






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MC33039

FIGURE 1 — TYPICAL THREE PHASE, SIX STEP MOTOR APPLICATION

Rotor Electrical Position (Degrees)
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OPERATING DESCRIPTION

The MC33039 provides an economical method of
implementing closed-loop speed control of brushless dc
motors by eliminating the need for a magnetic or optical
tachometer. Shown in the timing diagram of Figure 1,
the three inputs (Pins 1, 2, 3) monitor the brushless
motor rotor position sensors. Each sensor signal tran-
sition is digitally detected, OR’ed at the Latch ‘Set’ Input,
and causes Ct to discharge. A corresponding output
pulse is generated at fo ;¢ (Pin 5) of a defined amplitude,
and programmable width determined by the values
selected for RT and Ct (Pin 6). The average voltage of
the output pulse train increases with motor speed.
When fed through a low pass filter or integrator, a dc
voltage proportional to speed is generated. Figure 2
shows the proper connections for a typical closed loop

Speed

application using the MC33034 brushless motor con-
troller. Constant speed operation down to 100 RPM is
possible with economical three phase four pole motors.
The $p inverter output (Pin 4) is used in systems
where the controller and motor sensor phasing con-
ventions are not compatible. A method of converting
from either convention to the other is shown in Figure 3.
For a more detailed explanation of this subject, refer to
the text above Figure 39 on the MC33034 data sheet.
The output pulse amplitude Vo is constant with tem-
perature and controlled by the supply voltage on Vcc
(Pin 8). Operation down to 5.5 V is guaranteed over
temperature. For systems without a regulated power
supply, an internal 8.25 V shunt regulator is provided.
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MC33039

FIGURE 2 — TYPICAL CLOSED-LOOP SPEED CONTROL APPLICATION
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MC33039

FIGURE 3 — fo,t PULSE WIDTH versus TIMING RESISTOR

FIGURE 4 — foyt, PULSE WIDTH CHANGE

versus TEMPERATURE
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MOTOROLA

SEMICONDUCTOR I
TECHNICAL DATA

Advance Information
Stepper Motor Driver

The SAA1042 drives a two-phase stepper motor in the bipolar mode. The
device contains three input stages, a logic section and two output stages. The IC
is contained in a 16 pin dual-in-line heat tab plastic package for improved heat
sinking capability. The center four ground pins are connected to the copper alloy
heat tab and improve thermal conduction from the die to the circuit board.

® Drive Stages Designed for Motors: 6.0 Vand 12 V: SAA1042V
24 V: SAA1042AV

500 mA/Coil Drive Capability

Built-In Clamp Diodes for Overvoltage Suppression

Wide Logic Supply Voltage Range

Accepts Commands for CW/CCW and Half/Full Step Operation
Inputs Compatible with Popular Logic Families: MOS, TTL, DTL
Set Input Defined Output State

Drive Stage Bias Adaptable to Motor Power Dissipation for
Optimum Efficiency

Figure 1. SAA1042 Block Diagram

vz

{___q
Vee VM VD
I 1 I 15 2
?_,7 Clock y A
- y
T > Driver —o @
A 1] 2

10
)—.»( CWIﬂ_CCW > Logic

d

[

8 Full/ b4 .
—  Driver —
=l Step [—>] A 4)u
o]
Gnd Driver Bias
R
Set

A

SAA1042

SAA1042A

STEPPER MOTOR DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1

V SUFFIX

PLASTIC PACKAGE

CASE 648C

PIN CONNECTIONS

_/
e[ o ] 13
v [z 5] wm
u [3 ] 14
Gnd Gnd
N E E in
Setf
Driver Bias E 1—_‘J Vee
Clock [7] 0] cwicow
FulliHalf
UIISt:p [ 2] and
(Top View)

ORDERING INFORMATION

Temperature
Device Range Package
SAA1042V_ | _30° 19 +125°C Plastic DIP
SAA1042AV Plastic DIP
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SA1042, SAA1042A

MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted.)

Rating Symbol SAA1042V | SAA1042AV Unit
Clamping Voltage (Pins 1, 3, 14 and 16) Velamp 20 30 v
Over Voltage (Vov = Velamp = Viv) Vov 6.0 6.0 \%
Supply Voltage Vee 20 30 \
Switching or Motor Current/Coil IM 500 500 mA
Input Voltage (Pins 7, 8 and 10) Vin clock Vee \
Vin Full/Half
Vin CW/CCW
Power Dissipation (Note 1) Pp 2.0 w
Thermal Resistance, Junction-to-Air 6JA 80 °C/W
Thermal Resistance, Junction-to-Case 6JC 15
Operating Junction Temperature Range T -30to +125 °C
Storage Temperature Range Tstg —65to +150 °C
NOTE: 1. The power dissipation (Pp) of the circuit is given by the supply voltage (Vp and Vc) and the
motor current (Ip), and can be determined from Figures 3 and 5. Pp = Pdrive — Plogic-
ELECTRICAL CHARACTERISTICS (Ta = 25°C, unless otherwise noted.)
Characteristics Pin(s) Symbol Vee Min Typ Max Unit
Supply Current ' 1 Icc 50V — — 35 mA
20V — — 85
Motor Supply Current 15 Im
(|Pi06 =—400 pA, Pins 1, 3, 14, 16 Open)
M=6.0V 50V — 25 —
VM =12V
VM =24V 50V — 30 —
50V — 40 —
Input High Voltage — High State 7,8,10 VIH 50V 2.0 —_ - \%
10V 7.0 — —_
15V 10 — —
20V 14 — —
Input Voltage — Low State ViL 5.0V — — 0.8
10V — — 1.5
15V - — 25
20V — — 3.5
Input Reverse Current — High State 7,8,10 IR 5.0V — — 2.0 HA
(Vin=Vcce) 10V - - 2.0
15V — — 3.0
20V — — 5.0
Input Forward Current — Low State IF 50V -10 - -
(Vin = Gnd) 10V -25 - —
15V -40 — —
20V -55 — —
Output Voltage — High State (Vp = 12 V) 1,3,14,16 VOH 5.0- Vv
lout =-500 mA 20V — VM- —
lout = -50 mA — 2.0 —
VM-
1.2
Output Voltage — Low State VoL 50—
loyt = 500 MA 20V —_ 0.7 —
lout = 50 mA _ 0.2 _
Output Leakage Current, Pin 6 = Open 1,3,14,16 IDR 50— -100 — — HA
(VM = VD = Vclamp max) 20V
Clamp Diode Forward Voltage (Drop at Ipg = 500 mA) 2 VE — — 25 3.5 v
Clock Frequency 7 fc 50— 0 — 50 kHz
20V
Clock Pulse Width tw 50— 10 — — us
20V
Set Pulse Width 6 ts — 10 — — us
Set Control Voltage — High State - - VM - - \
Low State _ — 0.5
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SA1042, SAA1042A

INPUT/OUTPUT FUNCTIONS

Clock— (Pin 7) This input is active on the positive edge of the
clock pulse and accepts Logic ‘1’ input levels dependant on
the supply voltage and includes hysteresis for noise immunity.

CW/CCW — (Pin 10) This input determines the motor’s
rotational direction. When the input is held low, (OV, see the
electrical characteristics) the moter’s direction is nominally
clockwise (CW). When the input is in the high state, Logic ‘1’
the motor direction is nominally counter clockwise (CCW),
depending on the motor connections.

Full/Half Step — (Pin 8) This input determines the angular
rotation of the motor for each clock pulse. In the low state the
motorwill make a full step for each applied clock pulse, while in
the high state, the motor will make half a step.

Vp — (Pin 2) This pin is used to protect the outputs (1, 3, 14,
16) where large positive spikes occur due to switching the
motor coils. The maximum allowable voltage on these pins is
the clampvoltage (Vclamp)- Motorperformanceisimprovedifa
zener diode is connected between Pin 2 and 15, as shown in
Figure 1.

The following conditions have to be considered when
selecting the zener diode:
Velamp = VM + 6.0V
Vz=  Vclamp - VM - VF

where: VF = clamp diodes forward voltage drop
(see Figure 4)
Vclamp: < 20 V for SAA1042V < 30 V for
SAA1042AV

Pins 2 and 15 can be linked, in this case Vz =0 V.

Set/Bias Input — (Pin 6) This input has two functions:

1) The resistor R adapts the drivers to the motor current.

2) A pulse via the resistor Rp sets the outputs (1, 3, 14, 16)
to a defined state.

The resistor RB can be determined from the graph of
Figure 2 according to the motor current and voltage. Smaller
values of Rp will increase the power dissipation of the circuit
and larger values of Rg may increase the saturation voltage
of the driver transistors.

When the “set” function is not used, terminal A of the
resistor Rg must be grounded. When the set function is used,
terminal A has to be connected to an open-collector (buffer)
circuit. Figure 7 shows this configuration. The buffer circuit
(off-state) has to sustain the motor voltage (ViM). When a
pulse is applied via the buffer and the bias resistor (Rp), the
motor driver transistors are turned off during the pulse and

after the pulse has ended, the outputs will be in defined
states. Figure 6 shows the timing diagram.

Figure 7 illustrates a typical application in which the
SAA1042 drives a 12 V stepper motor with a current
consumption of 200 mA/coil. A bias resistor (Rp) of 56 kQ
is chosen according to Figure 2.

The maximum voltage permitted at the output pin is
VM + 6.0 V (see Maximum Ratings table), in this application
VM = 12 V, therefore the maximum voltage is 18 V. The
outputs are protected by the internal diodes and an external
zener connected between Pins 2 and 15.

From Figure 4, it can be seen that the voltage drop across
the internal diodes is about 1.7 V at 200 mA. This results
in a zener voltage between Pins 2 and 15 of:

Vz=60V-17V=43V.

To allow for production tolerances and a safety margin,
a 3.9 V zener has been chosen for this example.

The clock is derived from the line frequency which is
phase-locked by the MC14046B and the MC14024. The
voltage on the clock input is normally low (Logic ‘0’). The
motor steps on the positive going transition of the clock pulse.

The Logic ‘0’ applied to the Full/Half input (Pin 8) operates
the motor in Full Step mode. A Logic ‘1" at this input will
result in Half Step mode. The logic level state on the
CW/CCW input (Pin 10), and the connection of the motor
coils to the outputs determines the rotational direction of the
motor.

These two inputs should be biased to a Logic ‘0’ or ‘1’
and not left floating. In the event of non-use, they should
be tied to ground or the logic supply line, VcC.

The output drivers can be set to a fixed operating point
by use of the Set input and a bias resistor, Rg. A positive
pulse to this input turns the drivers off and sets the logic state
of the outputs.

After the negative going transition of the Set pulse, and
until the first positive going transition of the clock, the outputs
will be:

L1 = L3 = high and L2 = L4 = low, (see Figure 6).

The Setinput can be driven by a MC14007B or a transistor
whose collector resistor is Rp. If the input is not used, the
bottom of Rg must be grounded.

The total power dissipation of the circuit can be
determined from Figures 3 and 5:

Pp =09 W + 0.08 W =0.98 W.

The junction temperature can then be computed using

Figure 8.
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RgBIAS RESISTOR (k)

FORWARD CURRENT (mA)

SA1042, SAA1042A

Figure 2. Bias Resistor R versus Motor Current

300
200
\.\VM=12V \ Vy=24V
100
70
50 N
V=60V
30 N
20 g
N
10 0 20 30 40 5060 80 100 200 300 400 500
MOTOR CURRENT/COIL (mA)
Figure 4. Clamp Diode Forward Current
versus Forward Voltage
500
400 /
306
200 /
100

1.0 20 3.0

Vi FORWARD VOLTAGE (V)

4.0 5.0

Figure 3. Drive Stage Power Dissipation

5.0
40
3.0

20

1.0
0.7
0.5

0.3
0.2

AANEN
AY

A

Z

DRIVE STAGE POWER DISSIPATION (W)

0.1
0

20 30 5 70 100

MOTOR CURRENT/COIL (mA)

200 300 400500

Figure 5. Power Dissipation versus
Logic Supply Voltage

500

(%
I=1
S

n
=3
S

=1
S

=]

a
=]

@
S

Pp, POWER DISSIPATION (mW)

8

o

0 5.0 10 15

VGG, SUPPLY VOLTAGE (V)

20 25

Figure 6. Timing Diagram

Full Step Motor Drive Mode. Full/Half Step Input = 0

Don't Care

Clock e rernrnnrere v "

Set T High Output Impedance
cw/ccw —

L1 [N\N77777 B R L I B

L2 Nza L B e T

L3 [N\N7ZZ#77| 1 1 |

L4 [N\N\7Z77/| I LT

Half Step Motor Drive Mode. Full/Half Step Input = 1

Clock e rernornrniqe
Set |

cwiccw [

L1 XY 223 T4 R/ A 777
L2 [N\\Z777 7] |77, 2 A
L3 IN\N/Z777) A A A 77)

L4 INNZA77) i) A (/A7) /77!

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

4-87



SAA1042, SAA1042A

Figure 7. Typical Application
Selectable Step Rates with the Time Base Derived from the Line Frequency
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MOTOROLA

= SEMICONDUCTOR
TECHNICAL DATA

TDA1085A

UNIVERSAL MOTOR SPEED CONTROLLER UNIVERSAL MOTOR
SPEED CONTROLLER

The TDA1085A has all the necessary functions for the speed
control of universal (ac/dc) motors in an open or closed loop SILICON MONOLITHIC
configuration. Additionally it has the facility for defining the initial INTEGRATED CIRCUIT
speed/time characteristic. The circuit provides a phase angle var- !
ied trigger pulse to the motor control triac.

® Guaranteed Full Wave Triac Drive

@ Soft Start from Powerup

® On-Chip Frequency/Voltage Convertor and Ramp Generator
® Current Limiting Incorporated

o Direct Drive from ac Line

16
1

PLASTIC PACKAGE
CASE 648

FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT
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MAXIMUM RATINGS

TDA1085A

Parameter Symbol Value Unit
Power Supply Voltage VPin 9-8 17 \
Power Supply Current (Pin 10 Open) IPin 9 15 mA
Peak Power Supply Regulation Current | Ipjn 9 + Ipjn 10 35 mA
Peak ac Synchronization Input Current IPin 1 +1.0 mA
IPin 2
Peak Output Triggering Current IPin 13 200 mA
(Pulse Width 300 us; Duty
Cycle < 3%)
Current Drain per Listed Pin 15 1.0 mA
13 -5.0
112 -3.0, +0.1
Power Dissipation (Tp = 25°C) Pp 625 mw
Derate above 25°C 1/RgJA 6.8 mW/rC
Operating Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -55to +125 °C

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

Characteristic | symbot. [ Min Typ Max Unit
VOLTAGE REGULATOR
Regulated Voltage* Vee v
(Ig + l1g.= 10 mA) - 155 -
Monitoring Enable Level* VME — 15.1 — \
Monitoring Disable Level* VMD —_ 14.5 — \
Internal Current Consumption (Note 1) IPin 9 —_ 4.2 — mA
RAMP GENERATOR
Reference Input Voltage Range (Note 2) VPin 5-8 0.08 —_ 13.5 v
Reference Input Bias Current IPin 5 — — -20 pA
Distribute Low Level Voltage Range VPin 6 0 —_ 2.0 \
Distribute — Low Level (Figure 2) VpL — VPin 6 — \'
Distribute — Upper Level* (Figure 2) Vpu v
(VPin 6 = 950 mV) 19Vg | 20V | 21Vg
Low-High Acceleration Range (Figure 2) AVDA — 400 — mV
High Acceleration Charging Current IcH7 —_ 1.2 — mA
Low Charging Current (Note 3) oLy — 5.0 — HA

NOTES:

1. Pins 1, 2, 11, 12, 14 and 15 not connected; Pins 4, 5, 6 and 7 grounded to Pin 8: Vcc = 155 V.

2. When Vpjj 5 is < 80 mV, the internal monitoring circuit interprets it as a true zero, thus minimizing the effects of control amplifier offsets.
3. This value should be accounted for when externally setting the distribute acceleration charging current.
* These figures apply for the application shown in Figure 4.
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TDA1085A

ELECTRICAL CHARACTERISTICS (Continued)

r Characteristic l Symbol I Min Typ Max | Unit j
CURRENT LIMITER
Stage Current Gain IpL7 — 170 — —
Al
Output Discharge Current Swing IpL7 — 35 —_ mA
CONTROL AMPLIFIER
Actual Speed Voltage Range VPin 4-8 0 — 13.5 Y%
Actual Speed Input Bias Current IPin 4 — — —350 nA
Total Input Offset Voltage (Note 4) Voff —60 — 20 mV
Transconductance ( AlPin 1 ) gm - 300 -
VPin 4 - VPin 7

Output Current Swing IPin 16 — +100 — HA
FREQUENCY/VOLTAGE CONVERTER
Input Signal Low Voltage (Note 5) V012 -0.1 — —_ \
Input Signal High Voltage VH12 0.1 —_ 5.0 \
Polarization Current Ipin 12 — -25 — HA
Conversion Rate* (Note 6) Kc — 15 — mV/Hz
Linearity* (Figure 3) KL ) — *=4.0 — %
TRIGGER PULSE GENERATOR
Voltage Synchronization Levels VPin 2 — +50 — pA
Current Synchronization Levels IPin 1 —_ +50 — HA
Input Voltage Swing \ \

(for full angle swing) —_ 1.7 —
Trigger Pulse Width (Note 7) tp — 55 — us
Trigger Pulse Repetition Period tprp —_ 215 — us
Trigger Pulse High Level VPin 13 \

(Ipin 13 = 150 mA) Vec—-4 — —
Output Leakage Current loPin 13 HA

(VPin 13 = 0V) - - 30
4. Voff is defined as being the voltage difference between Pin 5 and 4 with no current flow on Pin 16.
5. The negative swing is clamped to —0.3 V.

180 x 103\ _, .
6. VPin4 = k*Cpin 11+ (VcC—Val *Rpin 4* {1 + ——— | 7!+ freq in.
Pin 11

Where: 9 <K <13&Vy = 1.3 V.
. The timing given is when Cpj, 14 = 47 nF.
* These figures apply for the application shown in Figure 4.

~
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TDA1085A

INPUT/OUTPUT FUNCTIONS

VOLTAGE REGULATOR — (Pins 8, 9, 10). This is a par-
allel type voltage regulator able to sink a large amount
of current while offering good regulation characteristics.

A resistor between Pins 9 and 10 reduces the internal
power dissipation. Under minimal current sink condi-
tions (min. current from the unregulated supply, max.
consumption by the circuitry), at least 1.0 mA should
flow through this resistor. Under max. sink conditions
(max. current from the unregulated supply, min. con-
sumption by the circuitry), the maximum resistor value
is chosen so that the voltage at Pin 10 falls towards 3.0
V, but not lower. The above, fixed dynamic range of the
regulator must not be exceeded within one line cycle.

A power supply failure causes shutdown.

For operation from an externally regulated voltage,
Pin 10 is not connected.

SPEED SENSING — (Pins 4, 11, 12). Speed sensing can
be achieved either digitally (tachogenerator frequency)
or analogically (tachogenerator amplitude).

For digital sensing, a bipolar signal with respect to
ground is applied to Pin 12. During positive excursions

FIGURE 2 — RAMP GENERATOR
TRANSFER CHARACTERISTIC

VPin 5

Vpu =2VpL |- — — ————
Vpin 6 = VDL /C High Acceleration
- Low Acceleration

L<—- tD—
High Acceleration

The shape of the curve is determined by CRpj, 7; where
Cpin 7 defines the high acceleration slope and Rpjn 7
defines that of the low acceleration.

Cpin 11 is charged. An internal mirror delivers ten times
the charge on Cpjp, 11 via Pin 4. However, due to internal
circuitry, the charge on Pin 4 can vary in the region of
9 to 13 times the charge on Cpj, 11. For that reason it
is necessary to calibrate the Frequency/Voltage Con-
vertor (F/VC) with a variable resistor on Pin 4. Thus the
relationship between speed and Vpj, 4 is defined by
Rpin 4 and Cpin 11

To maintain linearity in the high speed ranges it is
important that Cpjp, 11 is fully charged across an equiv-
alent resistor of about 180 k(. It should be borne in
mind that the impedance on Pin 11 should be kept as
low as possible as Cpj 11 has a large influence on the
temperature coefficient of the FV/C. The time constant
on Pin 4 should also be kept as low as possible.

