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Agenda

* |Inverter and isolated gate driver bias supply architectures

 Differentways of creating isolated bias supply
— Control method
— Topology
— Transformer

« LLC based open-loop isolated bias supply
— Operation principles
— Circuit variations
— Voltage regulation
— Multiple outputs

 Performance demonstration
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Example: inverter isolation boung
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Different gate driver architectures

Centralized Semi-Distributed
GD1 GD3 GD5 LAJ L"L’J LAJ
FTY] GD1 FYT*”] GD3 rYT\q GD5

’ ]

Distributed

Centralized system has lowest cost, but
heavy and difficult to manage fault
Distributed system distribute the weight
and fault, but more expensive I:Q ﬁ
« Semi-distributed is somewhere in the
middle
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Output voltage control

Isolation
|

\4

£¥ |Huo

Closeloop
Secondary side feedback

*  Well regulated output

* No need pre-regulator

*  More components

* Lessreliable due to the opto
coupler

Open-loop control provides a robust solution

Isolation
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Closeloop
Primary side feedback

Semi regulated output
*  Determined by cross
regulation
No need pre-regulator
Noise sensitive due to the output
voltage sampling method

Isolation
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Openloop
No feedback

No control loop, robust operation
Less noise
*  Coupling only through the
transformer
Unregulated output, need pre-
regulator
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Topologies used for isolated bias supply

Flyback

Push-pull

—

T
o
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Flyback converter topology s
£N4 TV—4$
lw3
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FET —

Basic Flyback Circuit

* Flyback can easily create multiple outputs
« \Voltage proportional to the turns ratio
« Suitable for centralized architecture
« Can be controlled with opto feedback or
primary side feedback
* Need well coupled transformer
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Push-pull topology

e

%

b,
Rl

transformer

IP NI
L

Filter inductor is needed if the duty cycle is less than 50%

} |

Transformer needs to have low leakage inductance to avoid ringing and device over stress
Good for distributed and semi-distributed architecture

Vout

With 50% duty cycle operation, in each half switching cycle, outputis connected with input through the
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UCC25800-Q1

@
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Load

High dv/dt couples through transformer
parasitic capacitor to the primary side
Higher EMI noise

Extra loss

More noise to the controller, CMTIlissue
It gets worse with SiC or GaN devices
with higher dv/dt
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Transformer structure: less parasitic capacitance

Bobbin
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Secol

The capacitance can be reduced by increasing Split bobbin reduces the capacitance by reducing
the insulator thickness the surface area and increasing the distance
Less effective due to the large surface area Much smaller capacitance can be achieve

Increasing the distance reduces the capacitance while increasing the leakage inductance
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How topologies respond to leakage inductance
Flyback Push-pull LLC

Vol

(@ 1.4

3 ] T
A

Vo3 T

4

|
14T
14T
I

+ Leakage energy can't be transferred + Leakage is part of resonant circuit
to secondary side * Leakage energy is fully recovered
Leakage causes * No extra ringing caused by the

More EMI noise due to ringing leakage
More loss * No limitations on the leakage
More device stress inductance

Leakage needs to be minimized
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LLC converter

1
fo=
2n,/L,C,
Q. = LI;/ &
e
0.6 /
0.4 ’// \
8712 0.2 // \
Re = _ZRL ) __/ __.——’/ \_____
0.1

Normalized Frequency

Ipk/Nps

Transformer
Primary side -
current

Transformer
Secondary
side current

Rectified
current

» At resonantfrequency, the impedance of resonanttank is equal to zero, input and outputis shorted
through the transformer. Fixed frequency open-loop control is possible

* Theleakage inductance of the transformer can be used as the resonant inductor
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Transformers for isolated bias supply

ansforme = orme ee ding of 0 ding PSR Half-Bridge
=
. Core Bopbin Core Bo})bin Core B(y)bin
Core Bobbin /)’ < / < /
a7 pri N i S 1 ;
\ ggcg N BN L L L L L L
e — ec2t g £ \
| §| i 1]
| i R bLAL L |
bobbin ‘ \ Secondary side windings need \ \ \ \
| thicker insulation Secondary ) Aux Insulator > Insulator
Secondary Primary Thick insulation  Primary Secondary Primary Secondary ~ Primary
Chpri-sec <2pF ~10pF ~20 pF ~20 pF ~20 pF
CMTI >150V/ns Worse than LLC Worse than LLC Much worse than LLC Much worse than LLC
Cost 1X >1.15 >1.3X >1.18X >1.18X
EMI Best Good Poor Poor Poor
Regulation Good Good Better Best Good
LLC converter provides an order of amplitude capacitance reduction u
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LLC converter variations

