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RCA Solid State Devices

Solid state devices are being designed into an increasing
variety of electronic equipment because of their high
standards of reliability and performance. However, it is
essential that equipment designers be mindful of good
engineering practices in the use of these devices to achieve
the desired performance.

This Note summarizes important operating recommen-
dations and precautions which should be followed in the
interest of maintaining the high standards of performance of
solid state devices.

The ratings included in RCA Solid State Devices data
bulletins are based on the Absolute Maximum Rating
System, which is defined by the following Industry Standard
(JEDEC) statement:

Absolute-Maximum Ratings are limiting values of opera-
ting and environmental conditions applicable to any electron
device of a specified type as defined by its published data,
and should not be exceeded under the worst probable
conditions.

The device manufacturer chooses these values to provide
acceptable serviceability of the device, taking no responsi-
bility for equipment variations, environmental variations, and
the effects of changes in operating conditions due to
variations in device characteristics.

The equipment manufacturer should design so that
initially and throughout life no absolute-maximum value for
the intended service is exceeded with any device under the
worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, equip-
ment control adjustment, load variation, signal variation,
environmental conditions, and variations in device charac-
teristics.

It is recommended that equipment manufacturers consult
RCA whenever device applications involve unusual electrical,
mechanical or environmental operating conditions.

GENERAL CONSIDERATIONS

The design flexibility provided by these devices makes
possible their use in a broad range of applications and under
many different operating conditions. When incorporating
these devices in equipment, therefore, designers should
anticipate the rare possibility of device failure and make
certain that no safety hazard would result from such an
occurrence.

The small size of most solid state products provides
obvious advantages to the designers of electronic equipment.
However, it should be recognized that these compact devices

usually provide only relatively small insulation area between
adjacent leads and the metal envelope. When these devices
are used in moist or contaminated atmospheres, therefore,
supplemental protection must be provided to prevent the
development of electrical conductive paths across the
relatively small insulating surfaces. For specific information
on voltage creepage, the user should consult references such
as the JEDEC Standard No. 7 “Suggested Standard on
Thyristors,” and JEDEC Standard RS282 “Standards for
Silicon Rectifier Diodes and Stacks”.

The metal shells of some solid state devices operate at the
collector voltage and for some rectifiers and thyristors at the
anode voltage. Therefore, consideration should be given to
the possibility of shock hazard if the shells are to operate at
voltages appreciably above or below ground potential. In
general, in any application in which devices are operated at
voltages which may be dangerous to personnel, suitable
precautionary measures should be taken to prevent direct
contact with these devices.

Devices should not be connected into or disconnected
from circuits with the power on because high transient
voltages may cause permanent damage to the devices.

TRANSISTORS WITH FLEXIBLE LEADS

Flexible leads are usually soldered to the circuit
elements. It is desirable in all soldering operations to provide
some slack or an expansion elbow in each lead, to prevent
excessive tension on the leads. It is important during the
soldering operation to avoid excessive heat in order to
prevent possible damage to the devices. Some of the heat can
be absorbed if the flexible lead of the device is grasped
between the case and the soldering point with a pair of pliers.

TRANSISTORS WITH MOUNTING FLANGES

The mounting flanges of JEDEC-type packages such as
the TO-3 or TO-66 often serve as the collector or anode
terminal. In such cases, it is essential that the mounting
flange be securely fastened to the heat sink, which may be
the equipment chassis. UNDER NO CIRCUMSTANCES,
HOWEVER, SHOULD THE MOUNTING FLANGE BE
SOLDERED DIRECTLY TO THE HEAT SINK OR
CHASSIS BECAUSE THE HEAT OF THE SOLDERING
OPERATION COULD PERMANENTLY DAMAGE THE
DEVICE.

Such devices can be installed in commercially available
sockets. Electrical connections may also be made by
soldering directly to the terminal pins. Such connections may
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be soldered to the pins close to the pin seals provided care is
taken to conduct excessive heat away from the seals;
otherwise the heat of the soldering operation could crack the
pin seals and damage the device.

During operation, the mounting-flange temperature is
higher than the ambient temperature by an amount which
depends on the heat sink used. The heat sink must have
sufficient thermal capacity to assure that the heat dissipated
in the heat sink itself does not raise the device mounting-
flange temperature above the rated value. The heat sink or
chassis may be connected to either the positive or negative
supply.