Pin 12 is also an impedance monitoring input; at high
impedances Vpjp 12 increases. Should Vpj, 12 exceed
5.0 V the triac trigger pulses are inhibited and the circuit
resets.

A 470 kQ resistor from Pin 11 to +Vc significantly
reduces the leakage current and reduces the device tem-
perature coefficient to almost zero.

FIGURE 3 — FREQUENCY/VOLTAGE CONVERTER
OUTPUT CHARACTERISTIC
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TDA1085A

INPUT/OUTPUT FUNCTIONS (continued)

For analog sensing input 12 should be grounded and
a positive signal, with respect to ground, Pin 8, applied
to Pin 4.

RAMP GENERATOR — (Pins 5, 6, 7) (refer to Figure 2).
A preset voltage applied to Pin 5 will initiate the gen-
eration of a ramp whose final value is determined by
the voltage applied to Pin 5. The voltage applied to Pin
6 will determine how much of the full ramp, shown in
Figure 2, is used. The charging current passing through
Pin 7 to the ramp generator timing capacitor determines
the ramp slope.

When Pin 6 is held at —V¢c a charging current of 1.2
mA is delivered to Pin 7, regardless of the voltage of
Pin 5. This represents the high acceleration period
shown in Figure 2.

If the preset voltage applied to Pin 5 is equal to or
less than the voltage on Pin 6 the charging current will
be 1.2 mA, or high acceieration.

If the preset voltage applied to Pin 5 is between Vpj,
6 and 2 Vpj, ¢ the charging current is 1.2 mA (high
acceleration) until the voltage at the reference input of
the control amplifier equals Vpj, g. At this point the
charging current will switch to 5.0 uA; i.e. low
acceleration.

If the preset voltage applied to Pin 5 is greater than
2 Vpijn ¢ the charging current will be 1.2 mA (high ac-
celeration) until the control amplifier's reference input
reaches Vpj, g when it will switch to 5.0 uA (low ac-
celeration) until 2 Vpj, ¢ is reached. At this point the
charging current will revert to 1.2 mA, high acceleration,
until the final value of Vpjp, 5 is reached.

Should the preset voltage at Pin 5 fall below 80 mV,
the triac trigger pulses are inhibited and the circuit re-
sets. This fact should be borne in mind when switching
from one preset value to another.

As long as the voltages applied at Pins 5 and 6 are
derived from the internal voltage regulator, they and
the voltage on Pin 4 are ratioed and thus independent
of the voltage regulator spread and temperature
coefficient.

CURRENT LIMITER — (Pin 3). Safe operation of the
motor and triac under all conditions is ensured by re-
ducing the motor speed if a preset current limit is
exceeded.

This is achieved as follows: The motor current will
set up an alternating current, consisting of positive and
negative peaks through the shunt resistor (0.05 Q in
Figure 4).

The negative peaks of this current are fed through a
resistor to Pin 3 where they are compared with a preset
current defined by a resistor between Pin 3 and +Vcc.
An excessive shunt current will try to pull Pin 3 below
—Vcc. but the current limiter becomes active at this
point and reduces the charge on Cpj, 7, consequently
reducing the motor speed.

Thus the value of the shunt and the ratio of the two
resistors to Pin 3 fix the level at which the limiter be-
comes active, while the parallel equivalent of the two
resistors determines the magnitude of the discharge
current and thus how rapidly the circuit responds to an
overcurrent condition.

CONTROL AMPLIFIER — (Pin 16). Connected to this pin
is a network which compensates electrically for the
mechanical characteristics of the motor and its load to
give the circuit optimum closed loop stability and tran-
sient response.

The component values are best determined empiri-
cally by connecting R and C substitution boxes and look-
ing for the best results.

TRIGGER PULSE GENERATOR — (Pins 1, 2, 13, 14, 15).
This circuit performs four functions:

1. The conversion of the control amplifier's dc output
level to a proportional firing angle positioned to
within half a line cycle.

2. The calibration of the pulse width.

3. The repetition of the firing pulse if the triac fails
to latch, or if the current is interrupted by brush
bounce.

4. To delay the firing pulse until the current crosses
zero at wide firing angles.

Rpin 15 and Cpjn 14 fix the sawtooth while Cpjn 14
also determines the pulse width.

Pin 13 is the trigger pulse output. A current limiting
resistor is essential on this pin. This configuration will
drive two thyristors controlling a bridge if the supply
for the speed controller is isolated.
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TYPICAL APPLICATIONS

FIGURE 4 — CLOSED LOOP, FULLY PROGRAMMED, MULTI-SPEED SYSTEM WITH CURRENT LIMITING
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FIGURE 5 — OPEN LOOP, SOFT START — WITH FIGURE 6 — OPEN LOOP,
PROGRAMMED TIME TO MAX. SPEED SOFT-START/SOFT-STOP,
{t = Cpin 7. 65 x 105) LIGHTING/INDUCTIVE LOAD CONTROLLER
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TECHNICAL DATA

UNIVERSAL MOTOR SPEED CONTROLLER

The TDA1085C is a phase angle triac controller having all the
necessary functions for universal motor speed control in washing
machines. It operates in closed loop configuration and provides

two ramps possibilities.

® On-Chip Frequency to Voltage Converter
@ On-Chip Ramps Generator

® Soft Start

® Load Current Limitation
® Tachogenerator Circuit Sensing

® Direct Supply from AC Line

® Security Functions Performed by Monitor

TDA1085C

UNIVERSAL MOTOR
SPEED CONTROLLER

LINEAR INTEGRATED CIRCUIT

.
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FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT
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MAXIMUM RATINGS (Tp = 25°C, Voltages are referred to pin 8, Ground)

Rating Symbol Value Unit |
|
Power Supply, when externally regulated, Vpjng Vee 15 \
Maximum Voltage per listed pin Vpin \
Pin 3 +5.0
Pin 4-5-6-7-13-14-16 0to +Vce
Pin 10 Oto +17
I
Maximum Current per listed pin Ipin mA
Pin 1 and 2 -3.0to +3.0
Pin 3 ~1.0to +0
Pin 9 (Vce) 15
Pin 10 shunt regulator 35
Pin 12 -1.0to +1.0
Pin 13 —200
Maximum Power Dissipation Pp 1.0 w
Junction to Air Thermal Resistance RoJA 65 °C/W
Operating Junction Temperature TA -10to +120 °C
Storage Temperature Range Tstg —55to +150 °C

ELECTRICAL CHARACTERISTICS (Tp = 25°C)

Characteristic rSymbol L Min Typ L Max l Unitj

VOLTAGE REGULATOR
Internally Regulated Voltage (Vpjng) Vee 15 153 15.6 \
(IPin7 = 0, Iping + IPin10 = 15 MA, lpin13 = 0)
Ve Temperature Factor TF —_ -100 _ ppm/°C
Current Consumption (lpjng) Icc — 45 6.0 mA
(Vg =15V,Vi2 = Vg = 0,11 = I3 = 100 nA,
all other pins not connected)
Ve Monitoring Enabling Level Vcc EN - Vec—-04 — "
Disable Level Vce DIS — Vee-1.0 —
RAMP GENERATOR
Reference Speed Input Voltage Range VPins 0.08 — 13.5 \
Reference Input Bias Current —Ipin5s 0 0.8 1.0 nA
Ramp Selection Input Bias Current —Ipin6 0 — 1.0 nA
Distribution Starting Level Range Vbs 0 — 2.0 \
Distribution Final Level VDFNDS 2.0 2.09 2.2
Vping = 0.75 V
High Acceleration Charging Current =Ipin7 mA
VPin7 =0V 1.0 — 1.7
Vpin7 = 10V 1.0 1.2 1.4
Distribution Charging Current —lpin7 4.0 5.0 6.0 nA
Vpin7 = 2.0 Volts
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ELECTRICAL CHARACTERISTICS (continued)

L Characteristic | Symbol | Min Typ Max Unit
CURRENT LIMITER
Limiter Current Gain — Ipjn7/Ipin3 Cq 130 180 250
(Ipin3 = —300 pA)
Detection Threshold Voltage VpPin3 TH 50 65 80 mV
IPin3 = —10 A
FREQUENCY TO VOLTAGE CONVERTER
Input Signal “Low Voltage” Vi2L —-100 — — mV
Input Signal “High Voltage” V12 H +100 —_ - mV
Monitoring Reset Voltage V12 R 5.0 —_ — \2
Negative Clamping Voltage -Vi2cL — 0.6 —_— v
IPin12 = —200 pA
Input Bias Current -Ipin12 — 25 — pA
Internal Current Source Gain G.0 9.5 - "
IPing
= » VPinda = VPpj =0
Pin11 Pin4 Pin11
Gain Linearity versus Voltage on Pin 4 G/Gg 6
(Gg.¢ = Gain for Vpjpgq = 8.6 Voits)
Vg=0V 1.04 1.05 1.06
Vg4 =43V 1.015 1.025 1.035
Vg =12V 0.965 0.975 0.985
Gain Temperature Effect (Vpjng = 0) TF — 350 — ppm/°C
Output Leakage Current (Ipjn11 = 0) —Ipina 0 —_ 100 nA
CONTROL AMPLIFIER
Actual Speed Input Voltage Range Vpin4 0 — 135 \
Input Offset Voltage Vpjn5 — VpPing Voff 0 - 50 mV
(IPin16 = 0. VpPin16 = 3.0 and 8.0 Volts)
Amplifier Transconductance T 270 340 400 RAN
(IPin16/A (Vs ~ Va)
(Ipin16 = + and —50 pA, Vpin1e = 3.0 Volts)
Output Current Swing Capability IPin16 HA
Source —200 —-100 -50
Sink 50 100 200
Output Saturation Voltage V16 sat — — 0.8 \
TRIGGER PULSE GENERATOR
Synchronization Level Currents RA
Voltage Line Sensing Ipin2 — +50 +100
Triac Sensing IPin1 — +50 +100
Trigger Pulse Duration (Cpjn14 = 47 nF, Rpjn15 = 270 kQ) Tp — 55 — us
Trigger Pulse Repetition Period, conditions as a.m. TR — 220 — us
Output Pulse Current Vpjn13 = Vcc —4.0 Volits —1pin13 180 192 — mA
Output Leakage Current Vpjp13 = —3.0 Volts 3L —_ — 30 pA
Full Angle Conduction Input Voltage Via — 1.7 — \
Saw Tooth “High” Level Voltage ViaH 12 — 12.7 \
Saw Tooth Discharge Current, Ipjn15 = 100 pA Ipin14 95 — 105 pA
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GENERAL DESCRIPTION

The TDA 1085C triggers a triac accordingly to the speed
regulation requirements. Motorspeed is digitally sensed by a
tachogenerator and then converted into an analog voltage.

The speed set is externally fixed and is applied to the internal
linear regulation input after having been submitted to pro-
grammable acceleration ramps. The overall result consists in
a full motor speed range with two acceleration ramps which
allow efficient washing machine control (Distribute func-
tion).

Additionnally, the TDA 1085C protects the whole system
against AC line stop or variations, overcurrent in the motor
and tachogenerator failure.

INPUT/OUTPUT FUNCTIONS
(Referred to Figures 1 and 8)

VOLTAGE REGULATOR — (pins 9 and 10) This is a parallel
type regulator able to sink a large amount of current and
offering good characteristics. Current flow is provided from
AC line by external dropping resistors R1, R2, and rectifier:
This half wave current is used to feed a smoothering capa-
citor, the voltage of which is checked by the IC.

When V¢ is reached, the excess of current is derived by
another dropping resistor R10 and by pin 10. These three
resistors must be determined in order:

@ to let ImA flow through pin 10 when AC line is minimum
and V¢c consumption is maximum (fast ramps and pulses
present).

e to let V1o reach 3V when AC line provides maximum cur-
rent and Vgc consumption is minimum (no ramps
and no pulses).

e all along the main line cycle, the pin 10 dynamic range
must not be exceeded unless loss of regulation.

An AC line supply failure would cause shut down.

The double capacitive filter built with R1 and R2 gives an effi-
cient Vgc smoothing and helps to remove noise from set
speeds.

SPEED SENSING — (pins 4-11-12) The IC is compatible with
an external analog speed sensing: its output must be applied
to pin 4, and pin 12 connected to pin 8.

In most of the applications it is more convenient to use a
digital speed sensing with an unexpensive tachogenerator
which doesn’t need any tuning. During every positive cycle at
pin 12, the capacitor Cpin 11 is charged to almost V¢c and
during this time, pin 4 delivers a current which is 10 time the
one charging Cpin 11. The current source gain is called G and
is tightly specified, but nevertheless requires an adjustment
on Rpin 4. The current into this resistor is proportional to
Cpin 11 and to the motor speed; being filtered by a capacitor,
Vpin 4 becomes smoothered and represents the “true actual
motor speed”.

To maintain linearity into the high speed range, it is impor-
tant to verify that Cpin 11 is fully charged: the internal source
on pin 11 has 100 KQ impedance. Nevertheless Cpin 11 has to
be as high as possible as it has alarge influence on FV/C tem-
perature factor. A 470 KQ resistor between pins 11 and 9
reduces leakage currents and temperature factor as well,
down to neglectable effects.

Pin 12 has also a monitoring function: when its voltage is
above 5V, the trigger pulses are inhibited and the IC is reset.
It also senses the tachogenerator continuity and in case of
any circuit aperture, it inhibits pulse, avoiding the motor to
run out of control. In the TDA 1085C, pin 12 is negatively
clamped by aninternal diode which removes the necessity of
the external one used in the former circuit.

RAMP GENERATOR — (pins 5-6-7) The true Set Speed
value taken in consideration by theregulation is the output of
the ramp generator (pin 7). With a given value of speed set
input (pin 56), the ramp generator charges an external capaci-
tor Cpin 7 up to the moment Vpin 5 (set speed) equals Vpin 4
(true speed), see fig. 2. The IC has an internal charging cur-
rent source of 1.2mA and delivers it from O to 12 V at pin 7. It
is the high acceleration ramp (5 seconds typ.) which allows
rapid motor speed changes without excessive strains on the
mechanics. The TDA 1085C offers in addition the possibility
to break this high acceleration with the introduction of a low
acceleration ramp (called Distribution) by reducing the pin 7
source current down to 5 pA under pin 6 full control, as
shown by following conditions:

e Presence of high acceleration ramp Vpin 5 > Vpin 4

e Distribution occurs in the Vpin 4 range (true motor speed)
defined by Vpin 6 = Vpin 4 = 2Vpin 6

For two fixed values of Vpin 5 and Vpin 6, the motor speed
will have high acceleration, excluding the time for Vpin 4 to
go from Vpin 6 to two times this value, high acceleration
again, up to the moment the motor has reached the set speed
value, at which it will stay, see fig. 3.

Should a reset happen (whatever the cause would be), the
above mentionned successive ramps will be fully reproces-
sed from O to the max. speed. If Vpin 6 = O, only the high
acceleration ramp occurs.

To get a real zero speed position, pin 5 has been designed in
such a way that its voltage from O to 80 mV isinterpretedas a
true zero. As a consequence, when changing the speed set
position, the designer must be sure that any transient zero
would not occur: if any, the entire circuit will be reset.

As the voltages applied by pins 5 and 6, are derived from the
internal voltage regulator supply and pin 4 voltage is also
derived from the same source, motor speed, which is deter-
mined by the ratios between above mentioned voltages, is
totally independent from V¢ variations and temperature
factor.

CONTROL AMPLIFIER — (pin 16) It amplifies the difference
between true speed (pin 4) and set speed (pin 5), through the
ramp generator. Its output available at pin 16 is a double
sense current source with a max. capability of =100 pAanda
specified transconductance (340 pA/v.typ.). Pin 16 drives
directly the trigger pulse generator,and mustbe loaded byan
electrical network which compensates the mechanical
characteristics of the motor and its load, in order to provide
stability in any condition and shortest transient response,
see fig. 4.

This network must be adjusted experimentally.

In case of a periodic torque variations, pin 16 provides
directly the phase angle oscillations.
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TRIGGER PULSE GENERATOR — (pins 5 1-2-13-14-15)
This circuit performs four functions:

® The conversion of the control amplifier DC output level to
a proportionnal firing angle at every main line half cycle.

® The calibration of pulse duration.

® Therepetition of the pulse if the triac fails to latch on if the
current has been interrupted by brush bounce.

® The delay of firing pulse until the current crosses zero at
wide firing angles and inductive loads.

Rpin 15 programs the pin 14 discharging current. Saw-tooth
signal is then fully determined by R15 and C14 (usually
47 nF). Firing pulse duration and repetition period are in
inverse ratio to the saw-tooth slope.

Pin 13 is the pulse output and an external limiting resistor is
mandatory. Max current capability is 200 mA.

CURRENT LIMITER — (pin 3) Safe operation of the motor
and triac under all conditions is ensured by limiting the peak
current. The motor current develops an alternative voltage in
the shunt resistor (0.05 ohm in fig. 4). The negative half
waves are transferred to pin 3 which is positively preset at a
voltage determined by resistors R3 and R4. As motor current
increases, the dynamical voltage range of pin 3 increases
and when pin 3 becomes slightly negative in respect of pin 8
a current starts to circulate in it. This current, amplified typi-
cally 180 times, is then used to discharge pin 7 capacitorand,
as a result, reduces firing angle down to a value where an
equilibrium is reached. The choice of resistors R3, R4 and
shunt determines the magnitude of the discharge current
signals on Cpin7-

Notice that the current limiter acts only on peak Triac current.

APPLICATION NOTES
(Referred to Figure 4)

PRINTED CIRCUIT LAYOUT RULES

Inthe common applications, where TDA1085C is used, there
is onthe same board, presence of high voltage; high currents
as well as low voltage signals where millivolts count. It is of
first magnitude importance to separate them each other and
to respect following rules:

® Capacitors decoupling pins which are the inputs of the
same comparator, must be physically close to the IC,
close to each other and grounded in the same point.

® Ground connexion for tachogenerator must be directly
connected to pin 8 and should ground only the tacho. In
effect the latter is a first magnitude noise generator due to
its proximity of the motor which induces high dg/dt
signals.

® The ground pattern must be in the “star style”, in order to
fully eliminate power currents flowing in the ground net-
work devoted to capacitors decoupling sensitive pins:
(4-5-7-11-12-14-16).

As an example, fig. 5 presents a PC board pattern which
concerns the group of sensitive pins and their associated
capacitors into which the a.m. rules have been implemented.
Notice the full separation of “Signal World” from “Power”
one by line AB and their communication by a unique strip.

These rules will lead to much satisfactory volume production

inthe sense that speed adjustment will stay valid in the entire
speed range.

POWER SUPPPLY

As dropping resistor dissipates noticeable power, itis neces-
sary to reduce the I¢c needs down to a minimum. Triggering
pulses, if a certain number of repetition is in reserve to cope
with motor brush wearing at end of its life, are the largest ¢
user. Classical worst case configuration have to be consider-
ed to select dropping resistor. In addition the parallel regula-
tor must be always into its dynamic range, i.e. Ipin 10 over
1mAand Vpin 10 over 3 voltinany extreme configuraton. The
double filtering cell is mandatory.

TACHOGENERATOR CIRCUIT

The tacho signal voltage is proportional to the motor speed.
Stability considerations, in addition, require a RC filter the
pole of which must be looked at. The combination of both
elements yield a constant amplitude signal on pin 12 in most
of the speed range. It is recommended to verify this maxi-
mum amplitude to be within 1 volt peak in order to have the
largest signal/noise ratio without resetting the integrated
circuit (which occurs if Vpin 12 reaches 5.5 V). It must be also
verified that the pin 12 signal is approximately balanced be-
tween “High"” (over 300 mV) and “Low". A 8 poles tachois a
minimum for low speed stability and a16 poles is even better.

