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Presenter
Presentation Notes
Key messages:
Post-PC era seeing a strong convergence
Power requirements dropping for NB PC, Ultrabooks, Win8 devices
Power requirements increasing for Smartphones/ Tablets
Sweet spot around 15- 45W
Yearly heartbeat from Mobile world
Silicon content increasing with higher attach rates for secondary controllers (SR, Interface, …) and more complex controllers
More stringent requirements (e.g. Power density) and complex regulation loops play to our strength with IP protected by key patents (e.g. Opto-less feedback)
Emergence of communication from charger to load device to increase power capabilities and reduce charge time, e.g. USB PD and QC2.0
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Application Description Range USP
Adapters <75W | Flyback CCM TEA1833(L)TS (TSOP6) TEA1833: > 90%; <55mW@no load+ peak load (>=2 times) + Brown in/out
controller
Adapters <75W (F:beack QR TEA1836(x)(L)T (SO14 or SO8) TEA1836 + 1892TS: >91% & <25mW@ no load
ontroller
Adapters Flyback QR Combo | GreenChip 3.5, TEA1755T TEA1755+1792TS or 1761: >91%; <100mW@no load
7sW~180W | g e CFC TEA1753 TEA1755 +1703TS <30~50mW@ no load
TEA1752 Compact Size
TEA1751 TEA1753: lower ripple noise
X-cap discharge Active X-cap TEA1708T (SO8) Reduce 10~20mW for 90W adapter
discharge IC Capable for 4KV surge
SR IC for Synchronous TEA1892T(A)S (TSOP6) Lower cost for one Low RdsON MOSFET (3~5mQ) for higher efficiency
Flyback & LLC Rectifier IC
Type C PD/QC | Flyback QR TEA1936x (SO10)+TEA1993/8/9(TSOP6) e >90%(meet COC tier 2);

& Fast
Charger/Adapte
rs <75W

controller + SR IC+

<30mW@no load;

e 2 Vcc to save regulators ;

<1% ripple noise
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Application Description Part Number Status & Remarks
>75W Adapters, Resonant Combo TEA1713: Combo LLC >90%~92% without SR; Combo IC; Less components; Adapters
Lighting, PC power , TEA1716 Combo LLC Compact Size 120W~300W
TV Power & etc. SR for Resonant SR: 1713: <0.3W@no load
(<=300W) TEA1792ATS(TSOPS) for one MOS; 1716:<100mW@no load (90w adapter)
TEA1795T (SO8) for 2 MOS and EUP lot 6 compliance

>75W Adapters, LLC digital controller+ DCM TEA19161 (SO16)+ TEA19162 (SO8) Parameters can be set by 4 registers TEA19161+TEA1916
Lighting, PC power, | PFC Controller <70mW@no load for 240W/12V 2:
TV Power & etc. MP Q116
(<=300W) 2~15% higher at load <10%;

<+/-5% voltage regulation for 0% to 100% load

Meets Platinum standard
SRIC for LLC LLC Synchronous Rectifier TEA1995T (SO8) or TEA2095 2~7% High efficiency at middle load via adaptive driving | TEA1995: MP Q3’15
power supply IC (SO8/HSO8) capability by loading TEA2095: Released
(<1000W) TEA2095 for higher power (over 300W) & lower Vds Nov'19

MOSFET
>75W Adapters, LLC digital controller+ DCM TEA2016 (SO16) + (TEA1995 or >80 Parameters can be set by GUI TEA2016 released

Lighting, PC power ,
TV Power & etc.
(<=300W)

PFC Controller

TEA2095)

30~50 components reduced vs TEA1916 generation
<70mW@no load for 240W/12V

2~15% higher at load <10%;

<+/-5% voltage regulation for 0% to 100% load

Meets Platinum standard

June’19

TEA2017 which will
be released Q4°20
can support up to
1000w

200~ few KWs for
any power which
needs higher
efficiency on Bridge
stage

Active Bridge Rectifier
Controller can work under
any topology(e.g. LLC, &
Forward, Fullbridge & etc.)

