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    	1 Document Number: : 29-Oct-091 vishay SFERNICER esistive ProductsApplication NotePower Dissipation in high precision vishay Sfernice Chip Resistors and Arrays (P Thin Film, PRA Arrays, CHP Thick Film) APPLICATION NOTEA. ABSTRACTD atasheets for surface-mount components in general and for chip resistors and arrays in particular tend to offer very limitedinformation on thermal performance. Typically they provide derating curves that are similar to the ones used for through-holecomponents, even though the respective heat Dissipation properties of these two component types are quite different. In thelarger, leaded components, heat Dissipation occurs mainly by direct convection and radiation from the component tothe ambient. Only a small portion of the heat is dissipated by conduction through the leads and PCB and then by convection andradiation to the ambient. Thus it makes sense to take the component body temperature as a basis for determining by how muchthe Power needs to be derated when this temperature increases.
2 In smaller surface-mount components such as vishay s thinfilm chip resistors and arrays, by contrast, more than 90 % of the heat, is dissipated from the body of the component directly intothe solder pad, from there to the PCB, and thence by convection to the the only specifications on the datasheet that are key to the thermal management process are themaximum junction temperature and internal thermal resistance. Everything else depends on the system design, including theambient temperature, cooling system, thermal behavior of the PCBs, maximum temperature of the solder joints, and so application note provides designers with addtional guidance on how to get the best performance from high - precision thinfilm chip resistors and arrays from a thermal management point of THERMAL MODELOn miniaturized surface-mount-components the heat generated within the resistor is dissipated to the surrounding environmentin the following way: Conduction from the Resistive layer, or junction, through the body of the chip, to the solder pads Spreading by conduction within the PCB Convection from the PCB to the ambientEnd terminationsFilm resistorSolderSolder padPCBTjRthjspRthspaTaPower Dissipation in high precision vishay Sfernice Chip Resistors and Arrays (P Thin Film, PRA Arrays, CHP Thick Film) Number: 530482 Revision.
3 29-Oct-09 Application NoteVishay SferniceAPPLICATION NOTEThe components are so small compared to the PCB that heat removal by direct convection and/or radiation from the resistor bodyis ignored in the following simple but well recognized model:1. Tj = Ta + Rthja x Pd = Ta + (Rthjsp + Rthspa) x Pd = Ta + Rthjsp x Pd + Rthspa x Pd2. Tsp = Ta + Rthspa x Pdwhere Tj is the temperature of the Resistive layer, or junction Ta is the ambient temperature around the PCB Tsp is the temperature of the solder pad, underneath the solder joint, it is almost equal to solder joint temperature Pd is the Power Dissipation of the resistor Rthja is the thermal resistance between the Resistive layer and the ambient Rthjsp is the thermal resistance between the Resistive layer and the solder joint Rthspa is the thermal resistance between the solder joint and the ambient Rthspa takes into account the conduction within the PCB and the convection from the PCB to the ambientThe key thermal resistance value for component manufacturers is Rthjsp, which is affected by the choice of material, the resistorpattern, and the terminations.
4 Manufacturers also strive to improve the thermal stability of their resistors, such that the devicescan withstand higher and higher temperatures without undergoing significant drifts, and the maximum junction temperature canbe increased. All the other thermal parameters must be addressed by the system designer, who must take into consideration thePCB material, the thickness and the layout of the copper tracks, the cooling system, the interaction between surroundingcomponents, and so increasing use of computer-aided design, this is the only way to handle the more and more stringent requirements imposedby miniaturization, higher Power density, temperature exposure, reliability, and so , there are severe consequences for inadequate thermal management, including melting or unreliability of the solder joints,impaired PCB performance, and impaired resistor performance being caused by too much drift, either reversible or is why thermal management is so DATAAs noted previously, the nominal Power and derating information supplied by datasheets is inadequate to allow designers to getthe best performance from chip resistors.
5 And sometimes it can even be misleading. This application note provides designers withthe Rthjsp for standard and enlarged-termination parts as well as experimental data relevant to chip resistors of standard sizesmounted on various PCB types to allow them to use the thermal model presented above. These PCBs have been chosen to berepresentative of the worst, typical, and best cases in terms of thermal resistance. The resulting data will help designers who cannot calculate thermal resistance by themselves, or to complete their CAD Rthjsp values were computed from datasheet information and the following thermal conductivity values:Table 1 contains all the data necessary to make calculations using the thermal CONDUCTIVITY (W x m-1 x K-1)Alumina25Cu400Ni and up to 200 Power Dissipation in high precision vishay Sfernice Chip Resistors and Arrays (P Thin Film, PRA Arrays, CHP Thick Film)Application NoteVishay Sfernice Document Number: : 29-Oct-093 APPLICATION NOTET able 1(Figures will be added to the blank cells as experimental data is gathered.)