The RC pole of the tacho circuit should be chosen within 30
Hzinorder to be as faras possible from the 150 Hz which cor-
responds to the AC line 3rd harmonic generated by the motor
during starting procedure. In addition, a high value resistor
coming from V¢¢ introduces a positive offset at pin 12, re-
moves noise to be interpreted as a tacho signal. This offset
should be designed in order to let pin 12 to reach at least —
200 mV (negative voltage) at the lowest motor speed. We
remember the necessity of an individual tacho ground con-
nection.

FREQUENCY TO VOLTAGE CONVERTER — F V/C

Cpin 11jhas a recommended value of 820 pF for 8 poles tachos
and max. motor rpm of 15000, and Rpj, 11 must be always
470 K.

Rpjn 4 should be choosen to deliver within 12 volts at maximum
motor speed in order to maximize signal/noise ratio. As the
FV/Cratio as well asthe Cpjp 11 value are dispersed, Rpjp 4 must
be adjustable and should be made of a fixed resistor in serice
with atrimmer representing 25% of the total. Adjustment would
become easier.

Once adjusted, for instance at maximum motor speed, the FV/C
presents a residual non linearity; the conversion factor (mV per
R.P.M.) increases by within 7.7% as speed tends to zero. The
guaranteed dispersion of the latter being very narrow, a
maximum 1% speed error is guaranteed if during pin 5 network
design the small set viues are modified, once for ever,
according this increase.

The following formutae give Vpin 4

1
VPin 4=G.0-(Vcc-Va)-Cpin 11- Ry - f-

(1+ 120k )
Rp:
In Volts - Pin11
G.0- (Vcc —Va) = 140
Va3 =2.0VBg

120k = Rjpt, on Pin 11

SPEED SET — (pin 5) Upon designer choice, a set of external
resistors apply a serie of various voltages corresponding to
the various motor speeds. When switching external resis-
tors, verify that a voltage below 80 mV in never applied to
pin 5, if no, a full circuit reset will occur.
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RAMPS GENERATOR — (pin 6) If only a high acceleration
ramp is needed, connect pin 6'to ground.

When a Distribute ramp should occur, pre-set a voltage on
pin 6 to which corresponds the motor speed starting ramp
point. Distribution (or low ramp) will continue up to the
moment the motor speed would have reached twice the
starting value.

The ratio of two is imposed by the IC. Nevertheless it could be
externally changed downwards (fig. 6) or upwards (fig. 7).

The distribution ramp can be shortened by an external resis-
tor from V¢ charging Cpin 7, adding its current to the intern-
al 5 pA generator.

POWER CIRCUITS

Triac Triggering pulse amplitude must be determined by Pin
13 resistor according the needs in Quadrant IV. Trigger
pulses duration can be disturbed by noise signals, generated
by the triac itself, which interfere within pins 14 and 16, pre-
cisely those which determine it. While easily visible this
effect is harmless.

Triac must be protected from high AC line dV/dt during
external disturbances by 100 nF x 100 Q network.

Shunt resistor must be as non selfic as possible. It can be
made locally by Constantan alloy wiring.

When the load is a DC fed universal motor through arectifier

FIGURE 2 — ACCELERATION RAMP

Vpin5

-— \pind

Vpin7

bridge, the triac must be protected from commutating dV/dt
by a1to 2 mH coil in serie with MT3.

Synchronisation functions are performed by resistors sen-
sing AC line and triac conduction. 820 K values are usual but
could be reduced down to 330 K in order to detect the Zeros
with accuracy and to reduce the residual DC line component
below 20 mA.

CURRENT LIMITATION

The current limiter starts to discharge pin 7 capacitor (refe-
rence speed) as Motor current reaches the designed thres-
hold level. The loop gain is determined by the resistor con-
necting pin 3 to the serie shunt. Experience has shown that
its optimal value for a10 A rms limitation is within 2 KQ. Pin 3
input has a sensitivity in current which is limited to reason-
able values and should not react to spikes.

If not used, pin 3 must be connected to a max. positive volt-
age of 5 V rather to be left open.

LOOP STABILITY

The pin 16 network is predominant and must be adjusted
experimentally during module development. The values indi-
cated in fig. 4 are typical for washing machines applications
but accept large modifications from one model to another.
R16, itis the sole restriction, should not be below 33 k other-
wise slew rate limitation will cause large transient errors for
load steps.

FIGURE 3 — PROGRAMMABLE DOUBLE
ACCELERATION RAMP

Speeds

Vpin5 fixed set value

High Acceleration
Ramp

High Acceleration

v Ramp
DF
T Low Acceleration
Ram
Vbs DISTRIBUTION P
0 Tt

Vpin6= Vps
VDE = 2Vps
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FIGURE 4 — BASIC APPLICATION CIRCUIT
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50 k 68 k
TACHO GENERATOR -
22k -L SHUNT
50 mQ

220n

Current limitation: 10 A adjusted by R4 experimentally

Ramps High acceleration: 3200 rpm per second
Distribution ramp: 10 s from 850 to 1300 rpm

Speeds: Pin 5 voltage Set:

Wash 800 rpm 609 mV
Distribution 1300 996 mV
Spin 1: 7500 5912V
Spin 2: 15,000 12,000 V Adjustment point

Including nonlinearity corrections
Including nonlinearity corrections
Including nonlinearity corrections

Motor Speed Range: 0 to 15,000 rpm
Tachogenerator 8 poles

delivering 30 V peak to peak at 6000 rpm, in open circuit
FVIC Factor: 8 mV per rpm (12 V full speed) Cpin1q = 680 pF Ve = 153V

TRIAC MAC15A-8 15 A 600V

Igt min = 90 mA to cover Quad IV at —10°C
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TDA1085C

FIGURE 6 — DISTRIBUTION SPEED k < 2

For k=186, R3 =0.6 (R1+R2),
R3C within 4seconds

Vee

\%
] Spin1 (defined by R5 /R4 +R5)

R

R3 C .
Distribute 2Vpin6 (5
af"’ R4 2Vpin6too
Spin1
Contact  Rp pin§
piné Vpiné ¢ Vpin6teo
R1 R5
k<2
t
FIGURE 7 — DISTRIBUTON SPEED k > 2
\"
_I\_/c_c Spin 1
Sp+ Sy
——1T] )
2Vpin6too
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Vpin6
0 k>2
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FIGURE 8 — SIMPLIFIED SCHEMATIC
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m SEMICONDUCTOR

MOTOROLA
TECHNICAL DATA

TRIAC PHASE ANGLE CONTROLLER

The TDA1185A generates controlled TRIAC triggering pulses
and allows tachless speed stabilization of universal motors by an
integrated positive feedback function. Typical applications are
power hand tools, vacuum cleaners, mixers, light dimmer and

other small appliances.

® Supply Power Obtained From AC Line
® Can Be Used with 220 V/50 Hz or 110 V/60 Hz

TDA1185A

TRIAC PHASE ANGLE
CONTROLLER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® Low Count/Cost External Components
® Optimum TRIAC Firing (2nd and 3rd Quadrants)
® Repetitive Trigger Pulses When TRIAC Current is Interrupted
by Motor Brush Bounce \rg
® TRIAC Current Sensing to Allow Inductive Loads
® Programmable Soft-Start 1
® Power Failure Detection and General Circuit Reset 1
® Low Power Consumption: 6.0 mA
PLASTIC PACKAGE
CASE 646
FIGURE 1 — TYPICAL SYSTEM CONFIGURATION
JT-_] PIN CONNECTIONS
11a o-
=Cs e
H— =% O .
Cg l Rp2] VEg |1 E]Vcc
120 k
. ) Gate Trigger[z @sm-s‘an
3 _
l Vee 6 Re MACIS6 ne[3] [12] Firing Angle Set
12
b S )
P13 ;:;gsger M Ramp GeneratorE ENC
1 Generator ; Ry
3 —O+ NCE E Bias Current
>_j g_‘ 3 Monitor & 1N4005 Current SenseE E] Feedback Input
10 t
ﬁ“% 1 AFisA Voltage Sensem E' Integration Cap
10 ? T - ] VWA
L Vee |
13 4
C13T T C4
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TDA1185A

MAXIMUM RATINGS (Voltages are referenced to Pin 14 (ground) unless

otherwise noted)

Rating Symbol Value Unit
| Maximum Voltage Range per Listed Pin Vpin \
! Pins 3-5-11 (not connected) —20to +20
' Pins4-8-13 -Vcgto 0
i Pin2 -3.0to +3.0
Maximum Positive Voltage (No minimum value | Vpip 12 0
allowed; see current ratings) VPin 1 0.5
Maximum Current per Listed Pin IPin
Pin 1 +20 mA
Pins 6 and 7 +2.0 mA
Pin 9 +0.5 mA
Pin 10 +300 nA
Pin 12 —-500 HA
Maximum Power Dissipation Pp 250 mw
(e Tp = 25°C)
Maximum Junction to Ambient RoJA 100 °C/wW
Thermal Resistance
Operating Ambient Temperature Range TA Oto +70 °C
Storage Temperature Range Tstg -55to +125 °C
ELECTRICAL CHARACTERISTICS (Ta = 25°C, voltages are referenced to Pin 14 (ground), unless otherwise noted.)
Characteristics Symbol Min Typ Max Unit
Power Supply
Zener Regulated Voltage, (Vpin 1) Ipin 1 = 2.0 mA -Vce -9.6 -86 -7.6 v
Circuit Current Consumption, Ipjp 1
VPin1= -60V,Ipj2=0A -lcc -2.0 -1.0 — mA
Monitoring Enable Supply Voltage (VEN) VPin 1EN Vee + 0.2 - Vee + 0.5 \
Monitoring Disable Supply Voltage (Vp|s) VpPin 1DIS | VEN + 0.12 — VEN + 03
Phase Set
Control Voltage Static Offset Vpjn g — Vpin 12 Voff 1.2 — 2.0 v
Pin 12 Input Bias Current IPin 12 - 200 — 0 nA
VPin 4 = Vpjn 12 Residual Offset - 180 — mV
Soft-Start IPin 13 -17 -14 -1 nA
Capacitor Charging Current.
Rpin 10 = 100 k(), Vpj, 13 from —Vcgto —=3.0V
Sawtooth Generator
Sawtooth Capacitor Discharge Current
R1p = 100 kQ Vpjn 4 from —2.0to —6.0 V Ipin 4 67 70 73 nA
Capacitor Charging Current IPin 4 -10 — -15 mA
Sawtooth ““High” Voltage (Vpj, 4) VHTH -25 -1.6 -1.0 \Y
Sawtooth Minimum “Low” Voltage (Vpinp 4) VLTH — -7.1 — \%
Positive Feedback
Pin 9 Input Bias Current, Vpjn g = 0 Ipin 9 — 2x1pin 10 —
Programming Pin Voltage Related to Pin 1 VPin 10 1.0 1.25 1.5 \
Transfer Function Gain AVpj,, 8/AVpin 9
R1g = 100 k{2, AVpjr g = 50 mV A — 75 —
R1g = 270 k{2, AVpjn g = 50 mV A — 36 -
Pin 8 Output Internal Impedance Zpin 8 — 120 — kQ
Trigger Pulse Generator
Output Current (Sink) Vpin2 =0V IPin 2 60 — 80 mA
Output Leakage Current  Vpjp2 = +2.0V — — 4.0 HA
Output Pulse Width
Cq = 47 nF  Ryg = 270 k2 tp — 55 — us
Output Pulse Repetition Period
Cq4 = 47nF  Ryg = 270 k(2 t — 420 - us
Current Synchronization Threshold Levels Ipjn 6, IPin 7 ISYNC —-40 - +40 pA
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TDA1185A

PIN FUNCTION DESCRIPTION

Pin No. Function Description
1 VEE This pin is the negative supply for the chip and is clamped at —8.6 V by an
internal zener.
2 Gate Trigger Pulse This pin supplies —1.0 V TRIAC trigger pulse at twice the line frequency.
3 NC Not connected
4 Ramp Generator The value of the capacitor at this pin determines the slope of the ramp.
5 NC Not connected
6 Current Sense This pin senses if the TRIAC is on, and if so, will disable the gate trigger pulse.
7 Voltage Sense The internal timing of the chip is set by the frequency of the voltage at this pin.
8 Integration Capacitor This pin is the output of the feedback and the variation in voltage is averaged
out by the capacitor.
9 Feedback Input The change in load current is detected by the change in voltage across R9.
10 Current Program The bias current for the circuit is determined by the resistor value at this pin.
1 NC Not connected
12 Phase Angle Set The voltage at this pin sets the no-load firing angle.
13 Soft-Start The firing angle is slowly increased from 180° to the set value of Pin 12.
14 Vce Ground
INTRODUCTION FIGURE 2 — MULTIPULSE GENERATION DELAYED PULSE

The Motorola TDA1185A generates trigger pulses (Pin
2) for TRIAC control of power into an AC load. The TRIAC
trigger pulse is determined by generating a ramp volt-
age (Pin 4) synchronized to twice the AC line frequency
and compared to an external set voltage (Pin 12) rep-
resenting the conduction angle. Gate pulses are nega-
tive (sink current) and thus the TRIAC is driven into its
most effective quadrants (Q2-Q3).

If the load is a Universal motor (the speed of which
decreases as torque increases), the TDA1185A allows
to increase the conduction angle proportionally to the
motor current, sensed (Pin 9) by a low value resistor in
series with the load.

FUNCTIONAL DESCRIPTION

DC POWER SUPPLY — DC power is directly derived
from the AC line through a 2.0 watt resistor, half-wave
rectifier and filtering capacitor circuit. The VEg voltage
is internally regulated by an integrated zener. Refer-
enced to ground (Pin 14), the power supply voltage is
—8.6 V. The TDA1185A internal consumption is 6.0 mA.

TRIGGER PULSE GENERATOR — It delivers a 60 mA
minimum sink current pulse (Pin 2) through an inter-
nally short circuit protected output. Pulse width is
roughly proportional to R1g x C4 and is repeated every
420 ps if TRIAC fails to latch or is switched off by brush
bounce. With inductive loads, the current lags in respect
to the voltage. Pin 6 delays the triggering pulse up to
the moment the TRIAC is off, in order to prevent erratic
power control (see Figure 2).

\
|
[
T“ac/\\ The TRIAC failed to latch at
the first pulse. Successive
v pulses are generated up to

=)
<
X
Ei
IS
o
e

the moment latching
occurs.

The TRIAC turned off due to
brush bounce, a new pulse

T
i

Vo is immediately delivered.

[ I~ Set

|

0 -

Triac Approaching full conduc-
| tion, a pulse would occur
| Pul when the TRIAC still car-

v l/DeIayed ulse ries current; the pulse is
0 S delayed until the triac
et
turns off.
VPina
NO
PULSE
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TDA1185A

RAMP GENERATOR — A constant current sink dis-
charges capacitor C4 producing a negative voltage
ramp synchronized with the main line. Pin 4 voltage is
reset to — 1.6 volts at every AC line zero crossing (see
Figure 3) and ramps down to —7.1 volts. The constant
current sink is externally programmable by Rqq using
the equation below.

lg = 1o = 5%
[VEE + 1.25|
T T Re

MAIN COMPARATOR — lts role is to determine the trig-
ger pulse which occurs when the ramp voltage equals
the phase angle set voltage at Pin 12. Fixed phase angle
set voltage values lead to a constant TRIAC conduction
angle unless positive current feedback (Pin 9) is con-
nected or the Soft-Start capacitor (Pin 13) is not charged.

FIGURE 3 — TRIGGERING PULSE TIMING

v
0
-1.6 V-
] Firing
>.I_J<
-Vee 4 4 ! Angle I
A | | I
| ”
I

|

| 1

. Triggering
| Pulses

~Vpin 13
] R13xlpin 13 !
-Vee 1 I
Conduction Angle |
. -Vee
0 L t

[<+—Reset Time

SOFT-START — The TDA1185A allows the user to avoid
any abruptinrush of current into the load. This provides
protection for fragile loads, light bulbs or tubes. Another
advantage is that the AC line disturbance is minimized.

The conduction angle is established from zero to the
set value at Pin 12 according to a voltage ramp gen-
erated by a constant current delivered to C13. The value
of current 113 can be expressed by the following
equation:

113 = 0.2 x 110 = 10%

The voltage ramp lasts as long as V13 is lower than
the set voltage V12. Upon reset, V13 is forced to VEg
as shown in Figure 4. If the load is a universal motor,
it will not turn until a minimum conduction angle is
achieved to overcome friction. The time the voltage
ramp requires to reach its threshold value is considered
“dead” time, and can be eliminated by an appropriate
series resistor at Pin 13. The voltage drop developed by
113 thru the resistor causes the conduction angle to
immediately reach the threshold value and have the
Soft-Start function without dead time (see Figure 5).

FIGURE 4 — SOFT START

Vo:
veed <-VPin 13

v Conduction Angle

Set+

<—Reset Time

FIGURE 6 — TRANSFER FUNCTION

AVpin 8
Volts
59 AVping = flVPindl o0 400k
4
34
R10 = 270 k
2
1
AVpin 9
0 T T
50 100 mv
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TDA1185A

POSITIVE CURRENT FEEDBACK — The Universal motor
speed drops as load increases. To maintain the speed,
the TRIAC conduction angle must be increased. For this
purpose, Pin 9 senses the motor current as a voltage
developed in a low value resistor, Rg, amplifies, rectifies
and adds it internally to the set voltage at Pin 12. Any
voltage variation at the output of the feedback, Pin 8, is
smoothed out by capacitor Cg. The transfer function,
AVg = f(AVg), is shown in Figure 6.

The gain in the linear region is dependent on R1q.
The voltage transferred to Pin 8 is proportional to the
current RMS value, as motor current is not far from a
sine wave. This averaging effect is shown in Figure 7.

With large amplitude signals at Pin 9, the change in
voltage at Pin 8 reaches a maximum value. This satu-
ration effect limits the maximum conduction angle
increase. This effect is illustrated in Figure 8 where the
total Pin 8 voltage can be written as follows:

Vg = V12 + f(|Vg|, R1g) + 1.25
The effect of the feedback is illustrated in Figure 9.

MONITORING — A central logic block performs the
ENABLE/DISABLE function of the IC with respect to
power supply voltage. Under DISABLE conditions, Pin
4, 8, 12 and 13 are forced to appropriate voltages to
prepare for the next reset. Refer to the block diagram
in Figure 10.

APPLICATION CONSIDERATIONS

COMPONENT SELECTION — To regulate the speed of
a universal motor it is necessary to determine how
much gain in the feedback is needed. A change in motor
current (due to load increase) causes the conduction
angle to change by the appropriate amount to keep the
speed constant. This entails, through trial and error,
choosing an appropriate resistor value for Rqq, since
the gain of the feedback is determined by value of Rqg
as shown in Figure 8.

FIGURE 7 — AVERAGING EFFECT OF TRANSFER FUNCTION

AVpin 8
100 mV
20V 50 mV Vein o Peak
1.0V 0
) . Duty
0 50% 100%  Cycle = &5
FIGURE 8 — TRANSFER FUNCTION (Pin 8/Pin 9)
(Vpin 8= VPin 1)
Ta = 25°C (Volts)
RINT(Pin 8) = 120 k Typ Rp1o = 100 k
VPin 12
(Vpg - Vp1a)
(mV)
T Y — T T
-300 -200 -100 0 100 200 300

Once Rqq is picked, C4 can be calculated from the
following equation:

4~ .672
fline x R10
where fljng is the line frequency.

FIGURE 9 — POSITIVE FEEDBACK EFFECT
(Offset voltages have been neglected)

IM  Motor Current

\ 10 ms
0

Vpin 4 = f(R10, C4)

V8 = V12 + fllay. R10)

AN

VPpin 12 Permanent Set

~VeeH Vpin 9 = Rg x |ay Motor

- —Vce

Full Load No Load
Conduction Angle  Conduction Angle
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TDA1185A

FIGURE 10 — INTERNAL BLOCK DIAGRAM
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Capacitor Cg is an integration cap used to smooth out
the voltage at Pin 8. The value should be large enough
to accomplish this task yet not too large to slow the
response of the system.

Capacitor Cq3 determines how fast the conduction
angle reaches the set value programmed at Pin 12. To
achieve a desired delay, the value for C13 can be cal-
culated by the following equation:

8 xtg
[8.6 = V12| x R10
The remaining component values have experimen-
tally been determined and are constant, regardless of
application. The following table lists typical values for
110 volt application.

