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LLC RESONANT CONVERTER RECAP

« Save switching loss by compromise conduction loss due to circulation current
« Works good in high input voltage applications where switching loss dominant
« Typically require narrow input and fixed output

——————————————————

Key Applications

| B ;T_+ | e R . * Desktop and all-in-one PCs
§ g gy i+ LCD television

§<+> /::\ of | .+ Notebook adapter

S i ¢ 1 .« Printers...
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MOSFET Half Bridge = Resonant Network Rectifier Network
(Square Wave Generator)




NXP AC-DC SOLUTIONS

VBOOST
Oh&
i ]
PFC JEEr = | LLC
TEA19162 TEA19161
|

i PFC 5

> ! b &
<« L ]

T VO uT

LLC + SR |

e TEA19162T/HT: PFC
controller

« TEA19161T: Digital
controller for high-efficiency
resonant power supply

» Works the best for ~90W to ~500W Applications

»

TEA1995T: Dual synchronous
rectifier controller

TEA2095T/TE: Dual
synchronous rectifier controller
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TEA19161 HIGHLIGHT

« Most innovative resonant platform in market W T3 [
« Digital cycle-by-cycle control by state ﬂ-@{ ? + T|8s8 8 Sz_l J
machine for stable operation enabled by I i W Lo L[ 2%
NXP’s patented Vcap control ——r. ﬁ s B T
- Ease of use — pre-configured with limited J* T s F | e | WWT remioss | |
settings | | m"*] j_ﬁ ==l
« Accurate burst-mode level and reduced - R T e
audible noise e 4 T
« Very high efficiency at light load, and very - - I
low no-load -
« Save standby supply e P =i
|

low power efficiency

85%

I " (LLC part only) >
95% s |
e e
Best in class ' = .
-y =
C

80% [

75%

70% | |
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PROPRIETARY CYCLE-BY-CYCLE (VCAP) CONTROL OF TEA19161

ANIEEVA
NI
SARRY
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Vboost

] Ej‘

VcapH

Vcap
Vcapl

Gate_HS
Gate_ LS

Pout = Pin*n = Vboost*lin = Vboost*AVcap*Cr*fs*n

« Pout — frequency characteristic is exponential

« Pout — AVcap characteristic is linear

output power

Prmax

ow

Tz

95kHz

—

~ frequency

output power

Pmax

ow

~ AVcap

o
Lo |



Design ODbjectives
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WHAT TO FOCUS - DESIGN THINKING

5 S
g Optimization Review %
al N

Automatic Design Advanced Design

« Enter basic requirements « Enter detailed information

« Get (rough) instant result « Fine-tune design step-to-step

« The ultimate goal of design tool is to close all design/decision making gaps between Problem
and Solution

| ™}
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WHY DESIGN TOOL GETS COMPREHENSIVE?

« Over simplified design typically UNDER estimate design challenges, so end up with
— Poor/no conversion

— Extra rev & engineer supporting effort/cost

— Low share/revenue even design in/win...

Root Cause:

Symptom:

Result/Action:

Under Estimate
Tolerance/Distribution

Under Estimate Corner
Case Stress/Thermal

More Design Rev.
Low Cpk / High ppm
failure in (Pre-)Production

Low Focus of Design
Optimization

Failure at Production or
Consumer Side

Engineer Resource for
Issue Fixing

Poor Performance &
Higher BOM Cost

Engineer Resource for
Failure Investigation

Not Able To Win
2nd Place/Low Share

| ™}
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OBJECTIVES - WHAT CAN | GET FROM THE DESIGN TOOL?

« Detailed step-by-step sequential flow helps engineers easily follow & complete designs
 Proactively assess worst and corner case stress/thermal of devices

* Proactively assess device tolerance/distribution effect to system performance
 Fine knobs & guidelines to help engineers fine-tune design towards optimization

« Complete paper design with schematic, BOM, and magnetic build sheets for whole system

« Combining FHA-based LLC design with a downloadable SIMPLIS simulation model helps save
iteration cycles

Design Blocks/Flow

Magnetic Implementation Analysis

PFC Design
|_;.: [ S ———

LLC Design Schematic & BOM
| :.I AC - 1 Conrreertir Desig r LLE R Converter Design T =]

= pe_

F——— i
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DESIGN TOOL Ul

Design Blocks/Flow

« PFC Design

« LLC Design

« Magnetic Implementation
« Analysis

e Schematic & BOM

Pipeline/Sequential flow
running from

« Left to right
- Top to bottom

Design Flow

A 4
A4\

LLC Resonant Converter Design Tool

-LLC: TEA19161, PFC: TEA19162, SR: TEAL995

Step 1.
In/Out Spec.

Step 2.
Ext Settings

LLC Design:

Step 3.
Power Train

Step 4.
LLE MOSFET

Step 5.
TEAL9161 Rel

Step 6.
Qutput Cp

Step 7.

