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Why Another Topology?

HARD
Bidirectionality

—

High Efficiency

Isolation

‘ Setting an output voltage

EASY



What is the meaning of DAB?

« DAB » means Dual Active Bridge and identifies an isolated power stage topology in which you
can identify two Full Bridges.

Both bridges are intended to be Active and each power switch is turned ON and OFF according
the designer's needs. The primary bridge acts as inverter, the secondary one acts as rectifier. Vice
versa if we reverse the power flow.
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Assumptions

1. All switches have the same switching frequency
2. All switches modulation angles are Q1 referenced

; Reference transistor!
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Assumptions

3. The lag between the two high side FETs is D1 x 11 (radians), and since D1 can be maximum 1, the maximum shift
is T radians or 180°. D1 thus corresponds to what we may refer alternately to as “Angle 1", or “intra-bridge angle”
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Assumptions

4. Similarly, the lag between Q1 and Q5 is D2 x 11 (radians). D2 corresponds to what we may refer alternately to as
“Angle 2", or “inter-bridge angle”.
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Assumptions

5. Each bottom switch is driven complementarily to its top switch to avoid Shoot-Through Current.
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Timing: Step 1/4
Anglel = 100° Angle2 = 60°, gain = 1 (8 intervals worst case)

Removing C_dc_block and Lmag: not relevant for the analysis
Remove the transformer: it’s just a scaling factor
Q1,Q6,Q8,Q4 ON > Circulating current on the secondary tl
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Timing: Step 2/4
Anglel = 100° Angle2 = 60°, gain = 1 (8 intervals worst case)

 Angle2 < Angle 1 2 Q5 (Angle 2) closes first than Q3 (Angle 1)
« Q6 moves complementary to Q5
« Power delivered to the load
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Timing: Step 3/4
Anglel = 100° Angle2 = 60°, gain = 1 (8 intervals worst case)

Q3 (Angle 1) closes after than Q5 (Angle 2)
Q4 moves complementary to Q3

- Circulating current on the primary tl3
- Power delivered to the load o1 1090 I» _
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Timing: Step 4/4
Anglel = 100° Angle2 = 60°, gain = 1 (8 intervals worst case)

Q7 (Angle 1+Angle 2) closes after than Q3 (Angle 1)
Q8 moves complementary to Q7
Fully “circulating” (zero) current
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A unique DAB design approach

12

Study a kernel with random values

Apply Maniktala’s scaling laws and use Rosano’s graphical curves

Targets:

« Soft Switching

* Lower RMS currents possible
« Opftimal Power shape

Design:

« Leakage inductance

« Turn ratio

« Qutput capacitance

« DC blocking capacitance (optional)
 Angle 1 and Angle 2 selection

Definitions:

V.. is the ouput voltage reflected
on the transformer primary side

V., is the input bus voltage

. V .
Gain = ﬁ . ratio between Llk
in

amplitude voltage extrema

Do not confuse the «gain» with

the transformer turn ratio
Vor . Vln'galn

NS VSGC VO’LLt




The Scaling laws: « three is a magic number! »

. To double the power at a certain frequency (keeping all else unchanged such
as the phase angles), we need to halve the inductance and double the
capacitance.

. To double the frequency, keeping the same power, once again we just need

to halve the inductance and halve the capacitance. Recalling the buck ——
SWITCHING

converter equations. POWER SUPPLY
y & C
O_ Ny
__/,"‘- ——— . >
L = Vout'(1-D) C = loyt "7 r = 2-Igc 4 \'V Y @
T fswlout 8 - fsw* AV Igc

. Added guest to the party: If we double the input voltage, we will quadruple the
power. Proof below:

>Pout = Pin
>Vout =TFgc*Vin

then:

>P — Vozut _ (Tch'Vin)Z
out — R - R
load load

If Vin doubles, to keep the equation valid, the power shall quadruple! Click mel


https://drive.google.com/file/d/1khkoCmmoTwJqfVidExEubzT2rQ8m8v5h/view

The DAB kernel
Plot 1: The power curves

Plot 1: Power curves
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The DAB kernel
Plot 1: The power curves. What else does this imply?

According to the plot 1 we set D1 > D2 (Always!).
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The DAB kernel
Plot 2: RMS values

« Locking the gain, the more Angle 1 or Angle 2 increases, the more the RMS values increases.
« Locking Angle 1 or Angle 2, the more the gain increases, the more the RMS values ... increase or decrease?

Plot 2: Isw1,Isw2,Isw3,Isw4 RMS

10
---------- Angle 1 [deg] = 45, gain = 0.5
9r = = =Angle 1 [deg] = 45, gain = 1
— Angle 1 [deg] = 45, gain = 1.5
8 - DAB kernel: & g Angle 1 [deg] = 90, gain = 0.5 i
Vin [V] = 200 - '2n9:61 Eegi - gg’ gain = 1 5
B _ ngle eg] = 90, gain = 1.
7 fow [Hz] 10?000 ---------- Angle 1 [deg] = 180, gain = 0.5
Leakage [H] = 5.2e-05 _ 1= = =Angle 1 [deg] = 180, gain = 1
6 Angle 1 [deg] = 180, gain=1.5}"

(L -—
gannttt -
st -

ws
----
1Y

Rms [A]

Gain thr. for Angle1=90°

Gain thr. for Angle1=45°

20 40 60 80 100 120 140 160 180
Angle2 [deg] ‘




The DAB kernel
Plot 3: ZVS @ turn on

Gain = 1 enables a greater ZVS area respect the other gain conditions
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DAB/Screen Recording (30-08-2022 10-15-23).wmv

The DAB kernel

Subcases

Question for you:
Which one is better?