Component Value Units
Rs 10/2.0 W kQ
Rp1 100 kQ
Rp2 100 Q
Rg 330/0.5 W kQ
Ry 330/0.5 W kQ
Rg 0.05/5.0 W Q
R10 100 kQ
Cy 0.1 nF
Cg 0.22 uF
Ci3 10 uF

Using an oscilloscope, it should be verified that the
ramp generator is ramping down from -1.6 to —7.1
volts. The slope of the ramp can be changed by C4 and
the DC level of the waveform can be adjusted by Ry.

Pin 9 has a low internal impedance and requires Rpp to
adjust the feedback level. Pin 8 must always be con-
nected to VEE through a filtering capacitor. For values
of R1p less than 100 k{2, the circuit becomes sensitive
and could become unstable. Figures 11 and 12 show
typical waveforms. As shown, the increase in motor
current has resulted in the firing angle to decrease. This
translates to an increase in the average power delivered
to the load.

FIGURE 11 — NO LOAD APPLIED

i

| Motor Current f
No Load

: =
A Ramp Voltage
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TDA1185A

FIGURE 12 — LOAD APPLIED

SeEl e

TEMPERATURE EFFECTS — The TDA1185A has a very
efficient internal temperature compensation. If the
current feedback is not connected, the RMS power
delivered to the load is stabilized within +0.2% over
a temperature range of +20 to +70°C. The feedback
introduces, in the same temperature range, a drift of
250 mV on the voitage of Pin 8; this slight increase in
conduction angle may be successfully used to com-
pensate a motor ohmic resistance increase with
temperature.

MAIN LINE VOLTAGE COMPENSATION — As the con-
duction angle is independent of main line voltage, any
change in the latter induces a power variation to the
load. A resistor connected to the rectifier anode and to
Pin 12 with a capacitor to VEg will introduce a decrease
in voltage at Pin 12 as the line voltage is increasing. The
values of the RC network can experimentally be
determined.

FIRING ANGLE DYNAMICS — With purely resistive
loads, the effective RMS applied voltage to the load is
directly proportional to the firing angle (Figure 13). With
inductive loads, since the current lags with respect to
voltage, 100% power corresponds to a firing angle
which is less than 180°.

APPLICATION IDEAS

SOFT-START — The Soft-Start feature of the TDA1185A
in itself opens the door to a lot of interesting applica-
tions. For example, the TDA1185A can be used to bring
up fragile loads slowly. Expensive and sensitive tubes
can be turned on slowly thus eliminating the inrush of
current that could lead to burn out. In this application
Rp1 is replaced with a resistor divider such that the
voltage at Pin 12 results in a conduction angle of 180°.
Pin 9 should be grounded, since the feedback portion
of the TDA1185A is not necessary (see Figure 14). The
time to achieve full conduction is found by the equation
below:

At ~ 871 x R1g x C13

RMS VOLTAGE

LIGHT DIMMER — With practically no modification the
TDA1185A can be used in a light dimmer application.
All that is required is to ground the input to the feedback,
Pin 9. By grounding Pin 9 we have disconnected the
feedback loop and the conduction angle is controlled
solely by Rpq. Further, since the feedback is discon-
nected, Rg and Rpj are no longer necessary. The Soft-
Start feature can still be used to protect the bulb from
an inrush of current. This setup can be used in any
application that requires manual control of the power
delivered to the load (see Figure 15).

FIGURE 13 — RMS VOLTAGE versus FIRING ANGLE
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SOFT SHUT-OFF — Once again with little modification,
the TDA1185A can be used to turnoff the load slowly.
An example of this is in automatic garage lighting. Typ-
ically, lights that are on a timer go off without a warning,
usually in the most inopportune time (like when you're
about to step over the dog). With a soft shut-off, the
light dims out slowly, alerting you that it is about to go
off. As in the previous case, the feedback is discon-
nected and Rp1 is replaced with capacitor C12 and a
switch (see Figure 16). The turn-off time can be calcu-
lated by the following equation.

At =Rq2xCq2
R12 is the sum of the two resistors on both sides of
C1o.
FIGURE 14 — SOFT-START CIRCUIT

Rs Dy
T Pt —0N\0—O +
ag T .
-7V
2 1 7l 4
13 TDA1185A .
B l 0 14 4 8 2
% J— T T "
T = =
Rs = 10 k2 2 W Cq = 44nF
Re = 470 ki 112 W C13 = 10 uF
Ry = 470 ki 12 W Cs = 100 uf

Ryg = 200 ki
Ri2a = 4xRy2g

Turn-off time

= 871 xR1pxC13
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TDA1185A

PC BOARD — The printed circuit board in Figure 17 is
included for the designers convenience to evaluate
the TDA1185A. The size of the board is intentionally
small to show the compactness that can be achieved.
Figure 18 shows the component. layout for the PC
board. Rp1 has one of the outer leads connected to
FIGURE 15 — LIGHT DIMMER CIRCUIT
Rs Dy
Pt —ON\O0—o +
AC

Rp1 12 1 7 -[—

TDA1185A

13 6
I 10 14 4 8 9
i J,

Csi

1 14 TRIAC
T N
Rp = 100k Ry = 470k 12W Cg = 022 uF
RS = 10k2W  Ryg = 200k C13 = 4.7 uF

Rg = 470k 12W Cq = 44 nF Cs = 100 uF 16V

VEE and the other to R12. The center lead of Rpq is
connected to Pin 12. )
WARNING SHOCK HAZARD: IT IS HIGHLY REC-
OMMENDED THAT AN ISOLATION TRANS-
FORMER BE USED. REMOVE THE CHASSIS
GROUND FOR ALL TEST EQUIPMENT.

FIGURE 16 — SOFT SHUT-OFF CIRCUIT
Rg Dy

T Pt -N\o—o +

Cs T Ac

i e I~

12
oL 13 TDA1185A
10 14 4 8 2
E ‘% 4 L J. TRIAC
T 7T
PTil7 71
Rg = 10k 2W Cq = 44nF
Rg = 470k 12 W C12 = Designer’s Choice
Ry = 470k 12 W C13 = 0.47 uF
Ry2 = Designer’s Choice ~ Cg = 100 uF

R1p = 200 k Turn-off time = R12 x Cq2

FIGURE 17 — TDA1185A EVALUATION BOARD
COMPONENT SIDE
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FIGURE 18 — TDA1185A EVALUATION BOARD COPPER SIDE
2.88"
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MOTOROLA

El SEMICONDUCTOR S n UAA1016B
TECHNICAL DATA

ZERO VOLTAGE SWITCH

ZERO VOLTAGE CONTROLLER PROPORTIONAL BAND
TEMPERATURE CONTROLLER
The UAA1016B is designed to drive triacs with the Zero Voltage
technique which allows RFI free power regulation of resistive SILICON MONOLITHIC
loads. It provides the following features: INTEGRATED CIRCUITS

® Proportional Temperature Control Over an Adjustable Band
o Adjustable Burst Frequency (to Comply with Standards)

o Sensor Fail-Safe
(-]

No dc Current Component Through the Main Line (to Comply
with Standards)

Negative Output Current Pulses (TRIAC Quadrants 2 and 3) 8
Direct ac Line Operation 1
Low External Components Count

PLASTIC PACKAGE

CASE 626
FIGURE 1 — BLOCK DIAGRAM AND PIN ASSIGNMENT
p—O 220 Vac
1‘—_———_—__—_"—'——'—'__—'—'
Temp. < il I
et 3{, R2 | Fail-Safe bulse |
l Amplifier
3 . l
+ Sampling
va | Full Wave
V - Logic
Ref § Comparator ‘g }x
Sawtooth ——&—7-1
/\L Generator l P
<] Synchro- Power ,K/ l
nization Supply

(NTC) /é/ . I

Temp. \
UAA1016B _l

> | 2 8 -vce|s A

R3 %
1 O 220 Vac

Design Notes: 1. Let R4 = 5RL

R2 . . L " .
2. Select B Ratio for a symmetrical reference deviation centered about Pin 1 output swing, R2 will be slightly greater than R3.
AVPpin 1
R4
R2[|R3

3. Select R2 and R3 values for the desired reference deviation where AVRgf =
+1
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UAA1016B

MAXIMUM RATINGS (Voltages referred to Pin 7)

Parameter Symbol Max. Rating Unit

Supply Current (Ipjn 5) Icc 15 mA
Nonrepetitive Supply Current (Ipj 5) lccp 200 mA
AC Synchronization Current (Pin 8) Isyn 3.0 mA (RMS)
Maximum Pin Voltages VPin 1 0; - Vce Volt

Vpin 2 0; - Vee

VPin 3 0; - Vee

VPin 4 0; - Vee

VPin 6 +2.0; — Vec
Maximum Current Drain IPin 1 1.0 mA
Power Dissipation Pp 625 mw

TA = 25°C

Maximum Thermal Resistance RoJA 100 °C/W
Operating Temperature Range TA —20 to +100 °C

ELECTRICAL CHARACTERISTICS (Tp = 25°C, Voltages referred to Pin 7 unless otherwise noted)

Characteristics Symbol Min Typ Max Unit
Current Consumption (Pins 6 and 8 not connected) Icc — 0.8 1.5 mA
Stabilized Supply Voltage (Vpin 5) -Vce -9.6 -86 -76 \"
Icc = 2.0 mA max
Output Pulse Current (Vpjp 6 from —1.0 to +1.0 Volt) lout 60 90 120 mA
Output Pulse Width tp1 58 60 120 us
Rpin 8 = 220 k€, Vimains = 220 Vac/50 Hz, (Figures 4 and 5) tp2 160 220 320
Comparator Input Offset Voltage (Vpjn 3 — VPin 4) Voff -10 — +10 mV
Comparator Common Mode Voltage Range Vem -Vee+1 —_ -1.5 \
Input Bias Current (Pins 3 and 4) liB — — 1.0 HA
Output Leakage Current (Ipjn ¢) loutL - - 10 pA
VPing = +20V
Fail-safe Threshold Voltage (Vpj, 3) VESTH — -0.7 — \
Capacitor Charging Current (Source) IPin 2 -20 -16 -12 HA
Capacitor Discharge Current (Sink) I'Pin 2 - 6.4 — mA
Sawtooth Pulse Length (Cpjn 2 = 1.0 uF) . tsaw - 0.85 — S
Output Threshold Sawtooth Levels (Vpjp 2) VTH1 — -1.0 — \
VTH2 — -Vec+1.25 —
Output Voltage Pin 1 VPin 1 — Vpin 2-0.75 — \Y%
CIRCUIT DESCRIPTION

The circuit delivers current pulses to the triac at zero
crossings of the main line sensed by Pin 8 through
Rsync- An internal full wave logic allows the triac to
latch during full wave periods in order to avoid any dc
component in the main line, in compliance with Euro-
pean regulations. Trigger pulses are generated when
the comparator detects Vpj, 3 is above Vpj, 4 (or
Vreference) as sensed temperature through the NTC is
then lower than the set value (VRgF corresponding to
the external Wheatstone bridge equilibrium).

In order to comply with norms limiting the frequency
at which a kW sized load, or above, may be connected
to the main line (fluorescent tubes “flickering”), the
UAA1016B has an internal time base providing (power

is delivered by bursts to the load) a proportional tem-
perature band control. In fact, most of the heating reg-
ulation systems require low temperature overshoot for
more precision and stability which cannot be accom-
plished by direct on/off regulation (see Figure 2). An
internal low frequency sawtooth generator whose out-
put is available at Pin 1, allows the designer to introduce
a periodic linear change of VRef. This deviation defines
the temperature band allowing proportional power con-
trol (see Figure 3).

A fail-safe circuit inhibits output pulses when the sen-
sor circuit has a fault (open or short circuit).

The IC is directly powered from the mains by a drop-
ping resistor, a diode and a filter capacitor.

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA

4-116



UAA1016B

FIGURE 2 — PROPORTIONAL TEMPERATURE CONTROL versus ON/OFF CONTROL
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KEY CIRCUIT FUNCTIONS DESCRIPTION

POWER SUPPLY — The rectified supply current is Ze-
ner regulated to 8.6 V. Current consumption of the
UAA1016B is typically less than 1.0 mA. The major
part of the current fed by the dropping resistor is used
for the sensor bridge and triac gate pulses. Any excess
of supply current is excess power dissipation into the
integrated Zener. Current consumption of the triac
pulses may be derived from Figure 4 and 5 (Igt max.
and pulse duration). Usually an 18 k(), 2.0 W dropping
resistor is convenient to feed the UAA1016.

COMPARATOR — When Vpjp 3 is higher than Vpj, 4
(VRef), the comparator allows the triggering logic to
deliver pulses to the triac (Figure 3). The offset hyster-
esis input voltage has been designed to be as low as
possible (=10 mV max) in order to minimize the un-
controllable temperature band (proportional to the hys-
teresis) as per Figure 6. Noise rejection is performed by
a synchronous sampling of the comparator output dur-
ing very short times (typ. less than 100 ns).

SAWTOOTH GENERATOR — A sawtooth voltage signal
is generated by a constant current source (typ. 7.5 uA),
charging an external capacitor Cpj, 2 between two
threshold levels, VTH1 and VT2, which are respectively:

VTH1 = —1.0V

VTH2 = —Vcec + 1.25 V.

Charging and discharging currents occur only with
negative halfcycles of the line.

In the UAA1016B, the sawtooth signal is available at
Pin 1 as a voltage source Vpjn 1 = Vpjn 2 —0.75 V.

Maximum source current is 1.0 mA, but to keep good
linearity of sawtooth signal, a source current of 40 pA
is recommended (see Figure 7).

FAIL-SAFE — Output pulses are inhibited by the “fail-
safe”’ circuit if the comparator input voltage exceeds the
specified threshold voltage. This would occur if the tem-
perature sensor circuit had a fault.

SAMPLING FULL WAVE LOGIC — Two consecutive
zero-crossing trigger pulses are generated at every pos-
itive mains half-cycle of the line to minimize generation
of noise (as per Figure 8). Within every zero-crossing
the pulses are positioned as per Figure 4. Pulse length
is also adjustable by Rgync on Pin 8 to allow positive
triggering of the triac at t¥\is critical moment (firing with
low voltage between main terminals requires long
pulses).

PULSE AMPLIFIER — The pulse-amplifier circuit delivers
minimum current pulses of 60 mA (sink). The triac is
triggered in quadrants Il and lIl.

SYNCHRONIZATION CIRCUIT — This circuit detects
mains zero-crossings through Rsync and the value se-
lected determines the trigger pulse length. A zero cross-
ing current detector is employed with typical thresholds
of ¥27 pA to +98 uA (see Figures 4 and 5).
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FIGURE 3 — SAWTOOTH GENERATOR AND PROPORTIONAL BAND
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COMMENTS TO FIGURE 3

Referring to Figure 1, the average value of VRef is set
by Ry and R3. Rgq defines the amplitude of the sawtooth
signal superimposed on VRef, defining the Proportional
Band.

Figure 3 shows three conditions:

1) During time t1 we always have Vpjy 3 > VRef, and
as a result, the comparator is always “on” and the |
triac fired (100% max. power)

2) During time tp, Vpjp 3 is in the proportional band,
and the average power delivered to the load is a
fraction of maximum power.

3) During time t3, Vpjn 3 < VRef, and the triac is
always “‘off."”

When the sensor temperature is above the set value
and is slowly decreasing as no heating occurs, Vpjn 3
— Vpin 4 must exceed half the hysteresis value before
power is applied again (1). A similar effect occurs in the
opposite direction when temperature sensor is below

the set value and can remain stable as position (2). This
defines the “uncontrollable temperature band’” which
will be very small if hysteresis is also very small.

SUGGESTIONS FOR USE

The temperature sensor circuit is a Wheatstone bridge
including the sensor element. Comparator inputs may
be free from power line noise only if the sensor element
is purely resistive (NTC resistor). Usage of any P-N junc-
tion sensor would drastically reduce noise rejection.

Fixed phase sensing of the internal comparator out-
put eliminates parasitic signals.

Some loads, even designed to be resistive, have in
fact a slight inductive component. A phase shift at Pin
8 can be achieved with external capacitor C3 connected
to Pin 8 network (see Figure 9).

Suggested maximum source current at Pin 1 is 40 uA,
in order to have acceptable sawtooth signal linearity.
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FIGURE 4 — OUTPUT PULSE WIDTH DEFINITIONS FIGURE 5 — TYPICAL OUTPUT PULSE LENGTH
versus SYNCHRONIZATION RESISTOR
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APPLICATION CIRCUITS

Figure 9 shows a very simple application of the ponent. Figure 10 shows a typical application as a panel
UAA1016B as an electronic rheostat having 100% effi- heater thermostat with a proportional temperature
ciency. C3 is required only if load has an inductive com- band of 1°C at 25°C.

FIGURE 9 — APPLICATION CIRCUIT — ELECTRONIC RHEOSTAT

O
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*External phase shift, required for Inductive Loads only 1N4005
FIGURE 10 — APPLICATION CIRCUIT — ELECTRIC RADIATOR WITH PROPORTIONAL BAND
THERMOSTAT, PROPORTIONAL BAND 1°C AT 25°C
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MOTOROLA
SEMICONDUCTOR mm
TECHNICAL DATA

Product Preview
Zero Voltage Switch
Power Controller

The UAA2016 is designed to drive triacs with the Zero Voltage
technique which allows RFI-free power regulation of resistive loads.
Operating directly on the AC power line its main application is the
precision regulation of electrical heating systems such as panel
heaters or irons.

A built-in digital sawtooth waveform permits proportional
temperature regulation action over a +1°C band around the set
point. For energy savings there is a programmable temperature
reduction function, and for security a sensor failsafe inhibits output
pulses when the sensor connection is broken. Preset temperature
(i.e. defrost) application is also possible. In applications where high
hysteresis is needed, its value can be adjusted up to 5°C around the
set point. All these features are implemented with a very low
external component count.
® Zero Voltage Switch for Triacs, up to 2.0 kW (MAC212A8)
® Direct AC Line Operation
® Proporational Regulation of Temperature over a 1°C Band
® Programmable Temperature Reduction
® Preset Temperature (i.e. Defrost)
® Sensor Failsafe
® Adjustable Hysteresis
® | ow External Component Count

UAA2016

ZERO VOLTAGE SWITCH
POWER CONTROLLER
SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
8 CASE 6286
D SUFFIX
C
D
! (SO-8)

Simplified Block Diagram
r———-———————_——_——— A
| UAA2016 |
| |
3 Sampling
6
Sense nput O | Full Wave [» ,FUse —HO output
; Amplifier
| Logic |
| I
40 Internal | 7
Temperature O —I—O Voo
Reduction : Reference i
| |
| I 4-Bit DAC | l Synchronization [ I
2
Hysteresis I P |
Adjust upply
! | - Voltage |
; | [ 11-Bit Counter |<— |
Voltage O—} |
Reference Lo — | Jd
ok} 05
Sync VEE

PIN CONNECTIONS

Vet [ 1] 8] sync

Hys. Adj. [2] Voo
Sensor [3 ] 6] Output

Temp. Reduc. [4 15] VEg

(Top View)

ORDERING INFORMATION

Temperature
Device Range Package

UAA2016D SO-8

—20° to + 85°C
UAA2016P Plastic DIP
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MAXIMUM RATINGS (Voltages referenced to Pin 7)

Rating Symbol Value Unit
Supply Current (Ip|ns5) Icc 15 mA
Non-Repetitive Supply Current Iccp 200 mA
(Pulse Width = 1.0 ps)
AC Synchronization Current Isync 3.0 mA
Pin Voltages VPin 2 0; Vref \
VPin3 0; Vref
VPin 4 0; Vref
VPin6 0; VEE
Vref Current Sink Ipin 1 1.0 mA
Output Current (Pin 6) lo 150 mA
(Pulse Width < 400 ps)
Power Dissipation Pp 625 mwW
Thermal Resistance ReJA 100 °C/W
Operating Temperature Range TA —20to+85 °C

ELECTRICAL CHARACTERISTICS (Tp = 25°C, VEE =—7.0 V, voltages referred to Pin 7, unless otherwise noted.)

