 = 0751
(=N
10k - X MC1495 2 100 | s
VC 9 + _ l > 05
0.1pF:_|: 40
Offset Y 100
Adjust ™ 81 025
X 14 ‘ Amplifier oVo
‘—0—1 > - Y Ay =40 0 | | ! ! 1 1
= 3 13 0 02 04 06 08 10 12
2.0mA} Vagc V)
3.0k
11k
5.0k o

NOTE: Linear gain control of a 1.0 Vp.p signal is performed with a 0 V
to 1.0 V control voltage. If V¢ is 0.5 V the output will be 0.5 Vp_p.
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MC3456

DUAL TIMING CIRCUIT

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Dual Timing Circuit

The MC3456 dual timing circuit is a highly stable controller capable of
producing accurate time delays, or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of operation, the time
is precisely controlled by one external resistor and capacitor per timer. For astable
operation as an oscillator, the free running frequency and the duty cycle are both

accurately controlled with two external resistors and one capacitor per timer. The L SUFFIX -
circuit may be triggered and reset on falling waveforms, and the output structure CERAMIC PACKAGE ni
can source or sink up to 200 mA or drive MTTL circuits. CASE 632 1
1
® Direct Replacement for NE556/SE556 Timers
® Timing From Microseconds Through Hours PIN CONNECTIONS
® Operates in Both Astable and Monostable Modes U,
® Adjustable Duty Cycle Discharge A [1] 14 Voo
® High Current Output Can Source or Sink 200 mA Threshold A [2] [18] Discharge B
e Output Can Drive MTTL Control A 3] [12] Threshold B
® Temperature Stability of 0.005% per °C ResetA [4] [i1] Control B
® Normally “On” or Normally “Off” Output Output A [5] [10] ResetB
@ Dual Version of the Popular MC1455 Timer Tiigger A [€] [3] OutputB
Gnd [7] [8] Trigger B
. ) ) (Top View)
Figure 1. 22 Second Solid State Time Delay Relay Circuit
P SUFFIX D SUFFIX
' PLASTIC PACKAGE PLASTIC PACKAGE
CASE 646 CASE 751
10k (SO-14)

117 Vac/60 Hz

&

a) WhenVg = 2/3V¢c, Vo is low.

b) When Vg = 1/3Vgg, Vo is high.

c)
apply Reset voltage, and test for current flowing into Pin
is not in use, it should be tied to V.

Ith }.W_|
Gnd Trigger
1 2

Test circuit for measuring DC parameters (to set output and measure parameters):

When Vg is low, Pin 7 sinks current. To test for Reset, set Vq high,

0.1uF 7= 0.01pF
ul ! T é' “ ‘
1 -1V 1N;0!03 1

t=1.1;Rand C=22sec 35k | -

Time delay () s variable by 740 * 2soy] + ORDERING INFORMATION

changing R and C (see Figure 16). Device Temperature Range Package
MC3456L Ceramic DIP

- P ° ° Plastic DIP
Figure 3. General Test Circuit MC3456P 0°t0+70°C astic

NE556D SO-14

3(11
Control Voltage

| 5k
T

6 (8)
Trigger —(&1——

| sk

Vﬁl

7. When Reset
Gnd

[ _?7___

Reset

|||—o
r
<+ |
L VR cC || .
'1 Figure 2. Block Diagram (1/2 Shown)
Reset P4 8 700 = v
+ _,_—8— Vee U =
001F T Control " Discharge r —%—14
= 5k
MC3456 2(12) l >
Threshold Threshold{ 124
6 € | 20k
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MAXIMUM RATINGS (T = +25°C, unless otherwise noted.)

MC3456

Rating Symbol Value Unit
Power Supply Voltage Vee +18 Vdc
Discharge Current ldis 200 mA
Power Dissipation (Package Limitation) Pp
J Suffix, Ceramic Package 1000 mwW
Derate above Tp = +25°C 6.6 mwW/°C
P Suffix, Plastic Package 625 mwW
Derate above Tp = +25°C 5.0 mW/°C
D Suffix, Plastic SOIC Package 1.0 w
Derate above Tp = +25°C 8.0 mW/°C
Operating Ambient Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (Tp = +25°C, Vgg = +15 V, unless otherwise noted.)

Characteristics Symbol Min Typ Max Unit
Supply Voltage Vce 45 — 16 \"
Supply Current Icc mA

Voc =50V, R = e — 6.0 12

Voc=15V, Ry = - 20 30

Low State, (Note 1)

Timing Error (Note 2)

Monostable Mode (Rp = 2.0 kQ; C = 0.1 pF)

Initial Accuracy — 0.75 — %
Drift with Temperature — 50 — PPM/°C
Drift with Supply Voltage — 0.1 — %IV

Astable Mode (Rp = Rg = 2.0 kQ to 100 kQ; C = 0.01 uF)

Initial Accuracy — 2.25 — %

Drift with Temperature — 150 — PPM/°C

Drift with Supply Voltage — 0.3 — %N
Threshold Voltage Vin — 2/3 — xVeo
Trigger Voltage vt \

Vec=15V - 5.0 —

Vec=50V — 1.67 —

Trigger Current IT — 0.5 —_ pA
Reset Voltage VR 0.4 0.7 1.0 \
Reset Current IR —_ 0.1 — mA
Threshold Current (Note 3) Ith — 0.03 0.1 pA
Control Voltage Level VoL v

Vee =15V 9.0 10 1

Vec=50V 2.6 3.33 4.0
Output Voltage Low VoL

(Vec'=15V) v

Isink = 10 mA - 0.1 0.25
ISink = 50 mA — 0.4 0.75
ISink = 100 mA — 2.0 2.75
ISink = 200 mA —_ 25 -

(Vee=50V)

Igink = 5.0 mA — 0.25 0.35
Output Voltage High VoH \"

(ISource = 200 mA)

Veg=15V — 12.5 —

(ISource = 100 mA)

Veg=15V 12.75 13.3 —
Vo =50V 2.75 3.3 —
Toggle Rate (Figure 17, 19)

RA =3.3kQ, Rg = 6.8 kQ, C=0.003 uF — — 100 — kHz
Discharge Leakage Current ldis — 20 100 nA
Rise Time of Output toLH — 100 _ ns
Fall Time of Output tOHL — 100 — ns
Matching Characteristics Between Sections

Monostable Mode

Initial Timing Accuracy - 1.0 2.0 %
Timing Drift with Temperature — +10 — ppm/°C
Drift with Supply Voltage — 0.2 0.5 %N

NOTES: 1. Supply current is typically 1.0 mA less for each output which is high.

2. TestedatVoc=5.0VandVgg=15V.

3. This will determine the maximum value of Rp + Rp for 15 V operation. The maximum total R = 20 mQ.
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PW, PULSE WIDTH (ns MIN)

VoL - Vi)

tg, DELAY TIME NORMALIZED

Figure 4. Trigger Pulse Width
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Figure 7. Low Output Voltage
(@ Ve = 5.0 Vdc)
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Figure 10. Delay Time

versus Supply Voltage
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Figure 5. Supply Current
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Figure 8. Low Output Voltage
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Figure 11. Delay Time
versus Temperature
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Figure 6. High Output Voltage
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Figure 9. Low Output Voltage
(@ Ve =15 Vde)
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Figure 12. Propagation Delay

versus Trigger Voltage
300 | l
250
200 7,
| -ss5°C
150 ===
[~ oc 7
100 ] =
[ ><%sec
[P 70°C
50 T 125°C
0 01 02 03 04
VT (min)» MINIMUM TRIGGER VOLTAGE
Tminy Vg = Ve

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

11-43




MC3456

Figure 13. 1/2 Representative Circuit Schematic

Threshold

{ Control Voltage
| Threshold | :— Trigger K
[ Comparator || Comparator
Vee o f !

| |
| || 1.0k
| |
| L
| : 50K §
|
| I

|

[

|

|

n
|
|
|
|
|
|
|
|
l
|
|
|
!
|
|
|
|

M

|
i
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|

5.0k
Trigger O————————
r——— ] H ,_..|
| Reset | |
| l: |
Reset | : 100k % 5.0k :
| | L
ischarge O—— .. . | |b—m— — — ] e~ — _]
Discharge O~ pischarge | | o L
Gndo:ﬂ_f_________} 100

GENERAL OPERATION

The MC3456 is a dual timing circuit which uses as its
timing elements an external resistor/capacitor network. It can
be used in both the monostable (one shot) and astable modes
with frequency and duty cycle, controlled by the capacitor and
resistor values. While the timing is dependent upon the
external passive components, the monolithic circuit provides
the starting circuit, voltage comparison and other functions
needed for a complete timing circuit. Internal to the integrated
circuit are two comparators, one for the input signal and the
other for capacitor voltage; also a flip-flop and digital output
are included. The comparator reference voltages are always
a fixed ratio of the supply voltage thus providing output timing
independent of supply voltage.

Monostable Mode

Inthe monostable mode, a capacitor and a single resistor
are used for the timing network. Both the threshold terminal
and the discharge transistor terminal are connected together
in this mode, refer to circuit Figure 15. When the input voltage
to the trigger comparator falls below 1/3 Vg ¢ the comparator
output triggers the flip-flop so that it's output sets low. This
turns the capacitor discharge transistor “off” and drives the
digital output to the high state. This condition allows the
capacitor to charge at an exponential rate which is set by the
RC time constant. When the capacitor voltage reaches 2/3
V¢ the threshold comparator resets the flip-flop. This action
discharges the timing capacitor and returns the digital output
to the low state. Once the flip-flop has been triggered by an
input signal, it cannot be retriggered until the present timing

period has been completed. The time that the output is high is
given by the equationt=1.1 Ra C. Various combinations of R
and C and their associated times are shown in Figure 14. The
trigger pulse width must be less than the timing period.

A reset pin is provided to discharge the capacitor thus
interrupting the timing cycle. As long as the reset pin is low, the
capacitor discharge transistor is turned “on” and prevents the
capacitor from charging. While the reset voltage is applied the
digital output will remain the same. The reset pin should be tied
to the supply voltage when not in use.

Figure 14. Time Delay

100

A A
o A A LA
T / A |/
7
5 10 // 7
= < e/ e LA
= ~ ~
é o N S \9“\/ >
g /
S 7 7
° o0t /
0.001 /
10ps 100ps 1.0ms 10ms 100ms 1.0 10 100

tg, TIME DELAY (s)
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MC3456

Figure 15. Monostable Circuit
+Veo (5.0Vio 15 V)

Ry R
§ L Reset VCC A
4(10) F Di

! 50) 1(13)

J Output 2(12)

' o0 Mc’éiss Threshold IC
§ RL o— 3(11) L

: Tigger Control

7 iG"d Voltage 0.01pF:

||i—)

Pin numbers in parenthesis ( ) indicate B-Channel

Figure 17. Astable Circuit

+Vog (5.0to 15V)
A R,
? L Reset Vcc *
: 4(10)$_
' Output 1(13)  Discharge
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X ® 112 2(12) Threshold R
. MC3456 O
§ A Trigger 3 (1)
< 6(8) Control
, Voltage
' 7 ¢Gnd TD,OIuF Ic
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Astable Mode

In the astable mode the timer is connected so that it will
retrigger itself and cause the capacitor voltage to oscillate
between 1/3 Vg and 2/3 Vg (see Figure 17).

The external capacitor charges to 2/3 Vg g through R and
Rpanddischargesto 1/3 Vg ¢ through RB. By varying the ratio
of these resistors the duty cycle can be varied. The charge and
discharge times are independent of the supply voltage.

The charge time (output high) is given by:
t4 = 0.695 (Ra+RB) C
The discharge time (output low) by:
t2 =0.695 (RB) C

Thus the total period is given by:

T=t4 +t2=0.695 (HA+2HB)C

1.44
~(Ra+2Rp) C

and may be easily found as shown in Flgure 19.

The frequency of oscillation is then: f =—

L i _ RB
The duty cycle is given by: DC = —RA +2Rg

To obtain the maximum duty cycle RA must be as small as
possible; but it must also be large enough to limit the discharge

Figure 16. Monostable Waveforms

t=50 ps/cm
(Ra =10k, C=0.01 uF, R =1.0kQ, Vo = 15V)

Figure 18. Astable Waveforms
-=- Omp\u VOlIng .
10 v/ein

t=20 psfcm
(RA=5.1k C=0.01pF R =1.0kQ Rg=3.9kQ Vo= 15V)

current (Pin 7 current) within the maximum rating of the dis-
charge transistor (200 mA).

The minimum value of Ra is given by:
Ve (Vde) | Vee (Vdo)

I7(A) 0.2

RA2

Figure 19. Free Running Frequency

N \ \ \
10 N N N ™
=
W 7 70 ¢ n 70
= 1.0% Yo '504’\.@— f0 -&
=
(&)
g o \\\\\\\\\\
S
© 001 N A N N
(Ra+2Pg) \ \ \ \
0.001 | N N N
0.1 1.0 10 100 1.0k 10k 100k

f, FREE RUNNING FREQUENCY (Hz)
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MC3456

APPLICATIONS INFORMATION

Tone Burst Generator

For a tone burst generator the first timer is used as a
monostable and determines the tone duration when triggered
by a positive pulse at Pin 6. The second timer is enabled by the
high output of the monostable. It is connected as an astable
and determines the frequency of the tone.

Dual Astable Multivibrator

This dual astable multivibrator provides versatility not
available with single timer circuits. The duty cycle can be
adjusted from 5% to 95%. The two outputs provide two phase
clock signals often required in digital systems. It can also be
inhibited by use of either reset terminal.

Figure 20. Tone Burst Generator

O +15V
Reset
Ry 4 14 4 Vee 14 | vge
. 6 5
Trigger 0—— T o o
L L 112 Output " 12 Threshold Re
- lo—on— 3}
DISChaIgZ MC3456 3 MC3456 Y Trager
Threshold Control Output 11 Control
01uF Y 1 L
01_;|; 7T Gnd 001y —I~ 7T and oomrT c2
- ’ d A o Gnd
1M
t=1.1RrC1 " P

Figure 21. Dual Astable Multivibrator
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10 l Reset ;RZ
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2 5 9 1
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Threshold ”2 Output Output " Threshold
1 MC3456 6 0.001 0.001 8 MC3456 13
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(TS age Output 208 = C2
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ﬁl - " O Gnd
LT ot e 2
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Pulse Width Modulation

If the timer is triggered with a continuous pulse train in the
monostable mode of operation, the charge time of the
capacitor can be varied by changing the control voltage at
Pin 3. In this manner, the output pulse width can be modulated
by applying a modulating signal that controls the threshold

voltage.

Figure 22. Pulse Width Modulation Circuit

+Veg (5.0Vio 15V)

l Vee 9 14

MC3456

Test Sequences

Several timers can be connected to drive each other for
sequential timing. An example is shown in Figure 24 where the
sequence is started by triggering the first timer which runs for
10 ms. The output then switches low momentarily and starts
the second timer which runs for 50 ms and so forth.

Figure 23. Pulse Width Modulation Waveforms

R,
4(10) § A
Reset
Output Discharge
Qutput 509 1(13)
112 Threshold
T C
. MC3456 2 o
Trigger Control
Clock 6(8) 3(1) Modulation
Input GndQ 7 Input
= t=05 msfcm
(Ra=10kQ, C=0.02 uF, Voo = 15 V)
Figure 24. Sequential Timing Circuit
® V(G (5.0Vt0 15V)
9.1k 27k 9.1k 27k 50k
Voo Reset Vee Reset Vee Reset
001uF Threshold 0.01uF Threshold 0.014F
reshol ” Control 1 Discharge 12 Control 1 Discharge 1" Control 1
MC3456 - 4 O MC3456 B ? O MC3456 -
Discharge Output Trigger Output Trigger Output
0.001uF 0.001puF
Trigger Gnd Gnd Gnd
7 1.0uF T~ 5.0uF T 5.0uF
) ) Load B Load B Load
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Surface Mount Technology

In Brief . ..

Surface Mount Technology is now being utilized to offer
answers to many problems that have been created in the
use of Insertion Technology. Limitations have been reached
with insertion packages and PC board technology. Surface
Mount Technology offers the opportunity to continue to
advance state-of-the-art designs that cannot be accomplished
with Insertion Technology.

Surface Mount packages allow more optimum device
performance with the smaller Surface Mount configuration.
Internal lead lengths, parasitic capacitance and inductance
that placed limitations on chip performance, have been
reduced. The lower profile of Surface Mount packages
allows more boards to be utilized in a given amount of space.
They are stacked closer together and utilize less total
volume than insertion populated PC boards.

Printed circuit costs are lowered with the reduction of the
number of board layers required. The elimination or
reduction of the number of plated-through-holes in the
board, contribute significantly to lower PC board prices.

Surface Mount assembly does not require the
preparation of components that are common on insertion
technology lines. Surface Mount components are set
directly to the assembly line, eliminating an intermediate
step. Automatic placement equipment is available that can
place Surface Mount components at the rate of a few
thousand per hour to hundreds of thousands of components
per hour.

