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Design Derating

4.2 Design for Reliability
Design Derating
The failure rate increases as a function of the applied stresses imposed by the initial design decisions. Depending upon the specific component type, construction and materials used, these failure-prone stresses may include voltage, current, or power dissipation. However, predominant among all others is temperature (case hot-spot, junction temperature, ambient temperature). Derating is simply the practice of designing equipment using components whose allowable maximum application stresses are constrained to some percentage of the Absolute Maximum Rating (AMR), thus taking advantage of the lower failure rate which results.

Absolute Maximum Rating

AMRs on parameters are derived by component manufacturers as guidance for designers in determining whether their component applications are compatible with anticipated worst-case stress conditions in their equipment. An AMR is usually based on one of the following:

(1) The stress point beyond which device performance parameters are not specified or controlled.

(2) The stress limit beyond which permanent degradation of parameters may begin to occur.

Voltage and Power Derating

Operating voltages and power dissipation levels are derated, for particular applications, to ensure that the components will operate at the required reliability levels under specified environmental conditions. Voltage and power derating are separate and independent procedures. Voltage derating is done to reduce the possibility of electrical breakdown, whereas power derating is done to maintain the component material below a specified maximum temperature.

The first step in the process of derating is to establish the operating voltages and the second step is to adjust the power dissipation level. The voltage derating of passive components prevents voltage breakdown, flashover and corona effects at the atmospheric pressure (altitude) to which the components are exposed. These effects are dependent upon voltage gradients, configuration of terminals and the nature of the dielectric path. The operating voltage of active components, such as semiconductors, is dependent upon the breakdown characteristics of the semiconductor material.

After the operating voltages are established, the power dissipation level is determined. The degree of heat transfer from a heat-producing component and the immediate ambient temperature surrounding the component, will determine the surface temperature or junction temperature, core temperature and hot-spot temperatures at a particular power level. The junction temperature should not exceed +110ºC under worst-case conditions.

Table 4-1 defines the minimum derating criteria that are recommended for the design of power supplies. TE000-AB-GTP-010 and NAVAIR AS-4613 may in some instances require more stringent derating. Each application should be considered individually whenever design penalties result. The parameters of the values listed under "DERATED TO % RATING" are shown in "DERATING PARAMETER."
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TABLE 4-1. COMPONENT DERATING CRITERIA (Sheet 1 of 3)
	                                                     DERATED TO % RATING
COMPONENT TYPE          DERATING                 (Or Absolute Value
                             PARAMETER                   Indicated)
                                                            (See Note 1)

	RESISTORS
Carbon Composition
Film Hi Stability
Wirewound Accurate
Wirewound Power
Wirewound Chassis
   Mounting
Variable Wirewound
Variable Nonwirewound
Thermistor
Tantalum Nitride Chip

	Power/Voltage
Power/Voltage
Power/Voltage
Power/Voltage
Power/Voltage

Power/Voltage
Power/Voltage
Power/Voltage
Power/Voltage
	50/80
       50/80
       50/80
       50/80
       50/80
       
       50/80
       50/80
       50/80
       50/80

	CAPACITORS
All Types
All Types
All Types
Ceramic
Glass
Mica

Film Dielectric
Tantalum Solid

Tantalum Wet
  {MIL-C-39005/22./25
   only}
Tantalum Foil
Aluminum Electrolytic

	Ripple Voltage
    Ripple Current
    Core Tempature
    Voltage
    Voltage
    Voltage

    Voltage
    Voltage

    Voltage


    Voltage
    Voltage
	50
       70
       20蚓 less than rated
       50
       50
       60 dipped
       40 molded
       50
       50 (Special 100%
            current surge test)
       60


       50
       70 
       (Resin end seal
         protected and
       99.96% aluminum
       foil purity) 

	RELAYS
AM

	Use Arc      Suppression
          Contact Current
              (Continuous)
          Contact Current
              (Surge)
       Coil Energize Voltage

       Coil Dropout Voltage
           Vibration
       Contact Gap
	50 Resistive
       25 Inductive
       80

       Hold to Manufacturer's
           Nominal Rating
       75 (Including "0"
           of mounting)
       0.005 minumum opening   

	Note 1: Passive high-voltage components have both volatge and electric field limitations.
             Refer to Section 5 for further guidelines.



TABLE 4-1. COMPONENT DERATING CRITERIA (Sheet 2 of 3)
	                                                     DERATED TO % RATING
COMPONENT TYPE          DERATING                 (Or Absolute Value
                             PARAMETER                   Indicated)
                                                            (See Note 1)

	SWITCHES


	Contact Current
     Voltage
	30
      50

	CONNECTORS

	Contact Current
     Voltage
        {Dielectric Withstanding}
	50
     25

	MAGNETIC DEVICES
{MIL-T-27}

	Current (Continuous)
     Current (Surge)
     Voltage (Continuous)
     Voltage (Surge)
     Hot-Spot Temperature

     Insulation Breakdown
        Voltage
     Temperature Rise
	60
     90
     60
     90
     30°C below Insulation
          rating
     25

     40°C maximum

	RF COILS
	Current
	50

	TRANSISTORS
	Power (See Note 2)
     Forward Current
          {Continuous}
     Voltage (See Note 3)
     Transient Peak
        Voltage
     Reverse Junction
        Voltage
     Junction Temperature
	50
     60

     75
     75

     65

     110°C

	Note 1: Passive high-voltage components have both volatge and electric field limitations.
             Refer to Section 5 for further guidelines.

Note 2: The Safe Operating Area (SOA) curves, adjusted for junction temperature, shall
             not be exceeded under any transiant condition.

Note 3: Power devices exhibiting "punch-through" characteristics should be derated to
             50% on voltage parameters.




TABLE 4-1. COMPONENT DERATING CRITERIA (Sheet 3 of 3)
	                                                     DERATED TO % RATING
COMPONENT TYPE          DERATING                 (Or Absolute Value
                             PARAMETER                   Indicated)
                                                            (See Note 1)

	DIODES
Switching, General
   Purpose, Rectifier


Zener



SCR



All
	Current (Surge)
     Current (Continuous)
     Peak Inverse Voltage
     
Current (Surge)
     Current (Continuous)
     Power

     Current (Surge)
     Current (Continuous)
     Peak Inverse Voltage

     Junction Temperature
	70
       70
       65

       70
       60
       50

       70
       70
       65

       110蚓 maximum

	MICROCIRCUITS
Linear
	Current (Continuous)
     Current (Surge)
     Voltage (Signal)
     Voltage (Surge)
     Voltage Reverse
        Junction (Signal)
     Voltage Reverse
        Junction (Surge)
     Junction Temperature


     Supply Voltage     

     Junction Tempurature
     Fanout
	70
       60
       75
       80
       65

       85

       110蚓 maximum


       Hold to Manufacturer's
           Nominal Rating
       110蚓 maximum
       80

	     Note 1: Passive high-voltage components have both volatge and electric field limitations.
             Refer to Section 5 for further guidelines.

Note 2: Many families of digital microcircuits exhibit additional characteristics that may
            require derating (e.g., toggle frequency, hold times). The designer must use
            good engineering judgement to provide a conservative design (derating of
            parameters that could drift out of tolerance or cause premature aging or
            failure).