TEA2208 (SO14)

»  Forward conduction losses of the diode rectifier
bridge are eliminated

«  Very low IC power consumption (2 mW) with X-
capacitor discharge

*  Very low external part count

TEA2208: released
Nov'19

| ]
L |
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TEA2016T

§Q$ﬂ2ﬁ$%PFC + LLCE ;]-}_\U__I_JL:/\\\

Same benefits as the TEA1916T solution, with following improvements / flexibility / programmability:

Single SO16 package for PFC & LLC (SO16 with two pins not connected for High Voltage Spacing)

High configurability (> 80 parameters for configuring) and internal MTP instead of external resistors

Reduced eBOM

Active X-cap discharge function (via HV pin}

Digital stable state-machine. NO FIRMWARl snsouT [3]

COMPPFC [ 1]
SNSMAINS [2 ]
SNSAUXPFC [3 ]
SNSCURPFC [ 4 |
SNSOUT [5 |

SuPIC [6 |

GATEPFC [7 ]
PGND [8 |
SUPREG [ 9]
GATELS [10]

n.c. [11]
SUPHV [12]

N

TEA1716

24] SNSBOOST
23] RCPROT
22| SSHBC/EN
21] SNSFB

20| SNSBURST

[19] CFMIN

18] SGND

[17] SNSCURHBC
E n.c.

[15] HB

[14] suPHS

[13] GATEHS

->

Year 2012

First to meet
EUP Lot 6

TEA19161
supic [1] [16] sNsBOOST
sFB [2] [15] SNSCAP
[14] SNSCUR
GND [4] [13] SNSSET
SUPREG [5 | Ic [12] n.c.
GATELS [6 | [11] HB
ne. [7] [10] suPHs
SUPHV [8] [ 9] GATEHS
TEA19162
GATEPFC [1 | [ 8] SNSAUX
GND [2] c [ 7] PFccomP
SNSCUR [3] [ 6] SNSMAINS
supIC [4 ] [ 5] sNSBOOST

Year 2016

Digital Cycle-by-cycle

concept

->

LLC & PFC in single
SO16 package
MTP settings internal

TEA2016

SNSMAINS [1]
SNSBOOST [2]
SNSCURPFC [3
GND [2]
GATEPFC [5 |

GaTELS [8]

Hvs [7]

DRAINPFC 3]

[15] SNSCURLLC
[14] sNscaP
[13] suPIC

[12] Hvs

[11] HB

[10] suPHS

9] GATEHS

Year 2019 )

Programmability / Flexibility
single package

12 A
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1

) Vboost
e | i
|
Mains-N SUPIC GATELS —4
$ SUPHS == CsupHs
. fast GATEHS |E—}ksz
- disable
SNSBOOST HB s g
O] * out
LMél by
g GATELS | 7R st ¢
T
= Cout
H DRAINPFC RSETTING | — |
Oseci IC1 Viee Ogec?
L . DSA DSB
re ] GATEPFC 06 |
@.—u SNSCAP »{ l«
Ic _l_ | ' { .‘ SPAl rEarggsT [SPE ‘ }
RSNSCUR SNSCURPFG l [ SSA 558
==CR | lGND
RSENSE g T
—] SNSCURLLC " =
v SNSMAINS 1 1
GND
v SUPIC ﬁ
1 SUPIC i v
%‘;’ E > | ™~ '-?I = powergood :EZ

1; = CsupiC j?
A | i SNSFB g — -+ |/ [ %
[ . —

= Low eBOM count =» Internal reference voltage (Vref)

=> X-cap discharge integrated = Overtemperature PROTECTION (NTC for OTP)

= Power-Good signal to secondary side 13




SUPER HIGH EFFICIENCY AT LIGHT LOAD

Efficiency

ViV
/

piency as function of output power

| N

Efficiency results of LLC only of TEA2016
@800Hz for Burst Mode

ar

7o

70

65

G0

o S0 100

150 200 2350 300

Wattage of output load

EXTERNAL
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KEY FEATURES/ADVANTAGES OF TEA2016

Different conversion modes to enable highest efficiency over the complete load range

(High Power, Low Power & Burst Mode)

Full digital setting for over 80 parameters to reduce external components, protect own

design & chance to use lower end components

Very low component count

Low no-load power (<75mW)

Meets EuP lot 6 easily (<360mW@250mW load (Regulation: <500mA@250m

PFC OVP protection to reduce ~10 components

Much lower audible noise
v Operating frequencies to be outside the audible area at all operating modes
v Soft start and soft stop in burst mode, reducing the audible noise

. Accijur)ate transition levels between operation modes (high-power mode/lov
mode

SUPIC %Jy
- Fast load-step response to pass Vout stay at +/- 5% due to cycle by cycle & PFC aléjy—ays on %l 9
I

Active X-cap discharge integrated & UL certified
Adaptive non-overlap switching LLC & Capacitive mode prevention

Extensive Protections (OVP, OCP, OPP, SWP, UVP, OTP)

B;&%i t

fast
.