Surface Mount Technology is cost effective, allowing the
manufacturer the opportunity to produce smaller units and
offer increased functions with the same size product.
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Linear and Interface
Bipolar

All the major bipolar analog families are now represented in surface mount packaging. Standard SOIC and PLCC packages
are augmented by SOP-8 and DPAK for Linear regulators. In addition, tape and reel shipping to the updated EIA-481A is

now on line for the industry’s largest array of operational amplifiers, regulators, interface, data conversion, consumer,

telecom and automotive Linear ICs

CA3146D Transistor Array

DAC-08CD, ED High-Speed 8-Bit Multiplying D-to-A Converter SO-16
LF351D Single JFET Operational Amplifier SO-8
LF353D Dual JFET Operational Amplifiers SO-8
LF411CD Single/Dual JFET Operational Amplifier SO-8
LF412CD Dual JFET Operational Amplifiers SO-8
LF441CD Single JFET Low Power Operational Amplifier SO-8
LF442CD Dual JFET Low Power Operational Amplifiers SO-8
LF444CD Quad JFET Low Power Operational Amplifiers SO-14
LM201AD General Purpose Adjustable Operational Amplifier SO-8
LM211D High Performance Voltage Comparator SO-8
LM224D Quad Low Power Operational Amplifiers SO-14
LM239D,AD Quad Single Supply Comparators SO-14
LM258D Dual Low Power Operational Amplifiers SO-8
LM285D-1.2 Micropower Voltage Reference Diode SO-8
LM285D-2.5 Micropower Voltage Reference Diode SO-8
LM293D Dual Comparators SO-8
LM301AD General Purpose Adjustable Operational Amplifier SO-8
LM311D High Performance Voltage Comparator SO-8
LM317LD Positive Adjustable 100 mA Voltage Regulator SOP-8
LM317MDT Positive Adjustable 500 mA Voltage Regulator DPAK
LM324D,AD Quad Low Power Operational Amplifiers SO-14
LM339D,AD Quad Single Supply Comparators SO-14
LM348D Quad MC1741 Operational Amplifiers SO-14
LM358D Dual Low Power Operational Amplifiers SO-8
LM385D-1.2 Micropower Voltage Reference Diode SO-8
LM385D-2.5 Micropower Voltage Reference Diode SO-8
LM393D Dual Comparators SO-8
LM833D Dual Audio Amplifiers SO-8
LM2901D Quad Single Supply Comparators SO-14
LM2902D Quad Low Power Operational Amplifiers SO-14
LM2903D Dual Comparators SO-8
LM2904D Dual Low Power Operational Amplifiers SO-8
LM2931AD-5.0,D-5.0 Low Dropout Voltage Regulator SOP-8
LM2931CD Adjustable Low Dropout Voltage Regulator SOP-8
LM3900D Quad Single Supply Operational Amplifiers SO-14
MC1350D IF Amplifier SO-8
MC1357D FM IC with Quadrature Detector SO-14
MC1377DW Color Television RGB to PAL/NTSC Encoder SO-20L
MC1378FN Video Overlay Synchronizer PLCC-44
MC1382DW Multimode Monitor TTL To Analog Video SO-24L
MC1403D Precision Low Voltage Reference SO-8
MC1413D Peripheral Driver Array SO-16
MC1436D,CD High Voltage Operational Amplifier SO-8
MC1455D Timing Circuit SO-8
MC1458D,CD Dual Operational Amplifiers SO-8
MC14C88BD Quad EIA-232-D/EIA-562 Drivers SO-14
MC1488D Quad EIA-232-D Drivers SO-14
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Bipolar (continued)

Device . Function . Package
MC14C89ABD,BD Quad EIA-232-D/EIA-562 Receivers SO-14
MC1489D Quad EIA-232-D Receivers SO-14
MC1495D Four-Quadrant Multiplier SO-14
MC1496D Balanced Modulator/Demodulator SO-14
MC1723CD Adjustable Positive or Negative Voltage Regulator SO-14
MC1741CD General Purpose Operational Amplifier SO-8
MC1747CD Dual MC1741 Operational Amplifiers SO-14
MC1776CD Programmable Operational Amplifier SO-8
MC26LS31D Quad EIA-422/23 Drivers SO-16
MC26LS32D Quad EIA-422 Receivers SO-16
MC26S10D Quad Bus Transceiver SO-16
MC2831AD FM Transmitter SO-16
MC3303D Quad Differential-Input Operational Amplifier ’ SO-14
MC3335DW Basic Dual Conversion Receiver SO-20L
MC3346D General Purpose Transistor Array SO-14
MC3356DW FSK Receiver SO-20L
MC3359DW Low Power Narrowband FM IF Amplifier SO-20L
MC3361AD Low Voltage Narrowband FM IF Amplifier SO-16
MC3362DW Dual Conversion Receivers SO-28L
MC3363DW Dual Conversion Receivers SO-28L
MC3367DW Low Voltage VHF Receiver SO-28L
MC3371D Low Voltage FM Receiver with RSSI, LC Quadrature Detector SO-16
MC3372D Low Voltage FM Receiver with RSSI, Ceramic Quadrature Detector SO-16
MC3391DW Low Side Protected Switch SOP-8+8L
MC3401D Quad Operational Amplifiers SO-14
MC3403D Quad Differential-Input Operational Amplifier SO-14
MC3418DW CVSD SO-16L
MC3423D Overvoltage Sensing Circuit SO-8
MC3448AD Quad GPIB Transceivers SO-16
MC3450D Quad Line Receivers SO-16
MC3452D Quad Line Receivers SO-16
MC3456D Dual Timing Circuit SO-14
MC3458D Dual Low Power Operational Amplifiers SO-8
MC3486D Quad EIA-422/23 Receivers SO-16
MC3487D Quad EIA-422 Drivers SO-16
MC4558CD Dual High Frequency Operational Amplifiers SO-8
MC4741CD Quad MC1741 Operational Amplifiers SO-14
MC78LO5SACD Paositive Voltage Regulator, 5V, 100 mA SOP-8
MC78L0O8BACD Positive Voltage Regulator, 8 V, 100 mA SOP-8
MC78L12ACD Positive Voltage Regulator, 12'V, 100 mA SOP-8
MC78L15ACD Positive Voltage Regulator, 15V, 100 mA SOP-8
MC78M05CDT Positive Voltage Regulator, 5 V, 500 mA DPAK
MC78M08CDT Positive Voltage Regulator, 8 V, 500 mA DPAK
MC78M12CDT Positive Voltage Regulator, 12 V, 500 mA DPAK
MC78M15CDT Positive Voltage Regulator, 15V, 500 mA DPAK
MC79L05ACD 3-Terminal Negative Fixed Voltage Regulator, =5 V, 100 mA SOP-8
MC79L12ACD 3-Terminal Negative Fixed Voltage Regulator, =12 V, 100 mA SOP-8
MC79L15ACD 3-Terminal Negative Fixed Voltage Regulator, =15 V, 100 mA SOP-8
MC79M05CDT 3-Terminal Negative Fixed Voltage Regulator, =5 V, 500 mA DPAK
MC79M12CDT 3-Terminal Negative Fixed Voltage Regulator, —12 V, 500 mA DPAK
MC79M15CDT 3-Terminal Negative Fixed Voltage Regulator, —15 V, 500 mA DPAK
MC10319DW 8-Bit A/D Flash Converter SO-24L
MC10321DW 7-Bit A/D Flash Converter SO-20L
Mc13022DwW(1) Medium Voltage AM Stereo C-QUAM® Decoder SO-28L

(1)To be introduced.
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ar (continued)

Bipol

MC13024DW
MC13055D
MC13060D
MC33023DW,FN
MC33025DW,FN
MC33033DW
MC33035DW
MC33039D
MC33060AD
MC33064D-5
MC33065DW
MC33065DW-H
MC33065DW-L
MC33066DW
MC33067DW
MC33071D,AD

MC33072D,AD
MC33074D,AD
MC33076D
MC33077D
MC33078D
MC33079D
MC33091D
MC33102D
MC33110D
MC33120FN
MC33121FN
MC33129D
MC33151D
MC33152D
MC33161D
MC33164D-3
MC33164D-5

MC33171D
MC33172D
MC33174D
MC33178D
MC33179D
MC33218DW
MC33261D
MC33272D
MC33274D
MC33282D
MC33284D

MC34001D,BD
MC34002D,BD
MC34010FN
MC34012-1D
MC34012-2D
MC34012-3D
MC34014DW
MC34017-1D
MC34017-2D
MC34017-3D
MC34018DW
MC34023DW,FN

Low Voltage C-QUAM® Receiver

VHF LAN Receiver — FSK

1 Watt Audio Amplifier

High Speed (1.0 MHz) Single-Ended PWM Controller
High Speed (1.0 MHz) Double-Ended PWM Controller
Brushless DC Motor Controller

Brushless DC Motor Controller

Closed Loop Brushless Motor Adaptor (5 V + 5% Supply)
Precision Switchmode Pulse Width Modulator
Undervoltage Sensing Circuit

Dual Current Mode PWM Controller

Dual Current Mode PWM Controller (Off-Line)

Dual Current Mode PWM Controller (DC-to-DC Converters)
Resonant Mode (ZCS) Controller

Resonant Mode (ZVS) Controller

Single, High Speed Single Supply Operational Amplifiers

Dual, High Speed Single Supply Operational Amplifiers
Quad, High Speed Single Supply Operational Amplifiers
Dual High Output Current Operational Amplifiers

Dual, Low Noise High Frequency Operational Amplifiers
Dual Audio, Low Noise Operational Amplifiers

Low Power, Single Supply Operational Amplifier

High Side TMOS Driver

Sleep-Mode™ 2-State, pProcessor Operational Amplifier
Low Voltage Compander

SLIC

Low Voltage Subscriber Loop Interface Circuit

High Performance Current Mode Controller

Dual Inverting MOSFET Drivers

Dual Noninverting MOSFET Drivers

Universal Voltage Monitor

Micropower Undervoltage Sensing Circuit (3 V + 5% Supply)
Micropower Undervoltage Sensing Circuit (5 V £ 10% Supply)

Single, Low Power, Single Supply Operational Amplifier

Dual, Low Power, Single Supply Operational Amplifiers

Quad, Low Power, Single Supply Operational Amplifiers

Dual Precision Operational Amplifiers

Quad Precision Operational Amplifiers

Voice-Switched Speakerphone with pProcessor Interface

Power Factor Controller

Dual Precision Bipolar Operational Amplifiers

Quad Precision Bipolar Operational Amplifiers

Dual Precision Low Input JFET Operational Amplifiers (Trim-in-the-Package)
Quad Precision JFET Operational Ampilifiers (Trim-in-the-Package)

Single JFET Input Operational Amplifier

Dual JFET Input Operational Amplifiers
Electronic Telephone Circuit

Telephone Tone Ringer

Telephone Tone Ringer

Telephone Tone Ringer

Telephone Speech Network with Dialer Interface
Telephone Tone Dialer

Telephone Tone Dialer

Telephone Tone Dialer

Voice Switched Speakerphone Circuit

High Speed (1.0 MHz) Single-Ended PWM Controller

S0O-24L
SO-16
SOP-8

SO-16L, PLCC-20

SO-16L, PLCC-20

SO-20L
SO-24L
SO-8
SO-14
SO-8
SO-16L
SO-16L
SO-16L
SO-16L
SO-16L

SO-8

SO-8
SO-14
SO-8
S0-8
SO-8
SO-14
SO-8
SO-8
SO-14
PLCC-28
PLCC-28
SO-14
SO-8
SO-8
S0-8
S0-8
SO-8

SO-8
SO-8
SO-14
SO-8
SO-14
SO-24L
SO-8
SO-8
SO-14
SO-8
SO-14

SO-8
SO-8
PLCC-44
SO-8
SO-8
SO-8
SO-20L
SO-8
S0O-8
SO-8
S0-28L
SO-16L, PLCC-20

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Bipolar (continued)

Device Function Package
MC34025DW,FN High Speed (1.0 MHz) Double-Ended PWM Controller SO-16L, PLCC-20
MC34050D EIA-422/23 Transceivers SO-16
MC34051D EIA-422/23 Transceivers SO-16
MC34060AD Switchmode Pulse Width Modulation Control Circuit SO-14
MC34063AD Precision DC-to-DC Converter Control Circuit SO-8
MC34064D-5 Undervoltage Sensing Circuit (5 V + 5% Supply) SO-8
MC34065DW Dual Current Mode PWM Controller SO-16L
MC34065DW-H Dual Current Mode PWM Controller (Off-Line) SO-16L
MC34065DW-L Dual Current Mode PWM Controller (DC-to-DC Converter) SO-16L
MC34066DW Resonant Mode (ZCS) Controller SO-16L
MC34067DW Resonant Mode (ZVS) Controller SO-16L
MC34071D,AD Single, High Speed, Single Supply Operational Amplifier SO-8
MC34072D,AD Dual, High Speed, Single Supply Operational Amplifiers SO-8
MC34074D,AD Quad, High Performance, Single Supply Operational Amplifiers SO-14
MC34080D High Speed Decompensated (AycL > 2) JFET Input Operational Amplifier SO-8
MC34081D High Speed JFET Input Operational Amplifier SO-8
MC34084DW,ADW Quad High Speed, JFET Operational Amplifier SO-16L
MC34085DW,ADW Quad High Speed, JFET Operational Amplifier SO-16L
MC34114DW Speech Network Il SO-18L
MC34115DW CVSD SO-16L
MC34118DW Speakerphone Il SO-28L
MC34119D Telephone Speaker Amplifier SO-8
MC34129D Power Supply Controller SO-14
MC34151D Dual Inverting MOSFET Drivers SO-8
MC34152D Dual Noninverting MOSFET Drivers SO-8
MC34161D Universal Voltage Monitor SO-8
MC34164D-3 Micropower Undervoltage Sensing Circuit (3 V £ 5% Supply) SO-8
MC34164D-5 Micropower Undervoltage Sensing Circuit (5 V + 10% Supply) SO-8
MC34181D Single, Low Power, High Speed JFET Operational Amplifier SO-8
MC34182D Dual, Low Power, High Speed JFET Operational Amplifiers SO-8
MC34184D Quad, Low Power, High Speed JFET Operational Amplifiers SO-14
MC34217D Adjustable Toner Ringer SO-8
MC34261D Power Factor Controller SO-8
MC44301DW High Performance Video IF SO-28L
MC75172BDW Quad EIA-485 Line Drivers w/3-State Outputs SO-20L
MC75174BDW Quad EIA-485 Line Drivers w/3-State Outputs SO-20L
NE556D Dual Timing Circuit SO-14
TLO64CD Quad JFET Low Power Operational Amplifiers SO-14
TLO71CD,ACD Single, Low Noise JFET Input Operational Amplifier SO-8
TLO72CD,ACD Dual, Low Noise JFET Input Operational Amplifiers SO-8
TLO81CD,ACD Single, JFET Input Operational Amplifier SO-8
TL0O82CD,ACD Dual, JFET Input Operational Amplifiers SO-8
TL431ACD,AID,CD,ID Programmable Precision Reference SOP-8
UAA1041BD Automotive Direction Indicator SO-8
UC2842AD, BD, BD1 Off-Line Current Mode PWM Controller SO-14, SO-8
UC2843AD, BD, BD1 Current Mode PWM Controller SO-14,S0O-8
uC2844D, BD, BD1 Off-Line Current Mode PWM Controller (DC < 50%) SO-14,S0-8
uC2845D, BD, BD1 Current Mode PWM Controller (DC < 50%) SO-14,S0-8
UC3842AD, BD, BD1 Off-Line Current Mode PWM Controller SO-14, SO-8
UC3843AD, BD, BD1 Current Mode PWM Controller S0O-14, SO-8
UC3844D, BD, BD1 Off-Line Current Mode PWM Controller (DC < 50%) SO-14,S0-8
UC3845D, BD, BD1 Current Mode PWM Controller (DC < 50%) SO-14,S0-8

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MOS Digital-Analog

' Device I Function Package
A/D and D/A Converters
MC14433DW 3-1/2 Digit A/D Converter SO-24L
MC14442FN 11-Channel 8-Bit A/D Converter with Parallel Interface PLCC-28
MC14443DW 6-Channel A/D Converter Subsystem SO-16L
MC14447DW 6-Channel A/D Converter Subsystem SO-16L
MC44250FN Triple 8-Bit Video A/D Converter PLCC-44
MC144110DW Hex D/A Converter with Serial Interface SO-20L
MC144111DW Quad D/A Converter with Serial Interface SO-16L
MC145040FN1(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145040FN2(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145041FN1(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145041FN2(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145050DW 11-Channel, 10-Bit A/D Converter with Serial Interface SO-20L
MC145051DW 11-Channel, 10-Bit A/D Converter with Serial Interface SO-20L
MC145053D 11-Channel, 10-Bit A/D Converter with Serial Interface SO-14
Display Drivers
MC14489DW Multi-Character LED Display/Lamp Driver SO-20L
MC14495DW1(2) Hex-to-7 Segment Latch/Decoder ROM/Driver SO-16L
MC14499DW 7-Segment LED Display Decoder/Driver with Serial Interface SO-20L
MC145000FN 48-Segment Multiplexed LCD Driver (Master) PLCC-28
MC145001FN 44-Segment Multiplexed LCD Driver (Slave) PLCC-28
MC145453FN 33-Segment LCD Driver with Serial Interface PLCC-44
Operational Amplifiers/Comparators
MC14573D Quad Programmable Operational Amplifier SO-16
MC14574D Quad Programmable Comparator SO-16
MC14575D Dual Programmable Operational Amplifier and Dual Comparator SO-16
MC14576BF Dual Video Amplifier SO-8 (EIAJ)
MC14577BF Dual Video Amplifier SO-8 (EIAJ)
MC14578D Micro-Power Comparator Plus Voltage Follower SO-16
Phase-Locked Loop Frequency Synthesizers
MC145106FN PLL Frequency Synthesizer PLCC-20
MC145145DW1 4-Bit Data Bus Input PLL Frequency Synthesizer SO-20L
MC145146DW1 4-Bit Data Bus Input PLL Frequency Synthesizer SO-20L
MC145149DW Serial Input Dual PLL Frequency Synthesizer SO-20L
MC145151DW2 Parallel Input PLL Frequency Synthesizer SO-28L
MC145151FN2 Parallel Input PLL Frequency Synthesizer PLCC-28
MC145152DW2 Parallel Input PLL Frequency Synthesizer SO-28L
MC145152FN2 Parallel Input PLL Frequency Synthesizer PLCC-28
MC145155FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145155DW2 Serial Input PLL Frequency Synthesizer SO-20L
MC145156FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145156DW2 Serial Input PLL Frequency Synthesizer SO-20L
MC145157FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145157DW2 Serial Input PLL Frequency Synthesizer SO-16L
MC145158FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145158DW2 Serial Input PLL Frequency Synthesizer SO-16L
MC145159DW1 Serial Input PLL Frequency Synthesizer with Analog Phase Detector SO-20L
MC145159FN(3) Serial Input PLL Frequency Synthesizer with Analog Phase Detector PLCC-20
MC145160DW Dual PLL for Cordless Telephones SO-20L
MC145161DW Dual PLL for Cordless Telephones SO-16L
MC145166DW Dual PLL for Cordless Telephones SO-16L
MC145167DW Dual PLL for Cordless Telephones SO-16L
MC145168DW Dual PLL for Cordless Telephones SO-16L
MC145170D Serial Interface PLL Frequency Synthesizer SO-16

(2)The digit 1 or 2 after the package designator is not a part of the package definition, but describes the electrical capability of the device.
(3)Electrical variations may require a numerical suffix after the package suffix. Contact your Motorola representative for details.

