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UCC2871X Product Family

Constant Voltage, Constant Current PWM
Controller with Primary-side Regulation

Veik VReG Ree

RpL

i ea’”’ 05 TCBLK Npé‘ . Ns Cou?l— Vour
= : <

+ <10mW no load power (at 5-6W Pout) VAC

* Internal 700V HV Start-up JFET - U%%??;( X New AC adapter,controller

for mobile charging

Primary Side Regulation (PSR) eliminates opto-coupler o Vamx

/ | I ;2{ _L VDD  HV[|—
+/- 5% Voltage & Current regulation N =
Y g S% T ok

100 kHz max switching frequency enables high power density

charger designs VS eslwa
« Different minimum frequency options to meet lowest cost/highest Rs2 TBD Rie iRCS
performance solution = GND =
* Quasi-resonant valley switching operation for highest overall —
efficiency Part Minimum
- Frequency jitter to ease EM | Number Frequency TBD Pin No Load Power
« Wide VDD range (35V) allows small bias capacitor UCC28710 680Hz CBC <10mWw
* Drive Output for MOSFET ucc2s711 680Hz NTC/SD <10mW

* Protection Functions: Over Voltage, Low Line & Over Current
+ SOIC-7 Package

‘””Iipﬂ’i”lls UCC28713 680Hz NTC/SD <10mwW

UCC28712 680Hz NTC/SD <10mW

uccag714 340Hz CBC <<10mW
» Universal charging Solution AC Adapters UCC28715 1 5kHz CBC <30mW (1 o/p cap)
* Low Power AC/DC SMPS
» Power metering
* Auxiliary/Standby Power Supplies
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UCC2872X Product Family

Constant Voltage, Constant Current PWM
Controller with Primary-side Regulation

Features SO = By

* <10mW no load power (at 5-6W Pout)
Internal 700V HV Start-up JFET VDD wv [ 8 -
Primary Side Regulation (PSR) eliminates opto-coupler Ns

+/- 5% Voltage & Current regulation

80 kHz max switching frequency enables high power
densitycharger designs

« Different minimum frequency options to meet lowest cost/highest
performance solution

* Quasi-resonant valley switching operation for highest overall V4
efficiency

» Frequency jitter to ease EM |

» Wide VDD range (35V) allows small bias capacitor

* Drive Output for bipolar transistor - BJT

* Protection Functions: Over Voltage, Low Line & Over Current
» SOIC-7 (UCC28720) or SOT23-6 (UCC28722)

Avnlications

UCC28720

* Universal charging Solution AC Adapters Number Startup No Load Power
* Low Power AC/DC SMPS UCC28720 HV JFET <10mW
* Power metering :
. . UCC28722 Resistor <50mwW
* Auxiliary/Standby Power Supplies
i3 TExas
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Primary side Output Voltage Sensing

v Aux winding voltage sensed through resistor divider on VS pin
v Output voltage is sampled at end of secondary current conduction time
v Eliminate IR voltage drop during conduction time of secondary current
v VS signal discrimination to reject leakage current spike and ringing
v Variable blanking time on VS pin for minimum and maximum current:
v' UCC2871X:570ns to 1.7us
v' UCC2872X:1.2us to 4.8us
Sensmg point

(VotVr+lsRs)Na/Ng ------ l\\ l\
Ref (0V) V/\
- (VBLK)NA/NP —————— I— |

Aux winding voltage
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Constant Output Voltage Regulation

v Control output voltage to achieve +/-5% voltage regulation meeting USB
standard requirement

v' Precise internal reference to tight regulation
v VS internal 4V reference with +/-1% accuracy

v" Temperature compensation for output rectifier voltage drop
v'0.8mV/°C on VS reference, equates to ~1.1mV/°C on Sec winding
v" With 5:1 VS resistor divider, 1% resistors, divider worst case tolerance dominates at 1.6%

v Optional cable compensation available
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Primary side Control Constant Current

Regulation

v" +/-5% Constant Current Regulation

v Primary Side Current Regulation
\ cC regulation based on lpri Pk and demag time duty cycle (Tom/Tsw)

e regulation occurs at Ipri Pk max. Constant current regulation loop occurs When
Tom/Tsw is 42.5%. As Vout is reduced, Fsw is reduced to maintain constant TDM duty
cycle of 42.5%.

lout = %2 (Isp) * Tom/Tsw

loutr = %2 (Ipp*Np/Ns) * Tpm/Tsw
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Device Features: HV & VDD Pins

Startup, UVLO

IVEILI(

Rie
GND

v IC HV startup current: 250uA typical
v' UVLO Turn-on 21V, Turn-off 8.1V

= Allows small Vbp capacitance

IHV
) L

uvLo
""

4.05V + Vgys

5
"S

¥ .