E?sz
- disable

SNSBOOST ks 7
HB | —rn
v I gl

GATELS = 7St [ é’ o1
i B
DRAINPFC RSETTNG

L,
tﬂ‘ GATEPFC
SNSCAS
c i L
: l
S%R SNSCURPFC [j L:'_‘
1l

GATELS
SUPHS = CsUPHS

GATEHS

Vot (OC)
|
I

powergood <

I L fast disable

v-power-fiode/burst somie
v SNSMAINS LLI
Csupic 3
by powergood SNSFB .Vr j
|

v
-
b
2aa-027839

Figure 2. Basic application diagram TEA2016AAT

L |
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TEA2016 GUI-RINGO %

B Ringo - TEA2016 Development — x

File 10 View Help + Search
Oppi Opp2
0 10 30 124 140 133

EM LP HP Pout {3} |

Protection status
Operation Protection ‘ Power Good ‘ ======== T b

fow Power Mode Feedback

C h a te rs HP-LP Transition level ~ 30% - D Opto coupler cument level  20ul [ )
p LP-BM Transttion level ~ 10% - D Burst Mode
= G enera I LP number of peaks 2 - D BM Frequency  800Hz - 9
- P F C dVicap offset  Om\/ - D BM Energy per Cycle Increase 1 - D
LLC Zero Power Slope  EmVius @ BM-LP Hysteresis ~ 50% -9
) Vdump level 2.6V - D Minimum cycles in burst 3 - D
HP-LP Hysteresis 20% - B Burston end by opto cumrent 2.5 - D P a ra m ete rs
Startup LP-BM delay time ~ Os - D
LLC softstart speed  7x - 9 BM LP hysteresis fiter 4 - 9 an d
Maximum (startup) frequency  350kHz - B Number of BM softstop cycles 4 - @ Setti n
LLC softstart current imit ~ 0.75Y - D Mumber of BM softstart cycles 4 - O g
SNSBOOST compensation  -1.4 - D Cycles 1 2 & 4
Stat 180 - 132 - B84 % o
Stop ¥ - B8 - 132 )
p‘ No connection “i\‘ NXP confidential W i ]

16 24



TEA2016 GUI-RINGOZ%

it

i Ringo - TEA2016 Development

File 10 View Help

| Operation

Low Power Mode
HP-LP Transttion level

LP-BM Transition level
LF number of peaks
dVcap offset
Zero Power Slope
Vdump level
HF-LP Hysteresis
Startup
LLC softstart speed
Maximum (startup) frequency
LLC softstart cument limit

SNSBOOST compensation

u &% No connection |
AR,

Protection ‘ Power Good |

20%

Tx
350kHz
0.75V

-14

— X
+ Search
Oppl Opp2
124 140 133
)
Frotection status

Info - Demo - [m] X

HP -> LP Transition Level A

The IC offers the possibility to make an independent choice for several mode transition levels.

High Power mode

The HP-mode operates in continuous HBC switching with a 50 % duty cycle, which is similar to the traditional LLC operation via

frequency control. This IC, however, obtains the result by VSNSCAP control, driving for voltage levels on the resonant capacitor
instead of switching by time/frequency.

In all operation modes, the VSNSCAP level determines when the gate drive is switched off. When the correct VSNSCAP level for
the required output power is reached, the gate drive is switched off.

The adaptive non-overlap function based on the HB end-of-slope detection switches on the gate drive.

Low Power mode

The lnw-nnwer made ic a kind nf hurst mnde at hinh renetition freauency_Tn this moda_tn nravide a hetter conversion
Info - Demo - ] X

' number of peaks that is
LP repetition frequency by number of peaks A

The repetition frequency of the low power mode (LP) cycles can be selected by parameter. A choice
can be made by defining the ringing number at which the next LP cycle must start. The selection