(4introduction of this device in surface mount packages is dependent on market demand.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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MOS Digital-Anal

0J (continued)

| Device l Function Package
Remote Control Functions
MC14469FN Addressable Asynchronous Receiver/Transmitter PLCC-44
MC14497 PCM Remote Control Transmitter 3)
MC145026D Remote Control Encoder SO-16
MC145027DW Remote Control Decoder SO-16L
MC145028DW Remote Control Decoder SO-16L
MC145030DW Remote Control Encoder/Decoder SO-20
MC145033DW Remote Control Encoder/Decoder SO-28L
MC145034DW Remote Control Encoder SO-28L
MC145035DW Remote Control Decoder SO-28L
Smoke Detectors
MC14467 Low-Cost Smoke Detector 3)
MC14468 Interconnectable Smoke Detector 3)
MC145010DW Photoelectric Smoke Detector with I/O SO-16L
MC145011DW Photoelectric Smoke Detector with I/O SO-16L
Telecommunications Devices
MC14410DW 2-of-8 Tone Encoder SO-16L
MC14411DW Bit Rate Generator SO-24L
MC142100DW Crosspoint Switch with Control Memory (4 x 4 x 1) SO-16L
MC142103 Transcoder HDB31 AMI to NRZ 3)
MC143403D Quad Line Driver (Op Amp) SO-14
MC145403DW ElIA-232/V.28 CMOS Driver/Receiver SO-20L
MC145404DW EIA-232/V.28 CMOS Driver/Receiver SO-20L
MC145405DW EIA-232/V.28 CMOS Driver/Receiver SO-20L
MC145406DW EIA-232/V.28 CMOS Driver/Receiver SO-16L
MC145407DW EIA-232/V.28 CMOS Driver/Receiver, 5.0 V Only SO-20L
MC145408DW EIA-232/V.28 CMOS Driver/Receiver SO-20L
MC145412 Pulse/Tone Repertory Dialer (Nine 18-Digit Memory) )
MC145416DW Pulse/Tone Repertory Dialer (13 18-Digit Memory) SO-20L
MC145421DW UDLT Il Master SO-24L
MC145422DW UDLT Master S0O-24L
MC145425DW UDLT Il Slave SO-24L
MC145426DW UDLT Slave SO-24L
MC145428DW Data Set Interface Circuit SO-20L
MC145436DW DTMF Decoder SO-16L
MC145439 Transcoder B8ZS, B6ZS, HDB3 to NRZ 3)
MC145442DW 300-Baud CCITT V.21 Single-Chip Modem SO-20L
MC145443DW 300-Baud Bell 103 Single-Chip Modem SO-20L
MC145447DW Calling Line 1.D. Receiver with Ring Detector SO-16L
MC145472FE ISDN U-Interface Transceiver CQFP-68L
MC145472FU ISDN U-Interface Transceiver PQFP-68L
MC145475DW ISDN S/T Transceiver SO-28L
MC145480DW +5.0 V PCM Codec/Filter SO-20L
MC145488 Dual Data Link Controller 3)
MC145502 PCM Codec/Filter 3)
MC145503DW PCM Codec/Filter SO-16L
MC145505DW PCM Codec/Filter SO-16L
MC145532DW ADPCM Transcoder SO-16L
MC145540DW ADPCM Codec SO-28L
MC145554DW PCM Codec/Filter (TP3054 Compatible) SO-16L
MC145557DW PCM Codec/Filter (TP3057 Compatible) SO-16L
MC145564DW PCM Codec/Filter (TP3064 Compatible) SO-20L
MC145567DW PCM Codec/Filter (TP3067 Compatible) SO-20L
MC145705DW EIA-232/V.28 CMOS Driver/Receiver, 5.0 V Only SO-20L
MC145706DW EIA-232/V.28 CMOS Driver/Receiver, 5.0 V Only SO-20L
MC145707DW EIA-232/V.28 CMOS Driver/Receiver, 5.0 V Only SO-20L
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Surface Mount Technology Package Overview

CASE 369A CASE 751 * CASE 751A CASE 7518
PLASTIC : PLASTIC . ~ PLASTIC ’ PLASTIC

 DPAK ~ S0-5,50P-8 . SO-14 - SO-16
DISUFFIX - D. D1 SUFFIX . D SUFFIX - D SUFFiX

CASE751C CASEZSID | CASETSIE ~ - CASE751F
PLASTIC ‘ . PLASTIC _ PLASTIC PLASTIC

So-18L SO-20L 4 ' - s0-24L j S0-28L
DWSUFFIX ,, DWSUFFIX DW SUFFIX : DW SUFFIX

CAsEvsie : CASE776  cAsET
elAstic. - PLASTIC PLASTIC

- S0-8+8L, SO-16L . ~ PLCC20 = . PIccas PLCC-44
_ DWSUFFIX - FNSUFFIX FNSUFFIX FN SUFFIX
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Analog MPQ Table

Tape/Reel and Ammo Pack

r Package Type I Package Code l MPQ
PLCC
Case 775 0802 1000/reel
Case 776 0804 500/reel
Case 777 0801 500/reel
Case 778 0805 450/reel
Case 779 0803 250/reel
Case 780 0806 250/reel
SoiCc
Case 751 0095 2500/reel
Case 751A 0096 2500/reel
Case 751B 0097 2500/reel
Case 751G 2003 1000/reel
Case 751C 2004 1000/reel
Case 751D 2005 1000/reel
Case 751E 2008 1000/reel
Case 751F 2009 1000/reel
TO-92
Case 29 0031 2000/reel
Case 29 0031 2000/Ammo Pack

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Motorola has now added the convenience of Tape and Reel
packaging for our growing family of standard Integrated Circuit
products. Three reel sizes are available, for all but the largest
types, to support the requirements of both first and second

Tape and Reel

Logic and Analog Technologies,
and MOS Integrated Circuits

Mechanical Polarization

SOIC DEVICES

Typical

User Direction of Feed

DPAK DEVICES
Typical

generation pick-and-place equipment. The packaging fully
conforms to the latest EIA-481A specification. The antistatic
embossed tape provides a secure cavity, sealed with a
peel-back cover tape.

PLCC DEVICES

Typical

5660060 a

S0

00|

PIN1

/

5666060060

LT

User Direction of Feed

User Direction of Feed

SO-8, SOP-8 12 13 R2
SO-14 16 2,500 13 R2
S0O-16 16 2,500 13 R2
SO-16L, SO-8+8L WIDE 16 1,000 13 R2
SO-20L WIDE 24 1,000 13 R2
SO-24L WIDE 24 1,000 13 R2
SO-28L WIDE 24 1,000 13 R2
SO-28L WIDE 32 1,000 13 R3
PLCC-20 16 1,000 13 R2
PLCC-28 24 500 13 R2
PLCC-44 32 500 13 R2
PLCC-52 32 500 13 R2
PLCC-68 44 250 13 R2
PLCC-84 44 250 13 R2
TO-226AA (T0O-92)(2) 18 2,000 13 RA, RB, RE, RM, or RP
(Ammo Pack) only
DPAK 16 2,500 13 RK

(1)Minimum order quantity is 1 reel. Distributors/OEM customers may break lots or reels at their option, however broken reels may not be returned.

(2)integrated circuits in TO-226AA packages are available in Styes A, B and E only, with optional “Ammo Pack” (Suffix RM or RP).

For ordering information please contact your local Motorola Semiconductor Sales Office.
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Tape and Reel (continued)

TO-92 Reel Styles

STYLEA STYLEB

Carrier Strip Adhesive Tape on Reverse Side
Rounded Flat Side

e

OOO+OO4

Feed Feed ——\>

Flat Side of Transistor and Carrier Strip Visible
(Adhesive Tape on Reverse Side).

STYLEE

Carrier Strip

Adhesive Tape

Feed L

Flat Side of Transistor and Adhesive Tape Visible.

TO-92 Ammo Pack Styles

STYLEM

Adhesive Tape on
Top Side

Flat Side

Flat Side of Transistor and

Label Adhesive Tape Visible.

Style M Ammo Pack Is Equivalent to Style E of Reel
Pack Dependent on Feed Orientation From Box.

STYLEP

Adhesive Tape on
Top Side

Rounded Side

Rounded Side of Transistor
Label and Adhesive Tape Visible.

Style P Ammo Pack Is Equivalent to Styles A and B of Reel Pack
Dependent on Feed Orientation From Box.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Packaging Information
|

In Brief...

The packaging availability for each device type is indicated
on the individual data sheets and the Selector Guide. All of the
outline dimensions for the packages are given in this section.

The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature can be
found from the equation:

b TJ(max) = TA
DTA)=—————
( ReJA(Typ)

where:

PD(TA) = Power Dissipation allowable at a given
operating ambient temperature. This must
be greater than the sum of the products of
the supply voltages and supply currents at
the worst case operating condition.

Ty(max) = Maximum operating Junction Temperature
as listed in the Maximum Ratings Section.
See individual data sheets for Tj(max)
information.

TA = Maximum desired operating Ambient
Temperature
ReJA(Typ) = Typical Thermal Resistance Junction-to-

Ambient




Case Outline Dimensions

LP, P, Z SUFFIX
CASE 29-04
Plastic Package
RgyA = 200°C/W
(TO-226AA/TO-92)

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

@

UNCONTROLLED.

'

=]

f—
<
Z

KMINIMUM.
. 029-01 AND -02 OB
029-04.

P2

WILLIN
DM [ MIN
y K 45

SEATINGV

PLANE

CONTROLLING DIMENSION: INCH.
CONTOUR OF PACKAGE BEYOND DIMR IS

. DIMF APPLIES BETWEEN P AND L. DIM D AND
rB J APPLIES BETWEEN L AND K MINIMUM. LEAD
DIM IS UNCONTROLLED IN P AND BEYOND DIM

SOLETE, NEW STANDARD

ETERS INCHES
MAX | MIN | MAX
.20 | 0.175 | 0.205

.32

.33 170 | 0.210

.18
4

19 | 0.125 | 0165

.55 — .022
.019

i
XV [¥X D A

39 | 0.045 | 0,055

.4
.39

66| 0.095 | 0105

i

D o

< I

&
2|
3
iR

| — 10260 | — |
2.66 .080 | 0.105

i

0.100

|

o
=
|

1)

343

G
_c ——f [ 208
I‘:i_' SECTION X-X A_| 203
=

KC, T SUFFIX

CASE 221A-06
Plastic Package
RgJA = 65°C/W (Typ)
(TO-220AB)

NOTES:
1. DIMENSIONING

AND LEAD IRRE!

_T-| SEATING ANSI Y14.5M, 1982.
PLANE 2. CONTROLLING DIMENSION: INCH.
e 3. DIMZDEFINES A ZONE WHERE ALL BODY

MILLIMETERS | __INCHES |
al DIM [ MIN | MAX |
14.48 | 15.75 |04

AND TOLERANCING PER

GULARITIES ARE ALLOWED.

ni e =
ol |
{

' T .66
.07
123 5

:

ol 2| of 2| | x| | x| D
&

[
jt—Jn
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T, TV SUFFIX OTES:

’ 1. DIMENSIONING AND TOLERANCING PER
CASE 314B-04 ANSI Y14.5M, 1982.
Plastic Package 2. CONTROLLING DIMENSION: INCH.

3. DIMENSION D DOES NOT INCLUDE
INTERCONECT BAR (DAM BAR) PROTRUSION.

C DIMENSION D INCLUDING PROTRUSION SHALL
NOT EXCEED 0.043 (1.092) MAXIMUM.
3 _>| = 4. 314B-01, 314B-02 AND 314B-03 OBSOLETE,

5. STYLE 1 THRU 4: OBSOLETE.

—»
E_
r ] MILLIMETERS

S L DIM | MIN | MAX

F NEW STANDARD 314B-04.

I

U
1 —>| le—Ww V 14529 (15570
F 12345 * 9.906 |10.541
K 4.318_| 4.572
) 0635 | 0.065 | C
HH 1219 | 1.397

21.590 23.749

! ) 1.702B5C
T ST,'E f‘: GATE 4.216BSC
2. MIRROR 0381 [ 0.635
G J5PL 3. DRAIN 22.860 |27.940
4. KELVIN 8128 | 9271
[#lo24 0610 ® H - 5. SOURCE 8.128B5C
DspL—ie— 355 [ 2,885
N-» — 5748
100254 ® [T[ P — is:
[let0029 @[T P® | T[] SEATING 17.668 [12.627
PLANE — s | —
2.286 | 2794
T, T1 SUFFIX
CASE 314D-03
Plastic Package -T-| SEATNG
ReJA = 65°C/W (Typ) —»! C |e—o
U NOTES:
E _’i 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 192,
2. CONTROLLING DIMENSION: INCH.
MILLIMETERS | __INCHES
A DM [ MIN | MAX | WIN_| MAX
L A_[14529 15570 | 0573 | 0613
9.906 [ 10.541 | 0.300 | 0415
¥ 4318 | 4572 | 0.170 | 0180
1 K 025
23
4
5
S J
l K
G J—
DsPL H— (e——

(40356 0.019® [T] 0@ |

DT-1 SUFFIX

CASE 369-06
Plastic Package le— B —»] C pe—
NOTES:
v le—R E le— 1. DIMENSIONING AND TOLERANCING PER
_t ANSI Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
— 3. 369-01 THRU -05 OBSOLETE, NEW STANDARD
4 T 4 1 369.06.
0 A [__INCHES ]
WILLINETERS
/ { 2 3 l DM [TMIN | MAX |
T A | 597 | 622 | 0.235 | (
S | | 35 | 673
1 A 19 | 238
23 ! K 69 | 088 | 0.027 | (
E | 084 [ 101
94 [ 119
2.29 BSC
87 [ 1.01
F—»i! J T 46 | 058 | €
le—H K 89 | 965
R | 445 | 546
— % |
DL S [ 127 | 228
G .13 (0.005) @ V[ omr | i
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DT SUFFIX
CASE 369A-10
Plastic Package
DPAK

!

N

NOTES:

1. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5M, 1982.
CONTROLLING DIMENSION: INCH.

. 369A-01 THRU -03 OBSOLETE.
. 369A-04 THRU -09 OBSOLETE, NEW
STANDARD 369A-10.

s

D, J, L, N SUFFIX
CASE 620-10
Ceramic Package
RgJA = 100°C/W (Typ)

e L. —

E—> N—
G

D 1spL

—l— J 16PL

40250010 ®[T]B®

NOTES:

. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982,

. CONTROLLING DIMENSION: INCH.

. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

. DIM F MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.

> wr =

L SUFFIX

CASE 623-05
Ceramic Package
RgJA = 53°C/W (Typ)

SEATING PLANE

NJH‘

s

NOTES:
1. DIM*E TO CENTER OF LEADS WHEN
FORMED PARALLEL.
2. LEADS WITHIN 0,13 mm (0.005) RADIUS
OF TRUE POSITION AT SEATING PLANE
AT MAXIMUM MATERIAL CONDITION.
(WHEN FORMED PARALLEL).

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DP1, N, P, P1 SUFFIX
CASE 626-05

Plastic Package

RgJA = 100°C/W (Typ)

NOTES:
1. LEAD POSITIONAL TOLERANCE:

L L L | [#]eom3 005 ®[1]r ®[s @]
. DIMENSIONL TO CENTER OF LEADS WHEN
FORMED PARALLEL.
() . PACKAGE CONTOUR OPTIONAL (ROUND
OR SQUARE CORNERS).
O . DIMENSIONS A AND B ARE DATUMS.
. DIMENSIONING AND TOLERANCING PER

|}' o ANSIY14,5M, 1982,

MILLIMETERS INCHES
DIM | MIN | MAX

NOTE4 Fle— ‘<—'-—T 40 | 10.16
10 | 6.60 [
T \ f { ) 54 | 445 [ C
38_|_0.51
254 BS|

— (] J-> 076 | 127 | G
&

@ N

&
[N

020 | 0.30 |
2% | 343

SEATING L | 75265C
;“‘l\‘ e LK M T I
b N_| 076 | 101

J, F, L SUFFIX

CASE 632-08
Ceramic Package
RgJA = 100°C/W (Typ)
(TO-116)

I i ] :
5 | T
' i 254650
L K |/ s
A | u L
F._:-'L —l G N— I "IL— M ] 0?51 I 151
J14pL

NOTES:

. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1962,

CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

DIM F MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.
632.01 THRU -07 OBSOLETE, NEW STANDARD
632-08.