« D1 >D2:subcases

D1+D2 < 1 (or < 180°)
Example: Angle 1 = 90°, Angle 2=45

D1+D2 > 1 (or >180°)
Example: Angle 1 = 180°, Angle 2 = 90°
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The Role of the Leakage Inductance “LLK”"
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The DAB is an evolution of the PSFB

PSFB features
« Lower Leakage inductance to induce ZVS during the dead time

e high current on the secondary - E =0.5-L- [ Large output inductor to
conftrol the power (like the classical Buck/Forward converter)
« All secondary Fets work synchronously only in respect to the primary - no

secondary phase confrol Hi !
Lchoke
L 4 L 4 A 4

e | = o1 1703 Lk T Ao Aoy
Vin = O ¢ e ! | > H 2 Lout absent in
1 B3 miffe o 3 DAB and LLC
/QZ '/Q4 H‘ - Q6—A_Q8
Cblock l l
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Testing the DAB kernel
Vin=200V; Vout=48V; fsw=100k; gain=1; LIk=52uH
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Testing the DAB kernel
Vin=200V; Vout=48V; fsw=100k; gain=1; LIk=52uH
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Testing the DAB kernel

Vin=200V; Vout=48V; fsw=100k; gain=1; LIk=52uH
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Testing the DAB kernel
Vin=200V; Vout=48V; fsw=100k; gain=1; LIk=52uH

ANGLE 1 ANGLE 2 Pmax Iswl rms ZVS
CASE 1 180 90 960 5.5 ALL
CASE 2 90 90 480 4 Yes Q3,Q4,Q5,Q6
Quasi Q1,Q2,Q7,Q8

CASE 1 CASE 2
out Vout
50 50
40 L 40 T
30 30
20 20
10 10
0 0
-10 A0
Pout Pout
1k 500

800 / 400 /

600 300

400 200

200 / 100 /
0 0




How to chose Angle 1 and Angle 2?
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PoutDC [W]
Y @ 3

80 100
Angle2 [deg]

From Plot 1

Select the Angle 1 to avoid flat zones once Angle 2 is called to
increase.

[Potenﬁql choices are Angle 1 = 90° or Angle 1 =180°]

Notes:

If Angle 2 = 90° and Angle 1 = 180° we can deliver the maximum
possible power from this kernel (see green curves)

Also the more the power requirement P, is, the less the leakage
inductance value is, the more the size is. In fact: Ly opf ki -
p

Pesr

Pkernel

but kp =

Both bunch of curves at Angle 1 = 90° and Angle1=180° give a
good power shape while offering a different leakage inductance
once the baseline kernel power is set. Angle1=180° could win
because it is able to deliver more power while Angle 1= 90° could
win because it is able to offer lower RMS current as we will see.

Takeaway

From Plot 1
« Angle 1 =90°or
Angle 1 =180°



How to chose Angle 1 and Angle 2?
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PoutDC [W]

Plot 1: Power curves

80 100
Angle2 [deg]

Plot 2: Isw5,Isw,Isw7,Isw8 RMS

- Angle 1 [deg] = 45, gain = 0.5

20 40 60 80 100 120 140 160
Angle2 [deg]

180

From Plot 2

« Locking Angle 1, if Angle 2 increases then RMS current

increases
« Locking Angle 2, if Angle 1 increases then RMS current

increases (working point assumed to be on the right side of
the gain threshold)

[Po’ren’riql choice is Angle 1 = 90 (low RMS) ]

Takeaway

From Plot 1
« Angle 1 =90°or
Angle 1 =180°

From Plot 2
« Angle 1 =90°



How to chose Angle 1 and Angle 2?
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Plot 1: Power curves

1600 -

1200 -

1000 -

PoutDC [W]
2
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g 8
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Angle2 [deg]

Plot 2: Isw5,Isw6,Isw7,Isw8 RMS

e Angle 1 [deg] = 45, gain = 0.5
- - -Angle 1 [deg] = 45, gain =1 [~
—— Angle 1 [deg] = 45, gain = 1.5
e Angle 1 [deg] = 90, gain = 0.5
fsw [Hz] = 100000 - = =Angle 1 [deg] = 90, gain = 1

—— Angle 1 [deg] = 90, gain = 1.5 |

DAB kernel:

< Angle 1 [deg] = 180, g
= = ~Angle 1 [deg] = 180, g

60 80 100 120 140 160 180
Angle2 [deg]

Angle1 [deg]

2 Full
-000000000006833844085550000000000000

220000
V.05 000
] )

20 40 60 80 100 120 140 160 180
Angle2 [deg]

From Plot 3

- Select the best gain compromise between ZVS and deliverable
power.

- If the gain < 1 we decrease ZVS area and we are able to deliver
low power.

- If the gain > 1 we decrease ZVS area but we are able to deliver
high power.

« If the gain = 1, by keeping Angle2 lower enough we guarantee the
lower RMS current value possible, while keeping a discrete value of
power delivery

[Best compromise is Gain =1 so Vor = Vin! ]

Notes:

« If Angle 2 = 90° with Angle T = 180° we get full ZVS
« If Angle 2 = 90° with Angle 1 = 90° we get quasi ZVS for some FETs

[Best compromise is Angle 1 = 180 (full ZVS)]

Takeaway

From Plot 1
« Angle 1 =90°or
Angle 1 =180°

From Plot 2
« Angle 1 =90°

From Plot 3
« Angle 1 =180°
e Gain=1




How to chose Angle 1 and Angle 2?
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Plot 1: Power curves

DAB kernel: e Angle 1 [deg] = 45, gain = 0.5
L =10 - = =Angle 1 [deg] = 45, gain = 1

00000
Leakage [H] =52e-05

Angle 1 [deg] =45, gain=1.5
wonnens Angle 1 [deg] =90, gain=0.5
= = =Angle 1 [deg] =90, gain=1
START — Angle 1 [deg] =90, gain=1.5
=180 _gain=05
- = =Angle 1[deg]= 180, gain=1 | e
Angle 1 [deg] =180, gain=15

Trade off needed:

Keep the Angle 1 = 180°
(best ZVS condition)
while keeping Angle 2
equal to the angle for
which you get the same
power by getting
Angle1 = Angle2 = 90°
(best RMS condition).
Gain=1

Best working point:
stz d Angle 1 =180, Angle2 = 26.5

L] Gain=l

Full Soft switching

4 Lower RMS

(Al the designs will be
lscclled according to the

kernel power equal to
P ~ 480W
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Angle?2 [deg]




How to chose Angle 1 and Angle 2?