MANAGEMENT

l4—O0C FAULT
power |3 00 AT
«—TSD/SD FAULT
-—LINE FAULT

VALLEY Vow
b

> Vesr
—= OV FAULT

CONTROL

!

5V

LAW

SWITCHING

SECONDARY
- TIMING

DETECT

lvsis
LINE

FAULT
UCC28710114/15 ! Vevs = lege x 3 kQ } : ucc2871111213 sv
CABLE av-v | I |
comPENSATION[* L oo | Tsomo nre
\ | | FAULT
g 28 kQ
CBC| AN ‘ | |

/l: A\
!
o
<

g
i DRV
L j
1/ fow
- 200 kQ
—
LM_ y
CURRENT
REGULATION Veer
> sense | s |vsLs-‘ Kic
—
! 10KO LINE OC FAULT
22V/080V

=
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Device Features: CS Pin
b, Control and Fault

I\"‘EILI(

IHV

()

uvLo
21V/8V

T

POWER
& FAULT

|=—0C FAULT
|+—0V FAULT
l—TSD/SD FAULT

Output MANAGEMENT l—LINE FAULT
ucczs7i1o Voltage
* solc-7 V) o] L 405V + Vv
|_
DRV 4| |
L, VALLEY Vowe
VS SWITCHING
cs
LC - ’_
CBC e 2, | [FEeooa comen | <\
DETECT REGULATION Vesr
GND | e N
%7 T o LINE : Ii
’:’ SENSE ﬁs vsis ! Kie )
B I e
22vio8ov
. I " uccasrionans 4 Vom=lecxska | | “yecosriinzns sy | |
v loe SENSINg: . i | |
PRI g : COMIEQE;ETION‘_H 0 V-Vousiman : : fure :
v Control peak current (0.19V to 0.78V) | , - F | | FauLr |
BC 28 k
. . | leac] , [ [
during regulation | loac———— W | L vl |
v Qver current fault (1.5V)
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Device Features: CS Pin
o Feedforward with Line

1I""IrES'l'
Vest = VRic =21 ——21 lpp = Vst / Res

———————————————————— Vbulk |
Low Line |
Vds |
o :"FT{:I
|
|
V-::ST—L) lpp = VesT /R
]| VCST _ VRLC FF CST CS
ldrain — | < lpri
High Line
Real peak current is higher Peak current error is
than expected proportional to line voltage

v Line Compensation results in excellent CC regulation over line range
V' cC regulation based on primary side peak current and de-magnetizing time duty cycle
v Compensate IC internal delay and gate drive turn off delay to control Ipri Pk over line range

v Compensate for additional transformer primary peak current due to MOSFET Vds turn off rise
time. MOSFET dv/dt determined by lpri and total drain capacitance.

10
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Device Features: CS Pin
I, Feedforward with Line

v' Adds offset to the CS signal

v" Provides increasing offset with increasing line, program with
R ¢ value

v Current out of CS pin is 1/25 of current in VS pin during
MOSFET on time.

1I""IrES'l'
Vest - VRie —— 21 lpp = Vost/ Res

With Power FET on,
o Vaux Vaux = Ve * Na/ Np

EE; &=

V5

Tamoft High Line
Delay - Td
A A
(] L[ R  — Kic xRgy X Reg Xty X Npy

= LC
1L — Vst L

LEB P
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o Feedforward with Line: Benefit
Constant Current without Line Compensation

v V/I Curve of with Line Compensation resistor at 0 Ohms (No Line Compensation).

\ cC regulation +4/-4%: 90V to 264VAC and Vout from 4.7 to 2V.