Lol S

o >

1 7 MILLIMETERS
DIM | MIN_| MAX

C— I-—L—> 19.05 | 19.94
! 25 | 7.1

D 14pL
[$]o250010® [T A®] [#]o2s 0010 @[T B®]
N, P, N-14, P2 SUFFIX
CASE 646-06
Plastic Package NOTES:
1000 1. LEADS WITHIN 0.13 mm (0.005) RADIUS
Reya = 100°C/W (Typ) AR AR OF TAUE POSITION AT SEATIVG PLANE
AN AT MAXIMUM MATERIAL CONDITION.
” s 2. DIMENSION “” TO CENTER OF LEADS
WHEN FORMED PARALLEL
B 3. DIMENSION “B” DOES NOT INCLUDE
o MOLD FLASH.
Y ’ 4. ROUNDED CORNERS OPTIONAL
AR MILUMETERS | INCHES |
A DM [ WIN_ | MAX
NoTE4 18.16 | 19.56
10| 660
—>Fle— 69 | 469
38 | 053
\ 02 ] 178
c 254 BSC
- 2] 2al
¥ 20 [ 038 |
52 | 343
_N— vy L | 762B5C | o
™ i o | | o [ 100
—»lH G p PUKE N | 039 | 1.01 | 0.015 | 0.039

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DP2, N, P, PC SUFFIX
CASE 648-08
Plastic Package

NOTES:

. DIMENSIONING AND TOLERANGING PER

— 67° | ANSI Y14.5M, 1982,
RgJa = 67°C/W (Typ) LA 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION “ TO CENTER OF LEADS WHEN
-Eiﬁ Ao nn r:' FORMED PARALLEL.
4. DIMENSION "B” DOES NOT INCLUDE MOLD
D B FLASH.
o 5. ROUNDED CORNERS OPTIONAL.
1 8
Wi LI LT & MILLIMETERS | __INCHES
_.I L_F DIM [ MIN | MAX | MIN | MAX
—C L A_| 1880 | 1955 | 0.740 | 0.770
16 I T s 635 | 685 | 0.250 | 0270
1 369 | 444 | 0.4 175
1 1_{ ~] SEATING 039 | 053 | 0.015 | 0021
1 J:l T- | puake 102 | 177 | 0.040 | 0070
" | f 2.54 BSC 100 BSC
1.27BSC 0.050BSC
H—>{ k4 —-K J—pl— M 021 | 038 | 0008 | 0015
. K | 280 | 330 | 0.110 [ 0130
—>lle—D 1P e T 02 L 050
025 (0.010) ® S | 051 [ 101 | 0020 | 0.0
NOTES:
P, V SUFFIX 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
CASE 648C-03 2. CONTROLLING DIMENSION: INCH.
Plastic Package A} 3. DIMENSION L TO CENTER OF LEADS WHEN
= FORMED PARALLEL.
RgJa = 52°C/W B Y Y 4. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.
16 9 5. INTERNAL LEAD CONNECTION, BETWEEN
4ANDS, 12AND 13.
[-B-]
ko) 8 MILLIMETERS | INCHES
«—L DIM [ MIN | MAX | MIN | MAX
| FRVLT LY AL LAY A | 1880 | 2134 | 0740 | 0840
.10 |_6.60 | 0.240 | 0.260
NOTE5 .69 | 4.69 | 0.145 | 0.185
l 38 | 053 | 0.015 | 0.021
L / 1.27 BSC 0.050 BSC
(= %r_. % * c / T.02 | 178 | 0040 | 0.070
i inmEEnn / G | 25485C 0.100 BSC
T U J | 020 | 038 | 0.008 | 0015
=T L M K 2% 38 0t [ 0535
SEATING N L 7.62BSC 0.300 BSC
PLANE C K W | 0°] 10°] o0°] 10°
—» <—E N_| 039 | 1.01 | 0.015 | 0.040
F | Gle— —>{e— J16PL
DisPL [#]013 0005 ® [T BO]
[#]013(0005 ®[T] AG |
P SUFFIX
CASE 649-03 NOTES:

Plastic Package
RgJa = 90°C/W (Typ)

=

<F

C

1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF
TRUE POSITION AT SEATING PLANE AT
MAXIMUM MATERIAL CONDITION.

2. DIMENSION “L" TO CENTER OF LEADS WHEN
FORMED PARALLEL.

3. 649-02 OBSOLETE, NEW STD 649-03 SEE
ISSUE “C” FOR REFERENCE.

MILLIMETERS
DIM

|

S

=

gz

|

[
'a,‘l'és '8|"§ B

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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L SUFFIX

TS == — 3 NOTES:
CASE .690'1 3 16 9 1. -A- AND -B- ARE DATUMS.
Ceramic Package B 2. -T-1S SEATING PLANE.
o 3. DIMENSION L TO CENTER OF LEADS WHEN
ReJa = 100°C/W (Typ) FORMED PARALLEL
1 8 4. DIMENSIONING AND TOLERANCING PER ANSI
— — - Y145, 1973,
5. 690-11 AND 690-12 OBSOLETE. NEW STANDARD
l A =I| 690-13.
_ le—— MILLIMETERS INCHES
F ¢ L DM | WIN [ mN_ ]
?l A [ 2007 | 20:
- A |7
16 — 67 | 4.
1 —L \ .38
.76
2.54 BSC
76 | 1.
20 | 030 | 0. ]
18 | 5.08 | 0.125 | 0.200
H L 7.62BSC 0.300 BSC
| — [0 | — ] 10
D1spL N_| 038 | 1.52 | 0.015 | 0.060
[#o0.25 0.010@® [T[A® ][ B®@]
J-8, J, JG, U, Z SUFFIX
NOTES:

CASE 693-03

Ceramic Package I~ - >
RgJA = 100°C/W (Typ) R
p [-B-]
1 4

OPTIONAL LEAD
CONFIGURATION

-]
Ny

1 LT] ] N_TK;

SEATING
P

LANE . '-————f

—»{le— JgPL

F [#]0.25 0010 ®[T[ B®]

. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.

DIMENSION L TO CENTER OF LEAD WHEN

FORMED PARALLEL.

DIMENSION F FOR FULL LEADS. HALF LEADS

AT LEAD POSITIONS 1, 4, 5, AND 8.

DIM F MAY NARROW TO 0.76 (0.030) WHERE

THE LEAD ENTERS THE CERAMIC BODY.

. 693-01 AND -02 OBSOLETE, NEW STANDARD
693-03.

o o o e

INCHES

MILLIMETERS

e|®|n|mlo|o|m|>

DsrL

[#]o25 0010 ®[T][ A ®]

0.020 | 0.040

A, B, N, P SUFFIX
CASE 707-02

Plastic Package

Rgya = 100°C/W (Typ)

(ANANANAN &N & NAN LN
18 10

D
O

1 9 i
'UUUUUUUUU
A

MILLIMETERS | INCHES
DM [ MIN_ [ MAX | WMIN | MAX
2222 [ 23,04 | 04875 | 0915
L 10 | 660 [ 0240 | 0.260
56 | 457 | 0.140 | 0.180
136 | 056 | 0.014 | 0.022
27| 178 | 0.050 | 0070
G | 254BSC_| 0.100BSC
o[ 102 [ 152 [ 0,040 [ 0.060
020 | 0.30 | 0008 | 0012
T iaa nill 292 | 343 | 0115 ] 0.13
[ | 762B5C 0300 BSC
| o [ 15 [ 0° ] 15
N_| 051 | 1.02 | 0.020 | 0.040

OTES:

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

OTHER.

. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.

@ N

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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P SUFFIX
CASE 710-02

£ 1. POSITIONAL TOLERANGE OF LEADS (D),
Plastic Package

SHALL BE WITHIN 0.25mm (0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND EACH

THER.
2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
3. DIMENSION B DOES NOT INCLUDE MOLD

SH
[AMAAAABABAARNR T 4. 710:01 OBSOLETE, NEW STANDARD 710-02.
b B WILLIMETERS | INCHES
om [MN | wax
A
© 14 ]
A -C fe—— L ——> F
d
N H
17y 3
K
L | 152485C
—oHe »lal S\ Tk B, ey
F D gmge M N | 051 | 1.2 | 0020 | 0.040

P SUFFIX
CASE 711-03
Plastic Package
1. POSITIONAL TOLERANCE OF LEADS ©),

SHALL BE WITHIN 0.25 mm (0.010) AT MAXIMUM
MATERIAL CONDITION, IN RELATION TO SEATING

PLANE AND EACH OTHER.
s P P A s P P P P 2. DIMENSION L TO CENTER OF LEADS WHEN
> FORMED PARALLEL
a0 2 3. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
3 MILLIMETERS | INCHES |
| DIM_|
A
Io 20
A L
rC

292 | 343 [ 0115 [ 013
1524B5C__|_060065C

=
>
-

Z| || r| X | x| )

0° [ 15° ] 0°] %°
— H G F —»lle—D \— K- <M 051 | 1.02 | 0.020 | 0.040
SEATING
PLANE
F, P, P-3 SUFFIX
CASE 724-03
Plastic Package
=100° NOTES:
ReJA = 100°C/W (Typ) 24 1. CHAMFERRED CONTOUR OPTIONAL
; 2. DIM“C TO CENTER OF LEADS WHEN
FORMED PARALLEL
— 3. DIMENSIONS AND TOLERANCES PER
1-A-] ANSI Y14.5M, 1982.
—I ¥ 4. CONTROLLING DIMENSION: INCH.
MmN mMs
23 13
[B-] WILLIMETERS | INCHES |
P 12 ] oM [ MIN
vvvvvvvvvvvvj A 3125 | 321
L 35
.69

=z 2| x||c
~
b
b
8

[ Il I IR
045‘; |:.o1; 0020 | 000

I AANN NoTE 1
’“' */L Jzu:TIM
Dap [#]o25 0010 ®[T[ B ®]

[#[025 0010 B [T AB]

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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J, L SUFFIX

CASE 726-04 NOTES:

i 1. LEADS, TRUE POSITIONED WITHIN 0.25 mm
Ceramic Pafkage (0.010) DIA. AT SEATING PLANE, AT MAXIMUM
Regya = 100°C/W (Typ) MATERIAL CONDITION,

. DIM "L TO CENTER OF LEADS WHEN FORMED
1 o] PARALLEL
B

. DIM ‘A" & “B” INCLUDES MENISCUS.

* . “F” DIMENSION IS FOR FULL LEADS. “HALF”
LEADS ARE OPTIONAL AT LEAD POSITIONS

@vv vvve 1,,10, AND 16.
(OPTIONAL LEAD
—szv CONFIG. (13,10,16) WILLMETERS | INCHES ]
A MAX

MIN_| MAX
A ;
L B X
[ B
0.3¢

I

s

0.880
0.240 | 0.295
— | 0.200
0.015 | 0.021
F on‘ss‘{‘uﬁ
G 0.100 BSC
H 0.020 | 0.045
J_| 020 | 030 | 0.008 | 0.012
K_| 318 | 432 | 0.125 [ 0.170
L

]

N

0.5

Ny ¢
i

el G T A

7.62BSC 0.300 BSC

0° | 15° 0° ] 15°

SEATING
—> PLANE 057 | 1.02 | 0.020 | 0.040
L SUFFIX
CASE 732-03
Ceramic Package NOTES:
RgJA = 75°C/W (Typ) 1. LEADS WITHIN 0.25 mm (0.010) DIA.,
TRUE POSITION AT SEATING PLANE,
AT MAXIMUM MATERIAL CONDITION.
N~ 2. DIMLTO CENTER OF LEADS WHEN
YA JAYi| FORMED PARALLEL.
[:n " 3. DIMAAND B INCLUDES MENISCUS.
1 10, MILLIMETERS
AV Ap——A
A
20
F
1 [
I 20| 030
18| 406
L 762B5C
T I T T
H D P N | 025 | 1.02 | 0.010 | 0.040
L SUFFIX
CASE 733-04
Ceramic Package [Nt aRuTaRaRatuRalalalutalal NOTES:
5 1. DIM A AND B INCLUDES MENISCUS.
2. DIM -L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

3. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5, 1982.

4. CONTROLLING DIM: INCH.

14 5. 733-03 OBSOLETE, NEW STANDARD 733-04.

L

40025000 @ [T A® |

r— 0 —»

0.30 | 0.008 | 0.012

4.06 | 0125 | 0.160
BSC 0.600 BSC
15° 0° 15°
1.27 | 0.020 | 0.050

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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P SUFFIX
CASE 738-03
Plastic Package

Reya = 75°C/W (Typ)

20

D20pPL

1A

[$]0.25 0.010) ® [T]

[#0250010® [T B®]

NOTES:

wn

>

o

. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.
. DIMENSION “I” TO CENTER OF LEAD WHEN

FORMED PARALLEL.

. DIMENSION “B” DOES NOT INCLUDE MOLD

FLASH.

. 738-02 OBSOLETE, NEW STANDARD 738-03.

MILLIMETERS

MAX_|_MIN
[ 27.17 | 1.010
B_| 610 660 0.240 | 0260
C_| 381 | 457 | 0.150 | 0180
D

INCHES
MAX
1.070

.015 | 0.022
0.050 BSC
0.050 [ 0.070

A® |

051 | 101

D SUFFIX
CASE 751-03
Plastic Package
(SO-8, SOP-8)

B

G C

K
#]ozs 0010 ®[1]B ® ]2 O]
8PL

>
4pL

—-‘ Id—RX45°

e {S=h 4
M

eel LE

NOTES;

S O

o

. DIMENSIONS % AND *B ARE DATUMS

AND “T” IS A DATUM SURFACE.

. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.

. CONTROLLING DIM: MILLIMETER.
. DIMENSION "X AND “B” DO NOT INCLUDE

MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

MILLIMETERS
MIN
.80

INCHES
DI [1]

.80

.35

.35

o n|o|o|o|>]

127

D SUFFIX
CASE 751A-02
Plastic Package
(SO-14)

AR AAAAB

14

i

I
¢ —"

Id—RX45°

i | | = |

r€— 14PL

D —>

IC:!):T_Ir:H_H_H_I:I__

I

NOTES:
1

. DIMENSIONS A AND B ARE DATUMS AND

XYY

o

T IS A DATUM SURFACE.

. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.

. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSION A AND B DO NOT INCLUDE MOLD

| SEATING
PLANE

4oz 0010 @[T[B ©]A

K
6]

=
M F—J L_ J

t

PROTRUSION.
. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
MILLIMETERS INCHES
DIM | MIN
A .55
B 80 | 4.00 | C
C 35
D .35
F 40 | 1.
G 27BSC__| 0.050BSC
J | o 025 | 0.008 | 0.009
K_| 0 025 | 0004 | 0.009
M| 0 7° | _0°| 7°
P_| 580 | 620 | 0.229 | 0.244
R_| 025 | 050 | 0.010 | 0.019

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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D SUFFIX
CASE 751B-03
NOTES

Plastic Package 1. DIMENSIONS AAND B ARE DATUMS AND
(SO-16) T1S A DATUM SURFACE.

. DIMENSIONING AND TOLERANCING PER

A ANSI Y14.5M, 1962,
= . CONTROLLING DIMENSION: MILLIMETER.
e S - DIMENSION A AND B DO NOT INCLUDE MOLD
AR A AARAAARA PROTRUSION.
1 : . MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

~

~w

@

/ Ea) 4] 025 0010 @ WILLINETERS | INCHES
16 | @ 8 an | o [N T mAX |
A | o
1
B
CPEIETEE e ;
D
[ F
G
L I dg £ 1 B
D —>| ‘1— 16PL K F —J L. ]
[#]o2s 0010 ®[1]B ® 4 ®] .
DW SUFFIX NOTES:
CASE 751C-03 1. DIMENSIONS " AND *B" ARE DATUMS AND
Plastic Package A} “T"IS A DATUM SURFACE.
(SO-18L) (e 2. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982,

GONTROLLING DIM: MILLIMETER.
DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.

[-B-] P [§]025 (0010 ® [B®] - XU HOLD PROTRUSION 015 (0009

9PL 751C-01, AND 02 OBSOLETE, NEW STANDARD
751C-03

AR AAAAAAA
18 10

Fad od

o o

® 5
HH W HHHHHEHH v
R X 45° WILLIMETERS | INCHES
18 G DIM | MIN | MAX | MIN | MAX
A |11 - X X
B | 7. L } ;
‘ | ey
r | D [ 0. X X X
f Y e JF%EJ F 1o
T PLANE \t 7
M H J i
> Dsp —K F P [ 1005 | 1055 | 0% | 0415
|.Q|0.25 0010 ®[T[BO[ AG®] R | 025 | 075 ] 0.010 | 0029
DW SUFFIX
CASE 751D-03
Plastic Package NOTEDSIMENSIONS AAND B ARE DATUMS AND
(SO-20L) " TISADATUM SURFACE.
. [~} 2. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
- 3. CONTROLLING DIMENSION: MILLIMETER.
F| AAAAAAA” F| T 4. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
.25 (0. 5. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
@ P PER SIDE.
T _HHHHHH H‘_l WILLMETERS | INCHES |
| o [t MIN_| MAX |
] X 9
= | e ¢ ©
1 i s e B e ( ’ SEATING éj
M
—>»{ la—D 20PL —K
[#]o2s 0010 @[ 1] ® ]2 ®]

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DW SUFFIX
CASE 751E-03 NOTES

Plastic Package . DIMENSIONS A AND B ARE DATUMS AND
(SO-24L) T1S ADATUM SURFACE.
DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.
. CONTROLLING DIMENSION: MILLIMETER.
. DIMENSION A AND B DO NOT INCLUDE

MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 (0.006)

1 * PERSIDE.