Cutput Rectifier

Step 8.
Compensation

MNaote: "User Input” is for users to enter typicsl design or component parameter; "Default” is recommended typical parameter or calculation result;

1. Input/Qutput Specifications

1.1. Input Specifications

Min AC line voltage

Max AC line voltage

M ax ambient temperature

M PFC output vokage for hold-up time

M PFC regulated output volkage (Min VBOOST)
Typ PFC regulated output voltage (Typ VBOOST)
Max PFC regulated output vokage (Max VBOOST)
Max PFC output OVP voitage (OVP VBOOST)

1.2. Output Specifications
Morminal output volage (Vo)
Max neminal cutput current (1o)

Max nominal output power
Over power output current

Over Power output power
CV regulation tokerance (+/-)

M ax output voltage ripple (+/-)

Max output peak-to-peak ripple (+/-)
Peak transient voitage deviation at load release (AVo/Vo)
Qutput over volkage protection (OVP) ratio

Max out put voltage (at OVP)

1.3. Output Rectifier Design Concept

Rectifier winding type

Rectification type

PFC_Design

User Input Default
90 90
264 264
45 45

297.8
388.7
395.0
401.3
415.2

User Input Default

12 12
20 20
240.0

25
5300.0

3 3

3 3
360

5 5
125 125

15

User Input Default

® Center tap
O Bridge

® SR rac
O Diade rac

Unit
Vms
Wims

s =< = <<

swgplerErze<s
E

[
3,
=

afTJ_
I

1

o

LLC + SR

Fedi-to-ped ripplg B

Center tap type

el
L}

Bridge type

ol
L]

%

%

el

L)

rd
%

1d
%

LLC Design | Magnetic_Implementation | Analysis |

Schematic_ BOM

Design Blocks

>
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o
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User Default/
Input  Recommend Graphic
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DESIGN TOOL GUIDES

h ¥ 4 LLC Resongynt Cbnverter Design Tooj
‘ L -LLC: TEA19161, PFC: TEA19162,BR: TEA1995
1 1 > — Step 1. Step 2. Stew 3. Step 4. Step 5. Step 6. Step 7. Step 8.
DeS I g n S u b-Ste p Ove rVI eW LLC Demgn . In/Cut Spec. Ext Settings Po-.\-jT rain LLC M OSFET TEAL9161 Rel Qutput Cap utput Re ctifier Compensation
MNote: "User Input” is for users to enter typical ign or compofent parameter; " Default” is recommended typical parameter or §alculation result;
1. Input/Output Specifications v
1.4. Core Gap and Loss e o] Dt | Lo [L— . T 1.1. Input Specifications User input Default Unit
Core air gap (Ig) Total gap length along main magnetic path of the core. Min AC line voltage 90 90  vms
Max AC line voltage 264 264 Vms
Typically between around 0.2mm and 1.5mm: if < 0.2mm, Lm tolerance maybe M ax ambient temperature 45 45 [
larger than desired; if > 1.5mm, fringing loss near the gap becomes too large. Min PFC output vokage for hold-up time 297.8 v
Min PFC regulated output vokage (Min VBOOST) 388.7 v
Typ PFC regulated output voltage (Typ VBOOST) 395.0 v
Max PFC regulated output vokage (M ax VBOOST) 401.3 v
M ax PFC output OVP voltage (OVP VBOOST) 4192 v
1.2. Output Specifications User Input Default Unit
Norminal output vo tage (Vo) 12 v
. M ax nominal output current (lo) 20 A
* Info Notes — Real Time App Notes e romna o950 00w
Over power output current 25 A
T T . Over Power output power 3000 W
¢ Mln/M aX L” I ||tS andlor CV regulation tolerance (/) 3 %
M ax output voltage ripple (+/-) 3 %
C t' /W M M Max output peak-to-peak ripple (+/4) 360 my
a.u Ion arn I ng essag eS Peak transient voltage deviation at load release (AVo/Vo) 5 %
Output over vokage protection (OVP) ratio 125 %
Max output voltage [at OVP) 15 v
1.3. Output Rectifier Design Concept User Input Default Unit Cm:m tap type Bridge type
Rectifier winding type ® Center tap - o
O Bridge - 1 A1
Rectification type ® SRrec - .
O Diacle rec o
PFC_Design | LLC_Design Magnetic_Implementation ‘ Analysis | Schematic BOM

—7 —1
1.4, Core Gap and Loss User Input Default  Unit lg/2 lg/2 lgi2 g
Core air gap (lg) 1.35 mm

Caution: The gap is too large, so magnetic field fringing may cause excessive heating of the windings near the gap. To shorten the gap, choose a different core with a smaller Ae and/or a smaller AL

13 4



DESIGN FLOW

« PFC Design
N
« LLC Design
N
* Megnetic Implementation
N
« Analysis
N
« Schematic & BOM