Characteristic Symbol Min Typﬁ Max Unit
Supply Current (Pins 6, 8 Not Connected) Icc mA
(TA =—20° to + 85°C) — 0.9 1.5
Stabilized Supply Voltage (Pin 5)  (Icc = 2.0 mA) VEE -10 -9.0 -8.0 \
Reference Voltage (Pin 1) Vref —-6.5 -55 —-45 \
Output Pulse Current (Ta = — 20°C to + 85°C) lo mA
(Rout =60 W, VEE=-8.0V) 90 100 130
Output Leakage Current (Vout =0 V) loL — — 10 pA
Output Pulse Width (TA = —20°C to + 85°C) (Note 1) Tp us
(Mains = 220 Vrms, Rgync = 220 kQ) 50 — 100
Comparator Offset (Note 5) Voff -10 — +10 mV
Sensor Input Bias Current liB - — 0.1 HA
Sawtooth Period (Note 2) Ts — 40.96 — sec
Sawtooth Amplitude (Note 6) Asg 50 70 90 mV
Temperature Reduction Voltage (Note 3) VTR mV
(Pin 4 Connected to V¢ ) 280 350 420
Internal Hysteresis Voltage VIH ’ mvV
(Pin 2 Not Connected) — 10 —
Additional Hysteresis (Note 4) VH mV
(Pin 2 Connected to Vo) 280 350 420
Failsafe Threshold (Ta = — 20°C to + 85°C) (Note 7) VESth 180 — 300 mV

NOTES: 1. Output pulses are centered with respect to zero crossing point. Pulse width is adjusted by the value of Rsync' Refer to application curves.

2. The actual sawtooth period depends on the AC power line frequency. It is exactly 2048 times the corresponding period. For the 50 Hz case it is
40.96 sec. For the 60 Hz case it is 34.13 sec. This is to comply with the European standard, namely that 2.0 kW loads cannot be connected or
removed from the line more than once every 30 sec.

3.350 mV corresponds to 5°C temperature reduction. This is tested at probe using internal test pad. Smaller temperature reduction can be obtained by
adding an external resistor between Pin 4 and V. Refer to application curves.

4. 350 mV corresponds to a hysteresis of 5°C. This is tested at probe using internal test pad. Smaller additional hysteresis can be obtained by adding
an external resistor between Pin 2 and V. Refer to application curves.

5. Parameter guaranteed but not tested. Worst case 10 mV corresponds to 0.15°C shift on set point.

6. Measured at probe by internal test pad. 70 mV corresponds to 1°C. Note that the proportional band is independent of the NTC value.

7. At very low temperature the NTC resistor increases quickly. ThIS can cause the sensor input voltage to reach the failsafe threshold, thus inhibiting
output pulses; refer to application sch ics. The corr is the limit at which the circuit works in the typical application. By
setting this threshold at 0.05 Ve, the NTC value can increase up to 20 times its nominal value, thus the application works below — 20°C.
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Figure 1. Application Schematic
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APPLICATION INFORMATION

(For simplicity, the LED in series with Royt is omitted in the
following calculations)

Triac Choice and Royt Determination

Depending on the power in the load, choose the triac that
has the lowest peak gate trigger current. This will limit the
output current of the UAA2016 and thus its power
consumption. Use Figure 4 to determine Royt according to
the triac maximum gate current (IGT) and the application low
temperature limit. For a 2.0 kW load at 220 Vrms, a good triac
choice is the Motorola MAC212A8. Its maximum peak gate
trigger current at 25°C is 50 mA.

For an application to work down to — 20°C, Rgyt should be
60 Q. It is assumed that: IGT(T) = IGT(25°C) x exp (-T/125)
with T in °C, which applies to the MAC212A8.

Output Pulse Width, Rsync

The pulse width Tp is determined by the triac’s IHo|d, ILatch
together with the load value and working conditions
(frequency and voltage):

Given the RMS AC voltage and the load power, the load
value is:

RL = V2rms/POWER

The load current is then:
ILoad = (Vrms x /2 x sin(2nft) — VTM)/RL

where VT is the maximum on state voltage of the triac, f is
the line frequency. :

Set Il pad = ILatch for t = Tp/2 to calculate Tp.

Figures 6 and 7 give the value of Tp which corresponds to
the higher of the values of IHp|d and Ii_atch, assuming that
VTMm = 1.6 V. Figure 8 gives the Rgync that produces the
corresponding Tp.

Rsupply and Filter Capacitor

With the output current and the pulse width determined as
above, use Figures 9 and 10 to determine Rgypply, assuming
that the sinking current at Vyef pin (including NTC bridge
current) is less than 0.5 mA. Then use Figures 11 and 12 to
determine the filter capacitor (CF) according to the ripple
desired on supply voltage. The maximum ripple allowed is
1.0V.

Temperature Reduction Determined by R{
(Refer to Figures 13 and 14.)

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
4-124



UAA2016

Figure 2. Comparison Between Proportional Control and ON/OFF Control
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Figure 3. Zero Voltage Technique
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CIRCUIT FUNCTIONAL DESCRIPTION

Power Supply — Pin 5 and Pin 7

The application uses a current source supplied by a
single high voltage rectifier in series with a power dropping
resistor. An integrated shunt regulator delivers a VEE voltage
of — 8.6 V with respect to Pin 7. The current used by the total
regulating system can be shared in four functional blocks: IC
supply, sensing bridge, triac gate firing pulses and zener
current. The integrated zener, as in any shunt regulator,
absorbs the excess supply current. The 50 Hz pulsed supply
current is smoothed by the large value capacitor connected
between Pins 5 and 7.

Temperature Sensing — Pin 3

The actual temperature is sensed by a negative
temperature coefficient element connected in a resistor
divider fashion. This two element network is connected
between the ground terminal Pin 5 and the reference voltage
— 5.5V available on Pin 1. The resulting voltage, a function of
the measured temperature, is applied to Pin 3 and internally
compared to a control voltage whose value depends on
several elements: Sawtooth, Temperature Reduction and
Hysteresis Adjust. (Refer to Application Information.)

Temperature Reduction

For energy saving, a remotely programmable temperature
reduction is available on Pin 4. The choice of resistor Ry
connected between Pin 4 and Vcc sets the temperature
reduction level.

Comparator

When the positive input (Pin 3) receives a voltage greater
than the internal reference value, the comparator allows the
triggering logic to deliver pulses to the triac gate. To improve
the noise immunity the comparator has an adjustable
hysteresis. The external resistor R3 connected to Pin 2 sets
the hysteresis level. Setting Pin 2 open makes a 10 mV
hysteresis level, corresponding to 0.15°C. Maximum

Figure 4. Output Resistor versus
Triac Gate Current
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hysteresis is obtained by connecting Pin 2 to Vcc. In that
case the level is set at 5°C. This configuration can be useful
for low temperature inertia systems.

Sawtooth Generator

In order to comply with European norms the ON/OFF
period on the load must exceed 30 seconds. This is achieved
by an internal digital sawtooth which performs the
proportional regulation without any additional component.
The sawtooth signal is added to the reference applied to the
comparator negative input. Figure 2 shows the regulation
improvement using the proportional band action.

Noise Immunity

The noisy environment requires good immunity. Both the
voltage reference and the comparator hysteresis minimize
the noise effect on the comparator input. In addition the
effective triac triggering is enabled every 1/3 sec.
Failsafe

Output pulses are inhibited by the “failsafe” circuit if the
comparator input voltage exceeds the specified threshold
voltage. This would occur if the temperature sensor circuit
is open.
Sampling Full Wave Logic

Two consecutive zero-crossing trigger pulses are
generated at every positive mains half-cycle. This ensures
that the number of delivered pulses is even in every case.
The pulse length is selectable by Rgync connected on Pin 8.
The pulse is centered on the zero-crossing mains waveform.
Pulse Amplifier

The pulse amplifier circuit sinks current pulses from Pin 6
to VEE. The minimum amplitude is 70 mA. The triac is then
triggered in quadrants Il and lll. The effective output current
amplitude is given by the external resistor Royt. Eventually,
an LED can be inserted in series with the Triac gate
(see Figure 1).

Figure 5. Minimum Output Current
versus Output Resistor
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UAA2016

Figure 6. Output Pulse Width versus
Maximum Triac Latch Current
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Figure 12. Minimum Filter Capacitor versus

Output Current
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Figure 14. Temperature Reduction versus
Temperature Setpoint
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Figure 15. RpEF versus Preset Temperature
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Figure 17. Comparator Hysteresis versus R3
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Surface Mount Technology
]

In Brief ...

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

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

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

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

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

All the major bipolar analog families are now represented in surface mount packaging. Standard SOIC and PLCC packages
are augmented by SOP-8 and DPAK for Linear regulators. In addition, tape and reel shipping to the updated EIA-481A is
now on line for the industry’s largest array of operational amplifiers, regulators, interface, data conversion, consumer,
telecom and automotive Linear ICs.

CA3146D Transistor Array SO-14
DAC-08CD, ED High-Speed 8-Bit Multiplying D-to-A Converter SO-16
LF351D Single JFET Operational Amplifier SO-8
LF353D Dual JFET Operational Amplifiers SO-8
LF411CD Single/Dual JFET Operational Amplifier SO-8
LF412CD Dual JFET Operational Amplifiers SO-8
LF441CD Single JFET Low Power Operational Amplifier SO-8
LF442CD Dual JFET Low Power Operational Amplifiers SO-8
LF444CD Quad JFET Low Power Operational Amplifiers SO-14
LM201AD General Purpose Adjustable Operational Amplifier S0O-8
LM211D High Performance Voltage Comparator SO-8
LM224D Quad Low Power Operational Amplifiers SO-14
LM239D,AD Quad Single Supply Comparators SO-14
LM258D Dual Low Power Operational Amplifiers SO-8
LM285D-1.2 Micropower Voltage Reference Diode SO-8
LM285D-2.5 Micropower Voltage Reference Diode SO-8
LM293D Dual Comparators SO-8 -
LM301AD General Purpose Adjustable Operational Amplifier SO-8
LM311D High Performance Voltage Comparator SO-8
LM317LD Positive Adjustable 100 mA Voltage Regulator : SOP-8
LM317MDT Positive Adjustable 500 mA Voltage Regulator DPAK
LM324D,AD Quad Low Power Operational Amplifiers SO-14
LM339D,AD Quad Single Supply Comparators SO-14
LM348D Quad MC1741 Operational Amplifiers SO-14
LM358D Dual Low Power Operational Amplifiers SO-8
LM385D-1.2 Micropower Voltage Reference Diode SO-8
LM385D-2.5 Micropower Voltage Reference Diode SO-8
LM393D Dual Comparators SO-8
LM833D Dual Audio Amplifiers SO-8
LM2901D Quad Single Supply Comparators SO-14
LM2902D Quad Low Power Operational Amplifiers SO-14
LM2903D Dual Comparators SO-8
LM2904D Dual Low Power Operational Amplifiers SO-8
LM2931AD-5.0,D-5.0 Low Dropout Voltage Regulator SOP-8
LM2931CD Adjustable Low Dropout Voltage Regulator SOP-8
LM3900D Quad Single Supply Operational Amplifiers SO-14
MC1350D IF Amplifier SO-8
MC1357D FM IC with Quadrature Detector SO-14
MC1377DW Color Television RGB to PAL/NTSC Encoder SO-20L
MC1378FN Video Overlay Synchronizer PLCC-44
MC1382DW Multimode Monitor TTL To Analog Video SO-24L
MC1403D Precision Low Voltage Reference SO-8
MC1413D Peripheral Driver Array SO-16
MC1436D,CD High Voltage Operational Amplifier SO-8
MC1455D Timing Circuit SO-8
MC1458D,CD Dual Operational Amplifiers SO-8
MC14C88BD Quad EIA-232-D/EIA-562 Drivers SO-14
MC1488D Quad EIA-232-D Drivers SO-14
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Bipolar (continued)

Device Function Package
MC14C89ABD,BD Quad EIA-232-D/EIA-562 Receivers SO-14
MC1483D Quad EIA-232-D Receivers SO-14
MC1495D Four-Quadrant Multiplier SO-14
MC1496D Balanced Modulator/Demodulator SO-14
MC1723CD Adjustable Positive or Negative Voltage Regulator SO-14
MC1741CD General Purpose Operational Amplifier SO-8
MC1747CD Dual MC1741 Operational Amplifiers SO-14
MC1776CD Programmable Operational Amplifier SO-8
MC26LS31D Quad EIA-422/23 Drivers SO-16
MC26LS32D Quad EIA-422 Receivers SO-16
MC26S10D Quad Bus Transceiver SO-16
MC2831AD FM Transmitter SO-16
MC3303D Quad Differential-Input Operational Amplifier SO-14
MC3335DW Basic Dual Conversion Receiver SO-20L
MC3346D General Purpose Transistor Array SO-14
MC3356DW FSK Receiver SO-20L
MC3359DW Low Power Narrowband FM IF Amplifier SO-20L
MC3361AD Low Voltage Narrowband FM IF Amplifier SO-16
MC3362DW Dual Conversion Receivers SO-28L
MC3363DW Dual Conversion Receivers SO-28L
MC3367DW Low Voltage VHF Receiver SO-28L
MC3371D Low Voltage FM Receiver with RSSI, LC Quadrature Detector SO-16
MC3372D Low Voltage FM Receiver with RSSI, Ceramic Quadrature Detector SO-16
MC3391DW Low Side Protected Switch SOP-8+8L
MC3401D B Quad Operational Amplifiers SO-14
MC3403D Quad Differential-Input Operational Amplifier SO-14
MC3418DW CVSD SO-16L
MC3423D Overvoltage Sensing Circuit SO-8
MC3448AD Quad GPIB Transceivers SO-16
MC3450D Quad Line Receivers SO-16
MC3452D Quad Line Receivers SO-16
MC3456D Dual Timing Circuit SO-14
MC3458D Dual Low Power Operational Amplifiers SO-8
MC3486D Quad EIA-422/23 Receivers SO-16
MC3487D : Quad EIA-422 Drivers SO-16
MC4558CD Dual High Frequency Operational Amplifiers SO-8
MC4741CD Quad MC1741 Operational Amplifiers SO-14
MC78L0O5ACD Positive Voltage Regulator, 5 V, 100 mA SOP-8
MC78L0OSACD Positive Voltage Regulator, 8 V, 100 mA SOP-8
MC78L12ACD Positive Voltage Regulator, 12 V, 100 mA SOP-8
MC78L15ACD Positive Voltage Regulator, 15V, 100 mA SOP-8
MC78MO05CDT 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, 15V, 100 mA SOP-8
MC79MO5CDT 3-Terminal Negative Fixed Voltage Regulator, -5 V, 500 mA DPAK
MC79M12CDT 3-Terminal Negative Fixed Voltage Regulator, —12 V, 500 mA DPAK
MC79M15CDT 3-Terminal Negative Fixed Voltage Regulator, —15 V, 500 mA DPAK
MC10319DW 8-Bit A/D Flash Converter SO-24L
MC10321DW 7-Bit A/D Flash Converter SO-20L
MC13022DW(1) Medium Voltage AM Stereo C-QUAM® Decoder S0O-28L

(1)To be introduced.
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Bipolar (continued)

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

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

MC33171D
MC33172D
MC33174D
MC33178D
MC33179D
MC33218DW
MC33261D
MC33272D
MC33274D
MC33282D
MC33284D

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

Low Voltage C-QUAM® Receiver

VHF LAN Receiver — FSK

1 Watt Audio Amplifier

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

Brushless DC Motor Controller

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

Dual Current Mode PWM Controller

Dual Current Mode PWM Controller (Off-Line)

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

Resonant Mode (ZVS) Controller

Single, High Speed Single Supply Operational Amplifiers

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

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

Low Power, Single Supply Operational Amplifier

High Side TMOS Driver

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

SLIC I

Low Voltage Subscriber Loop Interface Circuit

High Performance Current Mode Controller

Dual Inverting MOSFET Drivers

Dual Noninverting MOSFET Drivers

Universal Voltage Monitor

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

Single, Low Power, Single Supply Operational Amplifier

Dual, Low Power, Single Supply Operational Amplifiers

Quad, Low Power, Single Supply Operational Amplifiers

Dual Precision Operational Amplifiers

Quad Precision Operational Amplifiers

Voice-Switched Speakerphone with uProcessor Interface

Power Factor Controller

Dual Precision Bipolar Operational Amplifiers

Quad Precision Bipolar Operational Amplifiers

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

Single JFET Input Operational Amplifier

Dual JFET Input Operational Amplifiers
Electronic Telephone Circuit

Telephone Tone Ringer

Telephone Tone Ringer

Telephone Tone Ringer

Telephone Speech Network with Dialer Interface
Telephone Tone Dialer

Telephone Tone Dialer

Telephone Tone Dialer

Voice Switched Speakerphone Circuit

High Speed (1.0 MHz) Single-Ended PWM Controller

SO-24L
S0-16
SOP-8

SO-16L, PLCC-20
SO-16L, PLCC-20
SO-20L
SO-24L
S0-8
SO-14
S0-8

SO-16L

SO-16L

SO-16L

SO-16L

SO-16L

S0-8

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

SO-8
SO-8
S0-14
S0O-8
SO-14
SO-24L
S0-8
SO-8
SO-14
SO-8
SO-14

S0-8
SO-8
PLCC-44
SO-8
SO-8
SO-8
SO-20L
SO-8
SO-8
SO-8
SO-28L
SO-16L, PLCC-20
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Bipolar (continued)

Device Function Package
MC34025DW,FN High Speed (1.0 MHz) Double-Ended PWM Controller SO-16L, PLCC-20
MC34050D ElA-422/23 Transceivers SO-16
MC34051D EIA-422/23 Transceivers SO-16
MC34060AD Switchmode Pulse Width Modulation Control Circuit SO-14
MC34063AD Precision DC-to-DC Converter Control Circuit SO-8
MC34064D-5 Undervoltage Sensing Circuit (5 V + 5% Supply) SO-8
MC34065DW Dual Current Mode PWM Controller SO-16L
MC34065DW-H Dual Current Mode PWM Controller (Off-Line) SO-16L
MC34065DW-L Dual Current Mode PWM Controller (DC-to-DC Converter) SO-16L
MC34066DW Resonant Mode (ZCS) Controller SO-16L
MC34067DW Resonant Mode (ZVS) Controller SO-16L
MC34071D,AD Single, High Speed, Single Supply Operational Amplifier SO-8
MC34072D,AD Dual, High Speed, Single Supply Operational Amplifiers SO-8
MC34074D,AD Quad, High Performance, Single Supply Operational Amplifiers SO-14
MC34080D High Speed Decompensated (AycL = 2) JFET Input Operational Amplifier SO-8
MC34081D High Speed JFET Input Operational Amplifier SO-8
MC34084DW,ADW Quad High Speed, JFET Operational Amplifier SO-16L
MC34085DW,ADW Quad High Speed, JFET Operational Amplifier SO-16L
MC34114DW Speech Network Il SO-18L
MC34115DW CVSD SO-16L
MC34118DW Speakerphone Il SO-28L
MC34119D Telephone Speaker Amplifier SO-8
MC34129D Power Supply Controller SO-14
MC34151D Dual Inverting MOSFET Drivers SO-8
MC34152D Dual Noninverting MOSFET Drivers SO-8
MC34161D Universal Voltage Monitor SO-8
MC34164D-3 Micropower Undervoltage Sensing Circuit (3 V + 5% Supply) SO-8
MC34164D-5 Micropower Undervoltage Sensing Circuit (5 V + 10% Supply) SO-8
MC34181D Single, Low Power, High Speed JFET Operational Amplifier SO-8
MC34182D Dual, Low Power, High Speed JFET Operational Amplifiers SO-8
MC34184D Quad, Low Power, High Speed JFET Operational Amplifiers SO-14
MC34217D Adjustable Toner Ringer S0-8
MC34261D Power Factor Controller SO-8
MC44301DW High Performance Video IF SO-28L
MC75172BDW.~ Quad EIA-485 Line Drivers w/3-State Outputs S0O-20L
MC75174BDW Quad EIA-485 Line Drivers w/3-State Outputs SO-20L
NES56D Dual Timing Circuit SO-14
TLO64CD Quad JFET Low Power Operational Amplifiers SO-14
TLO71CD,ACD Single, Low Noise JFET Input Operational Amplifier S0-8
TLO72CD,ACD Dual, Low Noise JFET Input Operational Amplifiers SO-8
TLO81CD,ACD Single, JFET Input Operational Amplifier SO-8
TLO82CD,ACD Dual, JFET Input Operational Amplifiers SO-8
TL431ACD,AID,CD,ID Programmable Precision Reference SOP-8
UAA1041BD Automotive Direction Indicator SO-8
UC2842AD, BD, BD1 Off-Line Current Mode PWM Controller SO-14, SO-8
UC2843AD, BD, BD1 Current Mode PWM Controller SO-14, SO-8
uC2844D, BD, BD1 Off-Line Current Mode PWM Controller (DC < 50%) SO-14, SO-8
UC2845D, BD, BD1 Current Mode PWM Controller (DC < 50%) SO-14, SO-8
UC3842AD, BD, BD1 Off-Line Current Mode PWM Controller SO-14, SO-8
UC3843AD, BD, BD1 Current Mode PWM Controller SO-14, SO-8
UC3844D, BD, BD1 Off-Line Current Mode PWM Controller (DC < 50%) SO-14, SO-8
UC3845D, BD, BD1 Current Mode PWM Controller (DC < 50%) SO-14, SO-8
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MOS Digital-Analog