Plot 2: Isw5,Iswe,IswT7,.lsw8 RMS

45 ~ Trade off needed:
K the Angle 1 = 180°
40 F DAB kernek - - —Angle1[deg]=45,gain=1 |~ while keeping Angle 2
Vin [V] = 200 Angle 1 [deg] =45, gain = 15 equal to the angle for
35 | fow He =1 -« Angle 1 [deg]=90,gain=05 which you get the same
= 100000 = = =Angle 1[deg]=90,gain=1 power by getting
Leakage [H] =527e-05 Angle 1 [deg] =90, gam 15 Angle1 = Angle2 = 90°
Best working point: (best RIS condifion).
Angle 1 =180, Angle2 = 26.5

Gain=1
Full Soft switching
Lower RMS

15

All the designs will be
scaled according to the
kernel power equal to
P = 480W
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How to chose Angle 1 and Angle 2?
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Angle1 [deq]
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Full Soft switching

Lower RMS 50¢
900000000000 =~ 70
O Gain=0.5
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Trade off needed:

Keep the Angle 1 = 180°
(best ZVS condition)
while keeping Angle 2
equal to the angle for
which you get the same
power by getting
Angle1 = Angle2 = 90°
(best RMS condition).
Gain=1

All the designs will be
scaled according to the
kernel power equal to
P = 480W



Sizing the Capacitors

Sizing Cout

Vdrive 1 T/2

08 i

0.4 * [1/2 - Angle2]
0

Vdrives

B | | Angle2 o

ICout I

_ D_R—_\_: _____
40

9.992m 9.994m

1 Time (s) 2

9.998m

T
AV N, Pyt 5
I[.=C: At = Cout z[(ILU( peak N_s - Vot :

1 (Vin + V:)r)
Ik peak = E : f *Langle2

valid @ gain =1

31

- Tanglez »
AVout

Sizing C_dc_block

(or move for current mode directly)

» Z1ik > Z¢ de block

>21’[le](>> !

2:1-f-C dc block

C ~ 100 -
dc block 4 .12 . fz ) le

Note:
avoid ripple criteria , we don't
need to filter the noise - like Cout



Testing the DAB kernel - Reversing the Power flow
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

Reference transistor!

X‘ EEECH . LEEHC@ E‘EEKGE E‘E arF
Va F Lol e .
gquﬂ1 T § gHé Vil T I::_::I Vout
vb — 50
Cda_biad 40, e
W W '_ . 30 F“\...-"""
B Fre E!‘-ﬁsfﬂ EEEEW EEEEW 20 ,—-”f
10|/
oV
- = -10
gﬂ A A Pout
500
T L 400 T
et
Anglel+ Angle2 AngleT 0° 300 - -
Angle2 (26.5°) (180°) 200 _,#"’#
(206.5°) p P
| 100 P
Py
0~
Power Flow 0 2m 4m e 6m 8m 10m




Testing the DAB kernel - Load Regulation Load step
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 480W - 240W

33

. Plot 1: Power curves The gain is constant and equal to
DAB kernel: [ Angle 1 [deg] = 45, gain = 0.5 1 While ihe Power VqrieS!
Vin [V] = 200 _ L
1400 b fsw h"]Z] = 100000 = = =Angle 1 [deg] = 45, gain =1
Leakage [H] = 5.2e-05 Angle 1 [deg] = 45, gain = 1.5
1200 /e Angle 1 [deg] = 90, gain = 0.5
= = =Angle 1 [deg] = 90, gain = 1 « A
Angle 1 [deg] = 90, gain = 1.5 | SOLUTIONS
1000 I B Angle 1 [deg] = 180, gain = 0.5 « 5
— - ~ = =Angle 1 [deg] = 180, gain = 1
5 800 Angle 1 [deg] = 180, gain = 1.5 -
S 500 CASE A 180° = 90° Locked to 26.5°
O
o _ , CASEB Locked to 180° 26.5°>12°
41X: 12 - e
240W Y: 239 e ~. CASEn  Whatever combo gives 240W

20 40 60 80 100 120 140 160 180
Angle2 [deg]




Testing the DAB kernel - Load Regulation Load step
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 480W - 240W

34

. Plot 2: Isw1,Isw2,Isw3,Isw4 RMS The gain is constant and equal to
.......... Angle 1 [deg] = 45, gain = 0.5 | 1 while the Power varies!
9r = = =Angle 1 [deg] = 45, gain = 1
Angle 1 [deg] = 45, gain=1.5
8r DAB kernel: | Angle 1 [deg] = 90, gain =0.5 |-
Vin [V] = 200 = = —Angle 1 [deg] = 90, gain = 1 || A
7r fsw [Hz] = 100000 Angle 1 [deg] = 90, gain=1.5 = SOLU“ONS
Leakage [H] = 5.2e-05 7 |- Angle 1 [deg] = 180, gain = 0.5 3
_ 6r - = =Angle 1 [deg] = 180, gain = 1
z LMl | Angel | Angle2
E °[ CASEA  180°>90°  Locked to 26.5°
4r CASEB Locked to 180°  26.5° >12°
31 CASEn  Whatever combo gives 240W
X:12
Y: 0.8854
1 .v.-’-‘ _
IB_T’» ’I ; | | | | | | | Solution B is better by the RMS side !

20 40 60 80 100 120 140 160 180
Angle2 [ded]




Testing the DAB kernel - Load Regulation

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

Load step
480W -> 240W

180

B
180
170
160
150
o)
5. 140
o
> 130
< - 0000000000 ' Cin "
O Gain=1
i 00000000 -
120 IIIII O Gain=0.5
110 | 00000000
000000
100 A 000 -
00
90 I‘ | | | | | | | |
0 20 40 60 80 100 120 140 160
Angle2 [deq]
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The gain is constant and equal to
1 while the Power varies!

SOLUTIONS

CASE A 180° > 90° Locked o 26.5°
CASEB Locked to 180° 26.5° >12°
CASEn Whatever combo gives 240W

Solution B is better by the ZVS side !