20 W 0 O

4.75 Eed
45 =
4.25 Tl

4 N

3.75 . K
35 ) S
3.25 .
<) 3 i
S2.75 4
2.5
L2025
2

1.75
1.5
1.25

11 —e—vo_Ps gov
0.75 1 —m—vo ps_115v
0.5 7 Vo_PS_230V

0'23 | Vo_PS_264V

-2.44E0950.10.150.2 0.250.30.35 0.4 0.45 0.50.55 0.6 0.65 0.7 0.750.8 0.850.90.95 1 1.051.11.151.2
lo (A)

t=—t—¢
|
\
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o Feedforward with Line: Benefit
Constant Current with Line Compensation

v V/I Curve of With Line Compensation resistor selected

\ cC regulation +0.5/-0.8% : 90V to 264VAC and Vout from 4.7 to 2V.

RLC=4.42kQ

5.25
4 N

4.75
45
4.25

4

3.75
3.5
3.25
3
S275
2.5
L2025
2

1.75
1.5
1.25

1,
0.75 -
0.5 1

0.25
0

I N O A

—e—\/0_PS_90V
—m—Vo_PS_115V
Vo_PS_230V
Vo_PS_264V
1 1 1

0 0.050.10.150.20.250.30.350.40.450.50.550.60.650.70.750.80.850.90.95 1 1.051.11.151.2

lo (A)
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Device Features: VS PiIn

Primary Aux Sensing

IVEILI(

‘ l CEH icm
VAC

ucc2gri1o
SOIC-7

VDD HV

DRV

V
S Cs

CBC

GND

N~

[
a3
—

Rie
RCS

v Eliminates the need for an opto isolator

v" Detects Zero Current to initiate timing for
voltage or current regulation. Detects zero

-
E I RPL%
ij ‘ ‘ Ns Corr Vour
. 1 T

Output
Voltage
(V)

voltage to initiate valley switching.

v" Ng/N, and Rg,/Rg;, ratio controls
v Output Voltage (Vout)

v Input Voltage Enable (V\y un)

v Output Over Voltage Protection (Vgyp)

————— —

luy
/-\?\\

POWER |-—OC FAULT

&FAULT [*
MANAGEMENT
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Device Features: VS Pin
Primary Aux Sensing

ucczgr10
SOIC-7

VDD HV —

VS

CBC

GND

~

l—
| e
DRV H

CS —vWA—+

. r
T r )
S DR
L

Output
Voltage
(V)

v" Primary Aux Sensing (VS) N s=N,/Ng
and Np,=Np/N, Controls
v Output Voltage (Vout)
v AC Input Enable (Vyqun)
v Output Over Voltage Protection

(Vove)

The high side resistor and
Np/N, ratio determines AC
line turn on voltage

Ivsirun) = 225UA
i VIN(run) X \/E

Npax |VSL(run)

S1

The resistor divider N,/Ng
ratio determine Vg1

Vvsr=4.05V Vove = 4.60V

B Rs, xVvsr
" Nasx Vour +Ves) —Vvsr

Note: Vg is the secondary
diode V. at very low
current
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Voltage Regulation Control Law:

Frequency and I,

faw (1 / MINP)

33 kHz —

3.3 kHz

A
100 kHz —

Control Law Profile in Constant Voltage (CV) Mode

FM

fSW {min}
|

FM —

T lppimax

lpe (peak primary current)

I lF'P-:max'; 14.0

v Combination of frequency modulation

| I I |
075V 13V 22V 355V

Control Voltage, E/A Qutput - Ve

, and peak current modulation

Y

5V

v' Extended PFM modulation results in wide dynamic range, 2300 to 4700

v UCC28711: Fswmin 680Hz,

2300

v UCC28714: Fswmin 340Hz, 4700
v' UCC2872X: Fswmin 650Hz (28kHz fg,, during AM range)

v Frequency modulation results in fi

at efficiency curve.
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Voltage Regulation Control Law:
Frequency and I,

— IF'Ptmax: Jf 40

Control Law Profile in Constant Voltagk (CV) Mode
A
100 kHz 4 hecesccccceccn. T lppimax)
o
=
=
q_% R lpe
':" fsw =
33KHZ —femmmmmmcamcnaeacann / 4 4
I FM I AM FM—s
Tawiming
3.3 kHz 1 R
| | [ >
075V 1.3V 22V 3.55V 5V

Control Voltage, E/A Output - Vg,

v Vg 3.55V t0 5V, Vgeg = 0.78V

v lpg S€t at Max

Aux

cs

DRV

TLIC_ItE SET

I

L

al

e
VN

N

|
| ton [To | s F—te it

ov

v Transformer designed to Transition mode limit at max power and minimum Vin.
v A delay is added/adjusted (tzp) to adjust frequency (33 kHz to 100 kHz (IC limit))

v" Controller will not turn on DRV until VS zero voltage is detected and ty has timed out (150ns
UCC281X, 300ns UCC2812X)

v This achieves vailey switching
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Voltage Regulation Control Law:
Frequency and Iy,

