






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MC1495L, MC1595L 

OPERATION AND APPLICATIONS INFORMATION 

THEORY OF OPERATION 
The MCl 595 (MC1495) is a monolithic, four-quadrant multi

plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application Note 
AN-489, Analysis and Basic Operation of the MCl 595. The result 
of this analysis is that the differential output current of the multi
plier is given by 

where IA and lg are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals. 

DESIGN CONSIDERATIONS 
General 

The MC1595 (MC1495) permits the designer to tailor the 
multiplier to a specific application by proper selection of ex
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e.g. maximum output voltage swing). 
Each important parameter is discussed in detail in the following 
paragraphs. 

Linearity, Output Error, ERX or ERV 

Linearity error is defined as the maximum deviation of out
put voltage from a straight line transfer function. It is expressed 
as error in percent of full scale (see figure below). 

Vo 
+10 v 

v 

__j_ 

,,,""/ fvEmax 

For example, if the maximum deviation, VE(max). is 
±100 mV and the full scale output is 10 volts, then the 
percentage error 1 s 

ER= VE(max) x 100 = 100 x 10-3 x 100 = ±1.0%_ 

Yo( maxi 10 

Linearity error may be measured by either of the following 
methods: 

1. Using an X - Y plotter with the circuit shown in Figure 5, 
obtain plots for X and Y similar to the one shown above. 

2. Use the circuit of Figure 4. This method nulls the level 
shifted output of the multiplier with the original input. 
The peak output of the null operational amplifier will be 
equal to the error voltage, VE(max)· 

One source of linearity error can arise from large signal non
linearity in the X and Y-input differential amplifiers. To avoid 
introducing error from this source, the emitter degeneration 
resistors Rx and Ry must be chosen large enough so that non-
1 inear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of Rx and Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e., 13=I13 = 1.0 mA). 

3 dB Bandwidth and Phase Shift 

Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. If wideband operation 
is desired, low value load resistors and/or a wideband operational 
amplifier should be used. Stray output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels). If the input to output 
phase shift is only 0.6°, the output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be
tween Vx and Vy results in a vector error of 5%. 

Maximum Input Voltage 

Vx(max). Vy(max) maximum input voltages must be such 
that: 

Vx(max) <113 Ry 

Vy(max) <13 Ry. 

Exceeding this value will drive one side of the input amplifier to 
"cutoff" and cause non-linear operation. 

Currents I 3andI13 are chosen at a convenient value (observ
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0 mA. Then Rx and Ry can be determined by 
considering the input signal handling requirements. 

For Vx(max) = Vy(max) = 10 volts; 

1.0mA 

2VxVv 
The equation IA - 19 RxRyl

3 

2VxVy 
1sderivedfrom IA·lg= 

2
kT 

2
kT 

!Rx+--) (Ry+ -) 13 
qi 13 ql3 

with the assumption Rx :P 2kT and Ry :P 2kT -
ql13 ql3 

At TA= +25°C and I 13 = 13 = 1 mA, 

2kT = 2kT = 52 n • 
ql13 ql3 

Therefore, with Rx= Ry= 10 kS1 the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx(max) or 
Vy(max) due to V1 and V7. Exceeding these limits will cause 
saturation or "cutoff" of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 

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 quies
cent level for transistors 05, 05, 07, and Og. This potential 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform
ation regarding selection of these potentials. 

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

Vx I 
I 

Vy I 
I 

GENERAL DESIGN PROCEDURE 

FIGURE 20 - BASIC MULTIPLIER 

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 multiplier input to ±5.0 volts (Vx = 

Vv[maxyfora ±10-volt input !Vx' = Vy'[max]l. (SeeFigure21). 
If an overall scale factor of 1/10 is desired, then 

10 

12 

RJ 

10k 
v·y 

10k 
V'x 

Rx Ry R1 

MC1595l 14 

iMC1495L) 

v-

v+ 

RL 

RL 

I V
0 

Vo°KVxVY 

2RL 
K"--

RX Ry 13 

v = Vx' Vy' (2Vxl (2Vy) = 4/10 VxVy. 
0 10 10 

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

Steµ 1. The first step is to select current I 3 and current I 13. 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. I 3andI13 will normally 
be one or two milliamperes. Further, 13 does not have to be equal 
to I 13. and there is normally no need to make them different. For 
this example, let 

To set currents I 3 and I 13 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be
tween pin 3 and ground. From the schematic shown in Figure 3, 

FIGURE 21 - MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 

-15 v -15 v 

+15 v 

Rx Ry R1 Ro Ro O.lµF 

10k IOk 3k 3k 3k 0.1 µf 

10 i i 

MC1595L Vx Vy 

(MC1495LI Vo"-10 

3 f 13 
13 f 113 

12 

RJI 

12k RL 

5k R13 
12k 

SCALE 
P3 

FACTOR 
ADJUST 

-10 v.;vx.;+10 v Y OFFSET P1 X OFFSET 
-10v.;vy.;+10 v ADJUST ADJUST 

10k Pz 
2k 2k 

+15V -15 v 
10k 

5.1 v 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

it can be seen that the resistor values necessary are given by: 

R13 + 500 n = 1v-1-o.1 v 
113 

R3 + 500 n = 1v-1-o.1 v 
13 

Let v- = -15 V 

Then R 13 + 500 = 
14

·
3 

V or R 13 = 13.8 kn 
1 mA 

Let R13 = 12 kn 

Similarly, R3 = 13.8 kn 

Let R3=15kn 

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. For this reason, 
as shown in Figure 21, resistor R3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiring an exact scale factor I balanced 
modulator, frequency doubler, AGC amplifier, etc.), pins 3 and 13 
can be connected together and a single resistor 1rom pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one-half the above calculated value for R 13· 

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

Vx 
-<113 
Rx 

A good rule of thumb is to make l3Ry;;, 1.5 Vy(max) and 
I 13 RX ;;, 1. 5 V x I max). 

The larger the l3Ry and l13Rx product in relation to Vy 
and Vx respectively, the more accurate the multiplier will be \see 
Figures 17 and 18). 

Let R x = Ry = 1 0 kn 

Then l3Ry = 10 V 

l13Rx=10V 

sinceVxtmax) = Vvtmax) = 5.0voltsthevalueof Rx= Ry= 10 kn 
is sufficient. 

Step 3. Now that Rx, Ry and I 3 have been chosen, R L can 
be determined 

2RL 4 
K=---=-

RxRyl3 10 

or \2) IRL) 

110 k) (10 kl (1 mA) 10 

Thus RL = 20 klL 

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 01, 02, 03 and 04 in an active 

region when the maximum input voltages are applied (V x' =Vy' = 
10 V or Vx = 5.0 V, 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 03 and 04 are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to 
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7 .0 volts. Let V 1 = 9.0 Vdc. 

Since the current following into pin 1 is always equal to 
213, the voltage at pin 1 can be set by placing a resistor, R 1 from 
pin 1 to the positive supply: 

Let v+ = +15 v 

15 v -9 v 
Then R1=(2)11 mA) 

Note that the voltage at the base of transistors 05, 06, 07 and 08 
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 shou Id 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 volts. 

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

21x1y 2 VxVy 
And since IA -Is= 12-I14 = - 1-3

- -
13

RxRy 

2RL Vx'Vy' 
Then V0 = ----

4RxRx13 where Vx'Vy' is the voltage at the 
input to the voltage dividers. 

FIGURE 22 - LEVEL SHIFT CIRCUIT 

v+ 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

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 MC1556, and MC1741 operational amplifiers 
meet these requirements. 

Referring to Figure 21, the level shift components will be de
termined. When Vx =Vy= 0, the currents 12 and I 14 will be equal 
to I 13. In Step 3, R L was found to be 20 kn and in Step 4, V2 and 
V14 were found to be approximately 11 volts. From this informa
tion, R 0 can be found easily from the following equation (neglect
ing the operational amplifiers bias current): 

And for this example, ~ + 
1 

mA = ~5 V -11 V 

20 kn R0 

Solving for R 0 , R 0 = 2.6 kn 

Thus, select R0 = 3.0 kn 

For R0 = 3.0 k!l, the voltage at pins 2 and 14 is calculated to be 

V2 = V14 = 10.4 volts. 

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 sub
stantially to improve the Y linearity, and Rx decreased somewhat 
so as not to materially affect the X linearity, this avoids increasing 
R L significantly in order to maintain a K of 0.1. 

The versatility of the MC1595 (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 mV and resistors 
are typically matched within 2%. Even with this careful match
ing, 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 tech
niques shown in Figure 21. Offset terms can be shown ana
lytically by the transfer function· 

V 0 = K(Vx ± V1ox±Vx off) (Vy± V1oy±Vy off)± Voo 

Where K = scale factor 
Vx = X input voltage 

Vy = Y input voltage 
Viox = X input offset voltage 
V10 Y = Y input offset voltage 
Vx off= X input offset adjust voltage 

Vy off= Y input offset ad1ust voltage 
V00 =output offset voltage. 

(1) 

FIGURE 23 - MULTIPLIER WITH IMPROVED LINEARITY 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

X, Y and Output Offset Voltages 

utput 
ff set 

Vx 

X Off Y Offset 

For most de applications, all three offset adjust potentiome
ters !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 ad
just 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(F igure 21 ). P3 varies I 3 which 

inversely controls the scale factor K. It should be noted that 
current 13 is one-half the current through Rl. Rl sets the bias 
level for 05, 05, 07, and Og (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 Section 3, 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 
(a) Connect oscillator ( 1 kHz, 5 Vpp 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 kHz, 5 Vpp sinewave) to the 
"X" input (pin 9) 

(b) Connect "Y" input (pin 4) to ground 
(c) Adjust "Y" 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 0 is zero volts de 
4. Scale Factor 

(a) Apply +10 Vdc to both the "X" and "Y" inputs 
(b) Adjust P3 to achieve + 10.00 V at the output. 

5. Repeat steps 1 through 4 as necessary. 

The ability to accurately adjust the MCl 595 (MC1495) 
depends upon the characteristics of potentiometers P1 
through P 4. Multi-turn, infinite resolution potentiomet
ers with low-temperature coefficients are recommended. 

DC APPLICATIONS 
Multiply 

The circuit shown in Figure 21 may be used to multiply 
signals from de to 100 kHz. Input levels to the actual multi
plier are 5.0 V (max). With resistive voltage dividers the maxi
mum 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; that is V 0 = K v2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment 
potentiometers, thus eliminating one of the input offset adjust
ments. Procedures for nulling with adjustments are given as 
follows: 

1. AC Procedure: 
(a) Connect oscillator ( 1 kHz, 15 Vpp) to input 
(b) Monitor output at 2 kHz with tuned voltmeter 

and adjust P3 for desired gain (be sure to peak response 
of the voltmeter) 

(c) Tune voltmeter to 1 kHz and adjust P1 for a min
imum output voltage 

(d) Ground input and adjust P 4 (output offset) for 
zero volts de output 

(e) Repeat steps a through d as necessary. 
2. DC Procedure: 

(a) Set Vx = Vy = 0 V and adjust P4 (output offset 
potentiometer) such that V 0 = 0.0 Vdc 

(bl Set Vx = Vy = 1.0 V and adjust P1 (Y input 
offset potentiometer) such that the output voltage is 
+ 0.100 volts 

(cl Set Vx =Vy= 10 Vdc and adjust P3 such that the 
output voltage is+ 10.00 volts 

(d) Set Vx =Vy= -10 Vdc. Repeat steps a through 
d as necessary. 

FIGURE 24 - BASIC DIVIDE CIRCUIT 

Divide Circuit 
Consider the circuit shown in Figure 24 in which the multi

plier 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 1 = 
12 and 

KVxVy -Vz 
--- -- (1) 

Rl R2 

-Rl Vz 
Solving for Vy, vy =m vx. 

(2) 

If R1 = R2 
-Vz 

Vy=--
KVx (3) 

If Rl = KR2 
-Vz 

(4) Vy=-· 
Vx 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

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 

Vy ; - r~] Vz + "E • 
R2K Vx KVx 

(5) 

where "E 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 Vy. For example, assume 
that R 1 ; R2, and K ; 1 /10. For these conditions the output 
of the divide circuit is given by: 

-10Vz 10"E 
Vy; ___ +-- -

Vx Vx 
(6) 

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 Vx is small, (0.1 volt) 
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;~ x 100% 
actual 

or from equation (5), 

i\E 

KVx rR2l"E 
P.E.o ;r Rl ] vz; R1Jvz -

lR2 K Vx 

(7) 

From equation 7, the percentage error is inversely related to 
voltage Vz (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 ( V' xl 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 com-

patible with the polarity of Vz. 

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

A Suggested Adjustment Procedure for the Divide Circuit 

1. Set Vz ; 0 volts and adjust the output offset potentio
meter (P4) until the output voltage (V0 ) remains at some 
(not necessarily zero) constant value as Vx' is varied 
between +1.0 volt and +10 volts. 

2. Keep Vz at 0 volts, set Vx' at +10 volts and adjust the 
Y input offset potentiometer (P1) until V 0 ; 0 volts. 

3. Let Vx' ; Vz and adjust the X input offset potentio
meter (P2) until the outPut voltage remains at some (not 
necessarily - 10 volts) constant value as Vz ; Vx' is 
varied between +1.0 and +10 volts. 

4. Keep Vx'; Vz and adjust the scale factor potentiometer 
(P3) until the average value of V 0 is -10 volts as Vz; 
Vx' is varied between +1.0 volt and +10 volts. 

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

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 

FIGURE 25 - DIVIDE CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

FIGURE 26 - BASIC SQUARE ROOT CIRCUIT 

Vz 

>---O-~•Vo 

as indicated in Figure 26. This cir cu it may suffer from 
latch-up problems similar to those of the divide circuit. Note 
ihat 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 volts and adjust P4 {output offset) for 
V 0 = +0.316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out
put diode clamping. 

2. Set Vz to -0.9 volts and adjust P2 (X adjust) for V 0 = 

+3.0 volts. 

3. Set Vz to -10 volts and adjust P3 (scale factor adjust) 
for V 0 = +10volts. 

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 de 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 de term, which can 
be removed with ac coupling. 

e-. = KE2 cos2 wt 

KE2 
e = - (1 +cos 2wt). 

2 

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

In a typical doubler circuit, conventional± 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre
quency; 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. 

A slightly modified version of the MC1595 (MC1495) -
the MC1596 (MC1496) - has been successfully used as a doubler 
to obtain 400 MHz. {See Figure 28) 

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

FIGURE 27 - SQUARE ROOT CIRCUIT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 

FIGURE 28 - FREQUENCY DOUBLER 

12 

Ry 
8.2 k 
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8.2k 

14 
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3.Jk 

6.8k 

c1· 
·sELECT I 
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When two equal cosine waves are applied to X and Y, 
theresultisawaveshapeoftwicetheinputfrequency. 
Forthisexampletheinputwasa lOkHzsignal. output 
was20 kHz 

E2 
e0 ::::. 