In many applications the chassis is connected to the
voltage-supply terminal. If the recommended mounting
hardware shown in the data bulletin for the specific
solid-state device is not available, it is necessary to use either
an anodized aluminum insulator having high thermal con-
ductivity or a mica insulator between the mounting-flange
and the chassis. If an insulating aluminum washer is required,
it should be drilled or punched to provide the two mounting
holes for the terminal pins. The burrs should then be
removed from the washer and the washer anodized. To insure
that the anodized insulating layer is not destroyed during
mounting, it is necessary to remove the burrs from the holes
in the chassis.

It is also important that an insulating bushing, such as
glass-filled nylon, be used between each mounting bolt and
the chassis to prevent a short circuit. However, the insulating
bushing should not exhibit shrinkage or softening under the
operating temperatures encountered. Otherwise the thermal
resistance at the interface between transistor and heat sink
may increase as a result of decreasing pressure.

PLASTIC POWER TRANSISTORS AND THYRISTORS

RCA power transistors and thyristors (SCR’s and triacs)
in molded-silicone-plastic packages are available in a wide
range of power-dissipation ratings and a variety of package
configurations. The following paragraphs provide guidelines
for handling and mounting of these plastic-package devices,
recommend forming of leads to meet specific mounting
requirements, and describe various mounting arrangements,
thermal considerations, and cleaning methods. This informa-
tion is intended to augment the data on electrical character-
istics, safe operating area, and performance capabilities in the
technical bulletin for each type of plastic-package transistor
or thyristor.

Lead-Forming Techniques

The leads of the RCA VERSAWATT in-ine plastic
packages can be formed to a custom shape, provided they are
not indiscriminately twisted or bent. Although these leads
can be formed, they are not flexible in the general sense, nor
are they sufficiently rigid for unrestrained wire wrapping

Before an attempt is made to form the leads of an in-line
package to meet the requirements of a specific application,
the desired lead configuration should be determined, and a
lead-bending fixture should be designed and constructed. The
use of a properly designed fixture for this operation

eliminates the need for repeated lead bending. When the use
of a special bending fixture is not practical, a pair of
long-nosed pliers may be used. The pliers should hold the
lead firmly between the bending point and the case, but
should not touch the case.

When the leads of an in-line plastic package are to be
formed, whether by use of long-nosed pliers or a special
bending fixture, the following precautions must be observed
to avoid internal damage to the device:

1. Restrain the lead between the bending point and the
plastic case to prevent relative movement between the
lead and the case.

2. When the bend is made in the plane of the lead
(spreading), bend only the narrow part of the lead.

3. When the bend is made in the plane perpendicular to that
of the leads, make the bend at least 1/8 inch from the
plastic case.

4. Do not use a lead-bend radius of less than 1/16 inch.

5. Avoid repeated bending of leads.

The leads of the TO-220AB VERSAWATT in-line
package are not designed to withstand excessive axial pull.
Force in this direction greater than 4 pounds may result in
permanent damage to the device. If the mounting arrange-
ment tends to impose axial stress on the leads, some method
of strain relief should be devised.

Wire wrapping of the leads is permissible, provided that
the lead is restrained between the plastic case and the point
of the wrapping. Soldering to the leads is also allowed. The
maximum soldering temperature, however, must not exceed
2759C and must be applied for not more than 5 seconds at a
distance not less than 1/8 inch from the plastic case. When
wires are used for connections, care should be exercised to
assure that movement of the wire does not cause movement
of the lead at the lead-to-plastic junctions.

The leads of RCA molded-plastic high-power packages
are not designed to be reshaped. However, simple bending of
the leads is permitted to change them from a standard
vertical to a standard horizontal configuration, or conversely.
Bending of the leads in this manner is restricted to three
90-degree bends; repeated bendings should be avoided.

Mounting

Recommended mounting arrangements and suggested
hardware for the VERSAWATT transistors are given in the
data bulletins for specific devices and in RCA Application
Note AN-4124. When the transistor is fastened to a heat sink,
a rectangular washer (RCA Part No. NR231A) is recom-
mended to minimize distortion of the mounting flange.
Excessive distortion of the flange could cause damage to the
transistor. The washer is particularly important when the size
of the mounting hole exceeds 0.140 inch (6-32 clearance).
Larger holes are needed to accommodate insulating bushings;
however, the holes should not be larger than necessary to
provide hardware clearance and, in any case, should not
exceed a diameter of 0.250 inch.

