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Champs Technologies

Design of Planar Transformer and Inductor for 7 kilo-Watt Application

Standard Questions for any Application

Power Topology

Frequency

Input Voltage Range — minimum to maximum

Output Voltage

Output Power

Dielectric and Creepage requirements and Standards.

Mechanical Constraints — e.g. usually low-profile height for planar
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Power Topologies [Circuits]

Forward — 2 types --Active Clamp Forward [ACF] or Diagonal Bridge [2-transistor]
Flyback — [3] modes — Continuous [CCM], Discontinuous [DCM], Borderline [BCM]
Push-Pull

Phase Shifted Full Bridge — Center Tap or Current Doubler

Dual Active Bridge [DAB] — popular use in bi-directional converters for EV charging.
LLC [CLLC, etc]
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Standard Questions for any Application

Power Topology: Full Bridge to Current Doubler
Frequency: 75-200 KHz

Input Voltage Range [minimum to maximum]: 165-320
Output Voltage: 28

Output Power: 7KW

Mechanical Constraints — Low Profile Planar. Thermal conduction
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The customer had a Tl Reference Design in mind: TIDA-020031
Automotive 400-V battery to 12-V, 3.6-kW DC/DC converter reference design

Source: https://www.ti.com/tool/TIDA-020031
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Vi, = 165 Vinmax = 320 Vout = 28
2
Np =5 Ng =2 freq = 75-10
Reg = 1.03 Ac =566 Iy =93
Vol = 1,-A. Vol = 52.638
Vo N
t
Dpax = ————-1-Reg  Dyay = 0437
Vin Ng
1
Tp=— Tp=13.333uSec
freq
ton = Dmax TP ton = 5826 uSec

freq= 75KHz

Dnax-2 = 87.394%
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8
Vin'ton -10

_ o 3
Bk = W, Bpkpk = 3-397 x 10

5 (v. t10%)
! Yin"ton 3
Bicrinm | dTp B, =1588x 10
rms Tp \ 2'Np'Ac p rms x
0
B=Bm 10"  B=0159 RMS Flux in Tesla

Temp=65 C,, =512 x=134 y = 2.66

Cip =548-107°  Cyy =110-107" Cyg = 6.56

P=C

4 2

o ; Cig - Ct1-Temp + Cyp-Temp

m-freq-B"-|
\ 1000

Core_loss = P-Vol-107* Core_loss = 11.861

P = 225341
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Power = 7000
p
T ek S L T T
Vin
(Tp-2t5,) 1o
lcirg = {\ T J2
lsecy = lsec * lcirc

Power = 7 x 103

Power

out

= 15.758

= 132.613

secy
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Aripple = 0.33-1, Aripple = 82.5 ~33% ripple current
Aripple
lsecy rms = lsec * lcirc + =g o lsecy rms = 160.113
Aripple
lsecy pk = lsec * lcirc * "y o lsecy pk = 173.863
P N N :
pri_rms S s Aripple
lari e = —— + — i+ —- b ope=12.803
pri_pk circ pri_pk
1f5max'2 NP NP 2
(1 } N N N :
i 'o S S s Aripple
lpri_rms = ‘;\E'x,’ﬁmax'zj'N_ i e lori_rmsg = 64045

P P P
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Sec_DCR:=.0003  Sec_loss = )?Sec_DCR]

Secy_rms

Pri_DCR = 0025  Pri_loss = ((lyi rms])”-Pri_DCR

Total_Loss = Sec_loss + Pri_loss + Core_loss

Cu_Loss = Sec_loss + Pri_loss Cu_Loss = 17.945

Sec_loss = 7.691

Pri_loss = 10.255

Total_Loss = 29.807

Core_loss = 11.661
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Transf. Stack: View Sec’y Terminals
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Aggressive Thermal Solution
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Distributed Thermal Solution
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Output Inductor Calculations

Vv N B
out p min -8
Dmin = v T 1-Reg  Dpnin=0225  tynmin = ——1——-Tp tonmin = 3-004 x 10
inmax ''s
-5
Drnin2 =45.063% toffmax = TP~ tonmin toffmax = 1-033 x 10
{ N | Vok
Vpk o i Vinmax 37 | Vpk =128 Vinductor = o Vout Vinductor = 100
P,
(Vinductor) tonmin g
Imin = 15--33 lmin = 82.5 Lomin = - Lomin = 3.641x 10
min
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V t

onmin Al

inductor Al = 83.449 — =0.334

L,=3610"° Al -

ke

0

. I:Vout'(1 B Dmin['

-6
Leale = rEom Leale = 3466 x 10
V-t
t “offm Al_off

ATl e OO Al off = 80.338 =% _0321

Lo ly

lo Al

Inductor_DCR = 00045 b o= > - 3 lrms = 152.816
Inductor _loss = {Irms}z-lnductor_DCR Inductor_loss = 10.509
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-8
Dmin = 0.225 L0 =36x10 I0 = 250
Np
Dt = Dmlﬂ Nt = N_ Nt = 25
S
Vinmax Vv
- t
N ou Dt
A'L = - AIL = 83.449
Lo freq
V. Dt = {D¢-Ne-Vi it )
T A™ t
st Al = 83449

freq-N;-L,

Peak Current for each individual inductor

Al
03
I0

Source: Current Doubler Rectifier Offers Ripple Current Cancellation

Tl Application Note SLUA323 Steve Mappus || https://www.ti.com/lit/an/slua323/slua323.pdf
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-8
Drin=0225  Ly=36x10 l, = 250

Np
Dt = Dmm Nt = N—' Nt = 25
S
Vinmax'Dt = (Q'Dt'Nt'Vout)
'-"out = '-‘-Iout = 60.083
freq-N;-L,
1- Dt'2
K= — K=0.709

Dt'2
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Output Inductor Spec

58.0
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Output Inductors
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3D Composite Design
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