LLC Resonant Converter Design Tool

-LLC:TEA19161, PFC: TEA19162, SR: TEA1995/TEA2095

ESR of DC Ink capacitor

o] o i e

DC fink capacitor rms current & min AC input 1969 A
Required Sense Resistar 0.046 o
Sense resstor (R107) 0.0 0.092 Q
5.5. MOSFET Current Rating User Input Default Unit
M ax Pesk MOSFFT Current at nominal Pour 9 5 A
‘ Voitage rating for bridge rectifier 600 v
Vohage rating of Bypass diode 1 K — = =
Current rating of Bypass diode (Same with Qutput dicde) 135 A ] P it I
o [N T e ) s
8.2. SUPIC User Input Default  Unit
Max Icc supply current 08 mA [T U101 J .-
Typ brownout current (lba) 5 uA - . 1
Min brownout current (Ibo_min) 4.65 uA
Mla b £ curcant (lha P A INS .
— b
i - T
8.5. SNSAUX User Input Default Unit - 0S —
WBOOST worst case OVP voltage 419.2 v
Wawx votzge at norminal VBOOST 25 v "
Compnesator Transfer Function
Recalculate compensator zero 10 Hz
Recalculate compensator pole: 40 Hz
Compensator Transfer Fundction: - o VBOOST L e Bo101 |
(1+7R1127C110)/{s™(C110+C109) *[1+s*R112°C110°C109/(C110+C 109)]} i | Tom | it
E 1]
£
¥ a0
= 104
20 -
_ - o B SHSBOOST|
o N
t
oe—
e
Example o B0ST
e
> someconT
[N 1 10
Frequency (kHz)
8.7. GATEPFC User Input Default  Unit e o 1
Absolute max voitage of GATEPFC 12 v -
Gate drive resistor (R103) 47 47 o
Gate drive resistor (R104) 20 20 0 b {B=1450
. . R112 R B 3900
D103 votage rating VARM [peak repetitive reverse voitage) 21 21 v o Bedlo0
. . 121 i
D103 max lomard_ con[lnuouscur_re{'v[ (Hfm) rating 250 250 mA = SURREG o ases
MOSFET gate drive loss & AC min input 0.0348 w - moe 110 120
MOSFET gate drive oss & AC low line input (110VAC) 0.0570 w
MOSFET gate drive lbss & AC nominal input (230VAC) 00572 W Rt J_mm wer e
MOSFET gate drive loss & AC max input 00546 W o cssa | Joza
sarepre[ snsaux o s
s, 7| Frccome e
suscur| TEMSE2 | snsmams Fos  Fob fore)
swPe| SNIBOOST
[

14



DESIGN FLOW

« PFC Design

 LLC Design

« Megnetic Implementation

« Analysis

« Schematic & BOM

\

4
4\

LLC Resonant Converter Design Tool

-LLC: TEA19161, PFC: TEA19162, SR: TEA1995/TEA2(095

‘ SR controlier sskction

® TEA1995
O TEA2095

Avahio
—— e

b= == I

1

‘ Peak power level 3429 w
y iciencu st mininne 2. n o ac
Transformer primary inductance (Lp) 429914 pH 1.700
Transformer magnetzing inductance (Lm) 392 uH T Worst case gain curve
Peak resonant capacitor voitage (VCr) at power imit 332 v | ™
- - 5 PRI aac
‘ 4. LLC MOSFET Design -
. L
4.4, MOSFET Drain-Source capacitor User Input Default Unit eal
Canacitance hetween drainesource of 11 C MOSFET 30 0 nF
‘ TEA19161 controller power loss in no bad 0012 W /o8
Number of r esistors with R1206 {Power=0_25W, Vo ltage=400V) 5
SNSCAP capacitor tolerance 5 % s L.
Derating of SNSCAP capacitor voltage 20 20 % e g ';
SNSCURresstor desgn (R210) 182 182 Q P |
E™
Voltags rating of oLtput capacitor [ 8 ] 18 v === 3 - i
Tolerance of outpLt capacitance W % Loz | ,| B 1 3 s _sec
Max rime delay to leave st mode in dunamic Inad a0 " — n B3 i
e K Is_ser
7.2. Synchronous Rectifier User Input  Default  Unit B
Selected SR controller {U301) TEA1955 Vi 1
Rds.on design at room temperaure 20 20 mQ vour © ]- = 5
Package selection of SR MOSFET (0301, Q302) O PowerSs 8 b ™
A nar [ [ S I
N N [ peemmees|f 0 | — |
8. Feedback Compensation Design User Input Default Unit L 3
Shunt-regulator reference voltage (U303) 25 25 v — . v ss0zzRse e
Tolerance of shunt-regulator reference voltage 10 1 % =] ™ ; T 1 5
Minimum Cathade current for regulation ) 10 pA T I o x B V—
. = - E st | = |
y i . [ ny . el
Shunt-regulator low sde resistor desgn (R309, R311) 10 el e e R e I Lo B I sI
Shunt-regulator high side resistor design (R307) 38 KQ B L™ 3 | I
Typical regulated output votage 12 v 1 b T 4
Talerance of shunt-regulatar resistors 1 % ==l I 3 [rac? wor I_
Output vokage tolerance 30 % L= oo | . c:"us | L .
- RI0B C306 L P 3
Compensation network on shurt-regulstor, R308 a7 a7 kO . > - = | |Raee B ;J  —
Compensation network on shurt-regulator, C306 47 a7 nF 1 ka1 Fam ?
1
Compensation network on shunt-regulator, C305 NC NC nF = s
Opto-coupler forward voltage drop [U202) 10 1 v
Opto-coupler current transfter ratio, CTR 100 100 % i
Shunt-regulstor biasresistor ; in parallelwith opto-coupler kQ
Opto-coupler upper sde resistor [R305) 18 18 kQ E ?I F— | F .il
_ | I L 3
Power loss on feedback compensation network 0.0043 W p—
L
c220 |
£ p—

frequency [k

15
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DESIGN EXAMPLE: DISTRIBUTION

o VBOOST

8.4. SNSMAINS User Input Default Unit
Typ brownin current (1bi) 5.75 uA
Min brownin current (Ibi_min) 5.35 uA
Max brownin current (Ibi_max) 6.15 uA l l: B0 .
Typ brownout current (Ibo) 5 uA I o “: " . [:r;T .
Min brownout current (Ibo_min) 4.65 uh '|' Y J- . . al -, LWJ .J-
Max brownout current (Ilbo_max) 5.35 uh ’ o . cis
Typ regulated voltage on pin SNSMAINS 0.25 v -|- -|- q
Absolute max voltage on pin SNSMAINS 12 v ) o ——
- L] o -
Top resistor (R101) 8.6 8.6 Meg()
Top resistor (R102) 8.6 8.6 MegO [] R101 o n
Worst case SNSMAINS power loss 0.0081 W 2 g::}Ech pfg'?;:’; :; R108
R102 —L{SNSCUR SNSMAINS [
fr yp brownin voltage (rms) 70.0 ‘J‘\ [I] LTSEL,:«F;I;EZ SNSBOOSTH
Min brownin voltage (rms) 65.1 v b
Max brownin voltage (rms) 74.9 v Tm
Typ brownout voltage (rms) 60.9 v -
Min brownout voltage (rms) 56.6 v R120
\_Max brownout voltage (rms) 65.1 v Cna= 1 =Ccim
R113 -