Flange distortion is also possible if excessive torque is
used during mounting. A maximum torque of 8 inch-pounds
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is specified. Care should be exercised to assure that the tool
used to drive the mounting screw never comes in contact
with the plastic body during the driving operation. Such
contact can result in damage to the plastic body and internal
device connections. An excellent method of avoiding this
problem is to use a spacer or combination spacer-isolating
bushing which raises the screw head or nut above the top
surface of the plastic body. The material used for such a
spacer or spacer-isolating bushing should, of course, be
carefully selected to avoid “cold flow” and consequent
reduction in mounting force. Suggested materials for these
bushings are diallphtalate, fiberglass-filled nylon, or fiber-
glass-filled polycarbonate. Unfilled nylon should be avoided.

Modification of the flange can also result in flange
distortion and should not be attempted. The transistor
should not be soldered to the heat sink by use of lead-tin
solder because the heat required with this type of solder will
cause the junction temperature of the transistor to become
excessively high.

The TO-220AA plastic transistor can be mounted in
commercially available TO-66 sockets, such as UID Elec-
tronics Corp. Socket No. PTS4 or equivalent. For testing
purposes, the TO-220AB in-line package can be mounted in a
Jetron Socket No. CD74-104 or equivalent. Regardless of the
mounting method, the following precautions should be
taken:

1. Use appropriate hardware.

2. Always fasten the transistor to the heat sink before the
leads are soldered to fixed terminals.

3. Never allow the mounting tool to come in contact with
the plastic case:

4. Never exceed a torque of 8 inch-pounds.

5. Avoid oversize mounting holes.

6. Provide strain relief if there is any probability that axial
stress will be applied to the leads.

7. Use insulating bushings to prevent hot-creep problems.
Such bushings should be made of diallphthalate, fiber-
glass-filled nylon, or fiberglass-filled polycarbonate.

The maximum allowable power dissipation in a solid
state device is limited by the junction temperature. An
important factor in assuring that the junction temperature
remains below the specified maximum value is the ability of
the associated thermal circuit to conduct heat away from the
device.

When a solid state device is operated in free air, without a
heat sink, the steady-state thermal circuit is defined by the
junction-to-free-air thermal resistance given in the published
data for the device. Thermal considerations require that a
free flow of air around the device is always present and that
the power dissipation be maintained below the level which
would cause the junction temperature to rise above the
maximum rating. However, when the device is mounted on a
heat sink, care must be taken to assure that all portions of
the thermal circuit are considered.

To assure efficient heat transfer from case to heat sink
when mounting RCA molded-plastic solid state power
devices, the following special precautions should be ob-
served:

1. Mounting torque should be between 4 and 8 inch-
pounds.

2. The mounting holes should be kept as small as possible.

3. Holes should be drilled or punched clean with no burrs or
ridges, and chamfered to a maximum radius of 0.010
inch.

4. The mounting surface should be flat within 0.002
inch/inch.

5. Thermal grease (Dow Corning 340 or equivalent) should
always be used on both sides of the insulating washer if
one is employed.

6. Thin insulating washers should be used. (Thickness of
factory-supplied mica washers range from 2 to 4 mils).

7. A lock washer or torque washer, made of material having
sufficient creep strength, should be used to prevent
degradation of heat sink efficiency during life.

A wide variety of solvents is available for degreasing and
flux removal. The usual practice is to submerge components
in a solvent bath for a specified time. However, from a
reliability stand point it is extremely important that the
solvent, together with other chemicals in the solder-cleaning
system (such as flux and solder covers), do not adversely
affect the life of the component. This consideration applies
to all non-hermetic and molded-plastic components.