Center-tap Multi-output
Two-winding
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Transformer / \
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Primary vs. Secondary side resonant
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Secondary sideresonantis less sensitive to switching frequency error 16
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Open-loop LLC voltage regulation

1 ’
——Ceg1
x 1 c Rsw R Lr Rs
n:1 w MW AN Vo2
bl - Vour
éHé 1 vin/2 Lm v §
oad 8
Lec a TC or ng:RL4 7z
: ||
Vo Lm Vin RSW RP
~ - > + — tRs | Ip—2vf
Vip Lpm+Lpn 2 \n

« The voltage regulation is determined by transformer turns ratio and
resistive loss, as well as the diode drop
« ltis criticalto keep the resistive loss low to get best load regulation
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lllustration of voltage regulation

Vout A

 For a fix switching frequency inverter, the gate driver
load is fixed
» The output voltage regulation can be very tight
« For avariable frequency inverter, the gate driver
load varies
» The output voltage varies more
* The standby mode load voltage tends to go up
* It could be too high that need extra help from a

Load range for variable frequency converter

Vmax

Zener diode
* It is mainly determined by the diode junction
T oadt foad 3 load 2 > Hoas capacitor
Load for standby mode
lload_0
Normal operation Standby mode Vout
Min load Max load load Min Max Standby max
Fixed Fre. lload 3 lload_3 lload O Vmin_2 Vmax_2 Vmax_3
Var. Fre. lload 1 lload_2 lload O Vmin_1 Vmax_1 Vmax3
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Split single output voltage into dual outputs

* V+
1
— [
TN %7
~
® ® \V;
Zener split

* Lowescost
* Unregulated outputs

TL43'1LI-Q1'
Shunt Regulator
Higher cost

Regulated negative output
Unregulated positiveoutput

TL431LI-Q1,

TL431LI-Q1 i

N |
|

o

A

-Output

Shunt Regulator & Linear regulator

 Highestcost
 Regulatedoutput

19

Wi» TEXAS INSTRUMENTS



UCC25800-Q1

Low-cost LLCtransformer driver with high performance

Operation from 9V to 34 V (40 V Abs Max)
6 W from 24-V input, Up to 10 W from 34-V input
Integrated half-bridge MOSFETSs
Programmable fixed switching frequency up to 1.2 MHz
— 1.2 MHz default, resistor settable 100 kHz — 1 MHz
— Frequency accuracy +/-6% maximum over temperature
— External SYNC function
Drive multiple transformers with one UCC25800-Q1
Automatic dead time adjustment with programmable maximum
Integrated soft-start
Disable pin with fault code output
Two-level owver current protection
— Programmable via external resistor
— UCC25800L is latched after over current
— UCC25800R s retry after over current
Owver Temperature Protection
— 160°C Junction
— 10°C Hysteresis
AEC Q100 Qualified

Low common mode noise due to minimal interwinding
capacitance in transformer

Simple design, highly integrated, no bootstrap capacitor

High switching frequency for smaller size and more robustness

505
[a] 275 TYP

PIN 1 INDEX AREA

Vour

[Disclaimer: Specs, features & pinouts subject to change without prior notice.] 20
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UCC25800-Q1 measurement data

UCC25800 EVM with LM5156 Pre-Regulator Predictable Startup 1% Load
UCC25800-Q1 of +/-rails Regulation

Load Regulation

=
AS INSTRUMENTS 7] CE
U§C25800EVM-037

Max 600mA Load Current, mA

Surpasses CISPR 25 Class 5
LMSISEQL for 19 toad regulation EMI Standard

__Ref 100.00 dBpV

PARAMETER SPECIFICATIONS

Input voltage range 6V — 26V , (T

Output voltage and current +18V / -5V bt ‘ (AN o o

Switching frequenc 2.2MHz and 500 kHz “MW“L'&JU."‘Q!L!J‘II' _ 0
YeS, 2500 VAC (1 SeC) Start 150 kHz il Stop 108 MHz  14.20
SEPIC + Open loop LLC transformer driver R vawone soustrmesontiat_ o

Pass - LLC Board Onlywith Filter
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Multiple outputs