20
cos2 wt 

The defining equation for balanced modulation is 

where we is the carrier frequency, wm is the modulator fre
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans
lation 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 

and if multiplied by the appropriate carrier waveform. cos wet, 

FIGURE 29 - BALANCED MODULATOR 

If the frequency of the band-limited carrier signal, we, is ascer
tained in advance the designer can insert a low-pass filter and 
obtain the (AK/2) (cos wet) term with ease. He 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. 

ey = E COSt....:mt 

OFFSET 
ADJUST 

(A) 

12 

6.Bk 

Ry 
8.Zk 

RX 
8.Zk 

MC1595L 
IMC1495LI 

13 

-15 v 

(Bl 

+IS V 

•SELECT T
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Amplitude Modulation 

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

Here, the identity is 

Em( 1 + m cos wmtl Ee cos wet= KEmEccos wet+ 

KEmEcm 
--

2
-- [cos( we+ wm)t +cos (we - wmlt] 

where m indicates the degree of modulation. Since m is adjust
able, via potentiometer P1. 100% modulation is possible. With
out extensive tweaking, 96% modulation may be obtained where 
we and wm 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 MC 1595 (MC 1495) inputs a signal that will vary the 
unit's gain. The following example demonstrates the feasibility 
of this application. Suppose a 200 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Ve is 0 to +1.0 volt. 
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 ohms 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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OPERATION AND APPLICATIONS INFORMATION (continued) 

FIGURE 30 - AMPLITUDE MODULATION 

{Al 
The signal is applied to the unit's Y input. Since the total 

input range is limited to 1.0 volt p-p, a 2.0-volt swing, a current 
source of 2.0 mA and an Ry value of 1.0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

ey= Ecoswmt 

ex =Ecoswmt 

% MODULATION 
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12 
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B.2k B.2k 
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(Bl 

11 

-15 v 

vee" +15 v 

R1 
I 3.0k 

Ru 
2 3.3k 

Ru 

14 
33k 

·sELEeT T
c,-

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1.0 mA and the Rx value chosen was 2.0 
kilohms. This also insures linear operation over the X input 
dynamic range 

Choosing AL= 100 assures wide-bandwidth operation. Hence, 
the scale factor for this configuration is 

___ 1_0_0 ___ v-1 

(2 k)(l k)(2 x 10+3) 

= ~ v-1. 
40 

The 2 1n the numerator of the equation is missing in this scale
factor expression because the output is single-ended and ac 
coupled. 
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• SEMICONDUCTOR 

TECHNICAL DATA 

m 

DUAL TIMING CIRCUIT 

The MC3556/MC3456 dual timing circuit is a highly stable con
troller 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 circuit may be triggered 
and reset on falling waveforms, and the output structure can 
source or sink up to 200 mA or drive MTTL circuits. 
• Direct Replacement for NE556/SE556 Timers 
• Timing From Microseconds Through Hours 
• Operates in Both Astable and Monostable Modes 
• Adjustable Duty Cycle 
• High Current Output Can Source or Sink 200 mA 
• Output Can Drive MTTL 
• Temperature Stability of 0.005% per °C 
• Normally "On" or Normally "Off" Output 
• Dual Version of the Popular MC1455 Timer 

FIGURE 1 - 22-SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 

10 k 

O.Ql µF 

Time delay (t) is variable 
by changing R and C, (See 
Figure 16). 

FIGURE 2 - BLOCK DIAGRAM (1/2 SHOWN) 

Vee 
14 

2 (12) 5.0 k 
Threshold 

Control 
Voltage 

3 (11) 5.0 k 

Trigger -ot----+--1 

6 (8) 5.0 k 

ORDERING INFORMATION 

Temperature 
Device Alternate Range 

MC3456L -
0°C to + 70°C 

MC3456P NE556A 

MC3556L - - 55°C to + 125°C 

NE556D - 0°C to + 70°C 

Discharge 

Package 

Ceramic DIP 
Plastic DIP 

Ceramic DIP 

S0-14 

MC3456 
MC3556 

DUAL 
TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 

CERAMIC PACKAGE d. 
CASE632 -----7 

1 ( "! I 

14 : • ! u 
1 

PIN CONNECTIONS 

(Top View) 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

•• 
D SUFFIX 

PLASTIC PACKAGE 
CASE 751 

(S0-14) 

1 14 

TYPICAL APPLICATIONS 
• Time Delay Generation 
• Sequential Timing 
• Linear Sweep Generation 
• Precision Timing 
• Pulse Generation 
• Pulse Shaping 
• Missing Pulse Detection 
• Pulse Width Modulation 
• Pulse Position Modulation 
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MC3456, MC3556 
MAXIMUM RATINGS (TA= +25°c unless otherwise noted.) 

Rating Symbol Value Unit 

Power Supply Voltage Vee +18 Vdc 

Discharge Current I dis 200 mA 

Power D1ss1pat1on (Package Po 
L1m1tat1on) 

Ceramic Dual-In-Line Package 1000 mW 
De rate above TA = + 25°c 6.6 mW/°C 
Plast1 c Dual In-Line Package 625 mW 
Derate above TA = +25°C 5.0 mw/0 c 

Operating Ambient Temperature TA oc 

Range MC3556 -55 to +125 

MC3456 Oto +70 

Storage Temperature Range Tstg -65 to +150 oc 

ELECTRICAL CHARACTERISTICS ITA - •25°c Vee +5 O V to + 15 V unless otherwise noted ) 

Character1st1cs Symbol 

Supply Voltage Vee 

f'S'"upplyCurrent 1cc 
Vcc=50V,RL 
Vee - 15 V, RL 
Low State, (Note 11 

T 1ming Error (Note 2l 

'/lonostable Mode 

RA = 2 o kn to 1 oo kn 
Initial Accuracy C - 0 1 µF 

Drift with Temperature 

Drift w+th Supply Voltage 

Astable Mode 

RA = Rs = 2 0 kl! to 100 kll 

C = 0 01 µF 
Initial Accuracy 

Drift with Temperature 

Drift with Supply Voltage 

Threshold Voltage vth 

Trigger Voltage VT 
vcc=15v 
vcc = 5.o v 

Trigger Current Ir 
Reset Voltage VR 

Reset Current IR 

Threshold Current (Note J) !!_h 
Control Voltage level VcL 

Vee= 15 v 
Vee= 5.0 V 

Output Voltage Low Vol 
!Vee= 15 VI 
lsmk = 10mA 
151 nk = 50 mA 
lsink = 100 mA 
I sink= 200 mA 
I Vee - 5.0 Vl 
lsmk • 8.0 mA 

'•ink • 5.0 mA 

Output Voltage High VQH 
llsource • 200 mA) 
vcc=15V 

Usource • 100 mAl 
vcc = 15 v 

~· 5.0V 

Toggle Rate (Figures 17, 191 

R_A = 3.3 k!1. Rs = 6.8 kn. c = 0 003 µF 

Discharge Leakage Current !di.. 
IR;.., T•~ nf ""'~" IQLH 

F•ll Tome of Ou!Jlyt IQHI 

Matching Characteristics Bet\Nl!en Sections 

\Monostable) 
Initial T1m1ng Accuracy 

Timing Drift with Temperature 

Drift with Supply Volt.2 

FIGURE 3 - GENERAL TEST CIRCUIT 

~,~:~put 

J: 1

wu,ce 

1/2 MC3556 

1/2 MC3456 

_ 1cc 

Trigger 

Test Circuit for Measuring de Parameters 

1 to set output and "Tieasure parameters) 

Mon 

45 

4.8 
1.45 

04 

9.6 
2.9 

13 

3.0 

a When v 5 2/3 

b When V 5 · 1i3 

c When v 0 is low, pin To test tor Reset 

set Vo. high, apply Re-;;et voltage ancl test for current 

flowing into discharge pin When Reset is not 1n use <t 

should he tied ta Vee 

MC3556 MC3456 

Typ Max Mon Typ Max 

18 45 16 

6.0 10 6.0 12 

20 24 20 30 

05 1.5 0 75 
30 11)() 50 

0 15 0.2 0.1 

1 5 2.25 
90 150 

0 15 03 

2/3 2/3 

50 52 5.0 
1.67 1.9 167 

0.5 05 

0.7 1 0 0.4. 0.7 1.0 

0 1 0.1 

0 03 0.1 0 03 0 1 

10 10.4 9.0 10 11 
3.33 3.8 2.6 3.33 4.0 

0.1 0.15 0.1 0.25 
0.4 0.5 0.4 0 75 
2.0 2 25 2.0 2 75 
2 5 2.5 

0.1 0.25 

0.25 0.35 

12.5 12.5 

13.3 12.75 13.3 
3.3 2 75 3.3 

100 100 

20 100 20 100 

100 100 

100 100 

0.5 LO 1.0 2.0 
! 10 ! 10 
0 1 0.2 0.2 0.5 

NOTES: 1. Supply current is typically 1.0 mA less for each output which is high. 3. This will determine lhe maximum value of RA + Rs for 
2. Tested at Vee = 5.0 v and Vee = 15 v. 15 V operation. The maximum total R = 20 megohms. 
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FIGURE 4 - TRIGGER PULSE WIDTH 
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FIGURE 10 - DELAY TIME 
versus SUPPLY VOLTAGE 
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MC3456, MC3556 

TYPICAL CHARACTERISTICS 
(TA= +25°C unless otherwise noted.) 

FIGUA E 5 - SUPPLY CURRENT 
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FIGURE 11 - DELAY TIME 
versus TEMPERATURE 
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MC3456, MC3556 

FIGURE 13- 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 
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GENERAL OPERATION 

The MC3556 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 com
plete ti ming 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 com
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage. 

Monostable Mode 

In the 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 14. When the input voltage to the trigger 
comparator falls below 1/3 Vee 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 ex
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vee the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re
turns 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 ~igh is given by the equation t = 1.1 RA C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 

A reset pin is provided to discharge the capacitor thus inter
rupting the timing cycle. As long as the reset pin is low, the capaci
tor 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- MONOSTABLE CIRCUIT 
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MC3456, MC3556 

GENERAL OPERATION lcontinuedl 

FIGURE 15 - MONOSTABLE WAVEFORMS 

t = 50 µs/cm 
IRA= 10 kn, c = O.Ql µF, RL = 1.0 kn. Vee= 15 V) 

FIGURE 16- TIME DELAY 
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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 Vee and 2/3 Vee· See Figure 17. 

The external capacitor charges to 2/3 Vee through RA and Rs 
and discharges to 1 /3 Vee through Rs. 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: t1 = 0.695 (RA +Rs) C 

The discharge time (output low) by: t2 = 0.695 (Rs) C 

Thus the total period is given by: T = t1 + t2 = 0.695 (RA +2Rs) C 

The frequency of oscillation is then: f = .!_ = l .4
4 

T (RA+2Rs) C 

and may be easily found as shown in Figure 19. 
Rs 

The duty cycle is given by: DC= ---
RA+2Rs 

To obtain the maximum duty cycle RA must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum value of RA is given by: 

RA;;. Vee (Vdc) ;;;. Vee (Vdc) 

17 (A) 0.2 

100 

RL 

FIGURE 17 - ASTABLE CIRCUIT 
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0.0lµF 
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FIGURE 18 -ASTABLE WAVEFORMS 

t - 20 µs/cm 

(RA=5.1kl!,C=0.01µF,RL=1.0kSl; 

Rs= 3.9 kn. Vee= 15 v1 

FIGURE 19 - FREE-RUNNING FREQUENCY 
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MC3456, MC3556 

APPLICATIONS INFORMATION 

TONE BURST GENERATOR 

For a tone burst generator the first timer is used as a 
monostable and determines the tone duration when trig
gered by a positive pulse at Pin 6. The second timer is 
enabled by the high output of the monostable. It is con
nected 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 
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FIGURE 21 - DUAL ASTABLE MULTIVIBRATOR 
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MC3456, MC3556 

APPLICATIONS INFORMATION (continued) 

Pulse Width Modulation 

If the timer is triggered with a continuous pulse train in the 
monostable mode of operation, the charge time of the capacitpr 
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 23 - PULSE WIDTH MODULATION WAVEFORMS 
(RA= 10 kl1, e = 0.02 µF, Vee= 15 V) 
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FIGURE 22 
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Test Sequences 

Several timers can be connected to drive each other for sequen
tial 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 24 
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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 pack
ages and PC board technology. Surface Mount Tech
nology offers the opportunity to continue to advance 
the State-of-the-Art designs that cannot be accom
plished with Insertion Technology. 

Surface Mount Packages allow more optimum device 
performance with the smaller Surface Mount configu
ration. Internal lead lengths, parasitic capacitance and 
inductance that placed limitations on chip performance 
has 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 prep
aration of components that are common on insertion 
technology lines. Surface Mount components are sent 
directly to the assembly line, eliminating an interme
diate 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 com
ponents 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. 

Linear and Interface Devices. . . . . . . . 12-2 

Tape and Reel . . . . . . . . . . . . . . . . . . . . . 12-5 
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Surface Mount Technology 
Linear and Interface 
Bipolar 

All the major bipolar analog families are now repre
sented 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 op-amps, regulators, interface, data con
version, consumer, telecom and automotive Linear ICs. 

CA3146D Transistor Array S0-14 
DAC-08CD,ED High-Speed 8-Bit Multiplying D-to-A Converter S0-16 
LF351D Single BIFET Operational Amplifier S0-8 
LF353D Dual BIFET Operational Amplifiers S0-8 
LF411CD Single/Dual JFET Operational Amplifier S0-8 
LF412CD Dual BIFET High Power Operational Amplifiers S0-8 
LF441CD Single BIFET Low Power Operational Amplifier S0-8 
LF442CD Dual BIFET Low Power Operational Amplifiers S0-8 
LF444CD Quad BIFET Low Power Operational Amplifiers S0-14 
LM201AD General Purpose Adjustable Operational Amplifier S0-8 

LM208D,AD Precision Operational Amplifier S0-8 
LM211D High Performance Voltage Comparator S0-8 
LM224D Quad Low Power Operational Amplifiers S0-14 
LM239D,AD Quad Single Supply Comparators S0-14 
LM258D Dual Low Power Operational Amplifiers S0-8 
LM285D-1.2 Micropower Voltage Reference Diodes S0-8 
LM285D-2.5 Micropower Voltage Reference Diodes S0-8 
LM293D Dual Comparators S0-8 
LM301AD General Purpose Adjustable Operational Amplifier S0-8 
LM308D,AD Precision Operational Amplifier S0-8 

LM311D High Performance Voltage Comparator S0-8 
LM317LD Positive Adjustable 100 mA Voltage Regulator SOP-8 
LM317MDT Positive Adjustable 500 mA Voltage Regulator DPAK 
LM324D,AD Quad Low Power Operational Amplifiers S0-14 
LM339D.AD Quad Single Supply Comparators S0-14 
LM348D Quad MC1741 Operational Amplifiers S0-14 
LM358D Dual Low Power Operational Amplifiers S0-8 
LM385D-1.2 Micropower Voltage Reference Diodes S0-8 
LM385D-2.5 Micropower Voltage Reference Diodes S0-8 
LM393D Dual Comparators S0-8 

LM833D Dual Audio Amplifiers S0-8 
LM2901D Quad Single Supply Comparators S0-14 
LM2902D Quad Low Power Operational Amplifiers S0-14 
LM2903D Dual Comparators S0-8 
LM2904D Dual Low Power Operational Amplifiers S0-8 
LM2931 AD-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 S0-14 
MC1350D IF Amplifier S0-8 
MC1357D FM IC with Quadrature Detector S0-14 