Testing the DAB kernel - Load Regulation Load step
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 480W - 240W

36

| CASE | Vout | Anglel | Angle2 | _Pout _lImagpeak | IswRMS _

Baseline

48 180 26 480 W 0.1A 1.9 A
Pmax
stepiload A 48 180>90 26 240 W 50mA 1.34 A
Pmax/2
stepiload B 48 180 2612 240 W 0.1A 0.88 A
Pmax/2
Vout regulated to 48 V in all cases
200 N 01 200 — 01 j:: 012
100 // o / \\\\\ 50m 100 /// \\\“\ 50m i B e e N 60m
i - / \\\ ’ ’ - // \\\ i -100 e // \\\‘\ ’
NFe N N e
Baseline CASE B CASE A

Question for you: Is Imag load independent? And in LLC? |




Testing the DAB kernel - Load Regulation Load step
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 480W - 240W

CASE A Circuit Changes: m CASE B Circuit Changes:
Rload - 2 x Rload Rload - 2 x Rload
Angle 1: 180° - 90° Angle 2: 26° > 12°
Angle 2: locked to 26° Angle 1: locked to 180°

Vout Vout
50
40
30
20
10

0

-10

50

40
30
20
10

0

-10

Both are
valid, but I'll
go for the
right one

o

out

250
200
150
100
50
0

250
200
150
100

50

0 5m 10m 15m 20m 25m 30m 0 5m 10m 15m 20m  25m  30m

Time (s) Time (s)



Testing the DAB kernel — Bus Regulation Bus step
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 200V - 400V

Plot 1: Power curves The Gain is NOT constant (0.5
1600 _ here) while the Power shall be
% EL:JZm% ---------- Angle 1 [deg] = 45, gain = 0.5 tant!
1400 - fsw agL [I-?] 0009 - = =Angle 1 [deg] = 45, gain = 1 consiant:

,gain=1.5

3rd scaling law:

‘...Vin x2 gives Pout x 4...’

so Pout = 4 on the power curves
gives 480:4=120W @ gain = 0.5

SOLUTIONS
CASE A Locked to 180° 26.5° > 12°
CASEB 180° > 90° Locked to 26.5°

' ‘ ‘ ' | | | CASEn Whatever combo gives 120W
60 80 100 120 140 160 180

Angle2 [deq]

= = =Angle 1 [deg] = 180, gain = 1
Angle 1 [deg] = 180, gain = 1.5
N

38



Testing the DAB kernel - Bus Reqgulation

Bus step

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 200V - 400V

39

10

Plot 2: Isw1,Isw2,Isw3,Isw4 RMS

DAB kernel:

Vin [V] = 200

fsw [Hz] = 100000
Leakage [H] = 5.2e-04

| ———

---------- Angle 1 [deg] = 45,
= = =Angle 1 [deg] = 45,
Angle 1 [deq] = 45,

gain = 0.5
gain = 1
gain = 1.5

---------- Angle 1 [deg] = 90,

gain = 0.5

= = =Angle 1 [deg] = 90,
Angle 1 [deg] = 90,

gain =1 -

gain=1.5

---------- Angle 1 [deg] = 180, gain = 0.5
= = =Angle 1 [deg] = 180, gain = 1

Angle2 [deq]

The Gain is NOT constant (0.5
here) while the Power shall be
constant!

3rd scaling law:

‘...Vin x2 gives Pout x 4...’

so Pout = 4 on the power curves
gives 480:4=120W @ gain = 0.5

SOLUTIONS
CASEA  Locked fo 180° 26.5° > 12°
CASE B 180° - 90° Locked to 26.5°
CASEn Whatever combo gives 120W

Solution B is better by the RMS side




Testing the DAB kernel — Bus Regulation Bus step
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 200V - 400V

Angle1 [deqg]

A
180

The Gain is NOT constant (0.5
here) while the Power shall be

170 constant!

160
3rd scaling law:

‘...Vin x2 gives Pout x 4...’
so Pout = 4 on the power curves
gives 480:4=120W @ gain = 0.5

O Gain=1.5 SOLUTIONS
O Gain=1

CASE A Locked to 180° 26.5° > 12°

RN
(&)}
o

RN
N
o

RN
w
o

-

N

o
|

110

CASE B 180° - 90° Locked to 26.5°
100 -
B CASEn Whatever combo gives 120W
90 | ‘ 1 1 1 1 | | 1 |
0 20 40 60 80 100 120 140 160 180 Both Solutions do not guarantee full ZVS

Angle2 [deg] (we are out of the green area @ gain=0.5)




Testing the DAB kernel - Bus Reqgulation
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

Bus step

200V - 400V

4]

50
40
30
20
10

-10

500
400
300
200
100

CASE A Circuit Changes: m

Vin 2 2 x Vin
Angle 1: locked to 180°
Angle 2: 26° > 12°

=
[=]
=
-

-
[=]
=1

0 5m 10m 15m 20m 25m 30m
215

m CASE B Circuit Changes:

Vin 2 2 x Vin
Angle 2: locked to 26°
Angle 1: 180° - 90°

Both are
valid, but I'll
go for the
right one

400
300
200
100

0 5m 10m 15m 20m 25m 30m
ei5



Testing the DAB kernel - Variable Vout E:O'Wgc;

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 48V S 72V

Plot1: P o o
1600 - oF Tr rowercives The Gain is NOT constant (1.5
DAB k 2 S Angle 1 [deg] = 45, gain = 0.5 °
1400 N }Q\[[‘lv ||::\|{|]:]=ri262(())0000 - -Angle 1 [deg] - 45’ gain =1 here) Whlle the Power Shall be
Leakage [H] = 5.2e-05 Angle 1 [deg] = 45, gain = 1.5 |
---------- Angle 1 [deg] = 90, gain = 0.5 ConSiqnt'
1200 - = = =Angle 1 [deagl =90, gain =1

Angle 1 [deg] = 90, gain=1.5 || B
---------- Angle 1 [deg] = 180, gain = 0.5 If we need « flat power » at 72V@480W then

"""""" v R TR Rload cannot be the same as 48V@480W !
< ' 3rd scaling law: Vout x1.5 gives Pout x 2,25!
Or equivalently Vout x1.5 gives Rload x 2,25

SOLUTIONS

N

o

o

o
T

CASE A Locked to 180° 26.5° > 16.5°
200 | 1 . l | I l | 1 CASE B 180°>90° 26.5° > 38°

20 40 60 80 100 120 140 160 180

Angle2 [deg] CASEn Whatever combo gives 480W




Testing the DAB kernel - Variable Vout Constant

480W over

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 48V S 72V

43

Rms [A]

10

Plot 2: Isw1,Isw2,Isw3,Isw4 RMS

DAB kernel:

Vin [V] = 200

fsw [Hz] = 100000
Leakage [H] = 5.2e-05

---------- Angle 1 [deg] = 45, gain = 0.5
- = =Angle 1 [deg] = 45, gain = 1
Angle 1 [deg] = 45, gain = 1.5
.......... Angle 1 [deg] = 90, gain = 0.5
= = =Angle 1 [deg] = 90, gain = 1

05 The Gain is NOT constant (1.5

here) while the Power shall be
- constant!