V1 ° J_ :
| A [F1 oy

R | Lo ™

g L, ) E v Jq f— N J_ .
3 T T =23l

. 12
Driving one transformer with Driving multiple two winding

multiple secondary side windings transformers
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Example: driving multiple transformers

Converter Voltage regulation with balanced loading, Vin = 25V

e

Three matched output voltages are created

Single primary side power stage drives three transformers and secondary side circuits
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EMI noise performance comparison

Frequency 515 MHz
Peak
1LD dBidiv Ref 100.00 dBpV 49.79

Frequency 515 MHz
Peak

1LO dBidiv Ref 100.00 dBpv

Start 150 kHz Stop 108 MHz 1842 Stop 108 MHz  29.19
Res BW 9 kHz VBW 90 kHz #Dwell Time 50 ms (4.5 kHz) dBpv VBW 90 kHz #Dwell Time 50 ms (4.5 kHz) dBpv
TRC FREQ PEAK AMPTD QPD AMPTD EAVG AMPTD PEAK LLTA QPDLLT A EAVG LLZ2A SIG TRC FREQ PEAK AMPTD QPD AMPTD EAVG AMPTD PEAKLL1A QPDLL1A EAVG LL2A

‘S\G

_ : _ 24-V Flyback
5-V push-pull e T

LLC has much lower
high frequency EMI

e MU noise
24-\/ LLC [N——l . R

Start 150 kHz Stop 108 MHz 2212
Res BW 9 kHz VBW 90 kHz #Dwell Time 50 ms (4.5 kHz) dBuv
*NO EMI fllter added SiG| |TRC  FREQ PEAK APTD QFD AMPTD EAVG AMPTD PEAKLL1A | QPDLL1A | EAVGLLZA
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EMI noise when connected with inverter
Flyback LLC

Frequency 515 MHz
Peak

Frequency 515 MHz
Peak
10 dBigiv Ref 100.00 dBpV ;

s G ]
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10 dBidiv Ref 100.00 dBpV
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Stop 108 MHz 3004
VBW 90 kHz #Dwell Time 50 ms (4.5 kHz) dBpv

Stop 108 MHz 1875
VBW 90 kHz #Dwell Time 50 ms (4.5 kHz)

tiled TRC FREQ PEAK AMPTD QPD AMPTD EAVG AMPTD PEAKLLTA QPDLL1A EAVG LL2A ‘ SIG TRC FREQ PEAK AMPTD QPD AMPTD EAVG AMPTD PEAK LL1A QPDLL1A EAVG LL2 A

When connected with inverter and bias the isolated
gate drivers, LLC solution provides a much lower EMI
noise due to the less parasitic capacitance
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CMTI performance

I — 165 V/ns 155 V/ns

Switch node "‘\ rﬁ F ) }f““““‘"”““'l [ J‘“ﬁ) r’“\ [’Switch node

WU A,

Strike voltage . : : Strike voltage

1.00ps 50065/ 7 9 Nov 2020
@ =0V 10M points 0.00 14:28:07
Type Source Coupling Slope Level V\D:Lirdn:\ - - - 5 — 5
Edge oo S| oo P 20V Y1004 5 0065/ . 9 hov 2020
10M points 0.00 1435101

Operation is not affected by >150 V/ns CMTI 2
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Transformer design considerations

« Transformer designis simple

Two windings

Turns ratio is roughly the voltage ratio between the input and output voltage (plus

the diode drop)

Square voltage on primary side, setting up the volt-second rating

Lowest Rac possible
No airgap

* Once the transformer is made, measure the leakage inductance from
secondary side

— Short the primary side while measuring

« Matchthe leakage inductance with resonant capacitor

Part number (Wurth) Turn ratio Leakage inductance Input / Output
750319331 11 1.4 uH 24 V24 V
750319177 1.67:1 1.48 uH 15 Vvi24 vV
750319177 1:1.67 0.53 uH 24 V15 V

27
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Summary

* |solated bias supply is needed for biasing the isolated gate drivers in the
inverters
— Open loop control provides a robust solution, less noise sensitive

« LLC topology is able to utilize the transformer leakage inductance and minimize
the transformer primary side to secondary side parasitic capacitance
— Less EMI noise

» The open loop LLC converter provides a simple, robust solution
— Less EMI
— High CMTI
— Good voltage regulation
— Multiple output capability

28
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