MC1377DW* Color Television RGB to PAUNTSC Encoder S0-20L 
MC1378FN Video Overlay Synchronizer PLCC-44 
MC1381FB* Multimode Monitor Processor QFP-44 
MC1382DW Multi mode Monitor TTL To Analog Video S0-24L 
MC1403D Precision Low Voltage Reference S0-8 
MC1413D Peripheral Driver Array S0-16 
MC1436D,CD High Voltage Operational Amplifier S0-8 
MC1455D Timing Circuit S0-8 
MC1458D,CD Dual Operational Amplifiers S0-8 
MC1458SD High Slew Rate Dual Operational Amplifiers S0-8 

MC1488D Quad EIA-232C Drivers S0-14 
MC1489D Quad EIA-232C Receivers S0-14 
MC1495D Four-Quadrant Multiplier S0-14 
MC1496D Balanced Modulator-Demodulator S0-14 
MC1723CD Adjustable Positive Or Negative Voltage Regulator S0-14 

*To Be Introduced. 
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LINEAR AND INTERFACE (continued) 

DtVioe 
.. :.·. function Pack8!l& 

MC1733CD Differential Video Amplifier S0-14 
MC1741CD General Purpose Operational Amplifier S0-8 
MC1741SCD High Slew Rate Operational Amplifier S0-8 
MC1747CD Dual MC1741 Operational Amplifiers S0-14 
MC1776CD Programmable Operational Amplifier S0-8 
MC26LS31D Quad EIA-422/3 Drivers S0-16 
MC26LS32D Quad EIA-422 Receivers S0-16 
MC26S10D Quad Bus Transceiver S0-16 
MC2831AD FM Transmitter S0-16 
MC3303D Quad Differential-Input Operational Amplifier S0-14 

MC3335DW Basic Dual Conversion Receiver S0-20L 
MC3346D General Purpose Transistor Array S0-14 
MC3356DW FSK Receiver S0-20L 
MC3359DW Low Power Narrowband FM IF Amplifier S0-20L 
MC3361AD Low Voltage Narrowband FM IF Amplifier S0-16 
MC3362DW Dual Conversion Receivers S0-28L 
MC3363DW* Dual Conversion Receivers S0-28L 
MC3367DW Low Voltage VHF Receiver S0-28L 
MC3371D* Low Voltage FM Receiver with RSSI S0-16 
MC3401D Quad Operational Amplifiers S0-14 

MC3403D Quad Differential-Input Operational Amplifier S0-14 
MC3423D Overvoltage Sensing Circuit S0-8 
MC3448AD Quad GPIB Transceivers S0-16 
MC3450D Quad Line Receivers S0-16 
MC3452D Quad Line Receivers S0-16 
MC3456D Dual Timing Circuit S0-14 
MC3458D Dual Low Power Operational Amplifiers S0-8 
MC3486D Quad EIA-422/3 Receivers S0-16 
MC3487D Quad EIA-422 Drivers S0-16 
MC4558CD Dual High Frequency Operational Amplifiers S0-8 

MC4741CD Quad MC1741 Operational Amplifiers S0-14 
MC78L05ACD Positive Voltage Regulator, 5 V, 100 mA SOP-8 
MC78L08ACD Positive Voltage Regulator, 8 V, 100 mA SOP-8 
MC78L12ACD Positive Voltage Regulator, 12 V, 100 mA ! SOP-8 
MC78L15ACD Positive Voltage Regulator, 15 V, 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, 15 V, 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 AID Flash Converter S0-28L 
MC10321D 7-Bit AID Flash Converter S0-20L 
MC13022DW Medium Voltage AM Stereo C-QUAM Decoder S0-28L 
MC13023D* AM Front End/Tuning Stabilizer S0-16 
MC13024DW Low Voltage C-QUAM Receiver S0-24L 

MC13055D VHF LAN Receiver - FSK S0-16L 
MC13060D 1 Watt Audio Amp SOP-8 
MC33033DW Brushless DC Motor Controller S0-20L 
MC33034DW20,DW60 Brushless DC Motor Controller S0-24L 
MC33035DW Brushless DC Motor Controller S0-24L 
MC33039D Closed Loop Brush less Motor Adaptor S0-8 
MC33064D-5 Undervoltage Sensing Circuit S0-8 
MC33065DW Dual Current Mode PWM Controller S0-16L 
MC33071 D,AD Single, High Speed Single Supply Operational Amplifiers S0-8 

MC33072D,AD Dual, High Speed Single Supply Operational Amplifiers S0-8 
MC33074D,AD Quad, High Speed Single Supply Operational Amplifiers S0-14 
MC33077D Dual, Low Noise High Frequency Operational Amplifiers S0-8 
MC33078D Dual Audio, Low Noise Operational Amplifiers S0-8 
MC33079D Low Power, Single Supply Operational Amplifier S0-14 
MC33120DW* sue 11 S0-20L 
MC33164D-5 Micropower Undervoltage Sensing Circuit S0-8 

*To Be Introduced. 
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LINEAR AND INTERFACE (continued} 

~:: .,, 

MC33171D Single, Low Power, Single Supply Operational Amplifier S0-8 
MC33172D Dual, Low Power, Single Supply Operational Amplifiers S0-8 
MC33174D Quad, Low Power, Single Supply Operational Amplifiers S0-14 
MC33272D Dual Precision Bipolar Operational Amplifier S0-8 
MC33274D Quad Precision Bipolar Operational Amplifier S0-14 
MC33282D Dual Precision Low Input JFET Operational Amplifiers (Trim-in-the-Package) S0-8 
MC33284D Quad Precision JFET Operational Amplifiers (Trim-in-the-Package) S0-14 
MC34001D,BD Single JFET Input Operational Amplifier S0-8 
MC34002D,BD Dual JFET Input Operational Amplifiers S0-8 
MC34011AFN Electronic Telephone Circuit PLCC-44 

MC34012-1D Telephone Tone Ringer S0-8 
MC34012-2D Telephone Tone Ringer S0-8 
MC34012-3D Telephone Tone Ringer S0-8 
MC34013AFN Speech Network and Tone Dialer PLCC-28 
MC34014FN,DW Telephone Speech Network with Dialer Interface PLCC-20, S0-20L 
MC34017-1D Telephone Tone Dialer S0-8 
MC34017-2D Telephone Tone Dialer S0-8 
MC34017-3D Telephone Tone Dialer S0-8 
MC34018DW Voice Switched Speakerphone Circuit S0-28L 
MC34050D EIA-422/23 Transceivers S0-16 

MC34051D EIA-422/23 Transceivers S0-16 
MC34060AD* Switchmode Pulse Width Modulation Control Circuit S0-14 
MC34063AD Precision DC-to-DC Converter Control Circuit S0-8 
MC34064D-5 Undervoltage Sensing Circuit S0-8 
MC34065DW Dual Current Mode PWM Controller S0-16L 
MC34071 D.AD Single, High Speed, Single Supply Operational Amplifier S0-8 
MC34072D,AD Dual, High Speed, Single Supply Operational Amplifiers S0-8 
MC34074D,AD Quad, High Performance, Single Supply Operational Amplifiers S0-14 
MC34080D High Speed Decompensated (AVCL "" 2) JFET Input Operational Amplifier S0-8 
MC34081D High Speed JFET Input Operational Amplifier S0-8 

MC34084DW,ADW Quad High Speed, JFET Operational Amplifier S0-16L 
MC34085DW,ADW Quad High Speed, JFET Operational Amplifier S0-16L 
MC34114DW Speech Network II S0-18L 
MC34118DW Speakerphone II S0-28L 
MC34119D Telephone Speaker Amplifier S0-8 
MC34129D Power Supply Controller S0-14 
MC34164D-5 Micropower Undervoltage Sensing Circuit S0-8 
MC34181D Single, Low Power, High Speed JFET Operational Amplifier S0-8 
MC34182D Dual, Low Power, High Speed JFET Operational Amplifiers S0-8 
MC34184D Quad, Low Power, High Speed JFET Operational Amplifiers S0-14 

MC44301DW* High Performance Video IF S0-24L 
MC44802DW PLL Tuning Circuit w/1.3 GHz Prescaler S0-20L 
NE556D Dual Timing Circuit S0-14 
NE592D Video Amplifier S0-14 
TL061CD Single BIFET Low Power Operational Amplifier S0-8 
TL064CD Quad BIFET Low Power Operational Amplifiers S0-14 
TL071CD,ACD Single, Low Noise JFET Input Operational Amplifier S0-8 
TL072CD.ACD Dual, Low Noise JFET Input Operational Amplifiers S0-8 
TL081CD,ACD Single, JFET Input Operational Amplifier S0-8 
TL082CD,ACD Dual, JFET Input Operational Amplifiers S0-8 

TL431 ACD.AID,CD,ID Programmable Precision Reference SOP-8 
UAA1041D Automotive Direction Indicator S0-8 
UC2842AD Off-Line Current Mode PWM Controller S0-14 

• 
UC2843AD Current Mode PWM Controller S0-14 
UC2844D Off-Line Current Mode PWM Controller (DC ~ 50%) S0-14 
UC2845D Current Mode PWM Controller (DC ~ 50%) S0-14 
UC3842AD Off-Line Current Mode PWM Controller S0-14 
UC3843AD Current Mode PWM Controller S0-14 
UC3844D Off-Line Current Mode PWM Controller (DC ~ 50%) S0-14 
UC3845D Current Mode PWM Controller (DC ~ 50%) 50-14 

*To Be Introduced. 
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Tape and Reel 

Standard Bipolar Logic, Bipolar Analog 
and MOS Integrated Circuits 

Motorola has now added the convenience of Tape and Reel 
packaging for our growing family of standard Integrated Cir
cuit products. Two reel sizes are available, for all but the 
largest types, to support the requirements of both first and 

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

Mechanical Polarization 
SOIC DEVICES 

TYPICAL 

USER DIRECTION OF FEED 

S0-8, SOP-8 12 

S0-14 16 

S0-16 16 

S0-16L WIDE 16 

S0-20L WIDE 24 

S0-24L WIDE 24 

S0-28L WIDE 24 

PLCC-20 16 

PLCC-28 24 

PLCC-44 32 

PLCC-52 32 
PLCC-68 44 
PLCC-84 44 

T0-226AA (T0-92)2 
18 

2,500 

2,500 

2,500 

1,000 

1,000 

1,000 

1,000 

1,000 

500 

500 

500 
250 
250 

2000 

PLCC DEVICES 
TYPICAL 

USER DIRECTION OF FEED 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 
13 
13 

R2 

R2 

R2 

R2 

R2 

R2 

R2 

R2 

R2 

R2 

R2 
R2 
R2 

13 RA, RB RE, RM, or RP 
{Ammo Pack) only 

Notes: 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 T0-226AA packages are available in Styles A, Band 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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Packaging Information IEI 



Case Outline Dimensions 
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: 

TJ(max) - TA 
PD(TA) = RruA(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. 

TJ(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 

K SUFFIX 
CASE 1-03 MIWMffiRS INCHES 

r·4~ DIM MIN MAX MIN MAX 
Metal Package 

L B - 22.23 - 0.875 
ReJA = 45° C/W(Typ) I l c 6.35 11.43 0.250 0.450 

(T0-3) I I SEATING D 0.97 1.09 0.038 0.043 

L. ~ K ·W- PLANE E - 3.43 - 0.135 
F 30.15 BSC 1.187 BSC 

---ll--o 2 PL 
t G 10.92 BSC 0.430 BSC 

H 5.46 BSC 0.215 BSC 
~I <1>0.30to.012)®1w1 v @I a~ I J 16.89 BSC 0.665 BSC 

~ ·~bG 
K 7.92 - 0.312 -
Q 3.84 4.09 0.151 0.161 
s - 13.34 - 0.525 
T - 4.78 - 0.188 
v 3.84 4.09 0.151 0.161 

2 

~~ ~ G NOTES: 

T ~ + f 1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

ltl<1>0.2510.01o)@lwl v@I 
3. ALL RULES AND NOTES ASSOCIATED WITH 

REFERENCED T0-204AA OUTLINE SHALL APPLY. 

LP, P, Z SUFFIX 
MILLIMETERS INCHES 

DIM MIN MAX MIN MAX 
CASE 29-04 MB A 

A 4.32 5.33 0.170 0.210 

Plastic Package B 4.45 5.20 0.175 0.205 

w_JEJ4r-1 c 3.18 4.19 0.125 0.165 
ReJA = 200° C/W D 0.41 0 55 0.016 0.022 
(T0-226ANT0-92} F 0.41 0.48 0.016 0.019 

G 1.15 1.39 0.045 0.055 

F--1 L H - 2.54 - 0.100 

"/ 
_ -~l K 

J 2.42 2 66 0.095 0.105 
K 12.70 - 0.500 -

1 L 6.35 - 0.250 -

! N 204 2.66 0.080 0.105 
p 2.93 - 0.115 -

D--::!jtf_G ~ 
R 3.43 - 0.135 -
s 0.39 0.50 0.015 0.020 

~ J f--= 
I NOTES: 

3 SECT. A-A 1. CONTOUR OF PACKAGE BEYOND ZONE "P" IS r-rR C UNCONTROLLED. 
2 DIM "F" APPLIES BETWEEN "H" AND "L". DIM 

~-+j "D" & "S" APPLIES BETWEEN "L" & 12.70mm 

~--~-- (05'') FROM SEATING PLANE. LEAD DIM IS 
UNCONTROLLED IN "H" & BEYOND 12.70mm 
(05'') FROM SEATING PLANE. 

3. CONTROLLING DIM: INCH. 
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G, H SUFFIX 
CASE 79-05 
Metal Package 

ReJA = 185° C/W(Typl) 
(T0-39) 

3 
2 1 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION J MEASURED FROM DIMENSION A 

MAXIMUM .. 
4. DIMENSION B SHALL NOT VARY MORE THAN 0.25 

(0.0101 IN ZONE R. THIS ZONE CONTROLLED FOR 
AUTOMATIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION P 
AND L. DIMENSION D APPLIES BElWEEN 
DIMENSION L AND K MINIMUM. LEAD DtAMmR 
IS UNCONTROLLED IN DIMENSION P AND 
BEYOND DIMENSION K MINIMUM. 