16




ry LLC Resonant Converter Design Tool
D E S I G N F L O W ‘ k - LLC: TEA19161, PFC: TEA19162, SR: TEA1995/TEA2095 g

)

1.2. Bobhin Selection User Input Default  Unit Default  Option 1 Option 2 ‘ Wax winding height
Coil-former diameter id tubel 195 125 mm [ 155 T 125 [ 195 ] >
“ ‘ | ‘ Low Line& ‘ 115Vms& ‘ 230Vims & ‘ngh Line & | £
Core | oss Summarny Unit Max | nad Max | oad Max | oad Max Load 3
| | | Low Line& 115Vrms& 230Vrms& HighLine& ‘ 2
= Winding/Cop per Loss Summary Unic Maxload Maxload MaxLload Maxlosd §
- PFC Design [0 e oy
n MLT
‘Z.LLC Magnetics '
i | —
Max winding breadth (b_winding) 3.05 mm it winding height ]
A aan lanmth o fuee (LALT Tan 190 . i
" Number of Eyers 0.00 :
[ ] D e S I g n Check current densty 000 A/mm~2 3 b
|
L L C &
Estimated Magtizing inductor tolerance (+/-] 839 % E | E—
4 [Beu
Recalculate Bmax ot worst case (peak power) 0.286 T E " ;‘; E |
‘ | | | g | E
- - — 22
) Secondary winding LT s
AC-to-DC resistanceratio at nominal boost volkgae & full load 103 b (55
AC-to-DC resistanceratio at nominal boost vokgae & OPP load 103 b |65
winding AC resistance at nominal boost voltgae & full nad 0.278 o b ;Z
Core air gap (lg) (Resenant inductor ) 0.00 mm ho I
Core air gap {Ig){Transformer) 025 mm ] bz
. - L
« Analysis :
o L
k! I
2.3.2. Schematic Diagram User Input Default  Unit
‘Winding number of turns (Resonant inductor ) 29 Separate Resonant Induct or Trangormer |
number of strandswound in paralie{Resonant inductor) 3 5 5 =31
- winding total layer 3 Resonant inductor) 4 o o - a0
« Schematic & BOM : |
Winding number of turns (Transformer) Primary e 5 E 1| 1o
primary 37 E1/52 5
o L
Secondar 2 o
v E E w
A, 3 a3
Number of strands wound in parallel{Transformer) o E2
primary 20 Auxiliary
For Integrated Resonant/Leakage Inductor Design — — — 7]5 E3

O O O @ = Starting wound

®8888 OO@® Transformer for Separate Resonant Inductor

OO0 = - _ —
OOOO OOO r=te Resonant Inductor @ O O @ | -

Mdas¢ Win ding breadth

=
=

|

Bobbin

154 Compoment Vestor et ©00000000000000,
.3.4. Componen Enr\;);n:;:::;ms — I @OOOOOOOOOOOOO

* Primary to auxiliary: 1 layer min, 0.025mm/layer polyester film tape

[
[
Insulation Reference/Guides ]
* Quter wrap: 3 &yer min, 0.025 mm/layer polyester fim tape :)OOOOOOOO OOO O@ 51
* Primary to primary: 1 layer, 0.025mm polyester fim tape :)OOOOOOOO E\J:I’:’ ’

'Chen Yih Wire Co. LTD UEW-8 wire Bobbin
Jung Shing WireCo. LTD UEW-2 wire

John C Dolph Co BC-3464 varnsh

Ripley Resin Engineering Co. LTD 468-2FC varnsh

E) 1350 tape

Duck Sung Tape Co. LTD DTs-204 tape

17
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DESIGN FLOW AV 4 LLC Resonant Converter Design Tool