A/D and D/A Converters

MC14433DW 3-1/2 Digit A/D Converter SO-24L
MC14442FN 11-Channel 8-Bit A/D Converter with Parallel Interface PLCC-28
MC14443DW 6-Channel A/D Converter Subsystem SO-16L
MC14447DW 6-Channel A/D Converter Subsystem SO-16L
MC44250FN Triple 8-Bit Video A/D Converter PLCC-44
MC144110DW Hex D/A Converter with Serial Interface SO-20L
MC144111DW Quad D/A Converter with Serial Interface SO-16L
MC145040FN1(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145040FN2(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145041FN1(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145041FN2(2) 11-Channel, 8-Bit A/D Converter with Serial Interface PLCC-20
MC145050DW 11-Channel, 10-Bit A/D Converter with Serial Interface SO-20L
MC145051DW 11-Channel, 10-Bit A/D Converter with Serial Interface SO-20L
MC145053D 11-Channel, 10-Bit A/D Converter with Serial Interface SO-14
Display Drivers

MC14489DW Multi-Character LED Display/Lamp Driver S0O-20L
MC14495DW1(2) Hex-to-7 Segment Latch/Decoder ROM/Driver SO-16L
MC14499DW 7-Segment LED Display Decoder/Driver with Serial Interface SO-20L
MC145000FN 48-Segment Multiplexed LCD Driver (Master) PLCC-28
MC145001FN 44-Segment Multiplexed LCD Driver (Slave) PLCC-28
MC145453FN 33-Segment LCD Driver with Serial Interface PLCC-44
Operational Amplifiers/Comparators

MC14573D Quad Programmable Operational Amplifier SO-16
MC14574D Quad Programmable Comparator SO-16
MC14575D Dual Programmable Operational Amplifier and Dual Comparator SO-16
MC14576BF Dual Video Amplifier SO-8 (EIAJ)
MC14577BF Dual Video Amplifier SO-8 (EIAJ)
MC14578D Micro-Power Comparator Plus Voltage Follower SO-16
Phase-Locked Loop Frequency Synthesizers

MC145106FN PLL Frequency Synthesizer PLCC-20
MC145145DW1 4-Bit Data Bus Input PLL Frequency Synthesizer SO-20L
MC145146DW1 4-Bit Data Bus Input PLL Frequency Synthesizer SO-20L
MC145149DW Serial Input Dual PLL Frequency Synthesizer SO-20L
MC145151DW2 Parallel Input PLL Frequency Synthesizer SO-28L
MC145151FN2 Parallel Input PLL Frequency Synthesizer PLCC-28
MC145152DW2 Parallel Input PLL Frequency Synthesizer SO-28L
MC145152FN2 Parallel Input PLL Frequency Synthesizer PLCC-28
MC145155FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145155DW2 Serial Input PLL Frequency Synthesizer S0O-20L
MC145156FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145156DW2 Serial Input PLL Frequency Synthesizer SO-20L
MC145157FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145157DW2 Serial Input PLL Frequency Synthesizer SO-16L
MC145158FN2 Serial Input PLL Frequency Synthesizer PLCC-20
MC145158DW2 Serial Input PLL Frequency Synthesizer SO-16L
MC145159DWH1 Serial Input PLL Frequency Synthesizer with Analog Phase Detector SO-20L
MC145159FN(3) Serial Input PLL Frequency Synthesizer with Analog Phase Detector PLCC-20
MC145160DW Dual PLL for Cordless Telephones SO-20L
MC145161DW Dual PLL for Cordless Telephones SO-16L
MC145166DW Dual PLL for Cordless Telephones SO-16L
MC145167DW Dual PLL for Cordless Telephones SO-16L
MC145168DW Dual PLL for Cordless Telephones SO-16L
MC145170D Serial Interface PLL Frequency Synthesizer SO-16

(2)The digit 1 or 2 after the package designator is not a part of the package definition, but describes the electrical capability of the device.
(3)Electrical variations may require a numerical suffix after the package suffix. Contact your Motorola representative for details.
(4)introduction of this device in surface mount packages is dependent on market demand.
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MOS Digital-Anal

0g (continued)

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

Tape/Reel and Ammo Pack

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

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Tape and Reel

Logic and Analog Technologies,
and MOS Integrated Circuits

Motorola has now added the convenience of Tape and Reel generation pick-and-place equipment. The packaging fully
packaging for our growing family of standard Integrated Circuit conforms to the latest EIA-481A specification. The antistatic
products. Three reel sizes are available, for all but the largest embossed tape provides a secure cavity, sealed with a
types, to support the requirements of both first and second peel-back cover tape.

Mechanical Polarization

SOIC DEVICES PLCC DEVICES
) Typical
Typical SO DDDD G DY

S OO DO DO B

A ENEN Pll{1

User Direction of Feed >
User Direction of Feed
DPAK DEVICES
Typical
DD DDDOD

jl
User Direction of Feed
Device(1)
per Reel
. Tape Width Device(1) ; Reel Size Device
Package (mm) per Reel (inch) : Suffix
SO-8, SOP-8 12 2,500 13 R2
SO-14 16 2,500 : 13 R2
SO-16 16 2,500 13 R2
SO-16L, SO-8+8L WIDE 16 1,000 13 R2
SO-20L WIDE 24 1,000 13 R2
SO-24L WIDE 24 1,000 13 R2
SO-28L WIDE 24 1,000 13 R2
SO-28L WIDE 32 1,000 13 R3
PLCC-20 16 1,000 13 R2
PLCC-28 24 500 13 R2
PLCC-44 32 500 13 R2
PLCC-52 32 500 13 R2
PLCC-68 44 250 13 R2
PLCC-84 44 250 13 R2
TO-226AA (T0-92)(2) 18 2,000 13 RA, RB, RE, RM, or RP
(Ammo Pack) only
DPAK 16 2,500 13 RK

(1)Minimum order quantity is 1 reel. Distributors/OEM customers may break lots or reels at their option, however broken reels may not be returned.
(2)Integrated circuits in TO-226AA packages are available in Styes A, B and E only, with optional “Ammo Pack” (Suffix RM or RP).
For ordering information please contact your local Motorola Semiconductor Sales Office.
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Tape and Reel (continued)

STYLEA

Carrier Strip

Feed —\»

Adhesive Tape

TO-92 Reel Styles

STYLEB

Adhesive Tape on Reverse Side
Flat Side

Carrier Strip )

OOO+OO

Feed —\>

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

STYLEE

Carrier Strip
Flat Side

Feed K

Flat Side of Transistor and Adhesive Tape Visible.

TO-92 Ammo Pack Styles

STYLEM

Adhesive Tape on
Top Side

Flat Side

Carrier
Strip

Flat Side of Transistor and
Adhesive Tape Visible.

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

STYLEP

Adhesive Tape on
Top Side

Rounded Side

Carrier
Strip

Rounded Side of Transistor

Label and Adhesive Tape Visible.

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

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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Packaging Information
i

In Brief ...

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

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

p Ty(max) —TA
D(TA)=————
( ReJA(Typ)

where:

Pp(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




Case Outline Dimensions

LP, P, Z SUFFIX

CASE 29-04 oTES:
Plastic Package 1. 5%%’::209[;;!(6 AND TOLERANCING PER ANSI

RgJA = 200°C/W - GONTOUR OF PAGKAGE DEYOND DM IS

(TO-226AA/TO-92) UNCONTROLLED. :

. DIMF APPLIES BETWEEN P AND L. DIM D AND

B J APPLIES BETWEEN LAND K MINIMUM. LEAD
DIM IS UNCONTROLLED IN P AND BEYOND DIM

K MINIMUM

. 029:01 AND -02 OBSOLETE, NEW STANDARD
029-04.

wr

IS

2

om [TWIN [ MAX | WIN | MAX
K A | 445 | 520 [ 0175 | 0205

?_ MILLIMETERS INCHES
4.3 .33 | 0.170 | 0.210

; X 19 | 0.125 | 0.165
2 X .55 — [ 0022

3 y 4 48 | 0.016 | 0.019
XV ¥ X D 15 | 139 | 0.045 | 0.055

> 42 | 266 | 009 | 0.105 |

D 39 | 050 | 0.015 | 0.020

4
—> H @ J 12.7 - .500 | —
35— om0 —
f 04 | 266 | 0.080 | 005
g "_—_$_._c — 28 | — |00
SECTION X-X R | 293 ] — [ois] —
U N 340 | — [0 ] —
N1
KC, T SUFFIX
CASE 221A-06
Plastic Package
RgJA = 65°C/W (Typ) ores.
(TO-220AB) 1. DIMENSIONING AND TOLERANCING PER

~T-| SEATING ANSI Y14.5M, 1982.
PLANE 2. CONTROLLING DIMENSION: INCH.
3. DIMZ DEFINES A ZONE WHERE ALL BODY

B | F Cle—
/— — - s AND LEAD IRREGULARITIES ARE ALLOWED.
A
K

MILLIMETERS INCHES
MIN
14.48

MAX
0.620

YA
0y

w
N
L
< r
[2]
= %
T L
L
s
n| <| || | =| o| 2| | x| | x| &| 7| o| 0| @] |
| = pof rof | |
SR E R
2
<

T [

2.79
1.39

000 | 127

— [ 204

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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T, TV SUFFIX
CASE 314B-04

NOTES:

1.

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

i 2. CONTROLLING DIMENSION: INCH.
Plastic Package 3. DIMENSION D DOES NOT INCLUDE
INTERCONECT BAR (DAM BAR) PROTRUSION.
"_ "' — C [ DIMENSION D INCLUDING PROTRUSION SHALL
_| NOT EXCEED 0.043 (1.092) MAXIMUM.
g E—> = 4. 314B-01, 314B-02 AND 314B-03 OBSOLETE,
NEW STANDARD 314B-04,
T + — C 5. STYLE 1 THRU 4: OBSOLETE.
U A } ] MILLIMETERS | INCHES
s L DIM [ MIN_| MAX | |
1 4 Je—w Vv A _[14529 [15.570
K F 12345 * B_| 9906 [10.541
5 C_| 4318 | 4572
n N 635 | 0.065
(1 =17 E 219 | 1.397
F_[21.590 [23.749 | ¢
1.702 BSC
! LES:
PIN1. GATE 4216 B5C
2 MIRROR 0.381 | 0635
a J5PL 3. DRAIN C[22.860 [27.940
D 5pL —>| je— [#lo2¢ 0610 ® H 5. SOURCE 8.128B5C
N> 3,556 | 3.686
0.10 (0.254 T P — 15748
[#o100254® [T P® | 7| SEATING 11.888 (12827
PLANE — 16663
7.286 | 2.794
T, T1 SUFFIX
CASE 314D-03
Plastic Package T R
RgJA = 65°C/W (Typ) — C |e—
le—B —»] E _.I -« NOTES:
1. DIMENSIONING AND TOLERANCING PER
] ANSI Y14.5M, 1982.
@ 2. CONTROLLING DIMENSION: INCH.
T A MILLIMETERS | __INCHES
| DM WAX | MIN | MAX
| L A 15570 | 0.572 | 0.613
12345 | 10541 | 0330 | 0415
1 K T X X
23
4
5 G
H
5 ]
K
N
G J -
D 5PL H— te—
[#o356 0.019® [T] @B |
DT-1 SUFFIX
CASE 369-06
Plastic Package — B —>] C e
NOTES:
v le—R E le— 1. DIMENSIONING AND TOLERANCING PER
} ANSI Y14.5M, 1982.
" 2. CONTROLLING DIMENSION: INCH.
A 3. 369-01 THRU -05 OBSOLETE, NEW STANDARD
4 f 4 f 369-06.
A
MILLIMETERS | __INCHES
y 12 s } om [ MIN_| max
A | 597 | 62
S ' | T B | 635 | 673
Y C | 219 | 238 | o
24 I K 69 ﬁ 027
84 | 101 | 0.033 | 0.
F_ | 094 | 119 | 0037 | 0047
G 39 BSC 0.0308SC
H .87 .01 0.034 .040
F—sli J—"I“‘ J_| 046 | 056 [ 0.018 | 0.023
l«— H K | 889 | 965 | 0.350 | 0380
~—Dsn B A RR AN
G 0.13 (0.005) ® V{077 [ 127 | 0.090 ] 0050

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DT SUFFIX
NOTES:

CASF 369A-10 1. DIMENSIONING AND TOLERANGING
Plastic Package PER ANSI Y14.5M, 1982.
DPAK . CONTROLLING DIMENSION: INCH.
. 369A-01 THRU -03 OBSOLETE.
. 369A-04 THRU -09 OBSOLETE, NEW
STANDARD 369A-10.

MILLIMETERS INCHES
MIN MAX MIN | MAX
| 597 | 622 | 0.235 | 0.245 |
250 [ 0.265 |
38| 0,086 | 0094 |

0.027 .035
0.033 | 0.040
0.037 | 0.047

i
!
i

N<=w=|-’=r_=m'nrnwum>'=

.018 | 0.023
102 | 0.114
0.090 BSC
0.175 [ 0.215
0.020 | 0.050
0020 [ —
0.030 | 0.050
0138 [ —

TT__[Lj

PLANE® F—J_Ll - J

— L H

la—— D3PL

—~ @

D, J, L, N SUFFIX
CASE 620-10

Ceramic Package . ! , NOTES:

— 100° 1. DIMENSIONING AND TOLERANCING PER
Reua = 100°C/W (Typ) ANSIY14,5M, 1982.
. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEAD WHEN
[B-] FORMED PARALLEL

. DIM F MAY NARROW TO 0.76 (0.030) WHERE

1 8 THE LEAD ENTERS THE CERAMIC BODY.

AR LA R N AN

=
o
©

[N

ES

MILLIMETERS
DIM_| MIN | MAX

>|w >
ols
S
@
ol
i

PLANE

\, 0.21 | 038
M 318 | 431 ] 0125 | 0.170

J16pL L 7.62BSC 0.300 BSC

[ o | 15 | o | 15
40250010 ®[T[BO® N_| 051 | 1.01 | 0,020 | 0,040

L SUFFIX

CASE 623-05

Ceramic Package NOTES

RgJA = 53°C/W (Typ) 1. DIM " TO GENTER OF LEADS WHEN

nAonoOoannonn FORMED PARALLEL.

2 13 . LEADS WITHIN 0,13 mm (0.005) RADIUS
OF TRUE POSITION AT SEATING PLANE

AT MAXIMUM MATERIAL CONDITION,

(WHEN FORMED PARALLEL),

I

MILLIMETERS
DM | MIN | MAX
A | 3124|3277
B[ 1270 [ 1549
C 4‘073'{_.‘5_
D 41 | 051

24

y//

27 .52
254 BSC .
0.20 04&‘ 0.008 | 0.012

318 | 4.06
15.24 BSC 0.600 BSC
0° [ 15° | 0° [ 15°

051 | 1.27 | 0.020 | 0.050

i
r
L
!

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DP1, N, P, P1 SUFFIX

CASE 626-05 T % 0 POSIIONAL TOLERANCE:

;Iaj:c;ﬁao%iaéew (Typ) | L1 L | [#]e0130005 @] T[r @[ @)
0 8 5 . DIMENSION LTO CENTER OF LEADS WHEN

FORMED PARALLEL ‘

: S 3. PACKAGE CONTOUR OPTIONAL (ROUND

O OR SQUARE CORNERS).

~

5
[LEN

MAX
.400

> >
3

. DIMENSIONS A AND B ARE DATUMS.
1 R
o r o ANSI Y14.5M, 1962.
A
MILLMETERS | INCHES
) | 10.16 | 0370
o : . 60 | 0.240 | 0.260
1 \ YL \ ; 51 [ 0015 | 0.020
j ! c F_| 1.02 | 152 [ 0.040 | 0.060
- 254 BSC 100 BSC
A — J 0.76 | 127 [ 0,030 | 0.050
0.012
292 | 343 | 0.115 [ 0.135
SEATING L | 762B5C 0300 B5C
;”‘B\'ruus Lk M W = [ 1 [ — [ 10

. DIMENSIONING AND TOLERANCING PER
E L DIM | MIN | MAX | MIN
NOTE4 —{F fa— |e—— —T '
445 55 | 0175
Nf 020 | 030 | 0.008
N_|_0.76 | 1.01 | 0.030 | 0.040

NOTES:
J, F, L SUFFIX DIMENSIONING AND TOLERANCING PER

CASE 632-08 ANSI Y14.5M, 1982,
Ceramic Package . CONTROLLING DIMENSION: INCH.

. DIMENSION L TO CENTER OF LEAD WHEN
RgyA = 100°C/W (Typ) 'r | FORMED PARALLEL.
(TO-116)

i

DIM F MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.
. 632-01 THRU -07 OBSOLETE, NEW STANDARD

E 632-08.

1 7 WILLIMETERS | INCHES
LYo T R T e e A AT

[N _| mAX

19.05 | 19.94 | 0.750 | 0.785
23 | 7.1 | 0.245 | 0.080 |
08 | 0.155 | 0.200

-
ry
@

o

2
H
=
=

v

08
[ 050 | 0015 | 0.020
; 165 | 0.055 | 0065 |
254B5C 0100 BSC
021 | 038 | 0,008 | 0015 |
318 | 431 | 0125 | 0.170

7.62BSC 0.300 BSC
0° [ 15° 0° 15°
051 | 1.01 | 0.020 | 0.040

-
L

/

B < |
u
g e
D 1apL JupL

40250010 ®[T] A®] [#]025 0010 ® [T] B® |

==r-><r-mwuuw>]
8

N, P, N-14, P2 SUFFIX
CASE 646-06
Plastic Package NOTES:
= 100° 1. LEADS WITHIN 0.13 mm (0.005) RADIUS
Rgya = 100°C/W (Typ) OF TRUE POSITION AT S‘EATIF\}G PLANE

AN AR AT MAXIMUM MATERIAL CONDITION,
14 8

2. DIMENSION ‘C TO CENTER OF LEADS
WHEN FORMED PARALLEL.
3. DIMENSION "B” DOES NOT INCLUDE
le) MOLD FLASH.
4. ROUNDED CORNERS OPTIONAL.