options are from 1 to 8 in steps of 1. unstable operation near

- O Opto coupler curent level - O
- o The ringing frequency of the HB node depends on the capacitance on the HB node and the inductance
Burst Mode e of the LLC. The values are depending on the converter design choices. The values are specific
. o - . for each application. .
- o BM Energy per Cycle Increase 1 - o A higher number of ringing
- O BM-LF Hysteresis ~ 50% - 9 A higher number of ringing in combination with a high energy per cycle will have a better efficency at \
low loads. But it also results in a lower repetition rate of the LP cycles. It should be avoided that the OUT_pulses
- O Minimum cycles in burst 3 - 9 repetition frequency becomes lower than 20kHz to avoid audible noise issues.
- o Burston end by opto cument 2.5 - o A higher number of ringing also leads to a larger output voltage ripple. A trade-off must be made for
the balance of properties. L TVOUT ripple
LP-BM delay time 05 - O
Al ber of ringil
-0 BM LP hysterssis fiter 4 -0 ow number of ringing
A low number of ringing results in a low cutput voltage ripple during LP mode operation. The gain in __— Vemu
- O Number of BM softstop cycles 4 - 0 efficiency at low power output can be less compared to a higher number of ringing. The amount is b
also depending on the energy per cycle (energy to the output during each LP cycle).
o o MNumber of BM softstart cycles 4 o o
- @ Cycles 1 b 1 4 Burst mode operation (test)
Stat 180 - 1322 - & - 36 - o BM operation consists of sequences of LP cycles. The LP switching defined by the number of peaks is
also valid for the LP cycles in burst mode operation.
Stop 3/ v B4 v 132 - 180 - @

MNAP confidential

A
lsecs [ [\
lSEC1

N
[
[




TEA2016EE : 5D EE R

SNSMAINS [ 1] [16] SNSFB SNSMAINS [ 1| [16] SNSFB
SNSBOOST [ 2] [15] SNSCURLLC SNSBOOST [2 ] [15] SNSCURLLC
SNSCURPFC [ 3] [14] sNscAP SNSCURPFC [ 3] [14] sNSCAP
GND [4 ] 13] suPIC GND [4 | ) [13] supPIC
GATEPFC [5 | [12] HVS GATEPFC [5 | % [12] SDA
GATELS [6 | S 11] HB GATELS [6 | : 11] HB
Hvs [7 ] 10] SUPHS scL [7] 10] SUPHS
DRAINPFC [ 8] | 9 | GATEHS DRAINPFC [8 | | 9 | GATEHS
TEA2016AAT TEA2016AATdev

TEA2016AAT pin configuration (SOT109-1)

Difference: High Voltage Spacer pins are used in the TEA2016AATdev version for an
additional I12C channel to enable changing settings during converter operation.

18
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TEENNAEFRPEIGUIEHITTEA2016Z 8 w1z

Example:
Via GUI set burst mode
frequency to 200Hz NN

- = = =

_____________________ s e Y
N T 4:85ms vl 31350 ¥ .
1/4T 206.186 Hz Y2 121,50 V AV 252.00 V

Isolated

5V = pc #pc +5V (I°C)

19




TEENNAEFRPEIGUIEHITTEA2016Z 8 w1z

gOKOG'AWAQ 2016/11/1 15:07:08
toppe:
1 200 vAdivem

Example:

Via GUI set burst mode
frequency to 1800Hz

Isolated

5V = pc #pc +5V (I°C)

20
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TEA2095 MBESFL

Based on TEA1995:

- Adaptive gate drive for maximum efficiency at high load and low load
(optimized switching losses)

- Supply current in no-load reduced to ~100uA

- Very wide supply voltage range from 4.5V to 38V

- 2 channel SR for LLC resonant in a SO8 package

- SR control without minimum on-time and without reverse current.
(For optimized efficiency and enabling high frequency)

- Adaptive gate drive for fast turn-off at end of conduction

New functions:
- Less high voltage spikes (lower Vds Mosfets)

- Lower / selectable driver regulation level to support lower —_—
Rdson mosfets (higher power levels) Sl e
- Add a protection to prevent both mosfets to erroneously be driven JE} 7 E
at the same time ; |é
- Support 1MHz switching frequency B e T T
fl el b
IED




DSA

SSA

DsSB

SSB

'EA2095 -

~TEA1995H7

VCC

DRIVER
SUPPLY

enable

v

VANDI 5V VOLTAGE
REFERENCE REGULATOR LOCKOUT
ENERGY SAVE
TEA2095 CONTROL [ LOGIC
turn-on J  TURN ON
on regulation

off regulation

turn-on

SWITCH OFF

1>

Fast
turn-off

INTERLOCK

disalle

r

on regulation

off regulation

Y
'II TURN ON I—»

+ + +
l\{ -400 mV {\J_C | +150 mV

[

7

= |
-1
L]
i |

4>| SWITCH OFF I—’

{>

Fast
turn-off

¥

— GDA

|— GDB

GND

X Al

Changes in red

Larger sink current
Lower gate pull-down resistance
Lower regulation level to 25mV

Interlock function: no simultaneous conduction of both the mosfets
(shoot through protection)