1
aw N

o

12PL
MILLIMETERS
- DIM
l —»{ |« RX45°
=1 C M. A G
—-l Id—D 2P K {M F'J L%J :
[#]o25 0010 ®[7[ ®]r ®] R

DW SUFFIX
CASE 751F-03
: NOTES:
Plastic Package 1. DIMENSIONS A AND B ARE DATUMS AND
(SO-28L) TS A DATUM SURFACE.
2. DIMENSIONING AND TOLERANCING PER
ANSI Y145M, 1982.
3. CONTROLLING DIMENSION: MILLIMETER.
4. DIMENSION A AND B DO NOT INCLUDE
— MOLD PROTRUSION.
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
P 4] 025 0010 ®
Y WILLIMETERS | INCHES |
o [ mN
A 1760
30
35
35
o Xl
¥ '1 RX45 G [ 127
T 0229
o0 OO0t o S e {.f % o]
W o°
| ! L F-»/ L J P 1005
D 28pL K R 0.25
[#oz 000 @[T[e @] O]
DW SUFFIX
CASE 751G-01 NOTES:
Plastic Package 1. DIMENSIONS A AND B ARE DATUMS AND
. 9 T1S ADATUM SURFACE.
(SO-16L, SOP-8+8L) 2. DIMENSIONING AND TOLERANCING PER
ANSI Y145M, 1982.
_ 3. CONTROLLING DIMENSION: MILUMETER.
4. DIMENSION A AND B DO NOT INCLUDE

MOLD PROTRUSION.
. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

1 PER SIDE

o

8PL
160 ' MILLIMETERS
1
l —»| |- RX45°
T mi=izizi=1 R J %
SRS § i
[#]o25 0010 ®[T[B ® ]2 ®]

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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CASE 762-01

Plastic Medium Power Package
(SIP-9)

Rgya = 70°C/W(Typ)

ReJc = 15°C/W(Typ)

Q
[#]00.250010@ [T A® |
{-A]

T, 7

wwwr

> Z e 0> ——ls <-,
lt— [T —>]

A e

B

J

T

o
©
-
=

ES:

1. DIMENSIONING AND TOLERANCING PER
ANSIY14.5,1982.

2. CONTROLLING DIMENSION: MILLIMETER

MILLIMETERS
| DIM | MIN_| MAX | MIN |

=3

0.076
0.874
0.029
0.113BSC
0.025 [ 0.029
0.106 | 0.110

055 0.7
2.89BSC
065] 075
270|280

i > = <| | v D} ©| Z| 2| x| | T| O] " mio|o|w| >
©
<

J [ 00.250010® [T] c® |

<—H

—

]

[%

9025 (0.010® [T] A® ]

FN SUFFIX

CASE 775-02

Plastic Package

(PLCC-20)

Regya = 72°C/W(Typ)
(5k SQML)

NOTES:
1. DATUMS -L-, -M-, -N-, AND -P- DETERMINED
WHERE TOP OF LEAD SHOULDER EXIT
PLASTIC BODY AT MOLD PARTING LINE.

I

. DIM G, TRUE POSITION TO BE MEASURED AT

=

ra [#o1800m @[T[NO+ O[LOMB)]

— U [#Hospw ®TTNE-O[LOMG)

DATUM -T-, SEATING PLANE.

. DIM R AND U DO NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE MOLD PROTRU-
SION IS 0.25 (0.010) PER SIDE.

@

FS

. DIMENSIONING AND TOLERANCING PER ANS!

(L] O
g
(
1

¢
K—l
F ral

™
_}

OO

rw
f

Y14.5M,
5. CONTROLLING DIMENSION: INCH.

e
07 1-] fe MILLIMETERS | ___INCHES
= D[ MIN | MAX | WIN | MAX
E3 gl il [ U L a1 A | 9.78 | 10.03 | 0.385 | 03%
>ix oz 0o ®@[TNE-O[LOMG)] g i‘;g ! 'gf; —-——‘:1’255’ ————'1323
A [#ospwn @T[LEOMO[NE- O] VIEW D-D 595 T35 6056170
] <z F | 033 | 048 | 0013 | 0.019
1.27 BSC 0.050BSC
R [#os 00 @[T[LEMO[NE+ O] [Howpm @[1]LO4O[1 G+ O) H .66 | 0.81 | 0.026 | 0.032
[#ore00n @[T[NOrO[LOMO)] S T—T o0 —1
s S + ¥ 64 | — |0025] —
T | 89 | 9.04 | 0350 | 0356
¢ i o 89 | 9.04 | 0350 | 0356
[ml=) =l 4 X 107 [ 121 | 0.042 | 0.048
0100004 107 | _1.21 | 0.042 | 0.048
Slole f [-Tsemv rune ) _ L_ . [Heom O[iENONOr® X_| 107 | 142 | 0.042 [ 0056
DETALS Ho18000 @[T [NO> O LONO) L L A
- DETAIL S G | 788 | 838 | 0310 | 0330
Ki | 102 | — [ 0080 —
[#ozs 0010 O[T[LOHO[NE+ O ] 2° | 10° | 2°| 10°

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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FN SUFFIX

CASE 776-02

Plastic Package

(PLCC-28)

RgJA = 66°C/W(Typ)
(5k SQML)

oamoooo

28
LEADS
ACTUAL

™
(I b1

™

Y BRK

—B [#[oe00 @[TNErO[LOME)]

jeo

— U [#oss00n O[T [WOrO[LOMG)

rw

(Norsl)z L_;l_—f ke

IV

N

.
A [$opw ®T[LOMO[NGP®] viewDD
A [z
R [#o1s000 @[T]LOMO[N O+ O]
S ! ——
- | K1
E
Ea K
E 0.10(0004)
~T- | SEATING PLANE ;
ety —J GL' J ) L_ F
DETAIL S DETAILS
61—
[#Hozpm O [LOMB[NG-O]
NOTES:

1. DUE TO SPACE LIMITATION, CASE 776-02 SHALL

BE REPRESENTED BY A GENERAL (SMALLER)

CASE OUTLINE DRAWING RATHER THAN

SHOWING ALL 28 LEADS.

DATUMS -L-, -M-, -N-, AND -P- DETERMINED

WHERE TOP OF LEAD SHOULDER EXIT PLASTIC

BODY AT MOLD PARTING LINE.

. DIM G1, TRUE POSITION TO BE MEASURED AT
DATUM -T-, SEATING PLANE.

. DIM R AND U DO NOT INCLUDE MOLD

PROTRUSION. ALLOWABLE MOLD PROTRUSION

1S 0.25 (0.010) PER SIDE.

DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.

[

>~ w

o o

MILLIMETERS
DM | MIN_| MAX
A_| 1232 | 1257
1232 | 1257
420 | 4l X 0
229 | 2.79 | 0090 | 0.110
033 | 048 | 0013 | 0019
1.27 BSC 0.050 BSC
.66 | 0.81 | 0.026 | 0.032
51 | — [o0020| —
64 | — | 0025 | —
R_| 11.43 | 1158 | 0.450 | 0.456
U_| 1143 | 11.58 | 0450 | 0.456
V_| 107 | 121 | 0042 | 0.048
W_| 107 | 1.21 | 0.042 | 0.048
X_| 1.07 | 142 | 0042 | 0.056
Y | — | 050 | — | 0020
Z 2°| 10°[ 2°| 10°
| 61 [ 1042 [ 102 | 0.410 | 0.430
K | 102 | — | 0040 | —
Z1 2° | f0° | 2°]| 10°

NOTE 1

L—G1
[#]ezs 0010 @[T NG, ®[LOMB]

" Q‘u,mlo‘oon@ TILOMONO, O
40180000 ®[TINOPO[LOMO)

#ere00 @[T[LOMONEr O]
[#oss00n @18, ®[LONE)|
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FN SUFFIX
CASE 777-02
Plastic Package

I~ oo.
0 1] M-
=1
g LEADS E
f E ACTUAL § }

¢-w

(@)
M?F“»Ej

le— V

'

D

— B[4]0.18 (0.007) @ [T[L-M® [N® |

4
.
z

—{ X |—

VIEW D-D

Al$0.18 0.0 @ [T[L-MO [NB]

R[$0.18 0.007)® [T[L-MO [NO|

Y

-

K1

¥
J

G1
[$]0.25 (0.010® [T[L-M® [N® |

O] 0.10 (0.004)
-T- | SEATING
PLANE

VIEW S

K

K —

Y

—u(#]0.18(0.007® |T|L-M® |[N®

L G1
[4#]025 0010 ® [T[L-MO [N®]

H[%0.18 (0.007) ® [T[L-M® [N®]

l-— F[4]0.18 (0,007 ® [T[L-M® [N® |

VIEW S

WILLIMETERS
DIM_[ MIN_| MAX
NOTES: 7. THE PACKAGE TOP MAY BE SMALLER THAN A s
1. DUE TO SPACE LIMITATION, CASE 777-02 THE PACKAGE BOTTOM BY UP T0 012 (.300). : :
SHALL BE REPRESENTED BY A GENERAL DIMENSIONS R AND U ARE DETERMINED AT 20 | 457
(SMALLER) CASE OUTLINE DRAWING THE OUTERMOST EXTREMES OF THE PLASTIC .29 | 279
RATHER THAN SHOWING ALL 44 LEADS. BODY EXCLUSIVE OF MOLD FLASH, TIE BAR 33 | 048
2. DATUMS -L-, M-, AND -N- DETERMINED BURRS, GATE BURRS AND INTERLEAD FLASH, G 1.27BSC
WHERE TOP OF LEAD SHOULDER EXITS BUT INCLUDING ANY MISMATCH BETWEEN THE H_| 066 | o081
PLASTIC BODY AT MOLD PARTING LINE. TOP AND BOTTOM OF THE PLASTIC BODY. J [ 051 | —
3. DIM G1, TRUE POSITION TO BE MEASURED 8. DIMENSION H DOES NOT INCLUDE DAMBAR K | 064 | —
AT DATUM -T,, SEATING PLANE. PROTRUSION OR INTRUSION. THE DAMBAR R_| 1651 | 1666
4. DIM R AND U DO NOT INCLUDE MOLD FLASH. PROTRUSION(S) SHALL NOT CAUSE THE H U [ 7651 | 1666
ALLOWABLE MOLD FLASH IS 0.25 (0.010) PER DIMENSION TO BE GREATER THAN .037 (.940). Vo7 [ 121
SIDE. THE DAMBAR INTRUSION(S) SHALL NOT CAUSE W o T
5. DIMENSIONING AND TOLERANCING PER ANS! THE H DIMENSION TO BE SMALLER THAN 025 X Tor 122
Y14.5M, 1982. 635). - Y
h Y | — [ 050 I
6. CONTROLLING DIMENSION: INCH. 9. 777-011S OBSOLETE, NEW STANDARD 777-02. B I T e
[ 61 [ 7550 | 16.00 | 0610 | 0.630
K1 1.02 — 0.040 —
NOTES:

T SUFFIX
CASE 821C-02
Plastic Package
(15-Pin ZIP)

0 Q[400.150 3810®[T[ B® [ RG]

TERMINAL
LN
D 15pL

[4]0.010 (0259 ® 1] B ®]

(o3 e E
II_
TERMNAL S
N
J 15PL Lo
0.024 (0.610) @ o] SEATING
-T- | pLaNE

DIMENSIONING AND TOLERANCING PER
ANSIY14,5M, 1982.

. CONTROLLING DIMENSION: INCH.

. DIMENSION R DOES NOT INCLUDE MOLD
FLASH OR PROTRUSIONS.

DIMENSION B DOES NOT INCLUDE MOLD
FLASH OR PROTRUSIONS.

MOLD FLASH OR PROTRUSIONS SHALL NOT
EXCEED 0.010 (0.250).

. 821C-01 CBSOLETE, NEW STANDARD 821C-02.

»> wn

o o

MILLIMETERS INCHES |

DM | MIN | MAX | MIN | MAX
17.374 [17.627 | 0.684 | 0.694
}__ 19.914 [20.116 | 0784 | 0.792

4395 | 4507 | 0.173 | 0.181 |
0.610 | 0.787 | 0.024 | 0.031

1.473 | 1.574 | 0.058 __12“
1.270 BSC .050 BSC
4.293BSC 169 BSC

0.458 | 0.609 | 0.018 | 0.024
17.526 | 18.034 | 0.690 | 0.710
9373 BSC 369 BSC

760 | 3.835 | 0.148 | 0.151
10.567 | 10.820 | 0416 | 0.426
4.141 | 4470 | 0.163 | 0.176
2.794BSC 110 BSC
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FU SUFFIX
CASE 848B-02
Piastic Package
(52 Pin Thin
Quad Flat Pack)

'f?ﬂﬂﬂﬂi%;g___

S s

r DETAIL A
|

14

ilili

@
$0.20 0.008) ® [C[ A-BO[ DB |

1 |0.05 (0.002) [A-B]

[#]0:20 0.008) ® [H[A-BO[ D ® |

<
=2

0.20(0.008) ® || ABO® [ D ® |
0.05 (0.002)|A-B]

|-

A"
[4]0.20(0.008) ® [H[A-B® [ D ® |

M ,q_« DETAIL C ¢
b~ /
td N,

L

—.

I A A AL AL

e o

T

DATUM
PLANE

= ([

T

—W
le—X

DETAIL C

W ‘)_EI DATUM
PLANE

M

DETAIL A

s

/4

010 0.004

[«—D—>

!

—— BASE METAL

[#]0.02 0.008 ® [c[AB® [ D ® ]

SECTION B-B

NOTES:

wn

[

~

. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DATUM PLANE -H- IS LOCATED AT BOTTOM

OF LEAD AND IS COINCIDENT WITH THE LEAD
WHERE THE LEAD EXITS THE PLASTIC BODY
AT THE BOTTOM OF THE PARTING LINE.
DATUMS -A-, -B- AND -D- TO BE DETERMINED
AT DATUM PLANE -H-.

DIMENSIONS S AND V TO BE DETERMINED AT
SEATING PLANE -C-.

DIMENSIONS A AND 8 DO NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE PROTRUSION IS
0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO
INCLUDE MOLD MISMATCH AND ARE DETER-
MINED AT DATUM PLANE -H-.

. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN

DIM
a1

MILLIMETERS
MIN

N>

EXCESS OF THE D DIMENSION AT
MATERIAL CONDITION. DAMBAR CANNOT BE
LOCATED ON THE LOWER RADIUS OR THE FOOT.

> F < cf | | D) ©f Z| =| | X| | T| DT

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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FU SUFFIX

CASE 873-01
Plastic Package 1%

(32 Pin Flat Pack)

e | e
12 =l
® @
3 3
[5) / [Z]
9% | o
===
——A
40.20 0.008) @ [c[A-BO®[ D @]
1 ]0.05 (0.002)]A-B]
s —
[#]0.20 (0.008)® [H[ A-B® [ D ® | F / BASE METAL
/:\-tM DETAIL C ]
I - - '
CE DATUM 3 7 7 N
ETE I \\:} Slorom (L ¥
e s el
fe—D—>|

B [4020 0.008) @ [c[A-B® [ D ® ]

SECTION B

NOTES:
1. DIMENSIONING AND TOLERANCING PER X -
ANSI Y14.5M, 1982. : :
2. CONTROLLING DIMENSION: MILUMETER.
DETAIL A 3. DATUM PLANE -H- IS LOCATED AT BOTIOM ST
U OF LEAD AND IS COINGIDENT WITH THE LEAD -
WHERE THE LEAD EXITS THE PLASTIC BODY FANE
AT THE BOTTOM OF THE PARTING LINE. - o 5
4, DATUMS -A-, -B- AND -D- TO BE DETERMINED X I
T AT DATUM PLANE -H-, . — 10008
5. DIMENSIONS S AND V TO BE DETERMINED AT . 0.197 ] 0.005 | 0.008
T SEATING PLANE -C-. : 57_| 0013 | 0022
AT R 6. DIMENSIONS A AND B DO NOT INCLUDE MOLD L | 5eRer 0220 REF
+ PROTAUSION. ALLOWABLE PROTRUSION IS W] &[] & & [ &
DATUM 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO N _| 0.119] 0.135] 0005 | 0005
PLANE INCLUDE MOLD MISMATCH AND ARE DETER- P | 04085C | 0016BSC
MINED AT DATUM PLANE -H- L G B L A B
~x ke T o
Q PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN s o i o
EXCESS OF THE D DIMENSION AT MAXIMUM e
e—X MATERIAL CONDITION. DAMBAR CANNOT BE T T o T o
LOCATED ON THE LOWER RADIUS OR THE FOOT S s
DETAILC
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T SUFFIX
CASE 894-01
Plastic Package
(23-Pin ZIP)

TERMINAL 1 _,l L_ G
D

-TERMINAL 23

NOTES:

. DIMENSIONING AND TOLERANCEING PER

ANSI Y14.5M, 1982,

CONTROLING DIMENSION INCH,

DIMENSION R DOES NOT mcwns MOLD

FLASH OR PROTRUSION

. DIMENSION B DOES NOT INCLUDE MOLD

FLASH OR PROTRUSIONS.

MOLD FLASH OR PROTRUSIONS SHALL NOT

EXCEED 0.250 (0.010).