KC, T SUFFIX 
CASE 221 A-06 
Plastic Package 
ReJA = 65° C/W(Typ) 
(T0-220AB) 

T SUFFIX 
CASE 3140-02 
Plastic Package 
ReJA = 65° C/W(Typ) 

a 

v 

w 

----11----D 3PL 

It I cf> 0.36 (0.014) ® I T I A ®I H ®I 

B 

D 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.02 9.29 0.355 0.366 
B 8.01 8.50 0.315 0.335 
c 4.20 4.57 0.165 0.180 
D 0.44 0.53 0.017 0.021 
E 0.44 0.88 0.017 0.035 
F 0.41 0.48 0.016 0.019 
G 5.0SBSC 0.200 BSC 
H 0.72 I 0.86 0.028 0.034 
J 0.74 1.01 0.029 0.040 
K 12.70 19.05 0.500 0.750 
L 6.35 - 0.250 -
M 45° BSC 45° BSC 
p - 1.27 - 0.050 
R 2.54 I - 0.100 -

NOTES: 
1. DIMENSIONING ANO TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIM Z DEFINES A ZONE WHERE ALL BODY AND 

LEAD IRREGULARITIES ARE ALLOWED. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 14.48 15.75 0.570 0.620 
B 9.66 10.28 0.380 0.405 
c 4.07 4.82 0.160 0.190 
D 0.64 0.88 0.025 O.Q35 
F 3.61 3.73 0.142 0.147 
G 2.42 2.66 0.095 0.105 
H 2.80 3.93 0.110 0.155 
J 0.46 0.64 O.Q18 O.Q25 
K 12.70 14.27 0.500 0.562 
L 1.15 1.52 0.045 0.060 
N 4.83 5.33 0.190 0.210 
Q 2.54 3.04 0.100 0.120 
R 2.04 2.79 0.080 0.110 
s 1.15 1.39 0.045 0.055 
T 5.97 6.47 0.235 0.255 
u 0.00 1.27 0.000 0.050 
v 1.15 - 0.045 -
z - 2.04 - 0.080 

NOTES· 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 14.529 15.570 0.572 0.613 
B 9.906 10.541 0.390 0.415 
c 4.318 4.572 0.170 0.180 
D 0.635 0.965 O.Q25 O.Q38 
E 1.169 1.397 0.046 0.055 
G 1.702 BSC 0.067 BSC 
H 2.109 2.717 0.083 0.107 
J 0.381 0.635 0.015 0.025 
K 25807 26.670 1.016 1.050 
L 8.052 9.398 0.317 0.370 
Q 3.556 3.937 0.140 0.155 
u 11.889 12.827 0.468 0.505 

Ill 



Ill 

DT-1 SUFFIX 
CASE 369-04 
Plastic Package 

,, 
2 3 

DT SUFFIX 
CASE 369A-05 
Plastic Package 
DPAK 

MILLIMETERS 
DIM MIN MAX 
A 5.97 6.22 
B 6.35 6.73 
c 2.19 2.38 
D 0.69 0.88 
E 0.84 1.01 
F 0.77 1.14 
G 4.58 BSC 
H 0.87 1.01 
J 0.46 0.58 
K 2.60 2.89 
L 2.29 BSC 
R 4.45 5.46 
s 0.64 0.88 
u 0.51 -
v 0.77 1.27 

~4.32 -
z 3.69 -

H, G SUFFIX 
CASE 601-04 
Metal Package 

INCHES 
MIN MAX 
0.235 0.245 
0.250 0.265 
0.086 0.094 
0.027 0.035 
0.033 0.040 
0.030 0.045 

0.180 BSC 
0.034 0.040 
O.Q18 0.023 
0.102 0.114 

0.090 BSC 
0.175 0.215 
0.025 0.035 
0.020 -
0.030 0.050 
0.170 -
0.145 -

ReJA = 160° C/W(Typ) 
(T0-5) 

~ 
8 1 

H 
D 3PL 

I ti 0.1310.005)@ IT I 

NOTES: 
1. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION INCH 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 5.97 6.22 0.235 0.245 
B 6.35 6.73 0.250 0.265 
c 2.19 2.38 0.086 0.094 
D 0.69 0.88 0.027 0.035 
E 0.84 1.01 0.033 0.040 
F 0.77 1.14 0.030 0.045 
G 2.29 BSC 0.090 BSC 
H 0.87 1.01 0.034 0.040 
J 0.46 0.58 0.018 0.023 
K 8.89 9.65 0.350 0.380 
R 4.45 5.46 0.175 0.215 
s 1.91 2.28 0.075 0.090 
v 0.77 1.27 0.030 0.050 

,1,/1) v~~31 11 ~ 
A 

5
L_"-T+r-1 --rt.----..+..-3 _j 

NOTES: 

-T
SEATING 
PLANE 

J 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
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MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.51 9.40 0.335 0.370 
B 7.75 8.51 0.305 0.335 
c 4.19 4.70 0.165 0.185 
D 0.41 0.48 0.016 0.019 
E 0.25 1.02 0.010 0.040 
F 0.25 1.02 0.010 0.040 
G 5.08 BSC 0.200 BSC 
H 0.71 0.86 0.028 0.034 
J 0.74 1.14 0.029 0.045 
K 12.70 - 0.500 -
L 3.05 4.06 0.120 0.160 
M 45° BSC 45° BSC 
N 2.41 2.67 0.095 0.105 

NOTE: 
1. LEADS WITHIN 0.25 mm (0.0101 

DIA OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 



H, G SUFFIX 
CASE 603-04 
Metal Can 
RoJA = 160° C/W 
(T0-100) 

110 

G SUFFIX 
CASE 603C-01 
Metal Can 
RoJA = 150° C/W(Typ) 
(T0-100) 

1 10 

(BOTTOM VIEW) 

.. ,, 

r--L 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.51 9.39 0.335 0.370 
B 7.75 8.51 0.305 0.335 
c 4.19 4.70 0.165 0.185 
D 0.407 0.533 0.016 0.021 
E - 1.02 - 0.040 
F 0.406 0.483 0.016 O.Q19 
G 5.84 BSC 0.230 BSC 
H 0.712 0.864 0.028 0.034 
J 0.737 1.14 0.029 0.045 
K 12.70 - 0.500 -
L 6.35 12.70 0.250 0.500 
M 36° BSC 36° BSC 
p - 1.27 - 0.050 
Q 3.56 4.06 0.140 0.160 
R 0.254 1.02 0.010 0.040 

All JEDEC Dimensions and Notes Apply. 

NOTE: 
LEADS WITHIN 0.18 mm 10.007) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 8.51 9.39 0.335 0.370 
B 7.75 8.51 0.305 0.335 
c 4.19 6.73 0.165 0.265 
D 0.407 0.533 0.016 0.021 
E - 1.02 - 0.040 
F 0.406 0.483 0.016 0.019 
G 5.84 BSC 0.230 BSC 
H 0.712 0.864 0.028 0.034 
J 0.737 1.14 0.029 0.045 
K 12.70 - 0.500 -
L 6.35 12.70 0.250 0.500 
M 36° BSC 36° BSC 
p - 1.27 - 0.050 
Q 3.56 4.06 0.140 0.160 
R 0.254 1.02 0.010 0.040 

NOTES 
1. LEADS WITHIN 0.18 mm 10.007) RADIUS OF TRUE 

POSITION TO DIM. "A" & "H" AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2 LEAD DIA UNCONTROLLED BEYOND DIM "K" MIN. 

NOTES 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
2 CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIM F MAY NARROW TO 0.76 10 0301 WHERE THE 

LEAD ENTERS THE CERAMIC BODY. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 19.05 19.93 0.750 0.785 
B 6.10 7.49 0.240 0.295 
c - 5.08 - 0200 
D 0.39 050 ,~' 

--4--~· :! \.__, 
N JLJ .. M 

0,015 0.020 
E 1.27 BSC 0.050 BSC 
F 1.40 1.65 0.055 0.065 
G 2.54 BSC 0.100 BSC 
J 0.21 0.38 0008 0.015 
K 3.18 4.31 0.125 0.170 

ltlo.25100101® !Tl s@I 
L 7.62 BSC 0.300 BSC 
M oo 15° oo 15° 
N 0.51 1.01 0.020 0.040 

MOTOROLA LINEAR/INTERFACE DEVICES 
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L SUFFIX 
CASE 623-05 
Ceramic Package 
ReJA = 53° C/W(Typ) 

DP1, N, P, P1 SUFFIX 
CASE 626-05 
Plastic Package 
ReJA = 100° C/W(Typ) 

•• 1 

J, F, L SUFFIX 
CASE 632-08 
Ceramic Package 
ReJA = 100° C/W(Typ) 
(T0-116) 

•• 
NOTES: 

DIM 
A 
B 
c 
D 
F 
G 
J 
K 
L 
M 
N 

NOTES: 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

31.24 32.77 1.230 1.290 
1270 15.49 0.500 0.610 
4.06 5.59 0.160 0.220 
0.41 0.51 0.016 0.020 
1.27 1.52 0.050 0.060 

2.54 BSC 0. 100 BSC 
0.20 0.30 0.008 0.012 
3.18 4.06 0.125 0.160 

15.M_BSC 0.600 BSC 
oo 15° oo 15° 
0.51 1.27 0.020 0.050 

NOTES: 
1. DIM "L" 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). 

1. LEAD POSITIONAL TOLERANCE 

~1Mo51®1 TTA®!s® J 
2 DIMENSION L TO CENTER OF LEADS WHEN FORMED 

PARALLEL 
3 PACKAGE CONTOUR OPTIONAL (ROUND OR SQUARE 

CORNERS). 
4 DIMENSIONS A AND BARE DATUMS 
5 DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982 . 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.40 10.16 0.370 0400 
B 6.10 6.60 0.240 0.260 
c 3.94 4.45 0.155 0.175 
D 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 0.76 1.27 0.030 0.050 
J 020 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300 BSC 
M - 10° - 10° 
N 0.76 1.01 0.030 0040 

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

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEAD WHEN 

FORMED PARALLEL. 
4. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 

LEAD ENTERS THE CERAMIC BODY 

MILLIMETERS 
DIM MIN MAX 
A 19.05 19.94 
B 6.23 7.11 
c 3.94 5.08 
D 039 0.50 
F 1.40 1.65 
G 2.54 BSC 
J 0.21 0.38 
K 3.18 4.31 
L 7.62 BSC 
M oo 15° 
N 0.51 1 01 

INCHES 
MIN MAX 
0.750 0.785 
0.245 0280 
0.155 0.200 
0.015 0.020 
0.055 0.065 

0.100 BSC 
0.008 0.015 
0.125 0.170 

0.300 BSC 
oo 15° 

0.020 0.040 

MOTOROLA LINEAR/INTERFACE DEVICES 
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N, P, N-14, P2 SUFFIX NOTES: 

CASE 646-06 1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 

Plastic Package 
POSITION AT SEATING PLANE AT MAXIMUM 

~AAAAA4f 
MATERIAL CONDITION. 

ReJA = 100° C/W(Typ) 2. DIMENSION "L" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION "B" DOES NOT INCLUDE MOLD 
B FLASH. 

1- ~~vv~rt~·· 
4. ROUNDED CORNERS OPTIONAL. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 18.16 19.56 0.715 0.770 - Fl-

r=L~ 
B 6.10 6.60 0.240 0.260 
c 3.69 4.69 0.145 0.185 

J--r D 0.38 0.53 O.Q15 0.021 

F\- F 1.02 1.78 0.040 0.070 rnw ~U__J_ c 
G 2.54 BSC 0.100 BSC 
H 1.32 2.41 0.052 0.095 

~~~:~ L 
J 0.20 0.38 0.008 0.015 J\_ K 2.92 3.43 0.115 0.135 

HI-- - G L 7.62 BSC 0.300 BSC - M oo 100 oo 10° 
N 0.39 1.01 O.Q15 0.039 

DP2, N, P SUFFIX NOTES: 
CASE 648-08 1. DIMENSIONING AND TOLERANCING PER 

Plastic Package ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 

ReJA = 67° C/W(Typ) 1-- [!] ·1 3. DIMENSION 'l" TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSION "B" DOES NOT INCLUDE MOLD CJ: FLASH. 
5. ROUNDED CORNERS OPTIONAL. 

-e _l 
MILLIMETERS INCHES 

~ jL, c ~ 
DIM MIN MAX MIN MAX 
A 18.80 19.55 0.740 0.770 

9rr~~· . B 6.35 6.85 0.250 0.270 
16 c 3.69 4.44 0.145 0.175 

1 D 0.39 0.53 0.015 0.021 
F 1.02 1.77 0.040 0.070 
G 2.54 BSC 0.100 BSC 
H 1.27 BSC 0.050 BSC 

H 'G ~[ = K ~:~ lM J 0.21 0.38 0.008 0.015 
K 2.80 3.30 0.110 0.130 

D 16Pl. L 7.50 7.74 0.295 0.305 

It I 0.25 10.010) ® I T I A ®I M oo 10° oo 10° 
s 0.51 1.01 0.020 0.040 

NOTES: 
P SUFFIX 1. LEADS WITHIN 0.13 mm (0.005) RADIUS OF 

CASE 648C-02 TRUE POSITION AT SEATING PLANE AT 

Plastic Package 
MAXIMUM MATERIAL CONDITION. 

2. DIMENSION "L" TO CENTER OF LEADS WHEN 
ReJA = 52° C/W 

~1~::::::~1] 
FORMED PARALLEL. 

3. DIMENSION "B" DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL. 
5. INTERNAL LEAD CONNECTION, BETWEEN 4 

~~~ 
AND 5, 12 AND 13. 

-
MIWMETERS INCHES 

DIM MIN MAX MIN MAX 

~?~ 
A 18.80 21.34 0.740 0.840 
B 6.10 6.60 0.240 0.260 
c 3.69 4.69 0.145 0.185 
D 0.38 0.53 O.D15 0.021 
F 1.02 1.78 0.040 0.070 J.L ~ G "-- Jlo ~31 ~~J J ~ G 2.54 BSC 0.100 BSC 
H 0.38 2.41 0.015 0.095 
J 0.20 0.38 0.008 0.015 

Pl.ANE 
K 2.92 3.43 0.115 0.135 

m 
L 7.62 BSC 0.300 BSC 
M oo 10° oo 10° 
N 0.39 1.01 O.Q15 0.040 

MOTOROLA LINEAR/INTERFACE DEVICES 
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P SUFFIX 
CASE 649-03 
Plastic Package 
ReJA = 90° C/W(Typ) 

NOTES: 
1 LEADS WITHIN 0.13 mm I0.005) RADIUS OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

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

L SUFFIX 
CASE 690-13 

Ceramic Package l:'
1

6 -[-----~] ~8 1-_j 1
8 

RruA ~ 100° C/W(Typ) (_ - - ~. 

~ [---A--·~ 
16 n:~1N111f ~ LI ll F 

1 -~1J 
- I ~T K 

J-8, J, JG, U, Z SUFFIX 
CASE 693-02 
Ceramic Package 
ReJA = 100° C/W(Typ) 

PLANE 

MOTOROLA LINEAR/INTERFACE DEVICES 

13-8 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 31.50 32.13 1.240 1.265 
B 13.21 13.72 0.520 0.540 
c 4.70 5.21 0.185 0.205 
D 0.38 0.51 0.015 0.020 
F 102 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.65 216 0.065 0.085 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 14.99 15.49 0.590 0.610 
M - 10° - 10° 
N 0.51 1.02 0.020 0.040 
p 0.13 0.38 0.005 O.Q15 
Q 0.51 0.76 0.020 0.030 

NOTES: 
1. -A- AND -B-AREDATUMS. 
2. -T- IS SEATING PLANE 
3. POSITIONAL TOLERANCE FOR LEADS ID). 