TLK_RESET
Control Law Profile ih Constant Voltagla (CV) Mode ! "1 | : L
! I s B
|
100 kHz — Ao mmeenseans T IPP{max:l | | /_\i |
‘ - i | |
S Aux : : : ov
= = i i
s : ' | :\/ N U \
| [
£ : A I RV
: : o
L
| 1
K s faw o cs | | | [
’ =9
33kHzZ —---smmmmmmmememe e 21— lppimax / 4.0 ! l : : ! oy
P—Y AM FM—> ! o o
. N i | | |
SWimin} | | | I
3.3 kHz — 1 | ! L
- | | [
| | los | | | I
075V 1.3V 22V 355V 5V | | | | oA
Control Voltage, E/A Output - Ve, | L I
| | i
| | |
DRV ' [ |
I I ! ov

| ton [To | s F—te it

v VE/A 2.2V to 3.55V, VCS = 0.19V to 0.78V
v Converter is operating deeper into DCM
v Frequency is Fixed 33 kHz (28kHz for UCC2872X)
v Power is Controlled by Adjusting CS amplitude (AM) from IPP(max) to 1/4 IPP(max)
v" Valley switching as long as can be detected
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Voltage Regulation Control Law:
Frequency and Iy,

TLK_RESET
Control Law Profile ih Constant Voltage (CV) Mode ! "1 | : L
| I s B
|
100 kHz — + Ippiman i | [\‘I I m
-~ | | i
S Aux : : : ov
= = i i
s : ' | :\/ N U \
| [
£ g B I VAR
: : A
- | o
| 1
K s faw o cs | | | [
’ =9
33kHzZ --=-=mmmmmmmmem s 21— lppimax / 4.0 ! l : : ! oy
P—Y AM | FM—> ! o o
. N | i | | |
SWimin} | | | I
3.3 kHz — 1 | ! L
- | | [
| | | los | | | I
075V 1.3V 22V 355V 5V | | | | oA
Control Voltage, E/A Output - Ve, | L I
| | i
| | |
DRV ' [ |
I I ! ov

v VEIA 0.75V t0 2.2V, Vg = 0.19V o [T T Retet
v" Power is Controlled by adjusting tzp at IPP(max)/4
v" Frequency is adjust from 33 kHz down to 680 Hz depending on E/A out
v IPP is fixed to 1/4 IPP MAX
v" When E/A drops below 0.75V frequency is fixed at Fswmin

v Fswmin: 340Hz (UCC28714), 680Hz (UCC28710-13), 1.4kHz (UCC28715), 650Hz

(UCC2872X)
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Device Features: CBC Pin - Cable
Compensation, UCC28710/14/15, UCC2872X

VELI{

Ds
. r .
Can —T—Cﬂz ij” Mg CM% RPL% Vaur VCBC: I*R
il £

UCC2871x Voltage
solc-7 V)
o Viux Da
W i O e Vegey =V @ CBC (Pin3)  Vysg = VS Reg. Point
Rs1 icm DRV |:
Vs sl Vegem =3V Visg = 4.0V
" BC/ R
N iﬂﬁ R _ Vesem X3kQX(VOUT +VDS)_28kQ
ND CBC — V. vV
uE vskR X Veae

v" Devices have a cable compensation adjustment (Rqgc)
v" Compensates the IR drop from the cable
v Moves with load
v Maximum cable compensation with R-g. low
v Minimum cable compensation with R.g- open
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Device Features: NTC Pin
NTC Shutdown UCC28711/12/13

_T_ g "J H * —_—_—— e e — =
Cay Caz PL
0 l ° l “PjH NS co Vour I uccasri1iana 5V

Qutput

UCC2871x Voltage
solc-7 (V)

FAULT
. Vaux D.n.l * VireT
N h L VDD HV — a - & NTC
a
Rs1 gcm DRV |: l'

A
i S CS —W\—9
BC/ Rie
Rs
N iRcs
i
XND

v UCC28711/12/13 has a pin for an NTC thermistor
v Programmable Thermal Shutdown
v" Pin sources 105 UA (Iyrc)
v" Part shuts down when less than 0.95V (Vrcth)