It is, of course, impractical to evaluate the effect on
long-term transistor life of all cleaning solvents, which are
marketed with numerous additives under a variety of brand
names. These solvents can, however, be classified with
respect to their component parts, as either acceptable or
unacceptable. Chlorinated solvents tend to dissolve the outer
package and, therefore, make operation in a humid atmos-
phere unreliable. Gasoline and other hydrocarbons cause the
inner encapsulant to swell and damage the transistor. Alcohol
and unchlorinated freons are acceptable solvents. Examples
of such solvents are:

Freon TE

Freon TE-35

Freon TP-35 (Freon PC)

Alcohol (isopropanol, methanol, and special denatured
alcohols, such as SDA1, SDA30, SDA34, and SDA44)

B =

Care must also be used in the selection of fluxes for lead
soldering. Rosin or activated rosin fluxes are recommended,
while organic or acid fluxes are not. Examples of acceptable
fluxes are:

Alpha Reliaros No. 320-33
Alpha Reliaros No. 346
Alpha Reliaros No. 711
Alpha Reliafoam No. 807
Alpha Reliafoam No. 809
Alpha Reliafoam No. 811-13
Alpha Reliafoam No. 815-35
Kester No. 44

PN G AW~

If the completed assembly is to be encapsulated, the
effect on the molded-plastic transistor must be studied from
both a chemical and a physical standpoint.
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RECTIFIERS AND THYRISTORS

A surge-limiting impedance should always be used in
series with silicon rectifiers and thyristors. The impedance
value must be sufficient to limit the surge current to the
value specified under the maximum ratings. This impedance
may be provided by the power transformer winding, or by an
external resistor or choke.

A very efficient method for mounting thyristors utilizing
packages such as the JEDEC TO-5 and “modified TO-5" is to
provide intimate contact between the heat sink and at least
one half of the base of the device opposite the leads. These
packages can be mounted to the heat sink mechanically with
glue or an epoxy adhesive, or by soldering. Soldering to the
heat sink is preferable because it is the most efficient
method.

The use of a “self-jigging” arrangement and a solder
preform is recommended. Such an arrangement is illustrated
in RCA Publication MHI-300B, “Mounting Hardware
Supplied with RCA Semiconductor Devices™. If each unit is
soldered individually, the heat source should be held on the
heat sink and the solder on the unit. Heat should be applied
only long enough to permit solder to flow freely. For more
detailed thyristor mounting considerations, refer to Appli-
cation Note AN3822, “Thermal Considerations in Mounting
of RCA Thyristors™.

MOS FIELD-EFFECT TRANSISTORS

Insulated-Gate Metal Oxide-Semiconductor Field-Effect
Transistors (MOS FETs). like bipolar high-frequency transis-
tors. are susceptible to gate insulation” damage by the
electrostatic discharge of energy through the devices. Eiectro-
static discharges can occur in an MOS FET if a type with an
unprotected gate is picked up and the static charge, built in
the handler’s body capacitance, is discharged through the
device. With proper handling and applications procedures,
however, MOS transistors are currently being extensively
used in production by numerous equipment manufacturers in
military, industrial, and consumer applications, with virtually
no problems of damage due to electrostatic discharge.

In some MOS FETs, diodes are electrically connected
between each insulated gate and the transistor’s source.
These diodes offer protection against static discharge and
in-circuit transients without the need for external shorting
mechanisms. MOS FETs which do not include gate-
protection diodes can be handled safely if the following basic
precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs attached to the device by the vendor, or by the
insertion into conductive material such as “ECCOSORB*
LD26” or equivalent.

(NOTE: Polystyrene insulating “SNOW” is not suffi-
ciently conductive and should not be used.)

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means, for example, with a metallic wristband.

*Trade Mark: Emerson and Cumming, Inc.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

INTEGRATED CIRCUITS

In any method of mounting integrated circuits which
involves bending or forming of the device leads, it is
extremely important that the lead be supported and clamped
between the bend and the package seal, and that bending be
done with care to avoid damage to lead plating. In no case
should the radius of the bend be less than the diameter of the
lead, or in the case of rectangular leads,such as those used in
RCA 14-lead and 16-lead flat-packages, less than the lead
thickness. It is also extremely important that the ends of the
bent leads be straight to assure proper insertion through the
holes in the printed-circuit board.

COS/MOS (Complementary-Symmetry MOS)
Integrated Circuits

Although protection against electrostatic effects is
provided by built-in circuitry, the following precautions
should be taken in handling these circuits:

1. Soldering-iron
grounded.

2. Devices should not be inserted in non-conductive
containers such as conventional plastic snow or trays. A
conductive material such as “ECCOSORB LD26” or
equivalent should be used.

tips and test equipment should be

Low-source-impedance pulse generators connected to the
inputs of these devices must be disconnected before the dc
power supply is turned off. All unused input leads must be
connected to either Vg or Vpp, whichever is appropriate
for the logic circuit operation desired.