‘ -LLC:TEA19161, PFC: TEA19162, SR: TEA1995/TEA2095
Analvsis: System PFC PFC PFC LLC LLC
na VSIS' 1.1 Overall Efficiency 2.1 Efficiency 2.2. Loss Breakdown 2.4 PFC & THD 3.1. Efficiency 3.2. Loss Breakdown
.
° P | C D e n 2.2. Loss Breakdown
S I g * Better way to use this data isto run relative comparison (2.g. find out whether design case "A" is better than case "B" or not) for design optim ization.
Loss Breakdown {at Full Load) | ‘ | Unit
230 264 Vrms
m S0%rms
| sam 95.01 %
W 110Vrms
= bl Load
. = - BOvirms
° I I C DeS| Nn 23.PFC& THD... 254vms "
90Vac 110Vac 230Vac 264Vac
PF 0.979 0.976 0.927 0.875
THD [%] 3.36 849 3427 5037
lin RMS [A] 3.212 2117 0.647 0.7%4 I n L
75 minikhz) 806 ; u - - 2o .
= = 5 o {v/rms)
o
« Megnetic Implementation
1.400
1.200 Unit
AN A il
3.2. Loss Breakdown [ 20 [ o8 [ vms
- N _ . ) ) § | s83¢ [ smas | %
“ Better way to use this data isto run relative compar son (e.g. find out whether design case
. "
Loss Breakdown (at Full Load) unt il Load
« Analysis : ol -
Vrms
= w 3BV w
< W
% w
2 o @ owm oMo w
a ZERREEER W
s d 3338938 |
. ut Current w 200 250 300
« Schematic :
W
:,\t\““ﬁ x
o o W
o s
o e Unit
Boost Vo (typ) 395 v Unit
[ Efficiency | s6.28 | % w
Bt Full Load w
W
LLC Loss Breakdown uni
395V v
Transformer total los 3.0356 W
Primary side MOSFET loss. 14020 W
Resonant capacitor ESR bs 0.1671 W
TEA12161 IC loss (incuding gate drive loss) 0.2589 w 0
TEA19161 external circuit loss 0.0625 W age (\Vrms)
Output capacitor ESR loss (including fifter resistance) 21254 w - -
Secondary side SR FET loss(including PCB resistance loss) 21120 W
Secondary side SR IC loss (including gate drive loss) 0.1180 w
Secondary side compensation circuit loss 0.0043 W
Total 9.2857 W
Transformer Loss Breakdown Unit
Transformer total los. 3.0356 w
Corelos 19332 W
Copper los 1.1023 w
Primary copper loss 0.6481 W
‘Secondary copper loss 04542 w
Aux winding copper loss 0.0022 W

18
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DESIGN FLOW wry LLC Resonant Converter Design Tool

‘ k - LLC: TEA19161, PFC: TEA19162, SR: TEA1995/TEA2095
. Schematic Schematic Schematic BOM Collaterals
Schematic & BOM: ‘ 1.1 FFC ‘ ‘ 1.2 LLc 13.5R ‘ 2.1 BOM ‘ 3.1. Demo Boards/Ref Designs

1. Schematic

.
] P FC DeS|g N 1.2. LLC Schematic
e e
vaaowﬂ—l—ﬂ
1.3. SR Schematic
- Wa301
 LLC Design = L
g [11 Ja [c112 [Capacitor, 10nF,10% X7 R, D603, 14V [any [any
[12 |1 [c113 |Capacitor, 100nF, 10%,X7R,0603, 38V [Any [Any
[s2 Ja [D203 [Diode,VRRM=04V, IF=250mA [Any [any I
[EEE |D204 | Diode VRRM=120V, IF=21mA [Any [Any | o GND
I 1 1 | P T 1 T
° M H . g8 |1 R118 Resistor, 100k, 15,0603 Any Ay L &
eg netIC m p el I Ientatlon 90 |1 R120 Resistor,3.9k0, 13,0603 Any Any
91 |1 R121 Resistor,NM (k2),13,0603 Any Any —®
2 |1 R138 Resistor,00,1%,0603 Any Any
3 |1 R199 Resistor,00,1%,0603 Any Any L
2 |1 R201 Resistor,220),1%,0603 Any Any ewnez
. R R202 Resistor, 100, 1%,0603 Any Any
° A n al yS I S % |1 R203 Resistor, 220, 1%,0603 any any T [ | I——
7 |1 R204 Resistor, 100, 1%,0603 Any Any £
' |1 R205 Resigor, 180kA, 1%,0603 Any Any
ElR R206 Resistor, 51.8k0, 1%,0603 Any Any
100 |1 R207 Resigor, 10k, 1%,0603 Any Any
101 |1 R208 Resistor,2.2M 0, 1%,1206 Any Any
. IR R209 Resigor,0.156849433070782M 0, 1%,1206 Any Any
PY S C h e m at I C & B O M 103 |1 R210 Resigtor,18.20,1%,1206 Any Any
104 |1 R211 Resigor,6.8k0,1%,0603 Any Any
105 |1 R212 Resistor,61.9k0,1%,0603 Any Any
106 |1 R213 Resigor,4.6k0,1%,1206 Any Any
107 1 R214 Resistor,4.6k0,1%,1206 Any Any
108 |1 R215 Resigtor, 20k0,1%,0805 Any Any
109 1 R229 Jumper,00,1%, 0603 Any Any
10 |1 R230 Resistor,87k0,1%,0603 Any Any
11 1 R231 Resistor,4.6k0,1%,1206 Any Any
112 )1 R232 Resisror,4.6k(,1%,1206; 2resstors in series Any Ay
13 |1 R233 NM Any Any
14 |1 R234 NM Any Any
130 [1 U101 PFC controller, TEA19162T,508 TEA19162T NXP ane-422070
131 |1 U201 LLC controller TEA191617,5016 TEA19161T NXP
132 |1 U202 Opto-coupler, VF=1V,CTR=100% at 100uf Any Ay
133 |1 U203 Opto-coupler, VF=1V,CTR=100% at 100uf Any Ay
134 |1 u3o1 Synchronous rectFier controller,dual TEA1995 S08 TEA1955T NXP
Shunt regulator, Regulation reference voltage=2 .5V, Tolerance of reference=1%, Min cathode
135 |1 uso2 current=10uA Any Any
3. Collaterals * References for converter desgn, mplementation, and PCE loyout ...
3.1. Demo Boards/Reference Designs
Description
3.1 TEA1016DB1 262 240W Computing Power Supply
Demo Board/Ref Design Links

19 4
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Simulation Benefits
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BEHAVIOR LEVEL SIMULATION

Operation only at fo can remove FHA, - Computer based simulation compensates
hence show good agreement with bench. FHA weakness and provides accurate
When operates away from fo, design error design values, hence plays an important
starts to show up role in LLC design, therefore