. OVERALL LEAD LENGTH DOES NOT INCLUDE
LEAD FINISH.

o o o~ e

[ MLLWETERS | INCHES
|om [ MIN | MAX | MIN | MAX
A_| 17374 17.607] 0,684 0694

[ B | 3004830302 1183 1.193
445 | 4547 0475 0179
660 | 0.787| 0026 | 0.031
473 1.574] 0.058 | 0062

4191] 4445| 0165 0175

1.270 BSC 0.050 BSC
4.293BSC 0.169 BSC

0.356| 0.508| 0014 0.020
15.875) 16.231 | 0.625 | 0.639
19.558 | 20.066 | 0.770 | 0.790

W | 4039B5C_ | 015985
N_| 5760 | 3861 | 0448 | 0152
P | 090685C | 039085C |

3.760| 3.861) 0148 0.152
10.566 | 10.770 | 0.416 | 0.424
4089| 4394| 0161 173
2,667 2921| 0.105| 0.115

$10.610 (0.240)® [T,

17.577 | 17.932 | 0692 | 0.706
9.373 BSC

F SUFFIX
CASE 904-01
Plastic Package

l:“*

&LML__QLI_IIY_@I.ZQI

VIEW A
/"‘/
)

{

s
[#]200 (008 @[T[2®[Y®]

4 »‘K%

X
VIEW A

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982,

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION. MOLD PROTRUSION
SHALL NOT EXCEED .150 (.006) PER SIDE.

MILLIMETERS
DIM | MIN | MAX | MIN | MAX
5100 | 5450 | 0.201 | 0.214
5100 | 5400 | 0.201 | 0.216

0350 | 0500 | 0014 | 060t
1270 BASIC | 0050BASIC |
050 | 0.200 | 0.002 | 0007
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Quality and Reliability Assurance
A T

In Brief ...

The word quality has been used to describe many
things, such as fitness for use, customer satisfaction,
customer enthusiasm, what the customer says quality is,
etc. These descriptions convey important truths, however,
quality should be described in a way that precipitates
immediate action. With that in mind, quality can be
described as reduction of variability around a target, so that
conformance to customer requirements and possibly
expectations can be achieved in a cost effective way. This
definition provides direction and potential for immediate
action for a person desiring to improve quality.

The definition of quality as described above can be
applied to a task, process or a whole company. If we are to
reap the benefits of quality and obtain a competitive
advantage, quality must be applied to the whole company.

Implementation of quality ideas company wide requires
a quality plan showing: a philosophy (belief) of operation,
measurable goals, training of individuals and methods
of communicating this philosophy of operation to the
whole organization.

Motorola, for example, believes that quality and
reliability are the responsibility of every person.
Participative Management is the process by which problem
solving and quality improvement are facilitated at all levels
of the organization through crossfunctional teams.
Continuous improvement for the individual is facilitated by
a broad educational program covering onsite, university
and college courses. Motorola University provides
leadership and administers this educational effort on a
company wide basis.

Another key belief is that quality excellence is accom-
plished by people doing things right the first time and
committed to never ending improvement. The Six Sigma
(60) challenge is designed to convey and facilitate the idea
of continuous improvement at all levels.

Page
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Quality Concepts

Quality improvement for a task or a process can be quickly
described in terms of the target, current status with respect to
target (variability), reduction of variability (commitment to
never ending improvement), customer requirements (who
receives output, what are a person's requirements/
expectations) and economics (cost of nonconformance, loss
function, etc.).

Application of quality to the whole company has come to be
known by such names as “Total Quality Control” (TQC);
“Company Wide Quality Control” (CWQC); “Total Quality
Excellence” or “Total Quality Engineering” (TQE); “Total
Quality Involvement” (TQI). These names attempt to convey
the idea that quality is a process (a way of acting continuously)
rather than a program (implying a beginning and an end).
Nevertheless for this process to be successful it must be able
to show measurable results.

“Six Sigma is the required capability level to approach the
standard. The standard is zero defects. Our goal is to be
Best-in-Class in product, sales and service.” (For a more
detailed explanation, contact your Motorola Representative
for a pamphlet of the Six Sigma Challenge.)

Quick insight into six sigma is obtained if we realize that a
six sigma process has variability which is one half of the
variation allowed (tolerance, spread) by the customer
requirements (i.e. natural variation is one half of the customer
specification range for a given characteristic). When six sigma
is achieved, virtually zero defects are observed in the output
of a process/product even allowing for potential process shifts
(Figure 1).

Policies, objectives and five year plans are the mechanisms
for communicating the key beliefs and measurable goals to all
personnel and continuously keeping them in focus. This is
done at the corporate, sector, group, division, and department
levels.

The Analog Division, for example, evaluates performance
to the corporate goals of 10 fold improvement by 1989; 100
fold improvement by 1991 and achievement of six sigma
capability by 1992 by utilizing indices such as Outgoing
Electrical and Visual Mechanical Quality (AOQ) in terms of
PPM (parts per million or sometimes given in parts per billion);
% of devices with zero PPM ; product quality returns
(RMR); number of processes/products with specified capabil-
ity indices (cp, cpk); six sigma capability roadmaps;
failure rates for various reliability tests (operating life,
temperature humidity bias, hast, temperature cycling, etc.);
on-time delivery; customer product evaluation and failure
analysis turnaround; cost of nonconformance; produc-
tivity improvement and personnel development.

Figure 2 shows the improvement in electrical outgoing
quality for analog products over recent years in a normalized
form. Figure 3 shows the number of parts with zero PPM over
a period of time.

Documentation control is an important part of statistical
process control. Process mapping (flow charting etc. ) with
documentation identified allows visualization and therefore
optimization of the process. Figure 4 shows a portion of a flow
chartfor wafer fabrication. Control plans are animportant part
of Statistical Process Control, these plans identify in detail
critical points where data for process control is taken,
parameters measured, frequency of measurements, type of
control device used, measuring equipment, responsibilities
and reaction plans. Figure 5 shows a portion of a control plan
for wafer fabrication. Six sigma progress is tracked by
roadmaps based on the six sigma process, a portion of which
is shown on Figure 6.

On-time delivery is of great importance, with the current
emphasis on just-in-time systems. Tracking is done on an
overall basis, and at the device levels.

Figure 1. A Six Sigma Process Has Virtually Zero
Defects Allowing for 1.5¢ Shift

-150

Cp=2
Cpk=15

Virtually
Zero Defects

(3.4 ppm)

Mean

+ Six Sigma Design Specification Width

Six Sigma Capability

+1.50

Cp=2
Cpk=15

Virtually
Zero Defects
(3.4 ppm)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
14-2



Figure 2. Motorola Logic & Analog Technologies Group Electrical AOQ
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Figure 3. Percentage of Parts with Zero PPM AOQ
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Figure 4. Portion of a Process Flow Chart From Wafer Fab, Showing Documentation Control and SPC

Process Control Plan

: DOCUMENTATION & SPC
FLOW OPERATION REFERENCE # IMPLEMENTATION
BURIED LAYER OXIDE
PREDIFFUSION CLEAN 12MSM 45640A

WAFER INSPECTION AFTER CLEAN ~ 12MSM 53692A

BURIED LAYER OXIDE 12MSM 35443A REF. #1 CONTROL PLAN, OXIDE THICKNESS

NANOSPEC/AFTER DEP 12MSM 51418A

CV PLOTTING 12MSM 53805A

CV EVALUATION 12MSM 45486A

BURIED LAYER OXIDE

WAFERTRAC PROCESS 12MSM 51416A REF. #10 X BAR & R. RESIST THICKNESS
[ (SCRUB/BAKE/COAT/BAKE)

12MSM 35093A

416A
P-CHART, A.D.I. REDO

Figure 5. Part of a Wafer Fab Control Plan, Showing Statistical Process Control Details

Characteristics: Code Description Code Description
A VISUAL DEFECTS E FILM SHEET RESISTANCE
B VISUAL DEFECTS . . . MICROSCOPE F REFRACTIVE INDEX
c PARTICLE . . . MONITOR G CRITICAL DIMENSION
D FILM THICKNESS H CVPLOT
Reaction Plan:
Process Ref. Characteristic Part/Process Measurements Analysis Frequency Point out of
Location No. Affected Detail Method Methods Sample Size Limit (3) (4)
B.L. OXIDE 1 D OXIDE NANOMETRIC CONTROL EVERY RUN IMPOUND LOT (1)
THICKNESS GRAPH 3 WFR/RUN ADJUST TIME TO
CENTER PROCESS
PER SPEC
2
EPI D THICKNESS DIGILAB X R CHART EVERY RUN IMPOUND LOT (1)
5 SITES/WFR NOTIFY ENGR.
QA D THICKNESS DIGILAB X R CHART 1WFR/SHIFT IMPCUND LOT (2)
5 SITES/WFR NOTIFY ENGR.
E FILM 4PT PROBE X R CHART EVERY RUN IMPOUND LOT (1)
RESISTIVITY 5 SITES/WFR NOTIFY ENGR.
QA E FiLM 4PT PROBE X RCHART 1WFR/SHIFT IMPOUND LOT (2)
RESISTIVITY 5 SITES/WFR NOTIFY ENGR.
4PT PROBE MOVING R EVERY LOT IMPOUND LOT
1 CTRLWFR NOTIFY ENGR.
PERLOT

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Figure 6. Portion of Six Sigma (65) Roadmap Showing Steps to Six Sigma Capability

+6c Summary
STEP
1. Identify critical characteristics o Product Description
o Marketing

Industrial Design
R&D/Developmental Engineering
Actual or Potential Customers

2. Determine specified product elements
contributing to critical characteristics

.

Critical Characteristics Matrix

Cause-and-Effect and Ishikawa Diagrams

Success Tree/Fault Tree Analysis

Component Search or Other Forms of Planned Experimentation
FMECA (Failure Mode Effects and Critical Analysis)

3. For each product element, determine
the process step or process choice
that affects or controls required performance

Planned Experiments
Computer-Aided Simulation
TOP/Process Engineering Studies
Multi-Vari Analysis

» Comparative Experiments
4. Determine maximum (real) allowable  Graphing Techniques
tolerance for each and process « Engineering Handbooks
« Planned Experiments

Optimization, Especially Response Surface Methodology

Reliability Concepts

Reliability is the probability that an analog integrated circuit
will succesfully perform its specified function in a given
environment for a specified period of time. This is the classical
definition of reliability applied to analog integrated circuits.

Another way of thinking about reliability is in relationship to
quality. While quality is a measure of variability (extending to
potential nonconformances-rejects) in the population domain,
reliability is a measure of variability (extending to potential
nonconformances-failures) in the population, time and
environmental conditions domain. In brief, reliability can
be thought of as quality over time and environ-
mental conditions.

Ultimately, product reliability is a function of proper under-
standing of customer requirements and communicating
them throughout design, product/process development,
manufacturing and final product use. Quality Function
Deployment (QFD) is a technique which may be used to facili-
tate identification of customer quality and reliability require-
ments and communicating them throughout an organization.

The most frequently used reliability measure for integrated
circuits is the failure rate expressed in percent per thousand
device hours (%/1000 hrs.). If the time interval is small
the failure rate is called Instantaneous Failure Rate
[A (t)] or “Hazard Rate.” If the time interval is long (for example
total operational time) the failure rate is called Cumulative
Failure Rate.

The number of failures observed, taken over the number of
device hours accumulated at the end of the observation period
and expressed as a percent is called the point estimate failure
rate. This however, is a number obtained from observations
from a sample of all integrated circuits. If we are to use this
number to estimate the failure rate of all integrated circuits
(total population), we need to say something about the risk we
are taking by using this estimate. A risk statement is provided
by the confidence level expressed together with the failure
rate. Matiematically, the failure rate at a given confidence
level is obtained from the point estimate and the CHI square
(X2) distribution. (The X2 is a statistical distribution used to
relate the observed and expected frequencies of an event.) In
practice, a reliability calculator rule is used which gives the
failure rate at the confidence level desired for the number of
failures and device hours under question.

As the number of device hours increases, our confidence in
the estimate increases. In integrated circuits, it is preferred to
make estimates on the basis of failures per 1,000,000,000
(109) device hours (FITS) or more. If such large numbers of
device hours are not available for a particular device, then the
point estimate is obtained by pooling the data from devices
that are similar in process, voltage, construction, design, etc.,
and for which we expect to see the same failure modes in
the field.
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The environment is specified in terms of the temperature,
electricfield, relative humidity, etc., by an Eyring type equation
of the form:

[} B o]
A=Ae KT ...e RH ...e E
where A, B, C, ¢ & K are constants, T is temperature, RH is
relative humidity, E is the electric field, etc.

The most familiar form of this equation deals with the first
exponential which shows an Arrhenius type relationship of
the failure rate versus the junction temperature of integrated
circuits, while the causes of failure generally remain the same.
Thus we can test devices near their maximum junction
temperatures, analyze the failures to assure that they are the
types that are accelerated by temperature and then applying
known acceleration factors, estimate the failure rates for lower
junction temperatures. The Eyring or Arrhenius relationships
should be used for failure rate projections in conjunction with
proper understanding of failure modes, mechanisms and
patterns such as infant mortality, constant failure rate (useful
region) and wearout. For example if by design and proper
process control infant mortality and useful period failures have
been brought to zero and wearout failures do not start until, let
us say, 30,000 hours at 125°C then failure rate projections at
lower temperatures must account for these facts and whether
the observed wearout failures occur at lower temperatures.

Figure 7 shows an example of a curve which gives
estimates of failure rates versus temperature for an integrated
circuit case study.

¢

Arrhenius type of equation: A =Ae - KT

Failure Rate

Constant

2.72

Activation Energy

Botzman’s Constant
Temperature in Degrees Kelvin

where:

dAxo 0 »>
non o

Ty=Ta+6JAPporTy=Tc +6J4c Pp

where: Ty Junction Temperature

TA Ambient Temperature

Tc = Case Temperature

6JA = Junction to Ambient Thermal
Resistance

6Jc = Junction to Case Thermal
Resistance

Pp = Power Dissipation

Life patterns (failure rate curves) for equipment and
devices can be represented by an idealized graph called the
Bathtub Curve (Figure 8).

There are three important regions identified on this curve. In
Region A, the failure rate decreases with time and it is
generally called infant mortality or early life failure region. In
Region B, the failure rate has reached a relatively constant
level and it is called constant failure rate or useful life region.
In the third region, the failure rate increases again and it is
called wearout region. Modern integrated circuits generally
do not reach the wearout portion of the curve when operating
under normal use conditions.

Figure 7. Example of a Failure Rate versus
Junction Temperature Curve
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Figure 8. A Model for Failure Distribution
in Time Domain Bathtub Curve Model
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The wearout portion of the curve can usually be identified by
using highly accelerated test conditions. For modern
integrated circuits, even the useful life portion of the curve may
be characterized by few or no failures. As a result the bathtub
curve looks like continuously declining (few failures, Figure 8,
Curve B) or zero infant and useful period failures (constant
failure rate until wearout, Curve C).

The infant mortality portion of the curve is of most interest
to equipment manufacturers because of its impact on
customer perception and potential warranty costs. In recent
years the infant mortality portion of the curve for integrated
circuits, and even equipment, has been drastically reduced
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(Figure 8, Curve C). The reduction was accomplished by
improvements in technology, emphasis on statistical process
control, reliability modeling in design and reliability in
manufacturing (wafer level reliability, assembly level reliability,
etc.). In this respect many integrated circuit families have zero
or near zero failure patterns until wearout starts.

Does a user still need to consider burn-in? For this question
to be answered properly the IC user must consider the target
failure rate of the equipment, apportioned to the components
used, application environment, maturity of equipment and
components (new versus mature technology), the impact of a
failure (i.e. safety versus casual loss of entertainment),
maintenance costs, etc. Therefore, if the IC user is going
through these considerations for the first time, the question of
burn-in at the component level should be discussed during a
user-vendor interface meeting.

A frequently asked question is about the reliability
differences between plastic and hermetic packaged
integrated circuits. In general, for all integrated circuits
including analog, the field removal rates are the same for
normal use environments, with many claims of plastic being
better because of its “solid block” structure.

The tremendous decrease of failure rates of plastic
packages has been accomplished by continuous
improvements in piece parts, materials and processes.
Nevertheless, differences can still be observed under highly
accelerated environmental stress conditions. For example, if
a bimetallic (gold wire and aluminum metallization) system is
used in plastic packages and they are placed on a high
temperature operating life test (125°C) then failures in the form
of opens, at the gold to aluminum interface, may not be
observed until 30,000 hours of continuous operating life.
Packages, whether plastic or hermetic, with a monometallic
system (aluminum wire to aluminum metallization) will have no
opens because of the absence of the gold to aluminum
interface. As a result, a difference in failure rates will
be observable.

Differences in failure rates between plastics and hermetics
may also be observed if devices from both packaging systems
are placed in a moist environment such as 85°C, 85% RH with
bias applied. At some point in time plastic encapsulated ICs
should fail since they are considered pervious by moisture,
(the failure mechanism being corrosion of the aluminum
metallization) while hermetic packages should not fail since
they are considered impervious by moisture. The reason the
word “should” was used is because advances in plastic
compounds, package piece parts, encapsulation processes
and final chip passivation have made plastic integrated
circuits capable of operating more than 5000 hours without
failures in an 85°C, 85% RH environment. Differences in
failure rates due to internal corrosion between plastic and
hermetic packages may not be observable until well after 5000
operating hours.

The aforementioned two examples had environments
substantially more accelerated than normal life so the two
issues discussed are not even a factor under normal use
conditions. In addition, mechanisms inherent in hermetic
packages but absent in plastics were not even considered
here. Improved reliability of plastic encapsulated ICs has
decreased demand of hermetic packages to the point where
many devices are offered only in plastic packages. The user
then should feel comfortable in using the present plastic
packaging systems.