Supply current in no-load ~100uA

Available in standard SO8 package and in
thermally enhanced HSO8 package with exposed die pad

n R RMm
- 8 B »

TEA2IM5TE

HSO8 package

23 VA N



PH}[I

TTEA209589 1,

Vout (DC)

T

bsB
TEA2095
in SO8 °08
ssB
GND

Mains-L
J_ Louu A J_
N 2288
|
Mains-N m SUPIC r] GATELS —|>|
CSLIPHS
LY SUPHS T a
R SNSBOOST GATEHS 82|
L
[ E TEA2016 | >
DRAINPFC
s1 e
GATELS |I‘
{ | GATEPFC
/A
SNSCAP I
1
Ronscur SNSCURPFC I I—:p_|
7
Rsense 7 4
—
SNSCURLLC 1
1
GND
SNSMAINS %
SUPIC
SUPIC 1
L 0N .
CSUPIC
P
o Z
S1 SNSFB

iH

_LU/
_|_

al

/I/SD

@31

24
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TEA2208T- ¥ it 3 5 17 3 122 4 12 7+ 2 o

\
/

< V ot
D1 A Ds & QLlE} QilE}

o—v o
v )

o

D2 A D4 A Qi,E} QilE}

0 | o

=]

Efficiency features
e Forward conduction losses of the diode rectifier bridge are eliminated
e \ery low IC power consumption (2ZmW).

| ]
L |

26
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TEA2208T- ¥ it 3 5 17 3 122 4 12 7+ 2 o

Application features
e Integrated high voltage level shifters
e Directly drives all four rectifier MOSFETs
e Very low external part count
e Integrated X-cap discharge (2mA)
e Self-supplying
e Full wave drive improving THD
e S014 package

Control features

e Under voltage lock-out for high side and low-side drivers
e Drain-source overvoltage protection for all external power fets
e Gate pull-down currents at startup for all external power fets

| ]
L |

27



TEA2208Tx o=l ( Bl X-CAPINE )

VR
YCCH WCCHR
CCHL oo verdHA——F—
chi GATEHL ,..-"'f Lewel Level ) GATEHR Chr
— :H‘ —_f“--.HJi E':: r :hrh‘ ] \\?:)__ - ‘H: ——
L R
control T TN
ava
| |V Y
GATELR | ITI |
GATELL /] |‘~\ | !
JFe b
/N
/ Y
[ Vac Supply VCC
| | —
I | | Xcap disch
| | Cwee
\ [
N/
S GND

N7
VA N

28



VCCHR ‘

VR
WCCHL
A VEC veo{=
GATEHL - - Leavel | | Leavel IAI“H‘ ., GATEHR Chr
- J shift shift L - ——
L R
control
GATELR
GATELL | | |
e
Supply vee
+ —_—
Xcap disch
Cvecc
GND
Vac

-FT B R FRRIRY ERP

At startup do not turn on Mosfets at zero
crossing but wait until VR=Vac. Turning
on the mosfets at the zerocrossing will
short the 0V mains to a large charged
capacitor at VR. This would give large
currents and dissipation peaks in the
mosfets which will impact reliability.

VR

f.f"
A

..\. /!
\ /
.

Solution: every gatedriver has a Vds
protection, (can easily be realized in
S0, not in bulk)

gate

If Vds=10V gate=0W1

29



TEA2208TE /RN

L YR

VICCHL HVS
'—

f[lil:

appiav 1
4 2
|PT.suRugg(;ﬂ }—;E GATEHL & GATEHR| 2 PT60R028GT
o
[+]Hvs  © veehr|™
= — 22004y
® [=|GATELL = r|1] ®
— e as[d
7| GND GATELF!EI—L
IPTBDRD2BG]’] I — —I EPTBD RO28GT
2. 2uM4V
(] =
|
. =

U U
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TEA2208 TR R 14

Efficiency compared to diode bridge at 90Vac, Pout=240W
= RdsOn=95mohm Eff=90.4%

- Rd50n=46m0hm Eﬂ:=91 00/0 ——THD diode rectifier TEA2016 —8—THD active rectifier TEA2016
40
» Diode rectifier Eff=89.7% 35
(Thridge=60degC at P=4W, confirms the efficiency gain) 30
= Efficiency gain is 1.3% / 4W L
T 20

. . =

= At lower RdsOn switches, some more gain can be expected 15

10

Efficiency with 100mohm bridge switches

——Eff SR ——Eff diode 0 50 100 150 200 250 300
0.94 Pout
092
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