I+/ ¢0.25 (0010) §IT I A'"'· I B@I 
4. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL. 
5. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5, 1973. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 20.07 20.57 0.790 0.810 

-B 7.11 7.74 0.280 0.305 
c 2.67 4.19 0.105 0.165 
D 0.38 0.53 O.Q15 0.021 
F 0.76 1.52 0.030 0.060 
G 2.54 BSC 0.100BSC 
H 0.76 1.78 0.030 0.070 
J 0.20 0.30 0.008 0.012 
K 3.18 5.08 0.125 0.200 
L 7.62 BSC 0.300 BSC 
M - 100 - 100 

N 0.38 1.52 O.Q15 0.060 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.91 10.92 0.390 0.430 
B 6.22 6.99 0.245 0.275 
c 4.32 5.08 0.170 0.200 
D 0.41 0.51 0.016 0.020 
F 1.40 1.65 0.055 0.065 
G 2.54 BSC 0.100 BSC 
H 1.14 1.65 0.045 0.065 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 7.37 7.87 0.290 0.310 
M - 15° - 15° 
N 0.51 1.02 0.020 0.040 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.0051 RAD OF TRUE 

POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

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



A, B, N, P SUFFIX 1- NOTES: 

CASE 707-02 1. POSITIONAL TOLERANCE OF LEADS (D), SHALL BE 

Plastic Package WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 
CONDITION, IN RELATION TO SEATING PLANE 

ReJA = 100° C/W(Typ) AND EACH OTHER. 
2. DIMENSION L TO CENTER OF LEADS WHEN 

1 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

1~ : : : : : : : ~ 1- f MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.22 23.24 0.875 0.915 

I A I 
B 6.10 6.60 0.240 0.260 
c 3.56 4.57 0.140 0.180 
D 0.36 0.56 0.014 0.022 

---. r:=L-1 F 1.27 1.78 0.050 0.070 
G 2.54 BSC 0.100 BSC 

J~+tf3\ 
H 1.02 1.52 0.040 0.060 
J 0.20 0.30 0.008 0.012 
K 2.92 3.43 0.115 0.135 
L 7.62 BSC 0.300 BSC 

~H F --I G 1-D-J!- SEATING f -..j M J-+\\-- M oo 15° oo 15° 
PlANE N 0.51 1.02 0.020 0.040 

P SUFFIX t4fl' 
NOTES: 

CASE 710-02 1. POSITIONAL TOLERANCE OF LEADS ID), SHALL BE 
WITHIN 0.25mm(0.010) AT MAXIMUM MATERIAL 

Plastic Package CONDITION. IN RELATION TO SEATING PLANE 
AND EACH OTHER 

2. DIMENSION L TO CENTER OF LEADS WHEN 
1 FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH 

~: ::: : : :: :::::u MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.21 1.435 1.465 
B 13.72 14.22 0.540 0.560 
c 3.94 5.08 0.155 0.200 
D 0.36 0 56 0.014 0.022 

~~fLJ~ 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 0.135 
L 15.24 BSC 0.600 BSC 
M O' 15° O' 15° 
N 0.51 1.02 0.020 0.040 

PlANE 

P SUFFIX 

11fljv~1f' NOTES· 
CASE 711-03 1. POSITIONAL TOLERANCE OF LEADS (DI. SHALL BE 

Plastic Package WITHIN 0.25 mm (0.010) AT MAXIMUM MATERIAL 
CONDITION. IN RELATION TO SEATING PLANE 40 I 
AND EACH OTHER 

1 2. DIMENSION L TO CENTER OF LEADS WHEN 

~: : : : : : : : : : : : : : : : : : J 1 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 51.69 52.45 2.035 2.065 

' B 13.72 14.22 0.540 0.560 
c 3.94 508 0.155 0.200 

i A- -----· ·-1 C ----L- D 0.36 056 0.014 0.022 
F 1.02 1.52 0.040 0.060 

JWWWVW1j{Wr~-8 t 
G 2.54 BSC 0.100 BSC 

Et H 1.65 2.16 0.065 0.085 
J 0.20 0.38 0.008 O.D15 
K 2.92 3.43 0.115 0.135 
L 15.24 BSC 0.600 BSC 

k-H· _.j f--a F --l~o \_ K -.-' _.-M M O' 15° O' 15° 
N 0.51 1.02 0.020 0.040 

SEATING 

m 
PLANE 

MOTOROLA LINEAR/INTERFACE DEVICES 
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CASE 721-02 NOTES: 
Plastic Package 

1¥M~-=.l 
1. DIMENSION "S" TO CENTER OF LEADS WHEN 

R9JA = 52° C/W FORMED PARALLEL. 

MILLIMETERS INCHES 

ly_j 
DIM MIN MAX MIN MAX 
A 20.70 21.34 0.815 0.840 
B 6.10 6.60 0.240 0.260 

"-
c 4.06 4.57 0.160 0.180 
D 0.43 0.56 0.017 0.022 
F 1.02 1.52 0.040 0.060 

Q ~p__j G 2.41 2.67 0.095 0.105 
H 1.32 1.83 0.052 0.072 

~Al Jc t=s=:l 

J 0.33 0.46 0.013 0,018 
K 3.30 3.94 0.130 0.155 
L 25.15 27.94 0.990 1.100 
M - 10° - 10° 

~-ft- N 0.51 1.02 O.Q20 0.040 
p 6.27 6.53 0.247 0.257 

j__ --JI-- D __j C1 M~ L J __l\--
Q 3.48 3.73 0.137 0.147 
s 7.37 7.87 0.290 0.310 

H--jH G T 16.26 16.76 0.640 0.660 

P-3, P-60, P-120 SUFFIX NOTES: 

CASE 724-03 1. CHAMFERRED CONTOUR OPTIONAL. 

Plastic Package 
2. DIM "L" TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
R6JA = 100° C/W(Typ) 

1· [±] l1 
3. DIMENSIONS AND TOLERANCES PER ANSI 

Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH. 

- 1::::::::::::1m MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

t Fi A 31.25 32.13 1.230 1.265 

' ~~~J_JM~' 
B 6.35 6.85 0.250 0.270 
c 3.69 4.44 0.145 0.175 
D 0.38 0.51 O.ot5 0.020 
E 1.27 BSC 0.050 BSC 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0100 BSC 

Jl ·~bo •• [±]i~:o~OI® iris® i 

J 0.18 0.30 0.007 0.012 
K 2.80 3.55 0.110] 0.140 
l 7.62 BSC 0.300 BSC 
M oo 15° 0° ] 15° 

G-1025(0010)@ lil A® I N 0.51 1.01 0.020 1 0.040 

m 

J, L SUFFIX NOTES: 

CASE 726-04 
1. LEADS, TRUE POSITIONED WITHIN 0.25 mm 

(0010) DIA. AT SEATING PLANE, AT MAXIMUM 

Ceramic Package MATERIAL CONDITION. 

R6JA "" 100° C/W(Typ) c:J-! 2. DIM "L" TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM "A" & "B" INCLUDES MENISCUS 
_l 4. "F" DIMENSION IS FOR FULL LEADS. "HALF" 

c~.L·-·~ 
LEADS ARE OPTIONAL AT LEAD POSITIONS 1, 9, ,,_ 10, AND 18. 

MILLIMETERS INCHES 

[L] DIM MIN MAX MIN MAX 
A 22.35 23.11 0.880 0.910 

1 B 6.10 7.49 0.240 0.295 

J~?lt~AL 
c - 5.08 - 0.200 
D 0.38 0.53 0.015 0.021 
F 1.40 1.78 0.055 0.070 
G 2.54 BSC 0.100 BSC 
H 0.51 1.14 0.020 0.045 
J 0.20 0.30 0.008 0.012 
K 3.18 4.32 0.125 0.170 

PLANE L 7.62 BSC 0.300 BSC 
M oo 15° oo 15° 
N 0.51 1.02 0.020 0.040 

MOTOROLA LINEAR/INTERFACE DEVICES 
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L SUFFIX 
CASE 732-03 
Ceramic Package 
ReJA = 75° C/W 

L SUFFIX 
CASE 733-04 
Ceramic Package 

- --H SEATING 
-· D PUllE 

, 
1 

[::::::::::r t 

NOTES 
1. LEADS WITHIN 0.25 mm (0 0101 DIA., TRUE 

POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION 

2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM A AND B INCLUDES MENISCUS 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 23.88 25.15 0.940 0.990 
B 6.60 7.49 0.260 0.295 
c 3.81 5.08 0.150 0.200 
D 0.38 0.56 0.015 0.022 
F 1.40 1.65 0.055 0.065 
G 2.54 BSC 0.100 BSC 
H 0.51 1.27 0.020 0.050 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 7.62 BSC 0.300 BSC 
M oo 15° oo 15° 
N 0.25 1.02 0.010 0.04C 

NOTES: 
1. DIM WIS DATUM. 
2. POSITIONAL TOL FOR LEADS: 

I -ti <I> 0.25 (0.010) ® IT I A ® I 
3. [[] IS SEATING PLANE. 
4. DIM A AND B INCLUDES MENISCUS. 
5. DIM -L- TO CENTER OF LEADS WHEN FORMED 

PARALLEL. 
6. DIMENSIONING & TOLERANCING PER Y14.5, 1982. 
7. CONTROLLING DIM: INCH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 36.45 37.84 1.435 1.490 
B 12.70 15.36 0.500 0.605 

1-----A---~-~ ,-C 1---L=J 

J .• .. " l!U .--~tc:G .Fl 
c 4.06 5.84 0.160 0.230 
D 0.38 0.55 O.Q15 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100 BSC 
J 0.20 0.30 0.008 0.012 

: __.jGf- i -if---o K~ ~~M J-lr 
~H - ---F 

K 3.18 4.06 0.125 0.160 
L 15.24 BSC 0.600 BSC 
M 0° 15° 0° 15° 
N 0.51 1.27 0.020 0.050 

P SUFFIX NOTES: 

CASE 738-03 
Plastic Package 
ReJA = 75° C/W 

1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. -·· 

DIM 
A 

M 
N 

FORMED PARALLEL. ~ 

2. CONTROLLING DIMENSION INCH rffffl 
3. DIMENSION "L" TO CENTER OF LEAD WHEN ~ 

4. DIMENSION "B" DOES NOT INCLUDE MOLD 20 

MILLIMETERS 
MIN MAX 
25.66 27.17 

6.10 6.60 
3.81 4.57 
0.39 0 55 

1.27 BSC 
1.27 1.77 

2.54 BSC 
0.21 0.38 
2.80 3.55 

7.62 BSC 
0° 15° 
0.51 1.01 

FLASH. 

1

. (A] •
1

_j 
1 

f~:::::::::1 . 
a;-{ 

INCHES 
MIN MAX 
1.010 1.070 
0.240 0.260 

~~=ji 0.100 BSC 

0.150 0.180 
0.015 0.022 

0.050 BSC 
0.050 0.070 

0.008 O.Q15 

0° 15° 

0.110 0.140 
0.300 BSC 

0.020 0.040 
l+lo25roo10)@ l~J 

MOTOROLA LINEAR/INTERFACE DEVICES 
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D SUFFIX NOTES: 

CASE 751-03 1. DIMENSIONS "A" AND "8" ARE DATUMS AND 
"T" IS A DATUM SURFACE. 

Plastic Package 

F9if 
2 DIMENSIONING AND TOLERANCING PER ANSI 

(S0-8, SOP-8) Y14.5M, 1982. 
3. CONTROLLING DIM: MILLIMETER. 8. 1;_:_:_:i~ pl 025

I0010I ®!• 

4. DIMENSION "A" AND "8" DO NOT INCLUDE 
MOLD PROTRUSION. 

®I 
5. MAXIMUM MOLD PROTRUSION 0.1510006) PER 1 SIDE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

Ol_g~_Hffi~n< 
1 IRX45° A 4.80 5.00 0.189 0.196 

B 3.80 4.00 0.150 0.157 

j_Jjr;;J ll c 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 O.D19 

0-I f.- K PlANE -CM F__/ /j;J F 0.40 1.25 O.Q16 0.049 
G 1.27 BSC 0050 BSC 

I f I 0.25 (0.0101 ® I TI B @IA @I J 0.18 0.25 0.007 0.009 
IPL K 0.10 0.25 0.004 0.009 

M o· 7• o· 7° 
p 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 

D SUFFIX NOTES: 

CASE 751 A-02 1. DIMENSIONS A AND BARE DATUMS AND TIS A 

Plastic Package 
DATUM SURFACE 

2. DIMENSIONING AND TOLERANCING PER ANSI 
(80-14) Y14.5M, 1982. 

3. CONTROLLING DIMENSION: MILLIMETER 

14# 
4. DIMENSION A AND B DO NOT INCLUDE MOLD 

IA-1n_~JJT-tJ 
PROTRUSION 

5. MAXIMUM MOLD PROTRUSION 0.1510.006) 
PER SIDE. 1 .. ·+ -B- P I +I o 25 10 0101 ® I s MILLIMETERS INCHES 

®I DIM MIN MAX MIN MAX 
0) 7~7PL A 8.55 8.75 0.337 0.344 

]_~_Q_1LH_-S-_H B 3.80 4.00 0.150 0.157 
c 1.35 1.75 0.054 0.068 

--..j G j.- C 1 IRX45° D 0.35 0.49 0.014 O.Q19 
F 0.40 1.25 O.Q16 0.049 

m_HftoJ4ElHPJl-t L,. LJJ ( ) IL1 
G 1.27 BSC 0.050 BSC 
J 0.19 0.25 0.008 0.009 

-.j I- PlANE \:_M F--1 /j;J K 0.10 0.25 0.004 0.009 
D 14PL K M o· 7• o· 7° 

l+io25100101®ITIB @IA @I 
p 5.80 6.20 0.229 0.244 
R 0.25 0.50 0.010 O.Q19 

NOTES: 
D SUFFIX 1. DIMENSIONS A AND BARE DATUMS AND TIS A 

CASE 751 B-03 DATUM SURFACE. 

Plastic Package 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 
(S0-16) 3. CONTROLLING DIMENSION: MILLIMETER. 

4. DIMENSION A AND B DO NOT INCLUDE MOLD 

m 
l~-FlT~Tlr~il 

PROTRUSION 

"' 
5 MAXIMUM MOLD PROTRUSION 0 15 10 006) 

PER SIDE 

" '+ MILLIMETERS INCHES 1 J -B- p I-ti 02510010) ®I~ DIM MIN MAX MIN MAX 

0) 
8 l BPL 

A 9.80 10.00 0.386 0.393 
B 3.80 4.00 0.150 0.157 

Ll+LlJ_]_1d_lL1L1L_ c 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 O.Q19 

--j G f- .. C 11-R X 45° F 0.40 1.25 0.016 0.049 
G 1.27 BSC 0.050 BSC 

ITL bb)Spnr=udSll J ~- ul ht l J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 

o-l l-16PL - K PLANE \:_M F--1 /j;J M o· 7° o· 7• 
p 5.80 6.20 0.229 0.244 

!+I 02510o101 ®I!IY®iifil R 0.25 0.50 0.010 0.019 

MOTOROLA LINEAR/INTERFACE DEVICES 
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OW SUFFIX 
CASE 751 C-03 
Plastic Package 
(S0-18L) 

~ -Jr p !ti 02510010) ®I B ®I 

1 91~ I'~ 
=-t[[f_ :=:__J 

_J 
mk E:;::H:;:;::H~H:;::;:::H:;:;H~H~H~H~d __l c SEATING 

OW SUFFIX 
CASE 751 D-03 
Plastic Package 
(S0-20L) 

JL -Y.PlANE 
018PL K 

1-t I 0.25 10.0101 ®I T I B CB liJfil 

_J 
@lbHHHHHHHHHrl__l c SEATING 

OW SUFFIX 
CASE 751 E-03 
Plastic Package 
(S0-24L) 

-\~02rn 

JL- ~PLANE 

020~ K 

I ti 02510.010) ®IT I B CB I A CB I 

SEATING 
PLANE 

I ti 0.2510.010) ®I TI B CB I A CB I 

®' 

MOTOROLA LINEAR/INTERFACE DEVICES 
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NOTES: 
1 DIMENSIONS A AND B ARE DATUMS AND T IS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982 
3. CONTROLLING DIMENSION MILLIMETER. 
4. DIMENSION A AND B 00 NOT INCLUDE MOLD 

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.1510.006) 