FHA design approach helps to create an - Combining FHA design with simulation can
Initial design with clear physical meanings, effectively save iteration cycles

but - HIGHLY RECOMMENDED

lterative bench tuning/optimization maybe
necessary

o
Lo |
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TEA19161 (LLC) SIMPLIS BEHAVIOR LEVEL SIMULATION MODEL

* More effective to fine-tune adesign | [ |
on simulation than on bench al | [
=$§§u |_T_| ,]::3?_%,

* Bridge gaps between Excel-based & ey
paper design and bench performance . Ll | 4]

7t 5
TR | - Ll

L . c3 |l "CG

2.2m lC 12 ----- 22m'C 12n onlis 0

':[PLS"'
e TS | | e e |
SNSCUR - 220pT - :>|_.x. u K

R O e O A I D o AP S IR I P = L B X .
. ik ! ........T...CT.R:E.UUm..U1r‘ 351

L C1g==HAL
. 121n .

 Simulate DC, AC, and transient
response...

S+ FC=20k- - - TL431

ome
coRE =

oz - ZPressF‘]‘[todeﬂneglobalparamelersasmbelow L
: TEA19161 'j1SetlmgBurstFrequencyby|bstset T
..—5“5‘3“’ 5““”“..::::::::::::::::..:BUFS”S'D‘S‘SE‘ .
L \GATELS - - SNSFB ... 200Hz- - 2.5mA .
"'HBZZ..Z GND"ZZZZZZZZZZZZZZZZZZZZdCI[IHJ_..SmA.....ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ
Sl 800z - 10mA

. =
|cATERS Lo il 1BDOHZ - 20mA-
.5“59005” "BUUST—.|::::::::::::::::::egG|oba|\far|bstse1:znm:::'"""""""""'::::

oo 20 5etting MmEnergyPerCycIe(deIta\a‘snscap}by 'Vctrl LP mln"_jjj

© o egoGlobalVar Vetr_LP_min=125m- - - -
- oo 3 Setting HP-(High-Power} — LP (Low Power) Threshold by "V_LP- ih"
© A simulation the dctial HP —= LP thréshold = Vetd_LP_min +\_ LP th
:E‘gGlobaIVarVLF*th?ﬁm::::...._......_.
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QUASI-STEADY STATE DC OPERATING POINTS

» Slowly sweep load at min and max Vin . 50

respectively to verify “DC” operation
across various operating points

\Vcr
(Vin = 350V)

]38 (Vin = 400V)

13
11 i — i
=t 10

SNSCAP
(Vin = 400V)

3 Vo
15.6— —— (Vin = 400V)

SNSCAP
(Vin = 350V)

e ' ' ' ! Vo
1o (Vin = 350V)
5 10 15 20 25 30 35

time/mSecs 5mSecs/div

| ™}
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CORNER CASE TRANSIENT RESPONSE

12.5

11.5 0
10.5
9.5

 Verify worst case load transient

) ) SNSCAP
response at min and max Vin...

(Vin = 400V)

Vo
(Vin = 400V)

SNSCAP
(Vin = 350V)

Vo
(Vin = 350V)

time/mSecs 1mSecs/div

o
Lo |
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AC ANALYSIS: CLOSED-LOOP GAIN BODE PLOT (FOR REFERENCE ONLY)

40 I
. vin o
390 — ==C16
ST 180u
. Vout
L_f .. 50 ?l)-vu o 0 \\
L L. L 1 ~
c4 . C3 .. ==CE L. .
22m IC 12 22mIC 12 22mIC=12 20
.o PR l_@lz . )
R Ry - s P _20
o ~_SNSCAP o som- . . [Jsem . . . lsam - N
R13 @ SNSCAPJ\ sip
{750k H .o
A P . . c1e
RZ5
4 GMeg
7.5M
= cod R0l Ry -40 N
. . 5 - . -
R30 12:n1C=25T 20k
7.5Meg -
SNSBODST SNSCUR
.o .2'2' . . SNSFB Ul
b . Ph d l
R31 . . .. C23= . 135 I~ ase ( e
100k 10n
A . R [ . .47pIC=5 A,
e } £ 479
| _ o | v (R 90+
e - . . . .= . .CTR=500m ;|'|_4g1ﬂ_‘ 5. - .
uz FC=20k
o vEmrasr | e LT e las 45
FOP Trigger’ SNECAP - SNSCUR e S E.DT. TR 1 1u1kom. .
e in GATELS - - SNSFB o o - GNDT = - O
. . . HB - . . -GND—_|_- - - Motes: . - - R8 =
P Lo =0 Fornormlnal\fln onI formlnandmax\fln thefeedforward alnlntheJC sub circuit .
GATEHS
SNSBOOST VBGOST . ~ needs fo be manually updated accordinly), s '45
—| _ 2.AC analysm is for hlgh powermode operatlon only _
3. Due to simplication/linerization of nondinear components eft. inside the |C, simuiation _90
" miighit not refléct 1C opération precisely at some conditions, so for your reférence only;”
h this dogument & elleved o be ea 3510 18 SCCUACY OrCoMpIStaNs S5 oF SUch IR M aton And Shall | 1 35
tion. NXF S2micong i 55 12 5 102 0f IR Sem
tve, gpeckal or oo as-‘hcta't;l -l - last profits, 'os.smgls businass hisrmption, cosseaaaz the removal oreplacem ant of any poauss or BwOK chages) |
‘whetheror not such damages ars basad on forf fhobdlng feglhnce | waranty beach of antrdct arany otheriagal theary