SOLID STATE CHIPS
Solid state chips, unlike packaged devices, are non-
hermetic devices, normally fragile and small in physical size,
and therefore, require special handling considerations as
follows:

1. Chips must be stored under proper conditions to insure
that they are not subjected to a moist and/or contam-
inated atmosphere that could alter their electrical,
physical, or mechanical characteristics. After the shipping
container is opened, the chip must be stored under the
following conditions:

A. Storage temperature, 40°C max.
B. Relative humidity, 50% max.
C. Clean, dust-free environment.

2. The user must exercise proper care when handling chips
to prevent even the slightest physical damage to the chip.

3. During mounting and lead bonding of chips the user must
use proper assembly techniques to obtain proper elec-
trical, thermal, and mechanical performance.

4. After the chip has been mounted and bonded, any
necessary procedure must be followed by the user to
insure that these non-hermetic chips are not subjected to
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moist or contaminated atmosphere which might cause
the development of electrical conductive paths across the
relatively small insulating surfaces. In addition, proper
consideration must be given to the protection of these
devices from other harmful environments which could
conceivably adversely affect their proper performance.

SOLID STATE LASERS AND EMITTING DIODES

Optoelectronic  devices should employ the same
mounting and heat-sink procedures utilized with other solid
state devices. The temperature ratings established for storing,
mounting, and operating these devices must not be exceeded
to avoid damaging the emitters. Because the extremely small
size and high driving-current requirements of some of these
devices preclude the use of polarity marks on the housing
and package configurations, care must be taken to insure that
voltage is always applied in the proper direction. It is
important, therefore, to refer to the data bulletin for the
proper polarity before applying voltage to the device. Pulse
driving circuitry should be designed to prevent transients
(positive or negative) or momentary surges from exceeding
drive conditions. The following suggestions are offered:

1. High-speed clipping diodes should be placed at terminals
to bypass negative transients.

2. High-speed, sense-and-clamp circuitry should be used to
prevent overdrive in peak or average current by clamping
or disconnect techniques. For short pulses, ordinary
thermal fuses should not be used because they do not
provide adequate device protection.

The characteristics of solid state emitters vary substan-
tially with changes in ambient temperature. Threshold, the
point at which lasing starts, is highly dependent on
temperature and requires compensation of drive current in
applications where operation over a wide temperature range
is a design requirement. A room-temperature laser can be
damaged if a constant drive current is maintained while the
ambient temperature is reduced to cryogenic levels. Pub-
lished data bulletins for individual devices specify safe levels
of operation.

In most cases, the voltage drop across a solid state
emitter is of comparatively low amplitude; however, the
required drive current may be many amperes. As in the case

of other high-operating-current devices, therefore, clean and
low-impedance contacts are required in all applications.

High voltage may be present in pulse-driven circuits
utilizing these devices. Therefore, consideration should be
given to the possibility of shock hazard which may result
from contact with these high voltages. In general, where
devices are operating at potentials which may be dangerous
to personnel, suitable precautionary measures should be
taken to prevent direct contact with these devices.

Radiation Safety Considerations

Injection laser diodes emit electromagnetic radiation at
wavelengths which may be invisible to the human eye.
Suitable precautions must be taken to avoid possible damage
to the eye from overexposure to this radiant energy.
Precautionary measures include the following:

1. In Systems with No External Lens — Avoid viewing the
laser source at close range. Since the emitted beam is not
collimated, increasing the distance to the laser source
greatly reduces the risk of overexposure.

2. In Systems Utilizing External Optics — Avoid viewing the
emitter directly along the optical axis of the radiated
beam.

3. Reflections From Surfaces —
specular reflections in the system.

Minimize unwanted

ADDITIONAL DATA
Additional information on handling, mounting, and
operating RCA Solid State Devices is given in the following
publications which are available on request from RCA/
Commercial Engineering, Harrison, N.J. 07029,

MHI-300B “RCA Mounting Hardware Supplied with RCA
Semiconductor Devices”

1CE-338  “RCA Integrated Circuits Mounting and Con-
nection Techniques™

AN-3822  “Thermal Considerations in Mounting of RCA
Thyristors”

AN-4124  “Handling and Mounting of RCA Molded-Plastic

Transistors and Thyristors”