A final question that is asked by the IC user is, how can one
be assured that the reliability of standard product does not
degrade over time? This is accomplished by our emphasis on
statistical process control, in-line reliability assessment
and reliability auditing by periodic and strategic sampling
and accelerated testing of the various integrated circuit
device packaging systems. A description of these audit
programs follows.

Analog Reliability Audit Program

The reliability of a product is a function of proper
understanding of the application and environmental
conditions that the product will encounter during its life as well
as design, manufacturing process and final use conditions.
Inherent reliability is the reliability which a product would
have if there were no imperfections in the materials, piece
parts and manufacturing processes of the product. The
presence of imperfections gives rise to reliability risks. Failure
Mode and Effects Analysis (FMEA) is a technique for
identifying, controlling and eliminating potential failures from
the design and manufacture of the product.

Motorola uses on-line and off-line reliability monitoring in
an attempt to prevent situations which could degrade
reliability. On-line reliability monitoring is at the wafer and
assembly levels while off-line reliability monitoring involves
reliability assessment of the finished product through the use
of accelerated environmental tests.

Continuous monitoring of the reliability of analog integrated
circuits is accomplished by the Analog Reliability Audit
Program, which is designed to compare the actual reliability
to that specified. This objective is accomplished by periodic
and strategic sampling of the various integrated circuit device
packaging systems. The samples are tested by subjecting
them to accelerated environmental conditions and the results
are reviewed for unfavorable trends that would indicate a
degradation of the reliability or quality of a particular packaging
system. This provides the trigger mechanism for initiating an
investigation for root cause and corrective action.
Concurrently, in order to provide a minimum of interruption of
product flow and assure that the product is fit for use, a lot by
lot sampling or a non-destructive type 100% screen may be
used to assure that a particular packaging system released for
shipment does have the expected reliability. This rigorous
surveillance is continued until there is sufficient proof (many
consecutive lots) that the problem has been corrected.

The Logic and Analog Technologies Group has used
reliability audits since the late sixties. Such programs have
been identified by acronyms such as CRP (Consumer
Reliability Program), EPIIC (Environmental Package
Indicators for Integrated Circuits), LAPP (Linear Accelerated
Punishment Program), and RAP (Reliability Audit Program).

Currently, the Analog Reliability Audit Program consists of
aWeekly Reliability Audit and a Quarterly Reliability Audit.
The Weekly Reliability Audit consists of rapid (short time)
types of tests used to monitor the production lines on a real
time basis. This type of testing is performed at the
assembly/test sites worldwide. It provides data for use as an
early warning system for identifying negative trends and
triggering investigations for root cause and corrective actions.
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The Quarterly Reliability Audit consists of long term types of
tests and is performed at th U.S. Bipolar Analog Division
Center. The data obtained from the Quarterly Reliability Audit
is used to assure that the correlation between the short term
weeKly tests and long term quarterly tests has not changed
and a new failure mechanism has not appeared.

A large data base is established by combining the results
from the Weekly Reliability Audit with the results from the
Quarterly Reliability Audit. Such a data base is necessary for
estimating long term failure rates and evaluating potential
process improvement changes. Also, after a process
improvement change has been implemented, the Analog
Reliability Audit Program provides a system for monitoring the
change and the past history data base for evaluating the affect
of the change.

Weekly Reliability Audit

The Weekly Reliability Audit is performed by each
assembly/test site worldwide. The site must have capability for
final electrical and quality assurance testing, reliability testing
and first level of failure analysis. The results are reviewed on
a continuous basis and corrective action is taken when
appropriate. The results are accumulated on a monthiy basis
and published.

The Reliability Audit test plan is as follows:

Electrical Measurements: Performed initially and after
each reliability test, consist of critical parameters and
functional testing at 25°C on a go-no-go basis.

High Temperature Operating Life: Performed to detect
failure mechanisms that are accelerated by a combination of
temperature and electric fields. Procedure and conditions are
per MIL-STD-883, Method 1015 with an ambient temperature
of 145°C for 40 hours or equivalent based on a 1.0 eV
activation energy and the Arrhenius equation.

Approximate Accelerated Factors

125°C  50°C
145°C 4 4000
125°C 1 1000

Temperature Cycling/Thermal Shock: Performed to
detect mechanisms related to thermal expansion and
contraction of dissimilar materials, etc. Procedures and
conditions are per MIL-STD-883, Methods 1010 or 1011, with
ambient temperatures of —65° to +150°C or —40° to +125°C
(JEDEC-STD-22-A104), for a minimum of 100 cycles.

Pressure Temperature Humidity (Autoclave): Performed
to measure the moisture resistance of plastic encapsulated
packages. It detects corrosion type failure mechanisms due to
free ionic contaminants that may have entered the package
during the manufacturing processes. Conditions are per
JEDEC-STD-22, Method 102, a temperature of 121°C, steam
environment and 15 psig. The duration of the test is 96 hours
(minimum).

Analysis Procedure: Devices failing to meet the electrical
criteria after being subjected to an accelerated environment
type test are verified and characterized electrically, then
submitted for failure analysis.

Quarterly Reliability Audit

The Quarterly Analog Reliability Audit Program s performed
at the U.S. Bipolar Analog Division Center. This testing is
designed to assure that the correlation between the shortterm
weekly tests and the longer quarterly tests has not changed
and that no new failure mechanisms have appeared. It also
provides additional long term information for a data base for
estimating failure rates and evaluation of potential process
improvement changes.

Electrical Measurements: Performed initially and at
interim readouts, consist of all standard DC and functional
parameters at 25°C, measured on a go-no-go basis.

High Temperature Operating Life Test: Performed to
detect failure mechanisms that are accelerated by a
combination of temperature and electric fields. Procedure and
conditions are per MIL-STD-883, Method 1015, with an
ambient temperature of 145°C for 40 and 250 hours or
equivalent, based on 1.0 eV activation energy and the
Arrhenius equation.

Approximate Accelerated Factors

125°C  50°C
145°C 4 4000
125°C 1 1000

Temperature Cycling/Thermal Shock: Performed to
detect mechanisms related to thermal expansion and
contraction, mismatch effects, etc. Procedure and conditions
are per MIL-STD-883, Methods 1010 or 1011, with ambient
temperatures of —65° to +150°C or —40° to +125°C
(JEDEC-STD-22-A104) for 100, 500 and 1000 or more cycles,
depending on the temperature range used. Temperature
Cycling is used more frequently than Thermal Shock.

Pressure Temperature Humidity (Autoclave): Performed
to measure the moisture resistance of plastic encapsulated
packages. It detects corrosion type failure mechanisms due to
free ionic contaminants that may have entered the package
during the manufacturing processes. Conditions are per
JEDEC-STD-22, Method 102, a temperature of 121°C, steam
environment and 15 psig. The duration of the test is for 96
hours (minimum), with a 48 hour interim readout.

Pressure Temperature Humidity Bias (PTHB; Biased
Autoclaved): This test measures the moisture resistance of
plastic encapsulated packages. It detects corrosion type
failure mechanisms due to free and bounded ionic
contaminants that may have entered the package during the
manufacturing processes, or they may be bound in the
materials of the integrated circuit packaging system and
activated by the moisture and the applied electrical fields.
Conditions are per JEDEC-STD-22, Method 102, with bias
applied, a temperature of 121°C, steam environment and
15 psig. This test detects the same type of failures as the
Temperature Humidity Bias (85°C, 85% RH, with bias) test,
only faster. The acceleration factor between PTHB and THB
is between 20 and 40 times, depending on the type of
corrosion mechanism, electrical field and packaging system.

Highly Accelerated Stress Test (HAST) is increasingly
replacing the aforementioned PTHB test. The reason is that
the HAST test allows control of pressure, temperature and
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humidity independently of each other, thus we are able to set
different combinations of temperature and relative humidity.
The most frequently used combination is 130°C with 85% RH.
This has been related to THB (85°C, 85% RH) by an
acceleration factor of 20 (minimum). The ability to keep the
relative humidity variable constant for different temperatures
is the most appealing factor of the HAST test because it
reduces the determination of the acceleration factor to a single
Arrhenius type of relationship. Motorola has been phasing
over to HAST testing since 1985.

Temperature, Humidity and Bias (THB): This test
measures the moisture resistance of plastic encapsulated
packages. It detects corrosion type failure mechanisms due to
free and bounded ionic contaminants that may have entered

the package during the manufacturing processes, or they may
be bound in the materials of the integrated circuit packaging
system and activated by moisture and the applied electrical
fields. Conditions are per JEDEC-STD-22, Method 102 (85°C,
85% RH), with bias applied. The duration is for 1008 hours,
with a 504 hour interim readout. The acceleration factor
between THB (85°C, 85% RH with bias) and the 30°C, 90%
RH is typically 40 to 50 times, depending on the type of
corrosion mechanism, electrical field and packaging system.

Analysis Procedure: Devices failing to meet the electrical
criteria after being subjected to an accelerated environment
type test(s) are verified and characterized electrically, then
they are submitted for root cause failure analysis and
corrective action for continuous improvement.
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Applications and Product Literature
-

In Brief...

Motorola’s Applications Literature provides guidance to
the effective use of its semiconductor families across a
broad range of practical applications. Many different topics
are discussed — in a way that is not possible in a device
data sheet — from detailed circuit designs complete with
PCB layouts, through matters to consider when embarking
on a design, to complete overviews of product families and
their design philosophies.

Information is presented in the form of Application
Notes, Article Reprints and detailed Engineering Bulletins.

Abstracts of all the applications documents are provided
as a guide to their content; each abstract also shows the
number of pages in the document, plus the origin of the
article in the case of Article Reprints. Documents new to
this issue are highlighted throughout.




Applications and Product Literature

The application literature listed in this section has been
prepared to acquaint the circuits and systems engineer with
Motorola Linear integrated circuits and their applications. To
obtain copies of the notes, simply list the publications number
or numbers and send your request on your company
letterhead to: Literature Distribution Center, Motorola
Semiconductor Products Inc., P.O. Box 20912, Phoenix,
Arizona 85036.

Application Note Abstracts

ANOO4E  Semiconductor Consideration for DC Power
Supply Voltage Protector Circuits

This paper addresses the requirements for the
semiconductor sensing circuitry and SCR crowbar devices
used in DC power supply over/under voltage protection
schemes. (8pp)

AN428 Automotive Direction Indicator with Short
Circuit Detection Using the UAA1041

Cold lamps and faulty wiring can cause false operation
when using the UAA1041 Automotive Direction Indicator IC.
This note provides simple solutions. (3pp)

AN531 MC1596 Balanced Modulator

The MC1596 Monolithic Balanced Modulator is a versatile
HF communications building block. It functions as a
broadband, double-sideband suppressed-carrier balanced
modulator without the need for transformers or tuned circuits.
This article describes device operation and biasing, and gives
circuit details for typical modulator/demodulator applications
in AM, SSB and suppressed-carrier AM. Additional uses as an
SSB Product Detector, AM Modulator/Detector, Mixer,
Frequency Doubler, Phase Detector and others are also
illustrated. An appendix gives detailed AC and DC analysis.
(13pp)

AN535 Phase-Locked-Loop Design Fundamentals

The fundamental design concepts for phase-locked-loops
implemented with integrated circuits are outlined. The
necessary equations required to evaluate the basic loop
performance are given in conjunction with a brief design
example. (12pp)

AN545A  Television Video IF Amplifier Using
Integrated Circuits

This applications note considers the requirements of the
video IF amplifier section of a television receiver, and gives
working circuit schematics using integrated circuits which
have been specifically designed for consumer oriented
products. The integrated circuits used are the MC1350,
MC1352, and the MC1330. (12pp)

*Indicates New Document

ANS559 A Single Ramp Analog-to-Digital Converter

A simple single ramp A/D converter which incorporates a
calibration cycle to ensure an accuracy of 12 bits is discussed.
The circuit uses standard ICs and requires only one precision
part — the reference voltage used in the calibration. This
converter is useful in a number of instrumentation and
measurement applications (10pp)

AN569 Transient Thermal Resistance — General
Data and its Use

Data illustrating the thermal response of a number of
semiconductor die and package combinations are given. Its
use, employing the concepts of transient thermal resistance
and superposition, permit the circuit designer to predict
semiconductor junction temperature atany pointin time during
application of a complex power pulse train. (16pp)

AN587 Analysis and Design of the Op Amp
Current Source

Voltage-controlled current sources based on operational
amplifiers are both versatile and accurate, yet the quality of op
amps required is unimportant. This note develops general
expressions for basic transfer function and outputimpedance,
and shows that simp\ified equations give a very accurate
description of actual circuit performance. Includes a sectionon
analysis of the errors ‘that result from changes in circuit
parameters and temperé@ure. (7pp)

\

Designing Digitally-Controlled Power
Supplies

This application note shows two design approaches; a
basic low voltage supply using an inexpensive MC1723
voltage regulator and a high current, high voltage, supply
using the MC1466 floating regulator with optoelectronic
isolation. Various circuit options are shown to allow the
designer maximum flexibility in an application. (9pp)

AN703

AN708A Line Driver and Receiver Considerations

This report discusses many line driver and receiver design
considerations such as system description, definition of terms,
important parameter measurements, design procedures and
application examples. An extensive line of devices is available
from Motorola to provide the designer with the tools to
implement the data transmission requirements necessary for
almost every type of transmission system. (18pp)

AN719 A New Approach To Switching Regulators

This article describes a 24 V, 3.0 A switching mode supply.
It operates at 20 kHz from a 120 V AC line with an overall
efficiency of 70%. New techniques are used to shape the load
line. The control circuit uses a quad comparator and an
opto-coupler and features short circuit protection. (12pp)
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Applications and Product Literature (continued)

AN740 The Design of an N-Channel 16k x 16 Bit

Memory System for the PDP-11

This application note describes the design and construction
of a mainframe memory system with MCM6605 N-channel
MOS memories. Topics included are: the interface to the
PDP-11, refresh control and bookkeeping, timing control logic
for the memories, memory system considerations and
organization. The memory also features new integrated
circuits that reduce package count and enhance memory
system performance. (16pp)

AN781A  Revised Data Interface Standards

Revised data interface standards allow higher data rates
and longer cables. This note provides an overview and
comparison of the electrical and performance characteristics
of RS232-C, RS422, RS423, RS449 and RS485. Includes a
list of appropriate Motorola drivers and receivers with
performance summaries. (6pp)

AN829 Application of the MC1374 TV Modulator

The MC1374 was designed for use in applications where
separate audio and composite video signals are available,
which need converting to a high quality VHF television signal.
It's ideally suited as an output device for subscription TV
decoders, video disk and video tape players. (12pp)

AN879  Monomax: Application of the MC13001
Monochrome Television Integrated Circuit

This application note presents a complete 12” black and
white line-operated television receiver, including artwork for
the printed circuit board. It is intended to provide a good
starting point for the first-time user. Some of the most common
pitfalls are overcome, and the significance of component
selections and locations are discussed. (12pp)

AN917 Reading and Writing in Floppy Disk
Systems Using Motorola Integrated
Circuits

The floppy disk system has become a widely used means
for storing and retrieving both programs and data. A floppy disk
drive requires precision controls to position and load the head
as will as defined read/write signals in order to be a viable
system. This application note describes the use of the
MC3469 and MC3471 Write Control ICs and the MC3470
Read Amplifier which provide the necessary head and erase
control, timing functions, and filtering. (16pp)

AN920 Theory and Applications of the MC34063
and LA78540 Switching Regular Control
Circuits

This paper describes in detail the principle of operation of
the MC34063 and pA78S40 switching regulator subsystems.

*Indicates New Document

Several converter design examples and numerous
applications circuits with test data are included. (38pp)

AN921 Horizontal APC/AFC Loops

The most popular method used in modern television
receivers to synchronize the line frequency oscillator is the
phase locked loop. The operating characteristics and
parameters of the loops are discussed. (19pp)

AN932 Application of the MC1377 Color Encoder

The MC1377 is an economical, high quality, RGB encoder
for NTSC or PAL applications. It accepts RGB and composite
sync inputs, and delivers a 1.0 Vp-p composite NTSC or PAL
video output into a 75 Q load. It can provide its own color
oscillator and burst gating, or it can easily be driven from
external sources. Performance virtually equal to high-cost
studio equipment is possible with common color receiver
components. (12pp)

AN957 Interfacing the Speakerphone to the
MC34010/11/13 Speech Networks

Interfacing the MC34018 speakerphone circuit to the
MC34010 series of telephone circuits is described in this
application note. The series includes the MC34010,
MC34011, MC34013, and the new “A” version of each of
those. The interface is applicable to existing designs, as well
as to new designs. (12pp)

AN958 Transmit Gain Adjustments for the
MC34014 Speech Network

The MC34014 telephone speech network provides for
direct connection to an electret microphone and to Tip and
Ring. In between, the circuit provides gain, drive capability,
and determination of the ac impedance for compatibility with
the telephone lines. Since different microphones have
different sensitivity levels, different gain levels are required
from the microphone to the Tip and Ring lines. This application
note will discuss how to change the gain level to suit a
particular microphone while not affecting the other circuit
parameters. (2pp)

AN959 A Speakerphone with Receive Idle Mode

The MC34018 speakerphone system operates on the
principle of comparing the transmit and receive signals to
determine which is stronger, and then switching the circuit into
that mode. (2pp)

AN960 Equalization of DTMF Signals Using
the MC34014

This application note will describe how to obtain
equalization (line length compensation) of the DTMF dialing
tones using the MC34014 speech network. (2pp)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

15-3




Applications and Product Literature (continued)

AN968 A Digital Voice/Data Telephone Set

This design provides standard analog telephone functions
while simultaneously transmitting 9600 baud asynchronous
data. It is based on Motorola’s MC145422/26 UDLT family of
voice/data ICs which provide 80 kbps full-duplex synchronous
communication over distances up to 2 km. The circuitincludes
a Codecffilter, Data Set Interface and pulse/tone dialer. (7pp)
AN976 A New High Performance Current Mode
Controller Teams Up with Current
Sensing Power MOSFETs

A new current mode control IC that interfaces directly with
current sensing power MOSFETs is described. lts second
generation architecture is shown to provide a variety of
advantages in current mode power supplies. The most
notable of these advantages is a “lossless” current sensing
capability that is provided when used with current sensing
MOSFETs. The discussion includes subtle factors to watch
outforinpractical designs, and an applications example. (8pp)
AN980 VHF Narrowband FM Receiver Design
Using the MC3362 and the MC3363 Dual
Conversion Receivers

The MC3362 and MC3363 narrowband FM dual conversion
receivers feature excellent VHF performance with low power
drain, making them ideal for cordless telephones, narrowband
voice and data receivers and RF security devices. This note
provides a detailed description of the operation of the two
devices, plus circuits and descriptions for four applications: a
Single Channel VHF FM Narrowband Receiver; a Ten
Channel Frequency Synthesized Cordless Telephone
Receiver; a 256 Channel Frequency Synthesized Two-Meter
Amateur Band Receiver; and a Single Chip Weather Band
Receiver. (14pp)

AN983 A Simplified Power Supply Design Using
the TL494 Control Circuit

This application note describes the operation and
characteristics of the TL494 Switchmode™ Voltage Regulator
and shows its application of a 400 W offline power supply.