TSD/SD

— — — — — — — — — —
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Device Features: DRV Pin UCC2871X

Gate Drive
Ve DSP
AN 1 Re -
S aD DEEL
. .
VAC Output 25mA
% Voltage m
uecaert v @
Vax DA DRV
* p L VDD  HV [ :
e Rst Coo - 14V '
g PRY . 200k (max)
VS | —
5 CBC/ Ric = =
i ” . NTC iﬂcs JI: RDSON = 60
CBc Cz.;":}
GND
v" Gate Drive
v" Internal gate pulldown resistance
v" DRV limited to 14V
v" Current source turn on to limit MOSFET turn on dV/dt
v" Turn off 6Q low side switch
i3 TEXAS
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Device Features: DRV Pin UCC2872X
Gate Drive

780mV

Voltage at CS pin to
terminate cycle

VDD

37mA

190mV

Driver output
current

* * 6 | DRV

§20 kQ

50mA

v

14T

15mA

v Gate Drive
v" Internal gate pulldown resistance, 20kQ
v" DRV limited to 6V
v Current source output for driving bipolar transistor base
v" Drive current varies as peak current varies to optimize transistor drive and
v" minimize storage time
v" Turn off 1Q low side switch
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Startup/Fault

VAC

VELI(

uCcC2871x

SOolIC-7

Qutg
Volta
(v

VDD

VS

CBC/
NTC

GND

HY

DRV

<~

v' Sequence:

v Fast start up

Ds
. r
T res
T
.

Normal Startup

UVLOon

lll"'IIDI:I

o [N —
©° wAA

v VDD charged through HV startup switch to 21V (UVLOg,)

v' 3 gate driver pulses are initiated @ UVLOg, at 1/4 IPPmax
v" If no fault detected, control law dictates operation
v" If fault is detected switching stops and UVLO is initiated
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Faults that Initiate UVLO

v" Output over-voltage: Vg1 > 115% Target (4.6V on VS pin)

v" Input under-voltage (IVS < IVL(run) or (stop))
v' Start current on VS pin is 225uA, stop current is 80uA

v" Internal over-temperature( > 165 °C J-)
v Primary over-current (CS > 1.5V)
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Fault UVLO Seqg

VELK

UCC2871x
SOIC-7
VDD HY
—
|-
DRV [
VS
S —n—ra
CBC/ e
NTC incs
GND

v' Fault Sequence:

uence

[ ] N .
S OEET
o+

Qutput
Voltage

V)

UVL Oy

1III-"III:'ID'

UVLOqrr

DRV lll

i

Cs L

& lrun
IDD \ lFaLLT

|EIHRT

v" All faults require 3 events to initiate UVLO recycle.
v' After 3 fault cycles, switching stops
v IC goes to Iy 7 (95UA) draw on Vpp cap
v When Vg reaches 8V UVLOg, restart sequence begins with HV switch enable
v Vpp capacitance and I, 1 determine fault cycle time

v" All faults recycle and restart
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Design Tips and Recommendations

v" PSR Limitations on load transient, output capacitance
value.

v With PSR the output can only be sampled at the Fsw.
v" At no load to load transient, output will not be sampled until next cycle.

v Determining basic transformer parameters
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Design Tips and Recommendations

v" Common Problems With PSR Flyback Designs

v Excessive low frequency ripple on Vout, usually at lighter loads
v" Vout regulation at no load, high line

v V/I Curve: Voltage out of regulation before Constant Current limit
v" Standby (no load) power too high
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Design Tips and Recommendations

Tradeoff between Standby Power and Transient
v Standby power can be further improved by lower switching frequency

but limited by transient response

v Due to the primary side control, the output voltage is only sensed after

switching
v Worst transient response happens at the minimum switching
frequency 5000
L ——0.5A,0.2V
L 4500 0.5A, 0.4V
———————————————— — \ 0.5A, 0.6V
| I_NO g 4000 \ ——0.5A, 0.9V
| —--i— ----------------- - § 3500 \
L % 3000
L g 2500
N L § 2000
________________ i___ | __________________.ﬁjfo g 1500 \\ \\\
L £ 1000 | N
I | 1 1000 i \\
Lo Ss_min 500 —— e ——
0 ! =]
CouT = Al 0 500 1000 1500 2000 2500 3000
Switching frquency (Hz)
AVox fs_min e !