PER SIDE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 11.40 11.70 0.449 0.460 
B 7.40 7.60 0.292 0.299 
c 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27 BSC 0.050 BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M oo 70 oo 70 
p 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

NOTES: 
1. DIMENSIONS A AND BARE DATUMS AND TIS A 

DATUM SURFACE. 
2 DIMENSIONING AND TOLERANCING PER ANSI 

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

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.1510.006) 

PER SIDE 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 12.65 12.95 0.499 0.510 
B 7.40 7.60 0.292 0.299 
c 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27 BSC 0.050 BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M oo 70 oo 70 
p 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

NOTES: 
1. DIMENSIONS A AND BARE DATUMS AND TIS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

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

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.1510.0061 

PER SIDE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 15.25 15.54 0.601 0.612 
B 7.40 7.60 0.292 0.299 
c 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 0.019 
F 0.41 0.90 O.Q16 0.035 
G 1.27 BSC 0.050 BSC 
J 0.229 0.317 0.0090 0.0125 
K 0.127 0.292 0.0050 0.0115 
M oo go oo go 
p 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

Ill 



Ill 

OW SUFFIX 
CASE 751 F-03 
Plastic Package 
(S0-28L) 

I ~-~-Jl ~R ~ ~ -~ -R-RJl _R _Jl _~l-1 
r
28 151 ~ p, *' 0.2510.010) ®' B ®' 

I© 14~4~ 
~ ~~ ~-"BJLH-13"_:-"ff _-S_-SJf 

~ _L --l~RX45' 
bHHHHHHHHHHHHHd_i_ C ~~~ ( d/C3\hj_ 

~~028PL 1! c F~GJ 
ltlo.2510.01oi®!Tls @IA ®I 

NOTES: 
1. DIMENSIONS A AND BARE DATUMS AND TIS A 

DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 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. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 17.go 18.05 0.701 0.711 
B 7.40 7.60 0.292 0.299 
c 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 O.D19 
F 0.41 0.90 0.016 0.035 
G 1.27 BSC 0.050 BSC 
J 0.229 0.317 0.0090 0.0125 
K 0.127 0.292 0.0050 0.0115 
M oo go Oo go 

p 10.05 10.55 0.395 0.415 
R 0.25 0.75 0.010 0.029 

OW SUFFIX 
CASE 751 G-01 
Plastic Package 
(S0-16L) 

16~·· ~- NOTES: 

_j__ 
m Eb:;:tj::;:;H::;:;H:;:;:e:;:;::e;;;;H;;;;tJ~d l_ c SEATING 

~~016n T.T ~NE 
l t I 0.25 (0.010) ®I T I B @ I A @I 

MOTOROLA LINEAR/INTERFACE DEVICES 
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1. DIMENSIONS A AND BARE DATUMS AND TIS A 
DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 19g2. 

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

PROTRUSION. 
5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 10.15 10.45 Q.400 0.411 
B 7.40 7.60 0.292 0.299 
c 2.35 2.65 0.093 0.104 
D 0.35 0.49 0.014 0.019 
F 0.50 0.90 0.020 0.035 
G 1.27 BSC 0.050 BSC 
J 0.25 0.32 0.010 0.012 
K 0.10 0.25 0.004 0.009 
M 0° 7° oo 7° 
p 10.05 10.55 0.395 0.415 

0.25 0.75 0.010 0.029 



CASE 762-01 
Plastic Medium Power Package 
(SIP 9) 
ReJA = 70° C/W(Typ) 
ReJC = 15° C/W(Typ) 

R 

FN SUFFIX 
CASE 775-02 
Plastic Package 
(PLCC-20) 
ReJA = 72° C/W(Typ) 

(5K SQML) 

lrm YBRK 

\--• 

0 

w 

----~-r--Altlo18{0007) ® lrl L©-M@I N®--P@I VIEWD-D 

'----DETAILS DETAILS 

G1 

NOTES: 
1. DIMENSIONS A. AND CARE DATUMS 

AND -T- IS A DATUM PLANE. 
2 POSITIONAL TOLERANCE FOR 

LEAD DIMENSION D: 

I •I p0.2510.0lO)@J-T-I A@I 
3. POSITIONAL TOLERANCE FOR 

LEAD DIMENSION J: 
I ti q,0.25(0.010)®1-T-1 c®I 

4. POSITIONAL TOLERANCE FOR LEAD 
DIMENSION 0: 
I +I <f>0.25(0.0101®1-T-1 A®I 

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

6. CONTROLLING DIMENSION: MILLIMETER 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 22.40 23.00 0.873 0.897 
B 6,40 6.60 0.252 0.260 
c 3.45 3.65 0.135 1.143 
D 0.40 0.55 O.Q15 0.021 
E 9.35 9.60 0.368 0.377 
F 1.40 1.60 0.055 0.062 
G 2 54 BSC 0.100BSC 
H 1.51 1.71 0.059 0.067 
J 0.360 0.400 0.014 0.015 
K 3.95 4.20 0.155 0.165 
M 30° BSC 30° BSC 
N 2.50 2.70 0.099 0.106 
Q 3.15 3.45 0.124 0.135 
R 13.60 13.90 0.535 0.547 
s 1.65 1.95 0.064 0.076 
u 22.00 22.20 0.866 0.874 
v 0.55 0.75 0.021 0.029 
w 2.89 BSC 0.113 BSC 
x 0.65 0.75 0.025 0.029 
y 2.70 2.80 0.106 0.110 

NOTES: 
1. DATUMS -L·, ·M·, -N·, AND .p. DETERMINED 

WHERE TOP OF LEAD SHOULDER EXIT PLASTIC 
BODY AT MOLD PARTING LINE. 

2. DIM GI, TRUE POSTION TO BE MEASURED AT 
DATUM -T-, SEATING PLANE. 

3. DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.2510.010) PER SIDE. 

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

5. CONTROLLING DIMENSION: INCH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 9.78 10,03 0.385 0.395 
B 9.78 10.03 0.385 0.395 
c 4.20 4.57 0.165 0.180 
E 2.29 2.79 0.090 0.110 
F 0.33 0.48 0.013 0.019 
G 1.27 BSC 0.050 BSC 
H 0.66 0.81 0.026 0.032 
J 0.51 - 0.020 -
K 0.64 - 0.025 -
R 8.89 9.04 0.350 0.356 
u 8.89 9.04 0.350 0.356 

j-tjo2s100101@ 'r\ N®--P@) L©-M@) 

v 1.07 1.21 0.042 0.048 
w 1.07 1.21 0.042 0.048 
x 1.07 1.42 0.042 0.056 
y - 0.50 - 0.020 
z 20 10° 20 1()" 

G1 7.88 8.38 0.310 0.330 
Kl 1.02 - 0.040 -
Z1 20 10° 20 10° 

-f- 018(0007)@ 1 T L@-M@ N@-P@ 

-f- 0.18 (0.007)@ : T N @-P@ L@-M@ 

MOTOROLA LINEAR/INTERFACE DEVICES 
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m 

FN SUFFIX 
CASE 776-02 
Plastic Package 
(PLCC-28) 
ReJA = 66° C/W(Typ) 

(5K SQML) 

GI 

l-tlo2s10.0101 ® lrl N@-P®i L©-M®I 
----~A l-tlo1810.ll071® irlL©-M®\N@-P®\ V!EWD-D 

21 
INOTE11 

FN SUFFIX 
CASE 777-02 
Plastic Package 
(PLCC-44) 
ReJA = 55° C/W(Typ) 

(10K SQML) • 
NOTE 1 

GI 

,__ ____ ._A \+\01e100011 ® \r\ L®-M®\ N@-P®l V!EWD-D 
l-tlo.2510.0101 ® lrl N@-P®l L®-M@I 

44 
(NOTE 11 

DETAILS DETAILS 

MOTOROLA LINEAR/INTERFACE DEVICES 
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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. 

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

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

4. DIM RAND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.2510.0101 PER SIDE. 

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

6. CONTROLLING DIMENSION: INCH. 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 12.32 12.57 0.485 0.495 
B 12.32 12.57 0.485 0.495 
c 4.20 4.57 0.165 0.180 
E 2.29 2.79 0.090 0.110 
F 0.33 0.48 0.013 0.019 
G 1.27 BSC 0.050 BSC 
H 0.66 0.81 0.026 0.032 
J 0.51 - 0.020 -
K 0.64 - 0.025 -
R 11.43 11.58 0.450 0.456 
u 11.43 11.58 0.450 0.456 
v 1.07 1.21 0.042 0.048 
w 1.07 1.21 0.042 0.048 
x 1.07 1.42 0.042 0.056 
y - 0.50 - 0.020 
2 20 10° 20 10° 

G1 10.42 10.92 0.410 0.430 
Kl 1.02 - 0.040 -

21 20 10° 2' 10° 

NOTES: 
1. DUE TO SPACE LIMITATION, CASE 

777-02 SHALL BE REPRESENTED BY A 
GENERAL ISMALLERJ CASE OUTLINE 
DRAWING RATHER THAN SHOWING 
ALL 44 LEADS. 

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

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

4. DIM R AND U DO NOT INCLUDE MOLD 
PROTRUSION. ALLOWABLE MOLD PROTRUSION 
IS 0.25 (0.0101 PER SIDE. 

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

6. CONTROLLING DIMENSION: INCH 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 17.40 17.65 0.685 0.695 
B 17.40 17.65 0.685 0.695 
c 4.20 4.57 0.165 0.180 
E 2.29 2.79 0.090 0.110 
F 0.33 0.48 0.013 0.019 
G 1.27 BSC 0.050 BSC 
H 0.66 0.81 0.026 0.032 
J 0.51 - 0.020 -
K 0.64 - 0.025 -
R 16.51 16.66 0.650 0.656 
u 16.51 16.66 0.650 0.656 
v 1.07 1.21 0.042 0.048 
w 1.07 1.21 0.042 0.048 
x 1.07 1.42 0.042 0.056 
y - 0.50 - 0.020 
2 2' 10° 2' 10° 

GI 15.50 16.00 0.610 0.630 
Kl 1.02 - 0.040 -
21 2' 10° 2' 10' 



Mounting Arrangement For Flange Mount T0-204AA 

DRAWINGS NOT 
TO SCALE 

FRONT TEMPLATE 

Hardware Used for a T0-204AA (T0-3) 
Flange Mount Part · 

NO. 6 SHEEl METAL SCREWS 

POWER 
TRANSISTOR 

MOUNT ON FRONT OF CHASSIS MOUNT ON BACK OF CHASSIS 

---- -- --

0 0 0 0 
0 

0 

0 0 
0 0 0 0 

For further information, please refer to Application Note AN1040. 

MOTOROLA LINEAR/INTERFACE DEVICES 
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BACK TEMPLATE 
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MOUNTING ARRANGEMENT FOR FLANGE MOUNT T0-204AA 
.------------------------· -------

0.519 _ _.__ __ 

0.525 f-0.045 
I o.o5o 

r---1 --~ 

1.140 ~ L0.435 

0.045 + 0.003 DIA I 
0.144 + 0.003 DIA 
(2 HOLES) _J__J 

i..------'-=----'- 1.600 

0.003 TEFLON-COATED 
FIBERGLASS INSULATOR 

B51080A001 

0.188 ,---
0.171 DIA 
(2 HOLES) 0.218 DIA 

(2 HOLES) 

.020 ALUMINUM 
INSULATOR 
B51078A001 

XP PHENOLIC, 
VACUUM WAX 
IMPREGNATED 

0.150 
MAX 

,,..__J 

BRASS, 

.002 MICA 
INSULATOR 
852600F011 

0.136 ± 0.003 

CADMIUM PLATED 
0.0002THK 

(2HOLES) I 
-, I \ 0.45Q\ I 0 518 DIA 0.031 ~ 

i.. 1.090. f±o.~j ~ ), 
0
·
029 

0375 

.060± .005 l G 1 r ~,~± .003 

-0------® 
L.177±.003 

DIA 
I \ r o.sso ~0.524 0.031 - ± O.OlS 

14-- 1.350\ 1.184 NYLON INSULATING BUSHING 
851547F002 ± 0.010 • 1.190 

TRANSISTOR SOCKET 
B51084A001 

MOUNT ON BACK OF CHASSIS 

BACK TEMPLATE 
851087A002 

~E~====n @ 
2.03-2.36 J L 12.70±0.79 - i NO .• SHEET METAL SCREW 

0.080-0.093 0.500 ::t 0.031 ~ 851564F003 

FRONT TEMPLATE 
851087A001 

MOTOROLA LINEAR/INTERFACE DEVICES 
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Mounting Arrangements For Tab Mount T0-220 

a) Preferred Arrangement 
for Isolated or Non-isolated 
Mounting. Screw is at 
Semiconductor Case 
Potential. 6-32 Hardware is 
Used. 

b) Alternate Arrangement 
for Isolated Mounting when 
Screw must be at Heatsink 
Potential. 4-40 Hardware is 
Used. 

Choose from Parts Listed 
Below . 

Use Parts Listed Below. 

• JJj~ 4-40 PAN OR HEX HEAD SCREW 
6-32 HEX 

HEAD SCREW I FLAT WASHER 

~ULATING BUSHING 

L,:: ,J 
~ 

Ill RECTANGULAR STEEL 
WASHER " ,...., --.~--"---~~ 

--~~~-~ 

SEMICONDUCTOR I 
(CASE 221, 221AI 

'~ I 
121 RECTANGULAR 

INSULATOR 

SEMICONDUCTOR 
(CASE 221, 221AI 

I 

'..---~-......------....... 

HEATSINK 

' ?..----.. 
121 BUSHING 

(3) FLAT WASHER 

'e:::=c::==::::1 

HEATSINK 

\. RECTANGULAR 
INSULATOR 

(4) CONICAL WASHER / 
........... \--...;......,....-( 

COMPRESSION WASHER 

6-32 HEX~ i ------ 4-40 HEX NUT 

(J: J:) 
I 

(1) Used with thin chassis and/or large hole. 
(2) Used when isolation is required. 
(3) Required when nylon bushing is used. 

For further information, please refer to Application Note AN1040. 

MOTOROLA LINEAR/INTERFACE DEVICES 
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m 

MOUNTING ARRANGEMENTS FOR TAB MOUNT T0-220 

(DIMENSION MILLIMETER) 
INCH 

3.05-3.28 

MICA INSULATOR 
B08853A001 

3.68-3.89 

0.145-0.153 

~ 
1.35-1.57 

__j 0.053-0.062 

' 8.20·8.46 --1 1.02-1.40 
I~ 0.3230 33:J l 0.040-0.055 

--c==>-,_T 

l I 

9.27-9.53 ' 

0.365-0.375 -i l 

13.84-14.10 

0 545-0.555 L ______ ___ 
<=:5-uO 

I ! 1.02-1.40 

0.040-0.055 
------· _4_.9_7-_5_.2_3_ 

0.196-0.201 STEEL COMPRESSION 
WASHER 

B52200F004 

STEEL COMPRESSION 
WASHER 

B52200F005 

~~·~~--~~:J·:: 
21.43-21.17 0.046-0.086 

0.844-0.833 _J 0.0018-0.0034 

HEX HEAD SCREW 
CARBON STEEL 

CADMIUM-PLATED 
(See table below.) 

HEX NUT 
CARBON STEEL 

CADMIUM-PLATED 
(See table below.) 

