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START

Step(1:
Select(Qmax(value

Step(2:
Select(m(value

Step(3:
Find(Fxmin

Step(4:
Find(Kmax

Is(Kmax(=(
required(gain?

Yes

Is(Kmax(<(
required(

gain?

Decrease(m(
value

Increase(m(
value

Yes

No No

END

Step(5:
Solve(for(resonant(

components(values
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Peak I-Out 81A 

Just below Fr resonance

Vin =  380V

Peak I-Out 103A 

Well below Fr resonance

Vin =  350V
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Primary FETs HS
IPP60R190P6 or

IPP60R180C7

Cr 
Resonant 

Capacitors 

LLC Control
ICE2HS01G or

XMC4200

Lr 
Resonant 

Inductor 

DC-DC
Transformer 

Bias Supply
ICE2QR2280Z 

SR MOSFET HS
BSC020N04LS 

Elec. Output

Capacitors 

Output Post 

filter inductor

Vout = 12V

Iout = 50A

Pout = Vout X Iout = 600W

Nominal bus 

Vin = 380V; 

Vnom for Fr(Hz) = 

384V, based on n=16

Minimum Vin = 350V

N = 16

Cr = 66nF;   

Lr = 16uH;   

Lm = 185uH



 

 
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• FHA	predicted	gain	curves	
for	66nF,	Fr(Hz)=155kHz,	
m=12.5	design

• Given	buck	mode	operation,	
turns	ratio,	etc,	at	60%	load,	
Fmax	>	1.5	X	Fr(Hz)	

• Fmin	=	0.57	X	Fr(Hz)	=	88kHz	
(predicted	by	FHA)

19



 

 

• FHA	predicted	gain	curves	for	66nF	
m=12.5	design

• Given	buck	mode	operation,	turns	
ratio,	etc,	
at	10%	load,	
Fmax	>	3	X	Fr(Hz)	>450kHz!

• Not	feasible- mandates	use	of	
burst	mode	considering	approach	
to	input	voltage	range

• Burst	mode	requires	care,	for	Cr	
configuration	(HB)	and	entering	
and	leaving	burst	mode	to	
minimize	capacitive	mode	
operation
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Iav Irms

 



 

 

DCM Sine RMS factor to Average Output Current  



 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 Ω



 

𝐶𝐵𝑢𝑙𝑘 =
2 × 𝑃𝑓𝑐𝑃𝑜𝑤𝑒𝑟_𝑜𝑢𝑡 × 𝑇𝐻𝑜𝑙𝑑𝑢𝑝

𝑉𝑂𝑢𝑡2 − 𝑉𝑚𝑖𝑛2
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Cr=30 nF Lr=16 µH; Vin=300V:405V m=7.3    
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Comparing FHA to Exact Cr=40nF/30nF 

Fr=229kHz  m=7.5 n=17 Vin_min=330V; test Vin_min=300V 

1 TRUE

1 TRUE

min		frequency max	gain max		frequency

-50% 0.387 2.546 1.2

	 25% 0.597 1.170 1.1
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Normalized	operating	frequency	(f/fr)

Operating		Range	&	LLC	gain	at	different		Loads		

Mmax

Mnom

Mmin

Mnom	
Range

Fix	Load

Fix	Load	
Oper	Range

Var	Load

Var	Load	
Oper	Range

Fix Load 

Variable  Load 
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Voltage Regulation Component selection   Tank Frequency & Regulation Span Range       Topology Configuration 
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 Io
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56

START

Step 1:

Specify Vo-Max

ROT Adjustment 

 Q
max

 ROT, sets Output Current Io to ~80% 

of target to adjust Q at full load 

Specify Bridge 

configuration- FB or HB

Step 3:

Set Nominal Operating frequency fr(Hz)

Nominal operating frequency fr(Hz)

CoolMOS™

TrenchSTOP™ F5

SiC/Wide bandgap
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