To keep reasonable output capacitor value ~820uF, the minimum switching

frequency is selected as 680Hz

29
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Design Tips and Recommendations

Determine Transformer Parameters

v' Example will assume a 5V charger targeting USB specs: Constant
current source to 2V.

v" The minimum voltage on the bulk capacitors has been calculated.
v Turns ratios

Dwmac = 0.425 Maximum secondary duty cycle
SetinIC
Tr x Fmax Determine primary max duty cycle.

Duax=1-Dwmas——— Tr is DCM resonant frequency
Fuax IS target Fsw of converter at full load

Nps — DmaxxVBuLk(min) Maximum primary to secondary turns ratio
Dwmacx (Vout + Vs +Vesc) Vg IS secondary rectifier forward drop
Vgc IS cable compensation votlage

Aux to secondary turns ratio
V4 Is aux rectifier forward drop
Voutee IS minimum Vout target in const current limit. .,

Vob(off) X VEA

Nas =
Voutcc+VEs
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Design Tips and Recommendations

Determine Transformer Parameters
v Turns ratios from before.
v" Determine Iog, based on Npg and CC target
v Inductance based on standard equation
v Check to,min @nd thyacminy target 300ns and 1.2us

louTcc At constant current limit, Npg and primary current
determine |5, r average. Duac= 0.425

PRI Pk =2
Dwmacx Nps
Nxevr 1S transformer efficiency including leakage,
2% (Vout+Vrs +Vesc) x loutce  qrefcopper loss, and bias power. 0.9 is
Lpr; — TIXFMR good assumption.
Ipri Pk X Fmax V¢ Is secondary rectifier forward drop
Vgc IS cable compensation voltage

tonmin = Lerix leri_ P xVestgmin Vestmin IS Minimum CS threshold.
Vingmag X /2 X VesT rax) Vistmay 1S maximum CS threshold.
tomagming = tonxVinran x 2 ton IS primary on time at minimum CS threshold.

Npsx (VouT+VFrs) 3
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Design Tips and Recommendations

v" Common Problems With PSR Flyback Designs

v" Excessive low frequency ripple on Vg 1, usually at lighter loads
v Waveform on aux winding/VS pin: Result in no or incorrect Vq,,; sensing
v Too much ringing during all of Dmag time can result in no sample
v' Leakage reset pulse is too long, beyond blanking time, incorrect sample
v Don’t probe the VS pin directly with a scope probe, examine aux winding

v V/I Curve: Voltage out of regulation before Constant Current limit

v" Converter reaches power limit before constant current limit at nominal Vg1,
usually at low V,

v" Transformer reaches transition mode limit at low line before P4, max
v Increase turns ratio, or increase Vg « min (larger cap)

v" Converter reaches Fy,,y limit of IC
v" Increase transformer inductance to reduce Fsw

13 TEXAS
INSTRUMENTS




Design Tips and Recommendations

v" Common Problems With PSR Flyback Designs

v Standby (no load) power too high
v The converter can not meet standby power target, and Fsw is close to IC
minimum limit
v Too much energy in IPP minimum pulse.
v" Too much Drain node capacitance
v IPP min is too high

v" Vout regulation at no load, high line
v" Converter is running at Fswmin limit, cannot reduce Vgt
v Vgur preload resistor is not low enough value
v" Too much energy in IPP minimum pulse.
v" Too much Drain node capacitance
v IPP min is too high
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Design Tips and Recommendations
Vout LF ripple, V,x waveform

TLK RESET
Ve + Vg -

-
VAC -
. UCC28710 \l
; L solc-7 Y :'l' VS fing p-p W‘W\M
o NS VDD  HV | \ 1 /-\
Na R H :
Rs1 ic”” DRV ||'t
S esl— U
- C Rie :
R - CB iRCS | “—T':'M—]"g
% GND
v : : Aux winding voltage
VS Signal Leakage Reset Spike (T « reset)

v" Keep T1 Primary Leakage < 5%
V' Tk reseT < 2.4Us @ lpp Max
V" Tk reseT < 600ns @ Ipp Min
v T« _reset Can be reduced by increased clamp voltage
v’ Clamp diode recovery time will affect Ty reser-
v Look at fast aux diode (25-50ns) and 250 to 500ns clamp diode.
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Design Tips and Recommendations
Vout LF ripple, V,x waveform