1 7
6, VA MILLINETERS | INCHES
[MIN | mAX | WIN_| MAX |
1

A oM I
NoTE4 A | 18.16 [ 1956 | 0715 | 0770
10| 6:60 | 0240 | 0.260

—>Fre— L 69 | 469 | 0.145 | 0.185 |
38 | 053 | 0,05 | 0.021
[ \ [} F | 102 1.78 | 0040 | 0070
v © 254650 0.100B5C
T2 | 247 [ 0052 | 0095
L 020 | 038 | 0008 | 0015

N J 292 | 343 [ 0.115 | 0435
Ny L[| 7.285C 300 BSC

s Lk W o [ 10 ] 0 [ 10°
H G p PUNE M N_| 039 | 101 | 0015 | 0.039

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DP2, N, P, PC SUFFIX
CASE 648-08 NOTES:
1

Plastic Package . DIMENSIONING AND TOLERANCING PER
R = B67°C/W (T Al ANSIY14.5M, 1982.
0JA (Typ) LA . CONTROLLING DIMENSION: INCH.
. DIMENSION “C” TO CENTER OF LEADS WHEN
T 5 FORMED PARALLEL
. DIMENSION “B” DOES NOT INCLUDE MOLD

=
T
=
T
P
»
>
u}

»

FLASH.
. ROUNDED CORNERS OPTIONAL.
3
[P RN R WILLIMETERS

~C fe—L.

1 1 J:l;_{s ] SEme

~O

-nuom>[

o=

NOTES:
P, V SUFFIX 1. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.
CAS!E 648C-03 . CONTROLLING DIMENSION: INCH.
Plastic Package “A-

. DIMENSION L TO CENTER OF LEADS WHEN
RgJA = 52°C/W
Ly Ao
16 9

I

FORMED PARALLEL.
. DIMENSION B DOES NOT INCLUDE MOLD

IS

o

FLASH.
. INTERNAL LEAD CONNECTION, BETWEEN
4AND 5, 12 AND 13.

O 8 WILLIWETERS | INCHES |
PLELELPLP ARV . e

NOTE 5
{

X .021
0.050 BSC
0.040 | 0.070

254 BSC 0.100BSC
020 | 038 | 0.008 | 0.015
292 | 343 | 0415 | 0.13
7.62B5C 0.300BSC
0° [ 10° | _0°] 10°
039 | 1.01 | 0015 | 0.040

I

> e
=
=

IINENNE

I

F | Gler re— J16PL

—P
DiseL [$]0.13 (0005 ® [T] BB ]
[4-]0.13 (0.005) ® | T|v AQ]

TETETT

=
Z|=( | X[ |D|mmo|O|m| >
S|
5
B

P SUFFIX

CASE 649-03 N01TELSI-Z:ADS WITHIN 0.13 mm (0.005) RADIUS OF
N . .13 mm (0.005)
Plastic Package TRUE POSITION AT SEATING PLANE AT
RgJA = 90°C/W (Typ) MAXIMUM MATERIAL CONDITION.
P A 2. DIMENSION “ TO CENTER OF LEADS WHEN
[aRaNal FORMED PARALLEL.
2‘:‘ 0 A :; 3. 649-02 OBSOLETE, NEW STD 649-03 SEE

ISSUE “C” FOR REFERENCE.
Q ) -
MILLIMETERS INCHES
D[ MIN_| MAX | MIN | MAX
O

12 A | 3150 [ 32 .240 | 1.265
\IJUUUUUU—UWW 1 1 .520 | 0.540

185 | 0.205 |
<F cC |<—L—-‘
NL ) [ )|

.015 | 0.020

fe—— 00—

alalelNs

2 | 0.040 | 0.060
BSC 0.100BSC
065 | 0.085
.008 | 0
115
590

[
ot
|

o

' BRERRERE
&

—>iG i(— —>l-D J M L |1
SEATING.
PLANE N

8(8|=

.020 | 0.040
.005 | 0.015
.020 | 0.030

=]
=
>

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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L SUFFIX

e NOTES:
CASE 690-13 16 9 . -A- AND -B- ARE DATUMS,
. -T-1S SEATING PLANE.

Ceramic Package
DIMENSION L TO CENTER OF LEADS WHEN

RgJa = 100°C/W (Typ) B " FORMED PARALLEL.

[EENE

Edd

DIMENSIONING AND TOLERANCING PER ANS!

Y14.5,1973.

8
'_' 5. 690-11 AND 690-12 OBSOLETE. NEW STANDARD
L N 690-13.
A
[ 1
F —C  |e—pL— MILLIMETERS | _INCHES
oM | MIN | MAX | MIN | MAX
TH~ A_| 20.07 | 2057 | 0790 | 0810
8 | 741 | 774 | 0280 [ 0305
16 C 19| 0.105 | 0.165
1 ) 53 | 0015 | 0021
F| 076 | 152 | 0030 ] 0060 |
254BSC 100 BSC
76 | 178 | 0.030 | 0.070
20 | 030 | 0.008 | 0012
1 08 | 0.125 [ 0200

. .08 | ¢
H 7.62BSC 0.300 BSC
— [ 10° [ = T 10°
Di6PL 038 | 1.52 | 0.015 | 0.060

[#1p0.25 0.010@ [TA® ]| B®]

J-8, J, JG, U, Z SUFFIX
CASE 693-03

Ceramic Package

RgJA = 100°C/W (Typ)

NOTES:

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

. CONTROLLING DIMENSION: INCH.

. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL

. DIMENSION F FOR FULL LEADS, HALF LEADS
AT LEAD POSITIONS 1, 4, 5, AND 8.

. DIM F MAY NARROW TO 0.76 (0.030) WHERE

T THE LEAD ENTERS THE CERAMIC BODY.

L 6. gggg; AND -02 OBSOLETE, NEW STANDARD

?
b
B
b

OPTIONAL LEAD
ry 5 CONFIGURATION

ES

-
ES
2

4

«©
Ny 7

= ‘ MILLIMETERS | INCHES |
/
ST A

PLANE b W
- —»{le— J8PL

F (#1025 0010 @[T B O]

DsrL

[#]025 0010 @[] A® ]

=
=4
=

zg.—xr_o-nmanmzu]
2
2

X . .016 | 0.020
1.27BSC 0.050 BSC
1.27 | 1.65 | 0.050 | 0.065
254BSC 0.100BSC
020 038 | 0.008 | 0.015
3.18 4.06 | 0.125 | 0.160
7.62BSC 0.300 BSC

0° 15° 0° 15°
0.51 1.02 | 0.020 | 0.040

A, B, N, P SUFFIX

CASE 707-02 NOTES:

Plastic Package 1. POSITIONAL TOLERANGE GF LEADS (D),
. SHALL BE WITHIN 0.25 mm (0.010) AT

RgJA = 100°C/W (Typ) MAXINUM MATERIAL CONDITION,IN

RELATION TO SEATING PLANE AND EACH

l:: UEARARARLN &R '::; . DIMENéION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.
b . DIMENSION B DOES NOT INCLUDE MOLD
o1 9 FLASH.

LUUUUUUUUUJ

-]
w

WMILLIMETERS | __INCHES
[ A DIM [ MIN | MAX | MIN | MAX
2222 | 2324 | 0.875 | 0915
18 L .10 | 6.60 | 0.240 | 0.260 |
56 | 457 | 0.140 | 0.180 |
36 | 0.56 | 0.014 | 0.022 |
27 |_1.78 | 0.050 | 0.070
2.54 BSC 0.100BSC

1.02 | 152 | 0.040 [ 0.060

020 | 0.30 | 0008 | 0.012
e nll X - 115 | 0.135

762 BSC 0.300 BSC

0 15° 0 15°
051 | 1.02 | 0.020 [ 0.040

=Z|=|r|x|~|x|o|m
™|
o
S|
|

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

1.

o

ES:
POSITIONAL TOLERANCE OF LEADS (D),

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

OTHER.
. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.
3. DIMENSION B DOES NOT INCLUDE MOLD
FLASH,
; OB NANAANNGAN :‘5 T 4. 710-01 OBSOLETE, NEW STANDARD 710-02.
B MILLIMETERS | __INCHES
DiM | MIN_| mMAX
36.45 | 37.21
1 1872 [ 1422
ITATAT R TRV R R AR R R YT g: -2:
A -c [e—L—> 02 152
254 BSC
N 65| 2.16
i y 20| 038
92 | 343
L | 1524B5C X
—>Hl< >{Gle NP K L g I I
F D \ seatmne M N_| 051 | 102 | 0.020 | 0.040
PLANE
P SUFFIX
CASE 711-03
Plastic Package
1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25 mm (0.010) AT MAXIMUM
MATERIAL CONDITION, IN RELATION TO SEATING
PLANE AND EACH OTHER.
AN AMNAARNNANANDNN g & EB%EII‘[ESI;OP'\A;L?@ENTER OF LEADS WHEN
40 3. DIMENSION B DOES NOT INCLUDE MOLD FLASH,
3 WILLIMETERS
oiM_|_mIN
51.69
1O 20 13.72
94
A L % 020 [ 0.
rc 25485 X
65 | 2.16 | 0065 | 0.08
7 {" [ ! 20 | 038 | 0.008 | 0015
92 | 343 | 0115 | 0135
NI > L | 15624B5C 0.600 BSC
M | _0°] 15° | 0°] 15°
—> H G P \— K <M N | 051 ] 102 o—'—_.ozo 5040
SEATING
PLANE
F, P, P-3 SUFFIX
CASE 724-03
Plastic Package \
RgJA = 100°C/W (Typ) ) NOTES:
24 1. CHAMFERRED CONTOUR OPTIONAL
s 2. DIM“C TO CENTER OF LEADS WHEN
FORMED PARALLEL.
—— 3. DIMENSIONS AND TOLERANCES PER
1-A-] ANSI Y14,5M, 1982.
| o v e e | Y 4. CONTROLLING DIMENSION: INCH.
24 13
WILLIMETERS | __INCHES
£ 12 D:+M__

LY ATA AR R R AR A EL

1

LA

[$]o.25 0010 ® [T B® |

[4]025 0010 D [T A® |

G 2.54 BSC 0.100BSC
J | 0.8 | 030 0007 | 0.012
K | 280 | 55| 0.110 | 0.140
T mla_sc_ 0.300 BSC
M [ 5| 00 | 15
N_| 051 | 1.01] 0020 | 0.040 |

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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J, L SUFFIX
CASE 726-04 NOTES:
Ceramic Package 1. LEADS, TRUE POSITIONED WITHIN 0.25 mm
5 9 (0.010) DIA. AT SEATING PLANE, AT MAXIMUM
Reya = 100°C/W (Typ) MATERIAL CONDITION,
2. DIM“L’ TO CENTER OF LEADS WHEN FORMED
18 D) PARALLEL.
3. DIM*A" & “B" INCLUDES MENISCUS.
* 4. “F" DIMENSION IS FOR FULL LEADS. “HALF"
1 9 LEADS ARE OPTIONAL AT LEAD POSITIONS
vvv vvvv 1,9, 10, AND 18.
(OPTIONAL LEAD N
. G CONFIG. (1,3,10,18) MILLIMETERS INCHES
1I’ om [ MmN | mAX | MIN | mAX
18 A A [ 2235 [ 2311 | 0.880 | 0910
1 L B | 6.10 | 749 [ 0.240 | 0.295
c | — 08 | — [ 0200
D | 03 53 | 0.015 | 0021
F_| 1.40 | 1.78 | 0.055 [ 0.070
G 2.54 BSC 0.100 BSC
H 51 [ _1.14 | 0.020 | 0045
7 20 |_0.30 | 0008 | 0.012
——f _)//‘_ K 18 | 432 | 0125 | 0170
J M L 7.62 BSC 0.300BSC
F SEATING W 0°] 15 0° | 15°
—> H D PLANE N_| 051 | L(ﬁ 0.020 [ 0.040
L SUFFIX
CASE 732-03
Ceramic Package NOTES
RegJA = 75°C/W (Typ) . LEADS WITHIN 0.25 mm (0.010) DIA,,
TRUE POSITION AT SEATING PLANE,
AT MAXIMUM MATERIAL CONDITION.
AAN " ~— A/ 2. DIM L TO CENTER OF LEADS WHEN
FORMED PARALLEL.
20 3. DIMAAND B INCLUDES MENISCUS.
1 10 MILLIMETERS INCHES
DVV YAV DIM [ MIN_| mAX |
- B- A | 2388 | 2515
A B .60 | 7.49
A C .81 | 508 | 0.150 | 0.200
20 .38 | 056 | 0.015 [ 0022 |
i [l F 40 | 165 | 0.055 | 0.065
1 [ 254 BSC 0.100 BSC
T T 51 |_1.27 | 0020 | 0.050
| 1 20 | 0.30 | 0008 | 0.012
18 |_4.06 | 0.125 | 0.160
L 7.62 BSC 0.300BSC
00 [ 15° | 0o T 15°
Ml e 025 | 1.02 | 0.010 ] 0.040
L SUFFIX
CASE 733-04
Ceramic Package NOTES:
28 15 1. DIM A AND B INCLUDES MENISCUS.
2. DIM -L- TO CENTER OF LEADS WHEN
FORMED PARALLEL
B 3. DIMENSIONING AND TOLERANCING PER I
ANSIY14.5, 1982.
4. CONTROLLING DIM: INCH. |
14 5. 733-03 OBSOLETE, NEW STANDARD 733-04.
— MILLIMETERS INCHES
-A- —i —C le—— L -—»‘
| .
—%
SEATING [ - ; S 3
a ,\ 254 BSC 0.100BSC
P Lj "— G K \JL’ M J \“ 0.20 030 | 0.008 | 0.012
F 318 | 406 | 0.125 | 0.160
D 28PL L 15.24 BSC 0.600BSC
M [ 0o | 15°
4] 00250010 ®[T] A® | N | 051 | 127 | 0020 | 0050

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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P SUFFIX

CASE 738-03

Plastic Package
ReJa =75°C/W (Typ)

20

A}

£ 1Y g g py Y gy i gy gy
20 "

o

10

i

f=g5

SEATING
PLANE

H
il
E >
G F

N

D20pL

[4]025 00100 ® [T AB®]

rC

1

L>

[# 0250010 @[T B D]

NOTES
. DIMENSIONING AND TOLERANCING PER

> we

o

ANSI Y14.5M, 1982,

. CONTROLLING DIMENSION: INCH.
. DIMENSION ‘L TO CENTER OF LEAD WHEN

FORMED PARALLEL.

. DIMENSION “B” DOES NOT INCLUDE MOLD

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

INCHES
MIN | MAX
.010 .070
240 | 0260 |
150 .180
.015 .022
0.050 BSC
0.050 | 0.070
0.100 BSC
0.008 ' 0.015

0.110 | 0.140
0.300 BSC

0° 15°

MILLIMETERS
MAX
2717
.60
.57
.55

o
n|m w2
L

SC
177
254 BSC

021 | 038

3.55

L 7.62 BSC

M 0 15°

051 [ 1.01 ] 0,020 | 0040

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

4PL

ol

=

[4#]o2s 0010 ®[1]8 © A ®]
8PL

3

ld—RX45°

4
rel L

NOTES:
1. DIMENSIONS ‘A" AND “B” ARE DATUMS

o A P

AND “T” IS A DATUM SURFAGE.
DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

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

MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

MILLIMETERS
DIM ) MIN LY
.80

80 | 4
35

.35
F | 04

X .014 | 0
125_| 0016 | 0.049
0.050
0.007
0.004
I 0° |
0.229
0.010

o|o
I
x

5.80
R 0.25

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

2

o
AR AR
14 8
1 ({iz000 ©[50)
7PL

H:T_E:HJEI_H_H__J:C

-

© o

_-_.l;l.i:u:m—t

PLANE

l— 14PL
#ozs 0010 @[1[e @A ©|

Y SEATING

-

I(—RX45°

%J‘%i

el L

NOTES:

1. DIMENSIONS A AND B ARE DATUMS AND

e N

TIS A DATUM SURFACE.

. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982,

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

PROTRUSION.
. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

MILLIMETERS INCHES
DIM_| MIN
A

0.008
0.004
0°
229

|| =| x| |

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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D SUFFIX
CASE 751B-03 NOTES
Plastic Package . DIMENSIONS A AND B ARE DATUMS AND
(SO-16) T15 A DATUM SURFAGE.

DIMENSIONING AND TOLERANCING PER
At ANSI Y14.5M, 1982.
LA . CONTROLLING DIMENSION: MILLIMETER.
—— — . DIMENSION A AND B DO NOT INCLUDE MOLD
AR AR RAAR PROTRUSION.
e 5 . MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

[B-]F -
0.250.010) @ WILLIMETERS | INCHES )

8pL | DM [ MIN [ MAX | MIN | mMAX
| 0 jl REAE i ]
A

35 | 175 | 0.054 | 0.0

.35 .49 .014
e fpe LTI
D——-”«——mv. PWE M F—»l L:EJ

.40 .25 .016
[#]o2s 0010 ®[1[8 ® ]2 O]

b

~ e

o

2785C 0.050 M—l
019 | 025 | 0.008 [ 0.009
0.10 | 025 | 0.004 | 0.009
0° | 7° 0° | 7°
580 | 620 | 0.229 | 0.244
0.25 | 050 | 0.010 | 0.019

2|5l =|x|<|o| 7| o|o|=|>E

DW SUFFIX

NOTES:
CAS E 751C-03 . DIMENSIONS ‘A" AND “B” ARE DATUMS AND
Plastic Package A-) “T" IS A DATUM SURFACE.

(SO-18L) . DIMENSIONING AND TOLERANCING PER
HAAAAARANA
18 10

©) ;
EIleE:[I:[H.H.EE_
18 G

CONTROLLING DIM: MILLIMETER.
T I =
il il i s O O s I s e O O

DIMENSION A AND B DO NOT INCLUDE MOLD
M \[ J
—>{ l«— D 18pL —K F

PROTRUSION.
[#]o25 0010 ®[T[BO[ A®]

~

Eal o

<,

MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

751C-01, AND 02 OBSOLETE, NEW STANDARD
751C-03.

B

MILLIMETERS INCHES
MIN | MAX
9

DW SUFFIX
CASE 751D-03
Plastic Package NOTES:
(SO-20L) 1. DIMENSIONS A AND B ARE DATUMS AND
TIS A DATUM SURFACE.
(A} 2. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982,
F| OB R AR AAAR F| 3. CONTROLLING DIMENSION: MILLIMETER,
4. DIMENSION A AND 8 DO NOT INCLUDE MOLD
PROTRUSION.
[B] P .25 (0.010) @ 5. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
TorL PER SIDE.
20 @ ‘
dHHHH U WILLIMETERS | _INCHES _
1 DM IN | MAX
A 499 | 0510
RX45° 8 292
e B
D
= — 5
T-1 | Y ©  seame . i G
N - * PLANE < &’I 7
M F —J J K
—»{ le—D 20pL —K ':
[#]o25 0010 ®[7][8 ® 2 ©] R

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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DW SUFFIX
CASE 751E-03
Plastic Package
(SO-24L)

A

NOTES:

E'H'FI'FI'FI'H'FI'H'FI'H"H'E

B

[025 0010 @[ @ ]

12PL

—»

—'-I i‘— D 2apL

#ozs 000 ®[1[8 @[~ O]

SEATING
c PLANE

Lad

. DIMENSIONS A AND B ARE DATUMS AND

T IS A DATUM SURFACE.

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

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

MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.
INCHES
MIN | MAX

0.299
0.104

0.019
0.035

MILLIMETERS

DIM
A

o
2
=

.

=
M

t

K

| o}

DW SUFFIX
CASE 751F-03
Plastic Package
(SO-28L)

28\

NOTES:
1. DIMENSIONS A AND B ARE DATUMS AND

»

o

L

TIS A DATUM SURFACE.
DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.