10 20 40 100 400 1k 2k 4k 10k 40k100k 400k 1M

freq / Hertz
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TEA19162 (PFC) SIMPLIS BEHAVIOR LEVEL SIMULATION MODEL

. I stt T —
.. . .H. . l)_wgust A
*015 *Dﬂ? o B I S + . N
“om - cd [
T e S .. . .| . 100n1c=390"T 180u1C=390 | o | 1o | s
. . . . . —l:_\(‘__\/_\j__ . . 02 ...... l@ 8
. o==C16 .| .. C33== . . SR = 2T . o
Win’ T 1u wT T4 2P D3maC15
12Mp = - R R . . GATEPFC: —500m . 330p -
10m 1
R1g ' REL _R1D —Dsuscun
- A0Megll . . - L S0mLl . 200m E e
L 1uup__|_ R4
ool SHSMAINS  sNSAUR O mqrl |0 T-5Meg
- 10Meg o B T N A -5 - S PFCCU”"

1 7 7| SNSBDOST " lps <
L1

' 1M Frequenc
1 W | peccomp =
.. C28== .. . . . Ris A I -I_ A . I D R
10p’ 36Meg R20
o . o T e . e M3 5
L = L i = A 150n T - | . | .
TE 219162 ) -

SNSAUX - GATEPFC [ — - -
SNSMAINS PFCCOMP L L

. SNSCUR
. D - -SNSBOOST
llah ity — Informatbn In this dogument s halbved to he accumie and e labE. However, NYP Semicanduciors does nat ghe any epresanations or waranties, ar,:l'as.sa:a'
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Sam bondy ms
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[ tshal Ll 925 |
ek i ihe emowa] o eplacement aa},:tm c:sa rewark charges) whetherornol @ich damages are based on :u'*mt 't;lna;lganaa waman'y;, beach of canirad arany ather kegal theary

» For completeness of the system design
* Not as critical as that of LLC
» Typically longer simulation time

Freq (kHz)

PFCCOMP (V)

Vboost (V)
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NEWLY LAUNCHED

www.nxp.com/LLC-DESIGN-TOOL

}{ Applications Design  Support Company Q Search

w
o
[
o
D

@ Power Management > AC-DC Solutions > AC-DC Controllers with Integrated PFC > LLC Resonant Converter Design Tool

o

LLC Resonant Converter Design Tool NEW

Overview Specifications Documents and Software Get Help

: )V 4 LLC Resonant Converter Design Tool =
Overview A LLC: TEA19161, PFC: TEA19162, SR: TEA1995 & i)
Completing and optimizing a near production-ready resonant converter design L Denlpr L -
can be tricky, tedious, and even challenging. Main focus of the design tool is 1. Input/Output Specifications

11. Input Specifications

to address common issues/concerns proactively, such as worst corner case
stress of each device, device tolerance/distribution effect to performance, and
design optimization. As a result, we can cut design iteration, trial-and-error i
effort on bench, and development time. The design tool is written in Excel and e
is downloadable.

12. Output Specifications
Ner )

Pastoas -y (231 H

W

1.3, Output Rectifier Design Concept
Rectfier winding type

Center tap type Bridge pe

Rectificaion e

1t
3
11
—

kil




NEWLY LAUNCHED

www.nxp.com/LLC-DESIGN-TOOL

Documents and Software

DOCUMENTS (7}
Data Sheet (6)

Fact Sheet (1)

DESIGMN RESOURCES (5]

Design Tools & Files (5)

Design Files - miscellaneous (5
LLC Resonant Converter Design Tool REV2) yeparecO

LLC Resonant Converter Design Tool

€3 XLSX 14.8MB 2020-05-30 00:01:00 TEA1916-DESIGN-TOOL

TEA19161 Simplis Model (for HP Mode Only) REV2)8
TEA19161 Simplis Model (for HP Mode Only)

B3 ZIP 699kB 2020-05-1622:24:00 TEA19161-SIMPLIS-MODEL-HP

TEA19161 Simplis Model (with All Operating Modes) REV2)8

TEA19161 Simplis Model (with All Operating Modes)

3 ZIP 1040kB 2020-05-1622:11:00 TEA1916-SIMPLIS-MODEL-ALL-MODES

TEA19161 Simplis Model (for AC Analysis) (REV2)6
TEA19161 Simplis Model (for AC Analysis)

@ ZIP 712kB 2020-05-16 22:28:00 TEA19161-SIMPLIS-MODEL-AC

TEA19162 Simplis Model (REV1IS

TEA19162 Simplis Model

B ZIP 437 kB 2020-05-06 14:57:00 TEA19162-SIMPLIS-MODEL

DOWNLOAD

|

DOWNLOAD

DOWNLOAD

DOWNLOAD

DOWNLOAD

Analytical (Excel) Design Tool

~ Simplis Simulation Models
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FACT SHEET

Streamlining
design and
optimization time

NXP LLC Resonant Con

Design Tool

The NXP LLC resonant converter design tool helps engineers bridge design and
decision-making gaps from system specifications to a complete set of paper designs
with the help of a simple, sequential design flow.

OVERVIEW

Completing and & near prod dy
resonant converter design can be tricky, tedious, and even
challenging. The main focus of the design tool is to address
common issues/concems proactively, such as worst comer
case stress of each device, device tolerance/distribution
effect to perf and design op As a result,
we can cut design iteration, trial-and-error effort on bench,

and development time. The design tool is written in Excel
and is downloadable.