6 The first columns present Rth values per EN 140401, namely Rthja and Rthspa , with Rthja = Rthjsp + very high Rthnumbers represent conservative values. As component suppliers cannot know how all components will be used, they tend topublish numbers based on worst-case assumptions. These assumptions include a very poor PCB with a minimal (35 m) coppercoating on one side only; minimum size for the solder pads; and no particular attention to copper tracks and copper coverage(lower than 20 %), as shown in Annex 2, Picture 1 (we will call it mCu).The same table contains some experimental data relevant to more standard PCBs. By standard, we mean a double-sided boardwith a 35 m copper layer, at least 50 % copper coverage, and solder pads sized according to datasheet recommendations, asshown in Annex 2, Picture 2 (we will call it sCu). Such PCBs, which were used for our internal load life tests, have been tested in natural air convection and forced air convection(at 1 m/s) (here called sCu (Nat) and sCu (1 m/s)).
7 The Rthja and Rthspa values, even in natural convection, are lower than the figures provided in datasheets and aremore representative of what the designer can expect in a normal layout. Of course, forced air convection will improve thermal conduction and reduce Rthja and for the best-case scenario, we assume the use of a double-sided PCB with a 70 m copper layer covering more than 80 % ofboth sides. Equipping these PCBs with ground planes and thermal vias is recommended but not essential to obtain the Rth valuesshown in the table (we will call them MCu).For our Universal PCB (see Annex 2, Picture 3), we get the same Rthspa regardless of the resistor size. This is because thesolder pads are oversized and the copper amount around each position does not change with component special and very stringent Power Dissipation requirements, Rthjsp can be reduced using chip resistors withenlarged terminations; these are soldered on large and thick copper pads acting as heat sinks (see Annex 2, Picture 4).
8 The Rthjsp values for large sizes terminations are also shown in Table 1. Values for other sizes can be computed easily. We should also note that the use of AlN instead of Al2O3 should be reserved for very special applications, particularly when thechip is mounted on a temperature-regulated heat NEW APPROACH FOR DERATING CURVESF irst of all it is important to see what pieces of information are contained in the existing surface mount chip resistor deratingcurves. Pn stands for nominal Power Dissipation , it is the specified maximum Power Dissipation which can be applied to the componentfor ambient temperature lower than 70 C The maximum operating temperature the component can withstand, most often 155 C which is compulsory for militaryapplications The reduced Power Dissipation which is allowed for ambient temperatures above 70 C and below the maximum operatingtemperatureSizeRthjsp( C/W)mCuEN 140401sCu (Nat)Load life PCBsCu (1 m/s)Load life PCBMCu (Nat)Universal PCBE nlargedTerminationsRthja( C/W)Rthspa( C/W)Rthja( C/W)Rthspa( C/W)Rthja( C/W)Rthspa( C/W)Rthja( C/W)Rthspa( C/W)Rthjsp( C/W)
9 0302350402308708400505200603275505232001 7312093674008052344041713611363401005251 2062022020011090735360405150530420101214 0128958357455240210205251211110999584362 51 Power Dissipation in high precision vishay Sfernice Chip Resistors and Arrays (P Thin Film, PRA Arrays, CHP Thick Film) Number: 530484 Revision: 29-Oct-09 Application NoteVishay SferniceAPPLICATION NOTEAll the derating curves are a representation of a basic thermal model: Tc = Ta + Rth Pd Tc = Temperature to be controlled Ta = Ambient temperature Pd = Maximum allowed Power Dissipation Rth = Thermal resistance between point c , at temperature Tc, and the can be written:Pd = (Tc - Ta)/RthThis gives the maximum allowed Power Dissipation , Pd, for a given ambient temperature, Ta, and a specified thermal pathcharacterized by is the derating curve, a straight line with a slope equal to (- 1/Rth), arbitrarily truncated at 70 are a lot of misunderstandings regarding this derating first one concerns the way it is marketing engineers take the value of Pn, known through benchmarking, and the most stringentoperating temperature for the military applications they intend to serve, 155 C, and on this basis draw a line from Pn at 70 Cdown to 0 at 155 C.
10 Unfortunately this slope is not a realistic for most applications, the actual Rth of the assembled components is lower than the ones derived from deratingcurves drawn in this way, and the most negative consequence is that the full capabilities of the components are not realized inthe , in new applications that are more and more demanding in terms of miniaturization, this approach is not component design engineers draw the derating curves on the basis of the worst-case assembly conditions. Thisreduces the risk of problems, but it also means component use is not being second misunderstanding concerns the way the derating curve is the value of Pn at 70 C is purely a convention, and for temperatures lower than 70 C, higher levels of Power , Pd > Pn,can be can get Pd simply continuing the straight line, down to the actual ambient temperature, third misunderstanding is relevant to the possibility of increasing Pd by improving the thermal , if we design a thermal path with a Rth lower than the one coming from the derating curve, it is possible to get a Pd at70 C that is higher than is particularly important when it comes to miniaturized electronic CTaTcTPPdSlope 1/RthPower Dissipation in high precision vishay Sfernice Chip Resistors and Arrays (P Thin Film, PRA Arrays, CHP Thick Film)Application NoteVishay Sfernice Document Number: : 29-Oct-095 APPLICATION NOTEE.
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