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Thermal design considerations for high-frequency power planar transformer
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Abstract: Higher power density requirement and eddy current loss (including winding and core loss)
increasing dramatically impose severe challenges on thermal design of high—frequency planar
transformer. Through heat transferring analysis of the planar transformer, a novel thermal model
considering temperature rise of winding and core independently is proposed. Then a new design
guideline of core temperature by analyzing relation between core loss and temperature is also
given. The thermal model and the design guideline are helpful to improve the planar transformer
thermal design. Experiments verified the thermal model and design consideration.
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Fig.1 Traditional thermal

model of transformer

2.
Fig.2 Porposed thermal model

of planar transformer
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Tablel. Temperature only excited by core loss PC for the : 3 s3ozcil
(-] 6.623D+01
thermal model of Fig.2 (Temperature unit: ) g g 838301
P (W) T, Te 7, 8t s
1 2.03 52.9 60.9 24.2
(b)
2 2.77 61.4 72.3 245
4, |-DEAS
3 4.15 76.2 91.9 24.2 Fig.4 Simulation temperature by 1-DEAS software
2. 2 3. 2
Table2. Temperature only excited by winding loss PW for the Table3. Experimental verifications for the proposed
thermal model of Fig.2 (Temperature unit: ) thermal model (Temperature unit: )
Py (W) Ty Te T, P Py .
A
1 1.92 64.3 472 245 w) | W) T, T. T, T,
2 2.29 72.2 52.2 25.0 1 0.28 1.08 24.7 54.6 425 51.6 42.7
3 3.50 94.6 65.4 24.9 2 0.44 1.38 24.8 62.6 47.2 60.5 49.3
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4.

Table4. Simulation temperature by I-DEAS only core loss

PC excitation (Temperature unit: )

3 mEEIRVHEN

Pc (W) Ty T, T,
1 2.03 50.4 63.4 242 “20
2 2.77 58.5 76.2 24.5
3 4.15 71.2 96.8 24.2
5.
Table5. Simulation temperature by I-DEAS only winding
loss PW excitation (Temperature unit: ) Steinmetz P,
Py (W) Ty T. T, 4 [ BT
1 1.92 64.9 49.5 24.5
2 2.29 72.3 54.0 25.0 e = Cof "By ety = et T+ e, 1) 4
3 3.50 925 65.3 24.9
C, a p cty ct; ct,
f B, 4
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2 4 /B,
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Table 6. Thermal resistance vs. d for example planar transformer with core size EI122(Thermal resistance unit: /W)
dmm)| 0 01 (02|03 |04 ] 05| 06|07 | 08 ] 09|10 11| 12| 13| 14| 15 | 16
R, | 468 | 685 | 71.0 | 732 | 75.8 | 783 | 80.5 | 835 | 859 | 83.4 | 80.9 | 78.6 | 76.2 | 73.7 | 71.3 | 69.0 | 474
R, cw| 86 129 | 175 | 228 | 28.1 | 33.0 | 382 | 438 | 495 | 442 | 387 | 335 | 285 | 234 | 183 | 131 8.9
Ry | 352 | 316 | 306 | 30.1 | 29.7 | 294 | 289 | 282 | 275 | 28.1 | 28.7 | 29.3 | 29.8 | 30.2 | 30.9 | 315 | 35.7
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Fig.5 Power loss vs. core temperature of Ferroxcube ferrite 3C90

3C90 Pv-T
T,
4 cty—ct,T+ ct,I?
Pv-T
4
T, 10~200C
6
Ferroxcube/Philips EE42/21/20 3C90
6
8
7 118.6°C x—
B /
; 6
= 5 /7(3.2\"0 96.2
#
E 4
s 8127C  88.7°C”
0 20 40 60
W 1H] (min.)
6. EEA42
Fig.6 Core loss of size EE42 vs. time under different flux density
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