Angle 1 [deg] = 90, gain = 1.5

---------- Angle 1 [deg] = 180, gain = 0.5
= = =Angle 1 [deg] = 180, gain = 1

If we need « flat power » at 72V@480W then
Rload cannot be the same as 48V@480W !

T A 3rd scaling law: Vout x1.5 gives Pout x 2,25!

L

e
.
“““
R
R

Or equivalently Vout x1.5 gives Rload x 2,25
SOLUTIONS

CASE A Locked to 180° 26.5° > 16.5°
CASE B 180°>90° 26.5° > 38°

100 120 140 160
Angle2 [deg]

180 CASE n Whatever combo gives 480W

Solution A is better by the RMS side




Testing the DAB kernel - Variable Vout
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 48V S 72V

Constant
480W over

44

Angle1 [deqg]

A

180

170

160

RN
(&)}
o

RN
N
o

RN
w
o

-
N
o

110

100

90

O Gain=1.5
O Gain=1
O Gain=0.5

| 1 |

0 20 40 60 80 100 120 140 160 180

Angle2 [deg]

The Gain is NOT constant (1.5
here) while the Power shall be
constant!

If we need « flat power » at 72V@480W then
Rload cannot be the same as 48V@480W !
3rd scaling law: Vout x1.5 gives Pout x 2,25!
Or equivalently Vout x1.5 gives Rload x 2,25

SOLUTIONS

CASEA  Locked to 180° 26.5° > 16.5°
CASE B 180°>90° 26.5° > 38°
CASEn Whatever combo gives 480W

Both Solutions do not guarantee full ZVS
(we are out of the blue area @ gain=1.5)




Testing the DAB kernel - Variable Vout

Constant
480W over

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH 48V S 72V

80
60
40
20
0
-20

500
400
300
200
100

45

CASE A Circuit Changes: m

Rload - 2,25 x Rload
Angle 1: locked to 180°
Angle 2: 26° > 16.5°

Vout

0 Sm 10m 15m 20m 25m 30m
Time {s)

Both are
valid, but I'll

go for the
left one

m CASE B Circuit Changes:

Rload - 2,25 x Rload
Angle 1: 180°>90°
Angle 2: 26.5° &> 38°

Vout

80
60
40
20
0
-20

g

500
400
300
200
100

0 Sm 10m 15m 20m 25m 30m
2is



Testing the DAB kernel

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

46

System Perturbation

Load Step

Bus step

Flat Power over
Vout variations

SUMMARY

Preferred Solution

Conftrol Angle 2

Control Angle 1

Control Angle 2

Reasons

One conftrol variable
and lower RMS
LVS preserved

Same as above
ZVS not assured

Same as above
ZVS not assured



Testing the DAB kernel

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

“Could we target Angle2 >26°, trying to preserve ZVS vs huge bus Step?”
Absolutely yes. It’s strongly dependent from the requirements!

1500 A Plot 1: Power curves
r er S
in [V =?§
sty Y
— 1000
=3
@)
)
5
(@]
5000 f@/ e
S LI LI \
50 100 150
Angle2 [deg]
Prequirements 1
kp = q but le XX —
TPkernel kp

47

Angle1 [deg]

N
N
o

—_—
N
o

N

o

o
T

(o]
o

N

(o}

o
T

O Gain=15
O Gain=1

O Gain=0.5

50

100
Angle2 [deg]

150 200

Question for you:

Is it better to get lower RMS
(conduction losses) or preserve soft
switching? It depends from the
application : nothing comes for free!

Rms [A]

10 Plot 2: Isw1,Isw2,Isw3,Isw4 RMS

DAB kernel:
*a =200 - -
00000 -

Leakage

150

50 100
Angle?2 [deg]




DAB Design 1
Pout =7 kW, Vout = 48V, Vin = 380V, fsw = 100kHz

Assumptions
« Best entry Angles are Angle 1 = 180° and Angle 2 =26°
« Best gain entry pointis: gain =1

Before: calculate the scaling factors!

Vin eff 380

k - = = 1)9 P b t = 1;92
voltage Vkernel 200 L — rower boos

Psr 7k Scaling from

kpower = = 5 = 4 e LG UE R
Pkernel 480 _'_1.,9__-_____-----------—----————-———::—‘a
the new

" _ ferr 100k T requirements
Jrequency = fkernel - 100 k T

After: calculate the Leakage inductance, the turn ratio and both capacitors):

Lkernel . 52 uH

LLk=k =2 = 12,8 uH Cdcblockz100‘4.T[2.f2.lez20H
f " p
T
N, 380 e~ Ny Pour) 7z = Tangez
E =8 = 791 out Llk peak N, V... AV pur (1) =



DAB Design 1
Pout =7 kW, Vout =48V, Vin = 380V, fsw = 100kHz

£8 PSIM - 6. DAB Final Test.ps JES |
i e Ee B
J %7 FILET E‘
H Lk N
JFiIE Edit  Help Va e e g § _
—— Cout Rioad
| Parameter file name (Eyr % %Hg vd
* ]

| Name |FILE1 Vb o

| Internal file |C:‘||I_.lser51||r|i|:|] EESCE EE’S'&‘* EES:“ EE’-‘_";E‘

1 Jin =380 j‘f 5 5 E

2i Rload=0232914

3 LIk =1.2945e-05 = =

4:  Cout=0.00010761

5 fsw=100000 Ay A A

B TD1=5e-06 Ll 50

7. TD2=7.3611e-07 e e y ] ] ;‘8(

8 TD3=57361e-06 | — o 20

9 Cmos =1e-10 0

10 N=7.9167 .

11, CdcBlock=1.9568e-05

120 Ts=1e-05 6k

13 Angle1=180 ak

14; Angle2=26.5 2k

15 td=2e-07 0

1|3 0 2m 4m e 6m 8m 2lOm

49



Questions

« What if we have D2 >DI1?
« What if we run the DAB in synchronous mode®
« What if the gain varies?