K 

RECTANGULAR 
STEEL WASHER 

B09002A001 

[][]:::::, 

~. + ~~ 5'&5'2 
10.16-10.41 0.215-0 225 
0.400-0.410 l 

I i i I 
1.51-1.72~ 

0.0595-0.0680 

DIMENSIONS - MILLIMETER (INCH) 

NYLON BUSHING 

f 
NYLON 

INSULATING BUSHING 
(See table below.) 

PART NO. DIMA DIM B DIM C DIM D DIME 

851547F005 
9.40-9.65 3.84-4.09 2.16-2.41 6.10-6.35 1 02-1.27 
(0 370-0 380) (0151-0.161) (0 085-0 095) (0.240-0 250) (0 040-0 050) 

851547F019 
5.59-6.10 3 05-3.15 1 73-1.91 3.61-3.68 0 51-0.64 
(0220-0 240) (0 120-0.124) (0 068-0 075) (0.142-0.145) (0 020-0 025) 

HEX NUT 

TYPE PART NO. DIMG DIM H DIMJ DIM K 

4-40 809490A005 6.12-6.35 (0.241-0.250) 6 98- 7.34 (0 275-0 289) 2.21-2.49 (0 087-0 098) 2.84 NOM (0 112 NOM) 

6-32 809490A006 7.67-7.92 (0.302-0.312) 8.74-9.17 (0 344-0.361) 2.59-2.90(0102-0.114) 3.50 NOM (0 138 NOM) 

HEX HEAD SCREW 
-~-

TYPE PART NO. DIMM DIMN DIM P DIM Q DIM R 

4-40 809489A034 0.112-40 1.57 (0 62) 1.24-1 .52 (0 049-0 060) 5.13 MIN (0 202 MIN) 4.60-4.75 (0.181-0 187) 

6.32 809489A035 0.138-32 1.57 (0.62) 2.03-2.36 (0 080-0 093) 6.91 MIN (0 272 MIN) 620-6 35 (0.244-0 250) 

MOTOROLA LINEAR/INTERFACE DEVICES 
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SOIC MINIATURE IC PLASTIC PACKAGE 

Thermal Information 

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

p DT _ TJ(max) - TA 
( A) - ROJA (Typ) 

Where: PD(TA) = power dissipation allowable at a given operating ambient temperature. 

TJ(max) = Maximum operating junction temperature as listed in the maximum ratings 
section 

TA = Desired operating ambient temperature 
RoJA(Typ) = Typical thermal resistance junction to ambient 

Maximum Ratings 

Rating Symbol Value Unit 

Operating Ambient Temperature Range TA o to + 70 oc 
-40 to +85 oc 

Operating Junction Temperature TJ 150 oc 
Storage Temperature Range Tstg -55 to + 150 oc 

THERMAL RESISTANCE OF SOIC PACKAGES 

Measurement specimens are solder mounted on a Philips SO test board #7322-078, 
80873 in still air. No auxiliary thermal conduction aids are used. As thermal resistance 
varies inversely with die area, a given package takes thermal resistance values between 
the max and min curves shown. These curves represent the smallest (2000 square mils) 
and largest (8000 square mils) die areas expected to be assembled in the SOIC package. 

Figure 1. Thermal Resistance, Junction-to
Ambient (°C/W) 

S0-8 SOP-8" 

PACKAGE STYLE 

S0-14 

DATA TAKEN USING PHILIPS SO TEST BOARD #7322-078. 60873 
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40 

Figure 2. Thermal Resistance for SOP-8 
Package Die 2K mils2 

P.C. BOARD HEATSINK EXAMPLE 

10 20 30 40 50 

L - LENGTH OF COPPER FLAG 

TOP 
VIEW 

MOTOROLA LINEAR/INTERFACE DEVICES 

13-21 

IEI 



Bl 

MOTOROLA LINEAR/INTERFACE DEVICES 

13-22 



Quality and Reliability 
Assurance 

• 



m 

Quality Concepts 
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 var
iability around a target, so that conformance to customer 
requirements/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. 
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 person's requirements/expecta
tions) and economics (cost of nonconformance; loss function, 
etc.). 

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. 

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" (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 pro
cess to be successful it must be able to show measurable 
results. 

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 Man
agement Program (PMP) is the process by which problem 
solving and quality improvement are facilitated at all levels 
of the organization. Continuous improvement for the indi
vidual is facilitated by a broad educational program covering 
on-site, university and college courses. The Motorola Train
ing and Education Center (MTEC) 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 
(6u) challenge is designed to convey and facilitate the idea 
of continuous improvement at all levels. 

"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 require
ments (i.e. natural variation is one half of the customer spec-

ification 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). 

Virtually 
Zero Defects 

(3.4 ppm) 

\ 

Mean Six Sigma Capability 

FIGURE 1 -A SIX SIGMA PROCESS HAS VIRTUALLY ZERO 
DEFECTS ALLOWING FOR 1.Su SHIFT 

Policies, objectives and five year plans are the mecha
nisms 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 Out
going Electrical and Visual Mechanical Quality (AOQ) in 
terms of PPM (parts per million or sometimes given in 'parts 
per billion');% of devices with zero PPB; product quality 
returns (AMR); number of processes/products with specified 
capablllty indices (cp; cpk); Six Sigma capability road
maps; failure rates for various reliability tests (operating 
life, temperature humidity bias, hast, temperature cycling, 
etc.); on time delivery; customer product evaluation and 
failure analysls turnaround; cost of nonconformance; 
productivity improvement and personnel development. 

Figure 2 shows the improvement in electrical outgoing qual
ity for bipolar analog products over recent years in a nor
malized form. 

Documentation control is an important part of statistical 
process control. Process flow charting with documentation 
identified allows visualization and therefore optimization of 
the process. Figure 4 shows a portion of a flow chart for 
Wafer Fabrication. Control plans are an important part of 
Statistical Process Control, these plans identity in detail crit
ical points where data for process control is taken, parameters 
measured, frequency of measurements, type of control 
device used, measuring equipment, responsibilities and reac
tion plans. Figure 5 shows a portion of a control plan for wafer 
fabrication. These flow charts and control plans exist for all 
product flows. 

Six Sigma progress is tracked by roadmaps. A portion of 
a roadmap is shown for example 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 level. 
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FIGURE 2- OUTGOING ELECTRICAL QUALITY (AOQ) TREND/NORMALIZED 1980 = 100% 

ROLLING 13 WEEK ENDING NOV. '87 
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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 12MRM 45486A 

BURIED LAYER PHOTO MASK 

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

FIGURE 4 - PORTION OF A PROCESS FLOW CHART FROM WAFER FAB, SHOWING DOCUMENTATION CONTROL AND SPC 

Characteristics: 

Process 
Location 

B.L. OXIDE 

EPI 

QA 

QA 

Code 
A 
B. 
c. 
D. 

Ref. 
No. 

Description 
VISUAL DEFECTS 
VISUAL DEFECTS ... MICROSCOPE 
PARTICLE ... MONITOR 
FILM THICKNESS 

Characteristic Part/Process 
Affected Detail 

D OXIDE 
THICKNESS 

THICKNESS 

D THICKNESS 

FILM 
RESISTIVITY 

FILM 

Code 
E. 
F. 
G. 
H. 

Measurements 
Method 

NANOMETRIC 

DIGILAB 

DIGILAB 

4PT PROBE 

4PT PROBE 

Description 
FILM SHEET RESISTANCE 
REFRACTIVE INDEX 
CRITICAL DIMENSION 
CV PLOT 

Reaction Plan: 
Analysis Frequency Point out of 
Methods Sample Size Limit (3) (4) 

CONTROL EVERY RUN IMPOUND LOT (1) 
GRAPH 3 WFR/RUN ADJUST TIME TO 

CENTER PROCESS 
PER SPEC 

x R CHART EVERY RUN IMPOUND LOT (1) 
5SITES!WFR NOTIFY ENGR. 

x R CHART 1WFR/SHIFT IMPOUND LOT (2) 
SSITES!WFR NOTIFY ENGR. 

x R CHART EVERY RUN IMPOUND LOT (1) 
5SITES!WFR NOTIFY ENGR. 

x R CHART 1WFR/SHIFT IMPOUND LOT (2) 
SSITES!WFR NOTIFY ENGR. 

FIGURE 5 - PART OF A WAFER FAB CONTROL PLAN, SHOWING STATISTICAL PROCESS CONTROL DETAILS 
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±Su Summary 

Step 

1 . Identify critical characteristics 

2. Determine specified product elements 
contributing to critical characteristics 

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

4. Determine maximum (real) allowable 
tolerance for ear:h -
and pro r-

• Product description 
• Marketing 
• Industrial Design 
• R&D/Developmental Engineering 
• Actual or potential customers 

• 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) 

• Planned experiments 
• Computer-aided simulation 
• TOP/process engineering studies 
• Multi-vari analysis 
• Comparative experiments 

• Graphing techniques 
• Engineering handbooks 
• Planned experiments 
• Optimization, especially response surface methodolopv 

FIGURE 6 - PART OF SIX SIGMA (6u) ROADMAP SHOWING STEPS TO SIX SIGMA CAPABILITY 

Rel iabi I ity Concepts 
Rellablllty is the probability that a Linear integrated circuit 

will perform its specified function in a given environment for 
a specified period of time. This is the classical definition of 
reliability applied to Linear 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 environmental 
conditions. 

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 Fail
ure 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 obser
vations 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. For example, a 0.1 % per 1000 device hours 
failure rate at 90% confidence level can be thought of as 90% 
of the integrated circuits will have a failure rate below 0.1 %/ 
1000 hours. Mathematically the failure rate at a given con-

fidence 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 
(1 o9) 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. 

The environment is specified in terms of the temperature, 
electric field, relative humidity, etc., by an Eyrlng type equa
tion of the form: 

A=Ae-~ 
KT 

B 
... e - RH 

c 
... e - E" 

Where A, B, C, 0 & 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 Arrhenlous type relationship 
of the failure rate versus the junction temperature of inte- m 
grated 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. Figure 7 shows an 
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example of a curve which gives estimates of typical failure 
rates versus temperature for integrated circuits. 

Arrhenious type of equation: A = Ae - :r 
Where: A 

A 
e 
0 
K 
T 

= Failure Rate 
=Constant 
= 2.72 
= Activation Energy 
= Botzman's Constant 
= Temperature in Degrees Kelvin 

T J = TA + OJA Po or T J = Tc + OJc Po 

Where: T J = Junction Temperature 
TA = Ambient Temperature 
Tc = Case Temperature 
OJA = Junction to Ambient Thermal Resistance 
OJC = Junction to Case Thermal Resistance 
Po = Power Dissipation 

Failure rate curves for equipment and devices can be rep
resented by an idealized graph called the Bathtub Curve 
(Figure 8). 

100 

10 

NON-BURNED-IN PRODUCT 

\. 

l 
\ 

\ 
0.001 

500 400 300 200 150 100 50 25 

JUNCTION TEMPERATURE °C 

FIGURE 7 - TYPICAL FAILURE RATE versus 
JUNCTION TEMPERATURE 

~ --- Typical Equipment Failure Rate 
a: 
w 
a: 
::> __. 

~ 
c w 
N 
:::i 

~ 
a: 
0 z 

11h::,~~..,_-C_on_s ... taun-t -Fa-il-ur-~-R-a-te_.,... ./// 

Infant Mortality .......... !'r Useful Life ,'' 
or ........ .//.------- ' Wearout 

Early Life 
Region A Region B 

TIME 

Region C 

FIGURE 8 - FAILURE RATE versus TIME (BATHTUB CURVE) 

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 
operated under normal use conditions. 

The wearout portion of the curve can usually be identified 
by using highly accelerated test conditions. For modern inte
grated circuits, even the useful life portion of the curve is 
characterized by so few failures compared to the accumu
lated device hours, that the useful life portion of the curve 
looks like a continuously decreasing failure rate curve (Figure 
8, dotted line). 

The Infant mortality portion of the curve is of most interest 
to equipment manufacturers because of its impact on cus
tomer 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 (Figure 
8, note arrows showing reduction of infant mortality). The 
reduction was accomplished by improvements in technology, 
emphasis on statistical process control, reliability modeling 
in design and reliability in manufacturing (wafer reliability, 
assembly reliability, etc.). In this respect many integrated cir
cuit families have a continuously decreasing failure rate 
curve. 

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 compo
nents used, application environment, maturity of equipment 
and components (new versus mature technology), the impact 
of a failure (i.e. safety versus casual entertainment), main
tenance 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 differ
ences between plastic versus hermetic packaged integrated 
circuits. In general, for all bipolar integrated circuits including 
linear, the field removal rates are the same for normal use 
environments, with many claims of plastic being better 
because of their "solid block" structure. 

The tremendous increase in reliability of plastic packages 
has been accomplished by the continuous improvements in 
piece parts, materials and processes. Nevertheless differ
ences can still be observed under highly accelerated envi
ronmental conditions. For example, if a bimetallic (gold wire 
and aluminum metallization) system is used in plastic pack
ages and they are placed on a high temperature operating 
life test (125°C) then failures in the form of opens will be 
observed after 10,000 hours of continuous operating life at 
the gold to aluminum interface. Packages, whether plastic or 
hermetic, with a monometallic system (aluminum wire to alu
minum 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 
could be observed if devices from both packaging systems 
are placed in an environment of 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 fail
ure mechanism being corrosion of the aluminum metalliza
tion) while hermetic packages should not fail since they are 
considered impervious by moisture. The reason the word 
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"should" was used is because advances in plastic com
pounds, 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 pack
ages may not be observable until well after 5000 operating 
hours. 

The aforementioned two examples had environments sub
stantially more accelerated than normal life so these 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 pack
aging systems. 

A final question that is asked by the IC users 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 below. 

Linear Reliability Audit 
Program 

The reliability of a product is a function of design and man
ufacturing. 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 risk to the actual reliability 
of the product. 

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

Continuous monitoring of the reliability of Linear integrated 
circuits is accompished by the Linear Reliability Audit Pro
gram, 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 pack
aging system. This provides the trigger mechanism for initi
ating an investigation for cause and corrective action. Con
currently, 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 nondestructive type 100% screen is 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 Standard Logic and Analog Integrated Circuits Group 
has used reliability audits since the late sixties. Such pro
grams have been identified by acronyms such as CRP (Con
sumer Reliability Program), EPllC (Environmental Package 
Indicators for Integrated Circuits), LAPP (Linear Accelerated 

Punishment Program), and RAP (Reliability Audit Program). 
Currently, the Bipolar Analog Reliability Audit Program con

sists of a Weekly 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 trig
gering investigations for causes and corrective actions. 

The Quarterly Reliability Audit consists of long term types 
of tests and is performed at the 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 Linear Reli
ability 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 assem

bly /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 appro
priate. The results are accumulated on a monthly basis and 
published. 

The Reliability Audit test plan is as follows: 

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

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

Approximate Accelerated Factors 

145°C 
125°C 

12s0 c so°C 
4 
1 

4000 
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 temper
atures of - 65°C to + 150°C or - 40°C to + 125°C (JEDEC
STD-22-A 104), 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 
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JEDEC-STD-22, Method 102, a temperature of 121°C, steam 
environment and 15psig. The duration of the test is 48 hours. 

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

Quarterly Reliability Audit 
The Quarterly Bipolar Analog Reliability Audit Program is 

performed at the U.S. Bipolar Analog Division Center. This 
testing is designed to assure that the correlation between the 
short term 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 de 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 tempera
ture of 145°C for 40 and 250 hours or equivalent, based on 
1.0eV activation energy and the Arrhenious equation. 