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

MOLD PROTRUSION.
MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

[(:B-] P [4]025 00100 ®
14pL | MILLIMETERS |
DIM | MIN MAX
A 17.80 | 18.05
40 760 |
35 | 265 |
.35 .49
.41 .90
y [« RXas® 127B5C
E ] 0.229 | 0317
e L © {I%% i1 o
71022
A’l l‘_ M F-J L J T0.05 [ 1055
D zn K R | 025 ] 075
[#[o2s 0019 ®[1]8 ® ]2 ®]
DW SUFFIX
CASE 751G-01 NOTES

Plastic Package
(SO-16L, SOP-8+8L)

-

[B-]P

)

~

1. DIMENSIONS A AND B ARE DATUMS AND
TIS A DATUM SURFAGE.

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

3. CONTROLLING DIMENSION: MILLIMETER.

Eed

8PL

e

—>|<—RX45°
) ¥
R T

02500100 ®[1[B O[A ®

DIMENSION A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

L

MILLIMETERS

DIM | MIN | MAX
A_[10.15 | 1045 | (
B_| 740 | 7.60 |
T 35 | 265

D .35 | 049 |
F 50 | 090

G 1.27BSC

J | 025 | 032

K | 010 | 025

M [ 0°| 7°

P_| 1005 | 1055

R _| 025 ] 05

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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CASE 762-01

Plastic Medium Power Package
(SIP-9)

ReJa = 70°C/W(Typ)

Reyc = 15°C/W(Typ)

NOTES:
1. DIMENSIONING AND TOLERANCING PER
ANSIY14.5, 1982, |
2. CONTROLLING DIMENSION: MILLIMETER |

MILLIMETERS INCHES “
Dim MIN_J MAX _MIN MAX
22

0] 23007 0873 | 0457]
40| 6.60 | 0252 | 0960
65| 0.135 | 0.143
Q 40| 055 | 0.015] 0.021]
#6025 000® [T A®] 0| a0 o]
.25 (0. A0 160 0. I
#0025 TiA 254 B5C 0.100 BSC
Al T51] 171 ] 0059
== 0360 | 0400 | 0014
vV 395] 4.20 | 0155

0
I‘—/)\M 30° BAC 30°BAC__|

| | 250 2.70 | 0099 ]

3.15] 345 | 0124

13.60 | 13.90 | 0535

165 1.95 | 0064

22.00 | 22.20 | 0.866

055 0.75 | 0.021 | 0.029 |

2.89 BSC 0.113 BSC

065] 0.75] 0.025] 0.029
270 280 0.106 [ 0.110

~ x| =] < | vn| B ©| Z| Z| X| | T| | M| M| | O W[ >

—{ e—H

s?&'ﬁ‘é/;] L J_F J [#]0025 0010® [T c®]

le— D gpL

[#To025 0.010@ [T A®@]

FN SUFFIX -

CASE 775-02 %
Plastic Package
(PLCC-20) i’fllr

Rgya = 72°C/W(Typ)
(5k SQML) NOTES:
. DATUMS -L-, -M., -N-, AND -P- DETERMINED
WHERE TOP OF LEAD SHOULDER EXIT
PLASTIC BODY AT MOLD PARTING LINE.

. 2. DIM GI, TRUE FOSITION TO BE MEASURED AT
YBRK 8 Hunom O[1]1 0+ O[LOUO) DATUM -T, SEATING PLANE.
3. DIM R AND U DO NOT INCLUDE MOLD
—Enna0. — U [# oo @[1[NErO[LOME) PROTRUSION. ALLOWABLE MOLD PROTRU-
I SIONS 0.25 (0.010) PER S
) 0 1] = 4. DIMENSIONING AND TOLERANCING PERANSI
q 1] F Y14.5M, 1982.
q h 3 5. CONTROLLING DIMENSION: INCH,
f g 1] } w
g i n
ooEoT
e ;I 1 fee Y MILLIMETERS
= DIM [ MIN_| MAX
2] ~ Vv L L—aG1 A 78 | 10.03
X [#]o25 0010 ®[T[NOP O [LO-MB] g Zg ! '2‘3
A [#ospon @[T[LOMOINGr O] VIEW D-D ¢ ] ‘
gl ol owoors| o 7
G
R [#o1s00m @[T[LOMOIN +{o1800n @[T[LOMOING,O Y
Honom @ 0re " [Hosom @[TNOrO[LOME : g? ')'_81
V=2 — W AT |
¢ € i U | 889 | 904
mim X vV [ 107 | 121
E 010 (0004) W[ 107 | 121
_JGL_ M EaET { _ L_F oo @7 LONONOr® 5 107 | 142
DETAILS Howom @[T INOrOILONG) 2
DETAILS [ Gi | 785 [ 838 | 0310 ] 0330
a1 Ki [ 102 | —
[#Hoz 000 @[T[LOMB[NEr O] p3] 2° [ 10°

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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FN SUFFIX

CASE 776-02

Plastic Package

(PLCC—-28)

RgJyA = 66°C/W(Typ)
(5k SQML)

—B [#]oi800n ®[T[NOPO[LOME)

— U [# o800 @[T NGO [LONG)]

¢
{5

N

—
»—a [$01800) @[T[LOMB[NOPO] VIEWD-D

R [#owown @[T[LOMO[NO> O]

|

Ki

* (@)
& =
+ E
J_UTUTL I‘I + n (OW)
- o 010 (04
28 t_ u SEATING PLANE
(NGTE 1) G L— J

DETAILS

G1—>»

[#oz5 0010 O[T[LOMONO+ O]

l

—>
DETAILS

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

~

>~ o

o o

BE REPRESENTED BY A GENERAL (SMALLER)
CASE OUTLINE DRAWING RATHER THAN
SHOWING ALL 28 LEADS.

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

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

. DIM G1, TRUE POSITION TO BE MEASURED AT

DATUM -T-, SEATING PLANE.

. DIM R AND U DO NOT INCLUDE MOLD

PROTRUSION. ALLOWABLE MOLD PROTRUSION
15 0.25 (0.010) PER SIDE.

. DIMENSIONING AND TOLERANCING PER ANS|

Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.

MILLIVETERS INCHES

DIM | MIN | MAX | MIN | MAX

A_| 12.32 | 1257 | 0485 [ 0.495
B | 1232 | 1257 | 0.485 | 049 |
C | 420 | & 165 | 0.180
E | 229 | 2. .090 | 0110
F | 033 | 048 | 0013 ] 0.019
G 1.27 BSC 0.050B5C

H .66 | 0.81 | 0,026 | 0.032
J 51 | — o.o% —

K | 064 | — 0025 | —

R | 11.43 | 1158 | 0450 | 0.456
U | 11.43 | 1158 | 0450 | 0.456
V | 107 | 121 | 0042 | 0048
W_| 107 | 121 | 0042 | 0.048
X | 1.07 | 142 | 0.042 | 0056
Y ~ o050 — [oon]
z 2°| 10°] 2°] 10°
G1_| 1042 | 10.92 | 0410 | 0.430
Ki | 102 | — | 0040 —

Zi | 2° | 10°] 2°] 10°

NOTE 1

61
[#]oz 0ot @[T [NEr O [LOMB)]

o0 @[T[LOMO[NOr O]
14|18 00n @[ T[NGO+ O LOMB)]

L_ 4| 0180007 @[T|LOMO|[NO+F O
F Blowom @[ N@@IL@-M@

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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FN SUFFIX
CASE 777-02
Plastic Package

— B[$]0.18 0,007 ® [T[L-M® [N® |
— u[#]0.18 0007 ® [T LMO [NG]

—»]r—@/YBRK"_D

—eannn 'S
' ]
=4 X
z
0 LEADs 3_{-@
f : ACTUAL ;_f v
o Y
4 y-m‘tij f lD ] s
> A
-V VIEW D-D (#1025 0010 @ [T[L-MO [N
A[#[018 000 ®[T[LMO NG|
M 2z
%ﬁ R[$1018 0007 ®[T[LMO [NO] H[#0.18 0007 @ [T[L-MO NG |
: g P
i | K1
RO E !
3 I Talo0o0
—Jau- T_J it — L— F[#]0.18 0.0 @ [T[L-MO [N® |

VIEW S VIEW S

G1
[#]0.25 0.010® [T[L-MO [N®|

WILLIMETERS | __INCHES
DIM [MIN | MAX | MIN | MAX
NOTES: 7. THE PACKAGE TOP MAY BE SMALLER THAN Al LI 05, 00
1. DUE TO SPACE LIMITATION, CASE 777-02 THE PACKAGE BOTTOM BY UP T0 .012 (300). SRR AR ARE R
SHALL BE REPRESENTED BY A GENERAL DIMENSIONS R AND U ARE DETERMINED AT - - -
(SMALLER) CASE OUTLINE DRAWING THE OUTERMOST EXTREMES OF THE PLASTIC .29 | 279 | 0090 | 0.110
RATHER THAN SHOWING ALL 44 LEADS. BODY EXCLUSIVE OF MOLD FLASH, TIE BAR 33 | 048 | 0013 | 0.019
2. DATUMS -L, -M-, AND -N- DETERMINED BURRS, GATE BURRS AND INTERLEAD FLASH, 1.27BSC 0.050 BSC
WHERE TOP OF LEAD SHOULDER EXITS BUT INCLUDING ANY MISMATCH BETWEEN THE 66 [ 081 | 0026 | 0.032
PLASTIC BODY AT MOLD PARTING LINE. TOP AND BOTTOM OF THE PLASTIC BODY. 51 | — 0020 —
3. DIM G1, TRUE POSITION TO BE MEASURED 8. DIMENSION H DOES NOT INCLUDE DAMBAR 64| — [00%5] —
AT DATUM -T,, SEATING PLANE. PROTRUSION OR INTRUSION. THE DAMBAR R | 1651 | 1666 | 0.650 | 0656 |
4. DIM RAND U DO NOT INCLUDE MOLD FLASH. PROTRUSION(S) SHALL NOT CAUSE THE H U [ 7651 | 16.66 | 0.650 | 0.656 |
ALLOWABLE MOLD FLASH IS 0.25 (0.010) PER DIMENSION TO BE GREATER THAN .037 (.940). V{707 | 121 [ 0042 | 0.048
SIDE. THE DAMBAR INTRUSION(S) SHALL NOT CAUSE W T Tor | 721 042 | 0048
5. DIMENSIONING AND TOLERANCING PER ANSI THE H DIMENSION TO BE SMALLER THAN .025 X707 742 0042 | 0,056
Y14,5M, 1982, (635). Y —T95 1 —To00%
6. CONTROLLING DIMENSION: INCH. 9. 7770113 OBSOLETE, NEW STANDARD 777-02. I T T e
[ G1 [ 1550 ;—15. 0 | 0,610 | 0.630
Ki [ 102 — [0040] —

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

NOTES:
1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION R DOES NOT INCLUDE MOLD

oa[$]60.150 3810@[T[BO [ RO

B

TERMINAL
#

D 15pL

(#0010 (0259 ® [1] B @]

=L
=

TERMINAL
#15

_)Imr_xj o

J 15PL

-

FLASH OR PROTRUSIONS.
4. DIMENSION B DOES NOT INCLUDE MOLD
FLASH OR PROTRUSIONS.
l«—E 5. MOLD FLASH OR PROTRUSIONS SHALL NOT
EXCEED 0.010 (0.250).
- 6. 821C-01 OBSOLETE, NEW STANDARD 621G-02.
WILLMETERS | INCHES
D [ MIN | MAX | WIN | MAX
17.374 | 17.627 | 0.684 | 0694 |
19.914 [20.116 | 0.784 | 0792
4395 | 4597 | 0.173 | 0.181 ]
610 | 0.787 | 0.024 | 0,031
473 | 1574 | 0.058 | 0062 |
1270B5C 050 BS
420385C 169BSC
L H 0458 [ 0,609 | 0.018 | 0020
17526 [18.034 | 0:690 [ 0710
. 9373BSC_ | 0389BSC
EATING 3760 | 3835 | 0.148 | 0.151
-T-| pLANE | R_[10567 | 10820 | 0.416 | 0.426
4141 | 4470 | 0.163 | 0.176
2794B5C 110B5C

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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FU SUFFIX
CASE 848B-02
Plastic Package

(52 Pin Thin
Quad Flat Pack) 52 1
1 L |
~NARRRAARARRRL"
- ——
~ 40 B T | T ] 26 1 ® 6\
[ e e 12 12
| e o |
@ @
| m—— —r—
L == - + - -;E. B 2= v [E]
= % S %
T DETAILA | S :‘.:,; S
14 | E
B<—j
HHHHHHw 1
B _L
- e
4-]0.20 (0.008) @ ]cl ABO®[D®] I
1 0.05 (0.002) [ A-B]
v DETAIL A
[#]020 (0009 ®[H[A-BO[D ® ]
le— F —>]
]
c- DETAIL C |

E
< A
1 x%—@ pATu f T
——f H "] L_G ;j (2] 010 (0.00)] o BASE METAL

[$0.02 0,008 ® [C[ABO [ D B |
SECTION B-B

l«— M

MILLIMETERS INCHES

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
EXCESS OF THE D DIMENSION AT MAXIMUM
DETAILC MATERIAL CONDITION. DAMBAR CANNOT BE
LOCATED ON THE LOWER RADIUS OR THE FOOT.

013 — [0005] —
0° — 0° -
12.95 | 1345 | 0.510 [ 0.530

035 | 045 [ 0014 ] 0.018 |
1.6 REF 0.063 REF_|

u NOTES: DM | MIN | MAX | MIN | MAX
1. DIMENSIONING AND TOLERANCING PER A .90 | 1010 | 0.390 | 0.398
ANSI Y14.5M, 1982, B .90 [ 10.10 | 0.390 | 0.398
2. CONTROLLING DIMENSION: MILLIMETER. C 10 | 245 | 0.083 | 0.096
3. DATUM PLANE -H- IS LOCATED AT BOTTOM 22 1 0.38 | 0.009 | 0.015
T OF LEAD AND IS COINCIDENT WITH THE LEAD E 00 | 210 | 0.079 ] 0083
WHERE THE LEAD EXITS THE PLASTIC BODY F 21033 0001 0013
AT THE BOTTOM OF THE PARTING LINE, 3 G5 BSC 0096 B5C
DATUM 4. DATUMS -A-, -B- AND -D- TO BE DETERMINED " - =T — 7 6010
A E R AT DATUM PLANE o+t 7 [ 043 [ 023 | 0.005 [ 0008
5. DIMENSIONS S AND V TO BE DETERMINED AT 3 0.23 | 0. A
Q SEATING PLANE -C-. K| 065 | 095 | 0.026 [ 0.057
6. DIMENSIONS A AND B DO NOT INCLUDE MOLD L 7.80 REl 0 307 REF
PROTRUSION. ALLOWABLE PROTRUSION IS m_[ 5 [ 10 10°
K 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO N | 013 | 017 [ O 005 0.007
INCLUDE MOLD MISMATCH AND ARE DETER- Q| 0 T 0 |7
—W MINED AT DATUM PLANE -H-. R | 013 [ 030 | 0.005 | 0.012
«—X 7. DIMENSION D DOES NOT INCLUDE DAMBAR S| 12.95 | 1345 | 0510 | 0530
T
U
\J
W
X

MOTOROLA LINEAR/INTERFACE ICs DEVICE DATA
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FU SUFFIX

CASE 873-01
Plastic Package 1

(32 Pin Flat Pack)

@ | (o] ‘
12 12
=8 |2
- << <<
Blom Vv [E]
ol | o
(0 21 | [+
‘ . - s
A
4]0.20 (0.008) ® [c[A-BO®[ D ® ]
1 {0.05 (0.002)]A-B]
s
[$10200.008)® [H[ABO® [ D ©® | F— / BASE METAL
/ﬂfl\ m /— DETAIL C
i e 1R
= vy ¥ ot ij’ PLANE ‘: _ N
3;531,'2‘* H _,| G F_ M\‘:/"u/—- 2] 0.01 (0.004) —T
[e—— D ——
B [#]0.20 0.008) @ [c[A-BO®] D ® ]

I p | SECTION B
/ A
\ T 1

_I' vores. Lom [ | i |

1. DIMENSIONING AND TOLERANCING PER A | 695
ANSI Y14.5M, 1982. B_| 695 |
2. CONTROLLING DIMENSION: MILUMETER. e
DETAIL A 3. DATUM PLANE -H- IS LOCATED AT BOTTOM e |
OF LEAD AND IS COINCIDENT WITH THE LEAD 50 T 150 ]
WHERE THE LEAD EXITS THE PLASTIC BODY ST
AT THE BOTTOM OF THE PARTING LINE. | el —
4. DATUMS -A-, -B- AND -D- TO BE DETERMINED G_| 080BSC I
T AT DATUM PLANE -H- H | — ] o | — ]0008
5. DIMENSIONS S AND V TO BE DETERMINED AT J [ong] 0.197] 0.005 [ 0.008 ‘
SEATING PLANE -C-. K 033 | 057 | 0013] 0.022
R 6. DIMENSIONS A AND B DO NOT INCLUDE MOLD L 56 REF 0.220 REF
+ PROTRUSION. ALLOWABLE PROTRUSION IS ] | & & [ &
P"mg 0.25 (0.010) PER SIDE. DIMENSIONS A AND B DO N_| 0.119] 0.135] 0.005 | 0.005
INCLUDE MOLD MISMATCH AND ARE DETER- P 0.40 BSC 0.016BSC
MINED AT DATUM PLANE -H-, q 5 ] 100 5 | 10°
_J 7. DIMENSION D DOES NOT INCLUDE DAMBAR R T 045 [ 025 | 0006 | 0070
K Q PROTRUSION. ALLOWABLE DAMBAR 5 T 885 | 9.5 T 0348 | 0360
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN 035 T 02 T 0006 10510
EXCESS OF THE D DIMENSION AT o T B T
le—X MATERIAL CONDITION. DAMBAR CANNOT BE 555 5.5 | o338 | 0350
LOCATED ON THE LOWER RADIUS OR THE FOOT e T

DETAILC
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T SUFFIX
CASE 894-01
Plastic Package
(23-Pin ZIP)

[4b 0.152(0.006@[ 1] 0® [ N® |
fe——{-B—

Eﬂ”v Al e L

Tr—— & 1

NOTES:

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

CONTROLING DIMENSION INCH.

DIMENSION R DOES NOT INCLUDE MOLD
FLASH OR PROTRUSIONS.

DIMENSION B DOES NOT INCLUDE MOLD
FLASH OR PROTRUSIONS.

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

OVERALL LEAD LENGTH DOES NOT INCLUDE
LEAD FINISH.

N

o o &

MILLIMETERS INCHES

DIM [ MIN | MAX | MIN | MAX
17.374 | 17.627 | 0.684 | 0.694
30.048 | 30.302 | 1.183 | 1.193
445 | 4547 0175 0.179

660 | 0767 | 0.026 | 0031
v K 473] 1574] 0,058 0.062
® ® 191 | 4445 0.165] 0175
3 ) L 1.270B5C__ | 0,050B5C
) 4203B5C | 0.169B5C
s 356 ] 0508] 0.014 ] 0020
_J TERMINAL 23 -1— 16,675 16231 | 0695 | 0639
L[ 16,556 | 20066 | 0.770 | 0790
TERMINAL 1 L— G : l‘" W | 4039BSC_ | 0.15985C
> [«—H N_| 3760 [ 3.861 o.lm
D 23pL W 9.906 BSC 0.390 BSC
410.254 (0.010)® | T| B® -T] 3.760 | 3861| 0.148] 0.152
SEATING 10,566 | 10.770 | 0.416 ] 0424
R J . PLANE 4089 | 4.394] 0.161] 0.173
23 P 2667 2921 [ 0105 | 0.115
[44 0.152(0.006@[ T[Q® [NO®] [#T0.610 0260/@ 1) 17577 17.932] 0,632 0.706
9373BSC_ | 0369B5C
F SUFFIX <
CASE 904-01 M’
Plastic Package 1
}
VIEW A | NomEs:
\ 1. DIMENSIONING AND TOLERANCING PER
Vo | ANSI Y14.5M, 1982.
nnonn | 2 CONTROLLING DIMENSION: MILLIMETER,
( ) 3. DIMENSIONS A AND B DO NOT INCLUDE
) 5 | MOLD PROTRUSION. MOLD PROTRUSION
SHALL NOT EXGEED .150 (006) PER SIDE.
® MILLIMETERS | _INCHES
4 D [ MIN | MAX
TTTT 5100 | 5450
5100 | 5.400
— 2050
A 5 0350 | 0500
re—L Y > [#1200 (008 @[T Z®] Y®] 1270 BASIC

H
it 3

ol 4

‘ (0.4) o J L”IG"" —>!K
BT DGRISIFIS) !

VIEW A

050 | 0.200
180 | 0.270 Y
500 | 0850 | 0. X
0o [ 1° | 0 | 10°
7.400 | 8.200 | 0.292 | 0.322
1.260 REF, 0.0496 REF
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