V TLK RESET
BLK

+ Vg -
icm iCEz _L Np | ;NS CourT RPL% \ Tsurs
I
VAC |

UCcCc28710 \l
solc-7 ,]'
=Y S ring p-p -
VDD  HV | 1
[
DRV — U
VS CS —W——s
CBC Ric
Res | A—Ton —e
¢ GND

Aux winding voltage

v VS Signal Leakage Induced Ringing (VS ring p-p)
v' Leakage spike induces ringing

v" Ringing on the VS pin needs to be <100mV p-p for at least 200ns
before the knee

v On Aux waveform ringing target is 100mV x (RS1+RS2)/RS2
v’ Increase damping by increasing R,y value.
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Design Tips and Recommendations
V/I Curve, Vg ; out of regulation before CC

RLC=4.42kO / Vout droop
ST T T T I L T [T I T T [ T T T T |
5 - : | 5

(—
4.75 ——
4.5
4.25
4
3.75
3.5
3.25
3
S2.75
<25 4
gz.zg ol
1.75 e
1.5
1.25

1 1" —e=vo_Ps gov
0.75 1 —mvo_Ps_115v

0.5 - Vo_PS_230V
0-28 ] Vo_PS_264V
0 0.050.10.150.20.250.30.350.40.450.50.550.60.650.70.750.80.850.90.95 1 1.051.11.151.2
lo (A)

v' “Sagging” V/I Curve

v" If Vout drops before CC limit at low line only: transformer is at TM limit
before max power at low line. Decrease Np/Ns, or increase input cap.

v If Vout drops before CC limit at all line conditions: Fsw is reaching IC limit
of 100kHz before full power. Increase primary inductance, lower Fsw.
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Design Tips and Recommendations
Standby Power Too High: Dynamic Range

P.=1 2L f, P = Lo

in_min pk_min
2

in k
2p

-Must have reasonable expectations!
-Will not achieve 10mW at 15W Pout!
<8mW achieved at 6W
~20mW achieved at 15W w/SR
-Keep total Drain node capacitance low
-Transformer construction

-MOSFET
6W design example at 230V AC
Pin min IC Snubber Coss (50pF) associated loss Total
2.6mwW | 2.0mwW LMW 3.5mW 8.1mW
Wide control dynamic range achieves low stand by power 37
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Tl Low Power Flyback Solutions

PSR HV Start Device NTC CBC
UCC2870X Yes No MOSFET Option Option
UCC2871X Yes Yes MOSFET Option Option
UCC28720 Yes Yes BJT Yes No
UCC28722 Yes No BJT Yes No
UCC28740 No Yes MOSFET No No
UCC28910 Yes Yes Integrated Yes No
MOSFET

« TI provides varies solutions targeting for low power AC/DC adapters
« Solutions with primary and secondary side regulation

« MOSFET and BJT driving capability

* Minimize cost and standby power
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THANKS!




55 W UCC28710 Schematic

Validation Board
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5.5 W UCC28710 Efficiency
Validation Board

UCC28710 Rev 2.2 IC

5W Charger Efficiency Vs Po
At PS Terminals

Efficiency (%)

~ ~
W N

~
N

—e—Eff_90V
—8—Eff 115V

71
A Eff_230V
e Eff_264V
70 T — T
0 0.5 1 15 2 2.5 3 35 4 4.5 5 55
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55W UCC28710 No Load Power
Valldatlon Board UCC28710 Rev 2.2 IC

5W Charger: No Load Power Vs Vin

12

11

10

Pin (mW)

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
VAC (VRMS)
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15 W UCC28710/UCC24610 Schematic
APEC Demo
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15 W UCC28710/UCC24610 Efficiency
APEC Demo UCC28710/UCC24610 Average Efficiency

15W Charger: Efficiency Vs Po 115V: 87.6%
At PS Terminals 230V: 87.3%

90
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Efficiency (%)
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—m—Eff_115V

7 o Eff_230V

% Eff_264V

0 1.25 2.5 3.75 5 6.25 7.5 8.75 10 11.25 125 13.75 15 16.25
Po (W)

78

76
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15 W UCC28710/UCC24610 No Load Power
APEC Demo

UCC28710/UCC24610
15W Charger: No Load Power Vs Vin

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
VAC (VRMS)

TEXAS
INSTRUMENTS