Angle 1 = 180°Angle 2 = 26°;

gain = 0,5 (I Power, | ZVS, | RMS) gain=1,5 (T Power, | ZVS, TRMS)
500 T T T ' ' P 500 T T T T . ~c1mi
= ol 0 Z = LT | =
E = L I [ 0 =
) _I | _ | - i | | -
= ol . X = z
J_%: , _l T N - 0 % .............. =0 §
Rk~ . S AP SR
Inductor equation (valid for all cases): Question for you:
Al v, (V, + Vo) (V, = Vi) (T, Are you able to catch instantly
=l o= amal= Tog + B (5 TDZ)] which FET over 8 enables ZVS?

50



DAB Design 2
Pout = 200 kW, Vout = 800V, Vin = 300V, fsw = 85kHz

51

Assumptions
« Best entry Angles are Angle 1 = 180° and Angle 2 =26°
« Best gain entry pointis: gain =1

Before: calculate the scaling factors!

Viness 300

k = = —— = 1,5 - Power boost = 1,57

voltage Vkernel 200 L — rower boos
. Py 200k 18518 Scaling from

power = T 480152 o e the kernel to

the new
ferr 85 k requirements
kfrequency = = = 0,85
fkernel 100 k -

After: calculate the Leakage inductance, the turn ratio and both capacitors):

Lyer
LLk = k]lcce.rll:; = 331n CdC block =~ 100 - 4. 1_[2 . f2 . le ~ 1m
T
N, c ; Np | 2 = Tanglez 1850UF



DAB Design 2
Pout = 200 kW, Vout = 800V, Vin

= 300V, fsw = 85kHz

m

J FILET
]Fne Edit Help

Parameter file name

'S

\Va

_[;;_I_

=]

£

TIT

Ve

TXT

ES-:‘.-&

TIT

B

Vb

Vd

TTFT

EN

TIT

Square Wawre

_{ Name ILE
! | Internal file |C:‘|,I_.Isers‘|,nin:ul
1 Vin =300
2i Rload=3.2
3 Llk=3.3221e-07
4 Cout=0.00018448
A few =85000
6 TD1=be-06
71 TDZ2=7.3611e-07
ai TD3=b5.7361e-06
' 9 Cmos =1e-10
g 10: N=0375
11 CdcBlock=0.0010553
i 12;  Angle1=180
1131 AngleZ2=26.5
14i  td=2e-07

52

T
)

TTT

— ot § Rizad

800
600
400
200

-200

200k
150k
100k

50k

Vout

Pout

[

im 2m 3m

Time (s)

4m

5m




LLC Design comparison

Pout = 200 kW, Vout = 800V, Vin = 300V, fres HI = 110kHz

53

| uc

Vbus [V]
fsw [kHZz]
Lik [H]
Lmag [H]

C dc
Block [F]

C res [F]

Iswl RMS
[A]

Lm/L_Lk

Angle 1
Angle 2

Turns
Ratio

300
85
250n
2,25

8.34 u
585

9

0.393

DAB
300
85
331n
100u
Im

(opftional)

530

180
26

0.375

VoutDAB VoutLLC

800

600

400

(] im 2m 3m 4m 5m

Time (s)

Vout is perfectly superimposed in
steady state

DAB is slower due to higher electrical
values (higher time constants)

I1DAB I1LLC

1.5k

1k
500
0 I
-500
-1k
4.96m 4.97m 4.98m 4.99m 5m

Time (s)

Deep ZVS @ turn on for DAB and LLC

-1k

I1RMSDAB I1RMSLLC

580

560

540

520
4.96m 4.97m 4.98m 4.99m 5m

Time (s)
With Angle 1 =180, Angle 2 =26, RMS current is
lower for the DAB.
LLC Lratio = Lm/LIk = 9 (high inductance ratio used
for the LLC to keep low RMS).
LLC assures ZCS on both : On and Off on the

secondary, the DAB doesn’t with PS modulation.

IpriDAB IprilLLC

1k

4.96m 4.97m 4.98m 4.99m 5m

Time (s)

With Angle 1 =180, Angle 2 =26,
lprimary peak is lower for the
DAB, as well as the RMS



LLC Design comparison
Pout = 200 kW, Vout = 800V, Vin = 300V, fres HI = 110kHz

54

Coincidence!

B - —_—
veak N -

Conduction Losses Switching Losses OFF :’:gzi"‘:;?:m ;?e?g?g:tr? L?é?
Irms1[A] 530 Imax1 [A]|750 Electrical Performance is quite similar here,
Irms5 [A] 130 Imax5 [A]|300 but a crosscheck comparison is always
recommended for the specific application.
Rds on [Ohm] |0.01 tcross [s] |1.50E-08 What about magnetics volume and their
Ql[wW] 2809 Ql[W] |143.44 2952.438 losses?
Q5 [W] 169 Q5([w] |153 322
x4 Mos Pri 11809.75
X4 V10 s 1288
300 10
Conduction Losses Switching Losses Ploss tot izz >
Irms1 [A] 580 Imax1[A]|350 0 °
lavg5 [A] 125 Imax5 [A][NA -100
Rds on [Ohm] [0.01 tcross [s] (1.50E-08 -200 -5
Ql[W] 3364 Q1l[W] |6.69E+01 3430.938 -300
Q5 [W] 62.5 Q5[W] [NA 62.5 ~400 "10
x4 Mos Pri 13723.75 4.96m 4.97m %a3§21) 4.99m 5m
x4 Mos Se 250
Efficiency 0.934694 13973.75 L L - Ipeak DAB = 1000u

-1
A, peak 7 | [, Lyeak Lrc = 800 1



LLC Design comparison
Pout = 200 kW, Vout = 800V, Vin = 300V, fres HI = 110kHz

Fast prototyping from Sunlord Magnetics

I LLC

o ®
Core @ .
(custom) g o
Dimensions [cm] 13.4x10.4x9 same su ﬂ 'Ol’d
L_pri [pH] 100 2.25
L_sec [uH] 600 14
L_Lk [uH] 0.33 0.25
Turns ratio [pri/sec] 2:5+0.5 same
DCR pri [mQ) 0.5 same Focal p.oini: Max Sqriano
max_soriano@sunlordinc.com
DCR sec [mQ] 2 same
G:y[:; ] ° ‘;r(')/;::‘: — Detailed datasheet
available

Losses [W] ~ 250


https://www.sunlordinc.com/

LLC vs DAB Takeaway

56

Soft
Switching

Isolation

RMS current

Frequency
Components

Bidirectionality

Scalability

Control

Efficiency
Primary Bridge

Secondary
Bridge

Yes
with limitations

YES

585
(Pout=200k)

Variable
Higher

Possible

Hard

Medium

High
Half / Full

Half / Full

Yes
with limitations

YES

530
(Pout=200k)

Fixed
Lower

Possible

Medium

Hard

High
Full

Full

| uc | oA | N |

LLC: If the working point falls in the umiddle frequency rangen between resonances then Soft switching is assured on
both sides primary ZVS and secondary ZCS.