The TL494 is a fixed-frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (5pp)
AN1002 A Handsfree Featurephone Design
Using the MC34114 Speech Network
and the MC34018 Speakerphone ICs

A comprehensive application note which develops a full
featurephone circuit using the MC34114 Speech Network, the
MC34018 Speakerphone IC and the MC145412 Dialer.
Functions include 10 number memory pulse/tone dialer, tone
ringer, mike mute and line length compensation for both
handset and speakerphone operation. Options include

*Indicates New Document

line-powered circuit, line-powered circuit with booster for long
lines, and external supply-powered. Includes glossary of
telephone terms. (18pp)

AN1003 A Featurephone Design, with Tone
Ringer and Dialer, Using the MC34118

Speakerphone IC

This application note describes how to add a handset, dialer
and tone ringer to the MC34118 speakerphone circuit.
Although any one of several speech networks could be used
as an interface between the MC34118 and the phone line this
application note covers the case where simplicity and low cost
are paramount. Two circuits are developed in this discussion:
line-powered and supply-powered versions. (13pp)

AN1004 A Handsfree Featurephone Design
Using the MC34114 Speech Network

and the MC34118 Speakerphone ICs

Complete designs for a featurephone providing 10 number
memory, pulse or tone dialling, tone ringer, microphone
muting, and line length compensation for both handset and
speakerphone operation. Includes line-powered, line-
powered plus long-line booster, and supply-powered
versions. The MC34114 interfaces with tip and ring and
provides 2-to-4 wire conversion. (18pp)

A\
AN1006 Linearize rfv\e Volume Control of the
MC34118 Speakerphone

A single resistor added to the volume control potentiometer
inan MC34118 speakerphone application will almost perfectly
linearize the control law. (1pp)

AN1016  Infrared Sensing and Data Transmission

Fundamentals

Many applications need electrical isolation, remote control
or position sensing. Infrared light provides an excellent
solution due to its low cost, ease of use, availability of
components, and freedom from the licensing and interference
concerns of RF techniques. This note is a brief but informative
reference on the design principles for IR systems, including a
selection of receiver circuits. (6pp)

AN1019  NTSC Decoding Using the TDA3330, with

Emphasis on Cable In/Cable Out Operation

The TDA3330 is a Composite Video to RGB Color Decoder
originally intended for PAL and NTSC color TV receivers and
monitors — so its data sheet concentrates on picture tube
drive. This practical application note supplements the data
sheet by providing circuits for video cable drive as used in
video processing, frame store and other specialized
applications, and expands on TDA3330 functional details.
Includes PCB artwork and layout of an evaluation board. (8pp)
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AN1040 Mounting Considerations for Power

Semiconductors

The operating environment is a vital factor in setting current
and power ratings of a semiconductor device. Reliability is
increased considerably for relatively small reductions in
junction temperature. Faulty mounting not only increases the
thermal gradient between the device and its heatsink, but can
also cause mechanical damage. This comprehensive note
shows correct and incorrect methods of mounting all types of
discrete packages, and discusses methods of thermal system
evaluation. (20pp)

AN1044  The MC1378— A Monolithic Composite
Video Synchronizer

The MC1378 provides an interface between a remote
composite color video source and local RGB. On-chip circuitry
can lock a local computer to the remote source, switching
between local and remote signals to generate composite
video overlays. This detailed note describes local and remote
operation; picture-in-picture applications and the design of
test fixtures to help system development. Printed circuit
artwork for an evaluation board is provided. The NTSC/PAL
color encoder is similar to the MC1377, discussed in detail in
AN932. (13pp) '

Three Piece Solution for/’BrushIess Motor
Control Design (Rev. 1)

Until recently, the design of compéct but comprehensive
circuits taking full advantage of the unique attributes of
brushless DC motors has been difficult, while available power
transistors have not always performed as well as is necessary
for the application. This high-performance three-chip solution
couples the rugged MPM3003 three phase MOSFET bridge
(in a 12-pin power package) with the MC33035 Brushless DC
Motor Adapter. Design is simplified, board area reduced. Full
circuit, parts list, and discussion of practical considerations.

(10pp)

AN1077

AN1046

Adding Digital Volume Control To
Speakerphone Circuits

Describes how to control speakerphone volume from UP
and DOWN switches in place of the more usual potentiometer.
Includes a fully annotated circuit using only three standard
CMOS ICs and no critical components. (4pp)

AN1078 New Components Simplify Brush DC
Motor Drives

A variety of new components simplify the design of brush
motor drives. One is a brushless motor control IC which is
easily adapted to brush motors. Others include multiple Power
MOSFETs in H-Bridge configuration, a new MOS turn-off
device, and gain-stable opto level shifters. Several circuits
illustrate how the new devices can be used in practical motor
drives, in particular to control speed in both directions and
operate from a single power supply. (6pp)

*Indicates New Document

AN1080  External-Sync Power Supply with Universal

Input Voltage Range for Monitors

As the resolution of color monitors increases, the
performance and features of their power supplies becomes
more critical. EMI/RFI generated by switching power supplies
can adversely affect resolution if switching frequency is not
synchronized to horizontal scanning frequency. This 90 W
flyback switching supply demonstrates the use of new high
performance devices in a low cost design, and includes a new
universal input voltage adapter. (20pp)

AN1081  Minimize the “pop” in the MC34119

Low Power Audio Amplifier

Sometimes a “pop” is heard in the loudspeaker when the
MC34119 audio amplifier is re-enabled. There are several
possible causes, but this note offers a simple and low cost
remedy to satisfy the most demanding user. (3pp)

AN1101  One-Horsepower Off-Line Brushless

Permanent Magnet Motor Drive

Brushless Permanent Magnet (BPM) motors (brushless DC
motors) using MOSFET inverters are common in low voltage,
variable speed applications such as disk drives. Higher
voltage off-line applications can also use the same
technology, but there have been problems in designing a
reliable, low cost high side driver and understanding the more
subtle effects of diode snap and PCB layout. This
one-horsepower off-ine BPM motor drive board uses
opto-isolators and a special MOSFET turn-off IC for level
translation. Includes PCB artwork and parts list, and a
discussion of the theory. (10pp)

AN1108  Design Considerations for a Two Transistor,

Current Mode Forward Converter

This design for a 150 W, 150 kHz, two transistor, current
mode forward converter illustrates solutions for noise control,
feedback circuit analysis and magnetic component design —
topics that often create the most problems for designers.
Improved Schottky rectifiers, power MOSFETs and

v optocouplers —and their effects on switchmode power supply

design— are also considered. Includes circuit, analysis, parts
list and theoretical discussion. (11pp)

AN1122  Running the MC44802A PLL Circuit

The MC44802A provides the Phase-Locked-Loop (PLL)
portion of a tuning circuit intended for TV, FM radio and set-top
converter applications up to 1.3 GHz; acomplete tuning circuit
is formed by adding a Voltage Controlled Oscillator (VCO) and
mixer. The data sheet recommends use of an MCU for sending
the control bytes that set the tuning frequency. This note
describes a serial (12C) interface with an MC68HC11E9 in a
tuner design — the information is sufficiently general to allow
almost any MCU to be used. Includes M68HC11 program
listing. (12pp)
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*AN1126  Evaluation Systems for Remote Control
Devices on an Infrared Link

The availability at low cost of remote control devices and
infrared communication links provides opportunities in many
application areas. This note gives information for constructing
the basic building blocks to evaluate both IR links and the most
popular remote control devices. Schematics and single-side
PCB layouts are presented that should enable the designer
quickly to put together a basic control link and evaluate its
suitabiiity for a given application in terms of data rate, effective
distance, error rate and cost. Sources for special parts are also
given. (10pp)

AN1203 A Software Method for Decoding the Output
from the MC14497/MC3373 Combination

Infrared communication is now widely used as a simple and
effective means of remote control over short distances. A
variety of encoding methods is used, including the biphase
scheme implemented by the MC14497, a complete building
block for IR data transmission. The MC3373 is a companion
receiver chip to the MC14497, providing front-end processing
to interface a photo detector to a TTL level. This note
describes the decoding of the data at the output of the
MC3373, along with software listings for the MC68HC11 and
the MC68HCO05. (5pp)

AN1300 Interfacing Microcomputers to Fractional
Horsepower Motors

In fractional horsepower motion control systems, command
signals are usually now generated by a microprocessor or
digital signal processor, while power is applied with MOSFETs.
The interface between the two can still present difficulties; for
small motors it will be, typically, 5.0 V logic to complementary
P-Channel/N-Channel MOSFET H-bridges. A number of
factors need to be considered, including diode snap, group
bounce, noise suppression and locking outinvalid inputs. The
design discussed here is embodied in evaluation board
DEVB1083. (8pp)

AN1301 Interfacing Analog Inputs to Fractional
Horsepower Motors

In many types of systems it is desirable to control motor
speed with an analog signal. Even in digital systems, itis often
cost effective to generate an analog signal from static speed
control bits or a lower frequency PWM signal than to use a
more expensive MCU capable of generating a 20 kHz+ PWM
signal directly. Although recent developments have simplified
analog input conversion and power MOSFET outputs, the
interface between signal processing circuits and power
outputs is still far from simple. This note discusses the issues
using the DEVB118 evaluation board as an example design.
(9pp)

AN1306  Thermal Distortion in Video Amplifiers

Thermal distortion is a problem in many high resolution
video amplifiers. It occurs when there are instantaneous
power changes in the transistor stages, and if the problem
remains uncompensated, this ieads to the visual effect known
as smearing. This note discusses what smearing is, what

*Indicates New Document

causes thermal distortion, how to measure it, and how to
compensate for it. (5pp)

*AN1307 A Simple Pressure Regulator Using
Semiconductor Pressure Transducers

Semiconductor pressure transducers offer an economical
means of achieving high reliability and performance in
pressure sensing applications. The completely integrated
MPX5100 (0 psi to 15 psi) series provides a temperature
compensated, high level linear output suitable for interfacing
directly with many linear control systems. This circuit
illustrates how the MPX5100 can be used with a simple
pressure feedback system based on the MC33033 Brushless
Motor Controller to establish pressure regulation. Includes
circuit diagram and PCB artwork. (7pp)

*AN1510 A Mode Indicator for the MC34118
Speakerphone Circuit

Withinthe MC34118 are two comparators driven by the level
detectors which are sensing the speech signals (see
MC34118/D Data Sheet, Figure 24). The comparators’
outputs drive the attenuator control block which sets the
operating mode. (2pp)

ANE424 50 W Current Mode Controlled Offline
Switch Mode Power Supply Working
over 50% Duty Cycle using the UC3842A

Switchmode power supplies based on flyback architecture
and voltage-controlled PWM techniques are well established.
This note describes a way of improving their dynamic
characteristics using a Current Controlled PWM technique. A
dedicated bipolar IC, the UC3842A Off-Line Current Mode
PWM Controller, performs the current control, regulation and
safety features. Full analysis of transformer and other
components, plus discussion of the instability inherent in the
current control mode. (27pp)

ANHKO2 Low Power FM Transmitter System
MC2831A

This application note provides information concerning the
MC2831A, a one-chip low-power FM transmitter system
designed for FM communication equipment such as FM
transceivers, cordless telephones, remote control and RF
data link. (16pp)

Article Reprint Abstracts

AR301 Solid State Devices Ease Task of Designing

Brushless DC Motors

Brushless fractional-horsepower DC motors are gaining in
popularity over brush type motors. Their characteristics are
similar but they avcid the practical problems associated with
brushes. In the past control complexity has made them less
attractive, but dedicated control ICs like the MC33034, plus
current-sensing power MOSFETs, mean that much of the
control and protection electronics is available off the shelf.
(EDN, 3 September 1987) (7pp)
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AR323 Managing Heat Dissipation in DPAK

Surface Mount Power Packages

Physically smaller than a lead-formed TO-220, the DPAK
was introduced to accommodate larger die than in previously
available SM packages like the SOT-89. But larger die implies
increased heat dissipation. New board materials and good
circuit design ensure that DPAK Power MOSFETSs can readily
switch at their full pulse current ratings.

(Powertechnics, December 1988) (4pp)

AR340 The Low Forward Voltage Schottky

As feature sizes are scaled down in very high density
circuits, it will be necessary for the standard power supply
voltage to be reduced from 5.0 V to 3.3 V within the next few
years to avoid degrading performance in the new devices.
Also, greater power supply efficiency will be required if the
power supply is not to occupy a disproportionate amount of the
total system volume. Since the major power loss in switching
power supplies is in the output rectification circuits, more
efficient rectifiers are needed. Schottky rectifier technology
shows the greatest potential. (Powertechnics, May 1990)

(3pp)

Engineering Bulletin Abstracts

Get 300 Watts EPE Linear Across 2 to
30 MHz from this Push-Pull Amplifier

Includes circuit, PCB artwork and layout for a 300 W
push-pull linear amplifier based on two MRF422s, designed to
operate over the 2.0 MHz to 30 MHz band. An MC1723 voltage
regulator is used as a bias supply. (4pp)

*EB27A

EB85A

A useful selection chart presenting preferred Bipolar,
power MOSFET, Rectifier and Control devices for various
areas of typical 500 W to 1000 W full-bridge switching power

supplies. (1p)

Full-Bridge Switching Power Supplies

EB112 The Application of a Telephone Tone

Ringer as a Ring Detector

Telephone ringers are driven by high voltage, low frequency
AC signals which are superimposed on the 48 V DC Tip-Ring
feed voltage. An electronic ring detector must sense the
presence of an AC signal on the line and produce a
dielectrically isolated logic level to the system processor. (2pp)

EB123 A Simple Brush Type DC Motor Controller

A simple and cost effective way to drive brush type DC
motors is to use power MOSFETs with a Brushless DC Motor
Control IC. The low cost MC33033 controller and integrated
8.0 A/100 V MPM3002 H-bridge combine to give a minimum
parts count brush motor drive. (2pp)

*Indicates New Document

EB124 MOSFETs Compete with Bipolars in Flyback

Power Supplies

Power MOSFETs with 400 V to 500 V breakdown ratings are
widely used in multiple-transistor off-line power supplies. Now
they can be used in flyback supplies as well, as breakdown
voltages are extended to 1000 V. A discussion of the
advantages and disadvantages, illustrated with typical 100 W
MOSFET and Bipolar designs. (2pp)

EB126 Ultra-Rapid Nickel-Cadmium Battery
Charger

Charging NiCad batteries is a particular problem when their
voltage exceeds the voltage of the available charging source.
The ultra-fast charger presented here is capable of charging
eight to twelve 1.5 V batteries at 1.2 A to 1.8 Ain 30 to 45
minutes froma 10 V to 14 V source — a feat made possible by
the use of new sintered electrode technology by battery
manufacturers. Includes PC artwork and layout. (3pp)

EB128 Simple, Low-Cost Motor Controller

This low cost DC motor controller uses the cost effective
MPM3002 SENSEFET-based H-Bridge, plus the MC34060
PWM IC. Itis capable of driving a 1/3 HP, permanent magnet
90 V DC motor, and includes dynamic braking and Soft-Start.
(2pp)
EB142 The MOSFET Turn-Off Device — A New
Circuit Building Block

Technical developments have lead to a variety of discrete
devices using circuit integration to reduce system cost and
board space, while offering some performance improvement
over conventional solutions. The first of these new
components —dubbed SMALLBLOCK™ —is a building block
that simplifies and reduces the component cost of an active
gate-turn-off network for current-source driven MOSFETs. Itis
available in TO-92, SOT-23 and SOT-223 packages. (8pp)

Product Literature

DL136/D Telecommunications Device Data

HB206 Linear & Switchmode Voltage Regulator
Handbook (See Back of Chapter 3)
(Out of Print)

SG56/D TMOS Power MOSFET Selector Guide /
Cross Reference

SG73/D Master Selection Guide

SG79/D SWITCHMODE — A Designer’s Guide for
Switching Power Supply Circuits and
Components

SG96/D Linear/Interface ICs Selector Guide
Selector Guide and Cross Reference

SG98/D Linear Telecom Cross Reference

SG127/D  Surface Mount Products Selector Guide

SG368/D  Video Capture Chip Sets Selector Guide
(See Front of Chapter 9)

SG410/D  Applications & Product Literature Selector

Guide / Cross Reference
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