Approximate Acceleration Factors 

145°C 
125°C 

12s0 c 50°C 

4 
1 

4000 
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°C to + 150°C or - 40°C to + 125°C (JEDEC-STD-
22-A 104) for 100 and 1000 cycles. Temperature Cycling and 
Thermal Shock are used interchangeably. 

Pressure Temperature Humidity (Autoclave): Performed 
to measure the moisture resistance of plastic encapsulated 
packages. It detects corrosion type failure mechanism 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 15psig. The duration of the test is for 96 
hours, with a 48 hour interim readout. 

Pressure Temperature Humidity Bias (Biased Auto
clave): This test measures the moisture resistance of plastic 
encapsulated packages. It detects corrosion type failure 
mechanism due to free and bounded ionic contaminants that 
may have entered the package during the manufacturing pro
cesses, or they may be bound in the materials of the inte
grated circuit packaging system and activated by the moisture 
and the applied electric fields. Conditions are per JEDEC
STD-22, Method 102, with bias applied. Temperature is 
121°C, steam environment and 15psig. Duration is for 32 
hours, with a 16 hour interim readout. This test detects the 
same type of failures as the Temperature Humidity Bias 
(85°C, 85% AH, 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, electric field 
and packaging system. 

Temperature, Humidity and Bias (THB): This test meas
ures the moisture resistance of plastic encapsulated pack
ages. 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 electric 
fields. Conditions are per JEDEC-STD-22, Method 102 (85°C, 
85% AH), with bias applied. The duration is for 1008 hours, 
with a 504 hour interim readout. The acceleration factor 
between THB (85°C, 85% AH and bias) and the 30°C, 90% 
AH is typically 40-50 times, depending on the type of cor
rosion mechanism, electric field and packaging system. 

Analysis Procedure: Devices failing to meet the electrical 
criteria after being subjected to an accelerated environment 
type test are verified and characterized electrically, then sub
mitted for failure analysis. 
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Applications 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 publication number 
or numbers and send your request on your company letter
head to: Literature Distribution Center, Motorola Semicon
ductor Products Inc., P.O. Box 20912, Phoenix, Arizona 
85036. 

Application Note Abstracts 

AN273A Getting More Value Out of an 
Integrated Operational Amplifier 
Data Sheet · 

The operational amplifier has become a basic building 
block in present day solid state electronic systems. The pur
pose of this application note is to provide a better under
standing of the open loop characteristics of the amplifier and 
their significance to overall circuit operation. Also each 
parameter is defined and reviewed with respect to closed 
loop considerations. The importance of loop gain stability and 
bandwidth is discussed at length. Input offset voltage and 
current and resultant drift effects in the circuit are also 
reviewed with respect to closed loop operation. 

AN489 Analysis and Basic Operation of the 
MC1595 

The MC1595 monolithic linear four-quadrant multiplier is 
discussed. The equations for the analysis are given along 
with performance that is characteristic of the device. A few 
basic applications are given to assist the designer in system 
design. 

AN531 MC1596 Balanced Modulator 
The MC1596 monolithic circuit is a highly versatile com

munications building block. In this note, both theoretical and 
practical information are given to aid the designer in the use 
of this part. Applications include modulators/demodulators for 
AM, SSB, and suppressed carrier AM; frequency doublers 
and HF/VHF double balanced mixers. 

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 prod
ucts. The integrated circuits used are the MC1350, MC1352, 
and the MC1330. 

AN587 Analysis and Design of the Op Amp 
Current Source 

A voltage controlled current source utilizing an operational 
amplifier is discussed. Expressions for the transfer function 
and output impedances are developed using both the ideal 
and non-ideal op amp models. A section on analysis of the 
effects of op amp parameters and temperature variations on 
circuit performance is presented. 

AN702 High Speed Digital-To-Analog And 
Analog-To-Digital Techniques 

A brief overview of some of the more popular techniques 
for accomplishing DIA and AID techniques. In particular those 
techniques which lead themselves to high speed conversion. 

AN703 Designing Digitally-Controlled Power 
Supplies 

This application note shows two design approaches; a 
basic low voltage supply using an inexpensive MC1723 volt
age 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 max
imum flexibility in an application. 

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 proce
dures 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 nec
essary for almost every type of transmission system. 

AN719 A New Approach To Switching 
Regulators 

This article describes a 24 Volt, 3.0 Ampere switching 
mode supply. It operates at 20 kHz from a 120 Vac line with 
an overall efficiency of 70%. New techniques are used to 
shape the load line. The control circuit uses a quad com
parator and an opto coupler and features short circuit 
protection. 

AN781 A Revised Data Interface Standards 
This application note provides a brief overview and 

comparison of communication interface standards 
EIA-232-C, EIA-422A, EIA-423, EIA-449 and EIA-485 for 
the hardware designer. A listing of the standard's specifi
cations and appropriate Motorola devices are included. 

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 idealy suited as an output device for subscription TV 
decoders, video disk and video tape players. 

AN879 Mono max - 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 com
mon pitfalls are overcome, and the significance of component 
selections and locations are discussed. 

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 
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disk drive requires precision controls to position and load the 
head as well 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. 

AN920 Rev 2 Theory and Applications of the 
MC34063 and µA78S40 Switching 
Regulator Control Circuits 

This paper describes in detail the principle of operation of 
the MC34063 and µA78S40 switching regulator subsystems. 
Several converter design examples and numerous applica
tions circuits with test data are included. 

AN926 Techniques for Improving the Settling 
Time of a DAC & Op Amp Combination 

This application note describes some techniques which 
were tested for the purpose of optimizing settling time of a 
DAC/op amp combination. The objective of the experimen
tation was to obtain a settling time of under 1.0 µs for 12 bit 
( ± 0.012%) accuracy. Op amps chosen for this exercise are 
high speed, yet inexpensive monolithic devices. 

AN932 Application of the MC1377 
Color Encoder 

The MC1377 is an economical, high quality, RGB encoder 
for NTSC or PAL applications. It accepts red, green, blue, 
and composite sync inputs and delivers IVpp composite 
NTSC or PAL video output into a 75 ohm load. It can provide 
its own color oscillator and burst gating, or it can be easily 
driven from external sources. Performance virtually equal to 
high cost studio equipment is possible with common color 
receiver components. The following note is intended to 
explain the operation of the device and guide the prospective 
user in selecting the optimum circuit for his needs. 

AN933 A Variety of Uses for the MC34012 and 
MC34017 Tone Ringers 

The MC34012 and MC34017 electronic tone ringers were 
developed to replace the bulky electromechanical bell assem
bly of a telephone, while providing the same basic function. 
When used in conjunction with a piezo ceramic transducer, 
these circuits will output a warbling sound in response to the 
applied ringing voltage. With some imagination, however, the 
circuits can be used in a variety of ways, including non-tele
phone applications, - wherever an alerting sound or indi
cation is required. Applications include appliance buzzers, 
burglar alarms, safety alerting functio.ns, special sound 
effects, visual ringing indicators, and others. The circuits in 
this application note show how a variety of effects can be 
obtained. 

AN937 A Telephone Ringer Which Complies 
with FCC and EIA Impedance Standards 

The MC34012 and MC34017 Tone Ringers are designed 
to replace the bulky bell assembly of a telephone, while pro
viding the same function and performance under a variety of 
conditions. The operational requirements spelled out by the 
FCC and the EIA, simply stated, are that a ringer circuit MUST 
function when a ringing signal is provided, and MUST NOT 
ring when other signals (speech, dialing signals, noise) are 

on the line. This application note discusses how the IC's 
operate, the specific operational requirements to be met, and 
how they are met. Only "on-hook" requirements are dis
cussed since off-hook operation is not applicable. 

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. 

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 compatability with 
the telephone lines. Since different microphones have dif
ferent 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 par
ticular microphone while not affecting the other circuit 
parameters. 

AN959 A Speakerphone with Receive Idle Mode 
The MC34018 speakerphone system operates on the prin

ciple of comparing the transmit and receive signals to deter
mine which is stronger, and then switching the circuit into 
that mode. Under conditions where noise from the telephone 
line (in the receive path) exceeds the background noise in 
the transmit path, the speakerphone will switch easily, or even 
lock, into the receive mode. Under these conditions the con
versation will sound "dead" to the party at the far-end. It will 
also be more difficult for the near-end party to activate the 
transmit channel since the transmit detection is at the output 
of the transmit attenuator, which will be at maximum atten
uation during this time. The addition of a receive idle mode 
can alleviate this problem by ensuring that the transmit and 
receive gains will be approximately equal when no voice sig
nals are present. This allows the far-end party to hear ambient 
noises, and also increases the sensitivity to transmit signals. 

AN960 Equalization of DTMF Signals Using 
the MC34014 

This application note will describe how to obtain equali
zation (line length compensation) of the DTMF dialing tones 
using the MC34014 speech network. While the MC34014 
does not have an internal dialer, it has the interface for a 
dialer so as to provide the means for putting the DTMF tones 
onto the Tip & Ring lines. The Equalization amplifier, whose 
gain varies with loop current, was meant primarily to equalize 
the speech signals. However, by adding one resistor, it can 
be used to equalize the DTMF signals as well. 

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. Its second 
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generation architecture is shown to provide a variety of 
advantages in current mode power supplies. The most not
able of these advantages is a "lossless" current sensing 
capability that is provided when used with current sensing 
MOSFETs. 

Included in the discussion are subtle factors to watch out 
for in practical designs, and an applications example. 

AN980 Low Power FM Dual Conversion 
Receivers MC3362/3/4 

Motorola has recently developed a series of low power FM 
dual conversion receivers in monolithic silicon integrated cir
cuits. The MC3362/3/4 series is ideal for application in cord
less phones, narrowband voice and data receivers, CB and 
amateur band radios, RF security devices, and other appli
cations through 150 MHz. 

AN983 A Simplified Power Supply Design Using 
the TL494 Control Circuit 

This describes the operation and characteristics of the 
TL494 Switchmode '" Voltage Regulator and shows its appli
cation in a 400-watt off-line 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. 

AN1002 A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34018 Speakerphone ICs 

This application note describes the procedure for combin
ing the MC34114 speech network with the MC34018 speak
erphone circuit into a featurephone which includes the fol
lowing functions: ten number memory pulse/tone dialer, tone 
ringer, a "Privacy" (Mike Mute) function, and line length com
pensation for both handset and speakerphone operation. 

Three circuits are developed in this discussion: a line-pow
ered featurephone, a line-powered featurephone with a 
booster (for using the speakerphone on long lines), and one 
powered from a power supply. The circuits are nearly iden
tical, except for the Tip/Ring interface. Their performance, 
however, differs noticeably, particularly in the low loop current 
range. Initially, the discussion will focus on the line-powered 
circuit. 

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: a line
powered featurephone and one powered from a power 
supply. 

AN1004 A Handsfree Featurephone Design 
Using the MC34114 Speech Network 
and the MC34118 Speakerphone ICs 

This application note describes the procedure for com
bining the MC34114 speech network with the MC34118 
speakerphone circuit into a featurephone which includes 

the following functions: ten number memory pulse/tone 
dialer, tone ringer, a "Privacy" (Mike Mute) function and 
line length compensation for both handset and speaker
phone operation. 

AN1006 Linearize the Volume Control of the 
MC34118 Speakerphone 

The volume control level of the MC34118 speakerphone 
IC has a nonlinear relationship with respect to the position 
of the volume control potentiometer, evident in Figure 14 of 
the data sheet. 

AN1019 NTSC Decoding Using the TDA3330, 
with Emphasis on Cable In/Cable Out 
Operation 

This application note is intended to supplement the data 
sheet by providing circuits for video cable drive, such as used 
in video processing circuits, frame store, and other special
ized applications, and to expand upon the functional details 
of the TDA3330. 

AN1040 Mounting Considerations for Power 
Semiconductors 

In this note, mounting procedures are discussed in general 
terms for several generic classes of packages. As newer 
packages are developed, it is probable that they will fit into 
the generic classes discussed in this note. Unique require
ments are given on data sheets pertaining to the particular 
package. 

AN1044 The MC1378 - A Monolithic Composite 
Video Synchronizer 

The MC1378 was designed to enable an interface to be 
made between remote composite color video sources and a 
locally controlled RGB source of video. It contains the nec
essary synchronizing circuits, plus a complete color encoder. 

AN1077 Adding Digital Volume Control To 
Speakerphone Circuits 

This application note will describe how to replace the poten
tiometer with a digital circuit which allows control of the 
speaker volume from a set of "UP" and "DOWN" pushbutton 
switches. 

AN1078 New Components Simplify Brush DC 
Motor Drives 

A variety of new components are making brush motor drive 
design easier. One of these components is a brushless motor 
control IC that is easily set up to drive brush motors. The 
circuits described here illustrate how these components can 
be combined to make practical drive circuits. 

AN1081 Minimize the "pop" in the MC34119 
Low Power Audio Amplifier 

This application note describes how to minimize the "pop" 
to satisfy the most demanding user. The remedy, fortunately 
is very simple and inexpensive. 

ANE002 130 W Ringing Choke Power Supply 
Using TDA4601 

The architecture is based on the fly-back mode working in 
a free switching mode. Frequency range varies between 20 
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kHz at full load and 70 kHz in the standby condition (also 
called sleep-mode). Input power is from the line (220 Vac) 
and is completely isolated from the output. Control and reg
ulation are achieved by the TDA4601. 

The power supply presents a linear foldback characteristic 
and is short circuit proof. An undervoltage inhibit provides a 
protection against low line voltage. 

The complete system is an excellent compromise between 
complexity, cost and performance. 

ANE424 SOW Current Mode Controlled Offline 
Switch Mode Power Supply Working 
over 50% duty cycle using the 
UC3842A 

T!iis application note desribes a way to improve the 
dynamic characteristics of this power supply using a tech
nique called "Current Controlled PWM." A dedicated bipolar 
integrated circuit, UC3842A, has been used to achieve the 
current control, regulation and safety features. 

AN-HK-07 A High Performance Manually Tuned 
AM Stereo Receiver for Automotive 
Application Using MOTOROLA ICs 
MC13021, MC13020 and MC13041 

This application note presents a high performance man
ually tuned automotive AM stereo receiver design using 
MOTOROLA AM stereo ICs; MC13021, MC13020 and the 
MC13041. It is intended to provide radio design engineers 
with a good start in automotive AM stereo receiver design. 
The note consists of two parts; the first describes all relative 
important principles of a manually tuned AM stereo receiver, 
and the second part details the AM stereo receiver design 
for automotive application. 

Article Reprints 

AR115 
A bipolar quad op amp having a JFET-like 4.5 MHz 

bandwidth resolves common mode input voltages and sinks 
output current close to the ground rail - even with a single 
+ 5.0 V supply. 

Engineering Bulletin Abstracts 

EB20 Multiplier/Op Amp Circuit Detects True 
RMS 

Two op amps and two multipliers are used in the circuit 
described in EB20 to obtain the true rms of an input voltage 
ranging from 2.0 to 10 Vpk. 

EB51 Successive Approximation BCD AID 
Converter 

A successive approximation AID converter in which a dig
ital-to-analog converter in a feedback loop produces a BCD 
digital output from an analog input is described in EB51. 

Product Literature 

HB206 Rev 3 
SG98 Rev 4 
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