DAB: To assure ZVS soft switching there are two degrees of freedom: Modulation Angles and gain. Or move for
advanced modulation techniques (es: triangular, trapezoidal modulations etc.)

LLC RMS currents are Lratio=Lm/LlIk dependent, so keep it high being careful to the frequency variation range over
the Vbus swing. If Lratio 7, then RMS | , while fspan T vs Vbus step.

DAB RMS currents are modulation angles and gain dependent. If their selection will be Angle1 = 180 and Angle
2=24 then Soft switching is assured on both sides, plus lower RMS current will be guaranteed.

DAB: does not require C_dc_Block if used with Current Mode Contol
LLC: does require a secondary side cap. if used in reverse power flow otherwise Vout clamps Lmag. Also, resonant
Cap on the primary is required to get resonant action

Easy to replace magnetics; Hard to replace Caps for the LLC due to Layout limitations.
Investigate current sharing capability: Hard with variable frequency, but feasible.

DAB: requires 8 switches to be controlled. Passive (or synch. ) secondary not recommendend because the power
falls dramatically. In this case it’'s convenient to reivent the PSFB adding, Lout.

LLC: requires just 4 switches to be controlled with primary Full Bridge; or 2 switches only in Half Bridge mode. Passive
secondary assumed for the LLC.

Volume and cost impact

Volume and cost impact



Ending notes

S7

» Check always Soft Switching - look at the waveforms

» No particular math needed: Ohm’s law only.

“It's easy to be dazzled by the apparent power of mathematics but please resist the
temptation to take refuge in complex equations to understand how the circuit really works”.
[Horowitz - Hill. The Art of Electronics - Chap 4]

> Sweeping Angles gives much more info than mathematical formulas |
» Combine N. Rosano’s plots with S. Maniktala Scaling Laws
Question for you:

Did you notice, for the DAB, we didn’t talk about Lmag?
Why didn’t we call out a specific value for Lmag in all examples?




Advanced
DAB Topics




Advanced modulation techniques
Full Soft Switching : ZCS and ZVS

How can we get these?

« Select a suitable topology
which automatically enables
soft switching

« Acting on the control «forcingn»
soft switching

« Advanced modulation
techniques: triangular,
trapezoidal, combined etc.

What do we need to look at in the
DAB?

ZVS ZVS ZCS ZCS « Voltages (Vp and Vor)

Turn on Turn off Turn on Turn off
« Currents (leakage current)
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Advanced modulation techniques
Full Soft Switching : ZCS and ZVS

Drives , A2 A1 a2+a1 T How can we get these?
| | / / / L
E Lo Lz QL || QLK | @ Q7__§ []Z + Select a suitable topology
= T | | T3 L3 which automatically enables
L~ s | | = soft switching
Q2 | o4 Q6 | Q8
>
< « Acting on the control «forcingn»
% L L soft switching
T nvsewmon | icsenmor  |RRRNRNERIIINN
' Q1 i1(0)<0 techniques: triangular,
Vp _ P . R Q2 i(0)=0 trapezoidal, combined eftc.
x oo
2 1 E . Q3 i (A1)>0
B - = = , What do we need to look at in the
Vor |Z = E | e H(AT)=0 DAB?
5,8s = ‘ Q5 i (A2)> 0
e Q6 i (A2)=0 » Voltages (Vp and Vor)
VIELk = ¢ ILLk o Q7 i (A1+A2)< 0
e H S I . « Currents (leakage current)
" el Q8 i (A1+A2)=0
4 ?\E\\ ~ g

60 S T ——==_ Switch here to get ICS but we cannot assure fixed phase shift



Testing the DAB kernel - Deadtime effects

Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

Vdrivel

Vdrive2

é} n w«g E 1

1us deadtime
A2=26.5°

COUSQ

Vor ILLk

. ' ot : 0.8
J@_‘LH ‘ 1;‘;“ :' ‘ 0.6
P Q JJ} B O IJZ o 0.4
L3 ;
va — 1
Lk e
T Vp
& " > 200
l::- ) e
=" (e} W
T ] 100
T . Ferrid
O} E{=}— 0
; V) “- H] ——- T -100
=0f @ .’ ™ el ® J/ omes 2%
s ’J - -200
-300
Pout

: 268
_ Deadfime 267.5
aare Have Square Havs

e 7 267
’J - Ve N\ 266.5

266
265.5

— Almost half power delivered

4.975m

4.98m 4.985m 4.99m

Time (s)

4.995m

5m

h2

Focus on Va node during tdead
if I, <O0then
= Dlop = Vg =Vin
if I > 0then
- D2,,»V, =0

Same as for Vb node.

Deadtime cons:

« Voltage polarity inversion on
Vp

* Average voltage nodes shift

* Output power drop

) v,
Gain=—>+#1
mn



Testing the DAB kernel - Deadtime effecis
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

Vdrivel Vdrive2
55 u T T r L
; Pout = 480W 0.8 1us deadtime
- E e.s A2=51°
50 - | 0.4 =) (¢m
Ideal DAB |8 Linear A2 approx. .2
! e
_ 45 : Vp vor ILLk
D 4
3 0N 200 3
=S 100 11’
E 40 . ° :
2 -100 -1
c -2
< -200 3
35 - -300 4
Pout
480
30 [ , 479
A2=26.5° 78
? © ~ 477
25 | — | | 476
0 0.2 .~ 0.4 0.6 0.8 475
dead time [s] 4.975m 4.98m 4.985m 4.99m 4.995m 5m
Time (s) 2
Solution:

Keep the dead time not so short to enable Cds discharge, as well as not so long increasing antiparallel diode losses plus the
output power drop effect. Td is strongly dependent on the application (leakage inductance - Fet selection VS working
62 conditions).