FEATURES AND BENEFITS

b Detailed step-by-step sequential flow helps engineers
to easily follow and complete designs

P Proactively assess worst and corner case stress and
thermal of devices

P Proactively assess device tolerance/distribution
effect to system performance

P Fine knobs and guidelines to help engineers fine-tune
design towards optimization

» Complete a paper design with schematic, BOM, and
magnetic build sheets for the whole system

» Combining FHA-based LLC design with & downloadable
SIMPLIS simulation model helps to save iteration cycles

APPLICATIONS

» Desktop and all-in-one (AIO) PCs

» Gaming consoles

» TV power supplies (Ultrs HD, 4K)

» Notebook adapters

SUPPORTING PRODUCTS SYSTEM CONFIGURATION: PFC + LLC RESONANT CONVERTER + SR

The TEA19161T and TEA19162T/HT

are combined controller ICs for a LLC
resonant converter induding a PFC. They
provide high efficiency across all power
levels. Combining with the TEA1995T/
TEA2095T(TE) dual LLC resonant SR
controller further enhances system
efficiency at relatively low cost.

» TEA19161T: Digital controller for
high-efficiency resonant power supply

» TEA19162T/HT: PFC controller

» TEA199ST: Dual synchronous H PFC H LLC + SR

rectifier controller (Product is an ¥ g

NXP GreenChip® solution)

» TEA209ST/TE: Dual synchronous
rectifier controller (Product is an
NXP GreenChip® solution)

DESIGN BLOCKS
The Excel-based design tool is self-explanatory. Five design blocks are available: PFC design, LLC design, magnetic
implementation, analysis, and schematic & BOM. The sequential flow runs from left to right as shown on spreadsheets at the
bottomn of the Excel file.

» PFC Design: Cover all and |Crelated design

» LLC Design: Cover all p in and IC-related P design

» i ! ion: Design all and d M

ic Build Sheets used for magnetic

vendors to construct magnetic samples
b Analysis: Facilitate design case parison and design
b Schematic & BOM: Complete system schematic and BOM for PCB layout and part ordering

DESIGN FLOW User Input Default Graph
For each design block the flow runs from
top to bom: sequentially. m:) LLC Resonynt Chnverter Design Togl =
WE AL I Basetas o asoes [« )
» User Input: For users to enter design ucoedgm [ e Plarmss Pt Pl
©or component parameters e et e
L 1rpstjOutpat 3wt stome
» Default: R fed p n e e e
or calculation results - -
weoy
» Graphic area: To better ilustrate -
contents =
» Real-time design guides: Hover over é o e e
“User Input” or 8 description and a E =
note pops up with an explanation & 2,
or a design recommendation E i
» Precaution: If an entered “User Input” B3 {:
is way off reasonable design range, & s ops hote wa
“Caution” or *Waming® message pops B
up with an explanation or guidelines i
PFC_Design  LLC Design  Magnetic_implementation | Analysis | Schematic_BOM

SIMULATION VERIFICATION

The FHA approach of the LLC design helps to create an approximate initial design with a clear physical meaning, but bench
ing/ may be y. Ce based simul; P FHA design B and provides accurate

design values, so it plays an important role in LLC design. NXP provides downloadable LLC SIMPLIS I models, which

help to secure a more solid design.

Response |

[N TTTTTRTRCTITIT

]
I

NXP GREENCHIP SOLUTIONS

The NXP GreenChip power solutions portfolio enables smarter, more compact, and
energy-efficient power solutions. Complete GreenChip system solutions help optimize
epplications such as highly efiicient power supplies and system protection.

www.nxp.com and imxcommunity.org

NI, the NP oga, BV, Al cthar
©20NT DY,

e ——r
Decumses Nurbar: LLCRESCONDTYS 02Y 0
Agila Nurter: 0000000 ¥V A
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GET START NOW

Pal Applications Design  Support Company Q Search J

@ Power Management > AC-DC Solutions > AC-DC Controllers with Integrated PFC > LLC Resonant Converter Design Tool

B o -

LLC Resonant Converter Design Tool NEW

Overview Specifications Documents and Software Get Help

Overview

Completing and optimizing a near production-ready resonant converter design
can be tricky, tedious, and even challenging. Main focus of the design tool is
to address common issues/concerns proactively, such as worst corner case
stress of each device, device tolerance/distribution effect to performance, and
design optimization. As a result, we can cut design iteration, trial-and-error
effort on bench, and development time. The design tool is written in Excel and
is downloadable.

13. Output Rectifier Design Concept

Rectier windigtype.

Recacxicnton [. S

« Get start by visiting design tool site: LL.C Resonant Converter Design Tool (www.nxp.com/LLC-DESIGN-TOOL
- )
* Learn more by reading a short design tool fact sheet: LI.C Resonant Converter Design Tool Fact Sheet

31



https://www.nxp.com/products/power-management/ac-dc-solutions/ac-dc-controllers-with-integrated-pfc/llc-resonant-converter-design-tool:LLC-RESONANT-CONVERTER-DST
https://www.nxp.com/docs/en/fact-sheet/LLCRESCONDTFS.pdf

SUMMARY

Why Should | Use Design Tools?

Detailed step-by-step flow helps to fine tune a design
towards optimization

Platform for juniors to learn good design practice besides
finishing a design

Improve supporting level, design in/win likelihood, and grow !——F !
“Just Do

product shares

How Can | Trust Design Tools?
Systematical validation and calibration process
Cross check engineers’ own designs

What Can | Get from Design Tools? -
Minimize design iterations and try-and-error effort on bench )’/

—
Increase productivity and reduce time-to-market
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