Testing the DAB kernel - Deadtime effecis
Vin=200V; Vout=48V; P=480W; fsw=100k; gain=1; LLk=52uH

63

PSIM Hardware
Vor Vp
400
Al = 180,
A2 = 26.5°
200
%)
-200
-400

4.98m 4.985m 4.99m 4.995m 5m

Time (s)

Solution:

Keep the dead time not so short to enable Cds discharge, as well as not so long increasing antiparallel diode losses plus the
output power drop effect. Td is strongly dependent on the application (leakage inductance - Fet selection VS working
conditions).



Understanding the transformer action

Real

A) Primary Elts Secondary
Bridge | Bridge

B) Primcry
Bridge

Primary
C) Bridge

Primary
D) Bridge



Nicola Rosano

Projects



Rosano Projects: Highly Efficient Wireless Power Transfer Systems

Get a grip here:

100% grip
on LLC
converter

16 e e

FREQUENCY
MODULATION/ g
SINGLE RES. PEAK i
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https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html
https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html

Rosano Projects: Highly Efficient Wireless Power Transfer Systems
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Mapping
the LLC to
the WPT
brother

100% grip

on LLC
converter

Vin

I )
FLUXLASER™ t 1 = Cout

PROPRIETARY CONTROL/
~ PROPRIETARY MAGNETICS —l~
SIINEIRIRES. PEAK

'g
-
-

_—

-
-

)
-
-

—
i



https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html

Rosano Projects: Highly Efficient Wireless Power Transfer Systems
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100% grip
on LLC

converter

Mapping Confirm

the LLC to intuitions
the WPT with
brother simulation

o B Owmeter T 4 ’
. e & Foner 4 3% o
= f acohm @ L Fi ‘ et
Fvaern ot / L
5 Reaim T ’
IR oo Cou™ Tabde T Qe - 2
3 (@ wowre {4
5 L Cefrvseny b . =y s,
01 4 T T S— Y] P 2 o
of il e >
- A 2 ""“vu.
e
R Aal s b B ————
——— P b “
— —
S o 3 (rem) — Comparmrty
Fragren

FEM MODEL & R e R i

a2y United States Patent (10) Patent No.:  US 10,804,726 B2
Maniktala et al. (45) Date of Patent: Oct. 13, 2020



https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html

Rosano Projects: Highly Efficient Wireless Power Transfer Systems
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Mapping Confirm
the LLC to intuitions Studying

100% grip
on LLC

the WPT with Competitors
converter

brother simulation

Qur 200W coil is 1/3 @ size of their 5W coll!

Advantages of our Magnetics

* Geometry-agnostic
(any device can now be edge-charged)

* No hot coil pressed on battery
(causing low power delivery, halving of
battery life)

* Flux made horizontal (lightest/no
additional ferrite shielding)

= 4 * Lower cost too
- = 4C + HIGHEST POWER
Our 200W coil >> = f * METAL CASING POSSIBLE AGAIN!

4 Our 5W coil i
vy

Demo-ed live at IEEE conference on July 25 2019 at Texas Instruments

Look at power vs dimensions
(Chargedge RX)


https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html

Rosano Projects: Highly Efficient Wireless Power Transfer Systems

Mapping Confirm
the LLC to intuitions studying FACTS

100% grip
on LLC
converter

(Sanjaya

the WPT with Competitors style)

brother simulation

Laptop 60W test Drone

A "8l Charging

.............. - 100 and 200W
Led lamp test



https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html

Rosano Projects: Highly Efficient Wireless Power Transfer Systems
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Mapping Confirm

the LLC to intuitions Studying FACTS
the WPT with Competitors
brother simulation

100% grip
on LLC
converter

Scaling Laws to
(Sanjaya Electric
style) Vehicles >6kW

Almost 5 years

ChargeEdge is open to collaborations!

Nicola Rosano: nicolarosano85@gmail.com

Contacts:
Gregory Clark: gregg@chargedge.com
Robert Tetrault; bob.tetfrode@gmail.com



https://ridleyengineering.com/videos-e/308-llc-converter-design-using-scaling-laws.html
mailto:nicolarosano85@gmail.com
mailto:gregg@chargedge.com
mailto:bob.tetrode@gmail.com

- Ray Ridley, for hosting me and his massive contribution to our world as well as his
patience to give technical support to all power electronics engineers.

. Power Supply Design FaceBook Goup

. Ridley Engineering Power Supply Design Center

r


https://www.facebook.com/groups/ridleyengineering/
https://ridleyengineering.com/design-center-ridley-engineering.html

RIDLEY ENGINEERING
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Power Supply Design Workshop
Class of September 2022

Hands-On Workshop

Magnetics, Topologies
And Control

Frequency Response Analyzers

IDLEY VWORKS®

Design Software Version 15 with LLC

Power Supply Design Center

@ Private group - 5.9K members

[114] TRANSIENT LOOP SWEEPS
OQUTPERFORM SMALL-SIGNAL
MODELS

FEATURED ARTICLE: [111] 2ZvS
FULL-BRIDGE CONVERTER
EMPLOYING AN ACTIVE SNUBBER

EHEE (S
J@g; %EEE
EE

Our Most Popular =
Design Center Articles

[AD8] SIX COMMON REASONS FOR
POWER SUPPLY INSTABILITY

RIDLEY WEBINAR SERIES: §
CURRENT-MODE DESIGN

RIDLEY WEBINAR SERIES: 7
FLYBACK TRANSFORMER DESIGN

RIDLEY WEBINAR SERIES: 10

Our Most Popular
Webinars

LLC CONVERTER DESIGN
USING SCALING LAWS

Definitive Free
Book on
Current-Mode

A New Small-Signal Model
for Current-Mode Control

Raymond B. Ridley

[102] CUSTOM INDUCTORS - ONE
DESIGN EQUATION

[083] NONINVASIVE LOOP GAINS
FROM OUTPUT IMPEDANCE
MEASUREMENTS

RIDLEY WEBINAR SERIES: 4
MEASURING CONTROL LOOPS
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