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Current Mode Resonant
Controller, with Integrated
High-Voltage Drivers, High
Performance

NCP1399 Series

The NCP1399 is a high performance current mode controller for half
bridge resonant converters. This controller implements 600 V gate
drivers, simplifying layout and reducing external component count. The
built-in Brown-Out input function eases implementation of the
controller in al applications. In applications where a PFC front stage is
needed, the NCP1399 features a dedicated output to drive the PFC
controller. This feature together with dedicated skip mode technique
further improves light load efficiency of the whole application. The
NCP1399 provides asuite of protection features allowing safe operation
in any application. This includes. overload protection, over-current
protection to prevent hard switching cycles, brown-out detection, open
optocoupler detection, automatic dead-time adjust, overvoltage (OVP)
and overtemperature (OTP) protections.

Features

¢ High-Freguency Operation from 20 kHz up to 750 kHz

¢ Current Mode Control Scheme

¢ Automatic Dead-time with Maximum Dead-time Clamp

¢ Dedicated Startup Sequence for Fast Resonant Tank Stabilization
¢ Skip Maode Operation for Improved Light Load Efficiency

¢ Off-mode Operation for Extremely Low No-load Consumption

¢ |atched or Auto-Recovery Overload Protection

¢ Latched or Auto-Recovery Output Short Circuit Protection

¢ Latched Input for Severe Fault Conditions, e.g. OVP or OTP

¢ QOut of Resonance Switching Protection

¢ Open Feedback Loop Protection

* Precise Brown-Out Protection

* PFC Stage Operation Control According to Load Conditions

¢ Startup Current Source with Extremely Low Leakage Current

* Dynamic Self-Supply (DSS) Operation in Off-mode or Fault Modes
* Pinto Adjacent Pin/ Open Pin Fail Safe

* These are Pb-Free Devices

Typical Applications

¢ Adapters and Offline Battery Chargers
¢ Flat Panel Display Power Converters
¢ Computing Power Supplies

* Industrial and Medical Power Sources
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NCP1399 = Specific Device Code

Xy = Specific Device Option
A = Assembly Location
WL = Wafer Lot

Y = Year

ww = Work Week

G = Pb-Free Package

PIN CONNECTIONS

Hv[1]O 16] vBOOT
15] HB
VBULK/PFCFB [ 3] 14] MUPPER
SKIP/REM [ 4|
LLCFB 5] 12] MLOWER

LLces [6] 11] GND

ovP/OTP [ 7] 10] vee
PON/OFF [ 8] 9| PFcMoDE

(Top View)

ORDERING INFORMATION
See detailed ordering and shipping information on page 12 of
this data sheet.

NOTE: Some of the devices on this data sheet have been
DISCONTINUED. Please refer to the table on page 12.

Publication Order Number:
NCP1399/D
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Figure 1. Typical Application Example without PFC Stage - WLLC Design (Active OFF off-mode)
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Figure 2. Typical Application Example with PFC Stage (Active OFF off-mode)
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Figure 3. Typical Application Example with PFC Stage (Active ON off-mode)

PIN FUNCTION DESCRIPTION

Pin No. Pin Name Function Pin Description

1 HV High-voltage startup Connects to rectified AC line or to bulk capacitor to perform functions of

current source input Start-up Current Source and Dynamic Self-Supply

2 NC Not connected Increases the creepage distance

3 VBULK / Bulk voltage monitoring Receives divided bulk voltage to perform Brown-out protection.

PFC FB input
4 SKIP/REM Skip threshold adjust / Sets the skip in threshold via a resistor connected to ground — version
Off-mode control input NCP1399Ay. Activates off-mode (or Standby) when pulled-up by external
auxiliary voltage source / deactivates off-mode when pull down by external
off-mode control optocoupler — version NCP1399BY.

5 LLC FB LLC feedback input Defines operating frequency based on given load conditions. Activates skip
mode operation under light load conditions. Activates off-mode operation for
NCP1399Ay version.

6 LLC CS LLC current sense input Senses divided resonant capacitor voltage to perform on-time modulation, out
of resonant switching protection, over-current protection and secondary side
short circuit protection.

7 OTP / OVP Over-temperature and Implements over-temperature and over-voltage protection on single pin.

over-voltage protection
input

8 P ON/OFF PFC turn-off FB level Adjusts the FB pin to a level below which the PFC stage operation is disabled.

adjust

9 PFC MODE PFC and external HV Provides supply voltage for PFC front stage controller and/or enables Vbulk

switch control output sensing network HV switch.

10 VCC Supplies the controller The controller accepts up to 20 V on VCC pin

11 GND Analog ground Common ground connection for adjust components, sensing networks and
DRV outputs.

12 MLOWER Low side driver output Drives the lower side MOSFET

13 NC Not connected Increases the creepage distance

14 MUPPER High side driver output Drives the higher side MOSFET

15 HB Half-bridge connection Connects to the half-bridge output.

16 VBOOT Bootstrap pin The floating VCC supply for the upper stage

www.onsemi.com
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Figure 4. Internal Circuit Architecture
MAXIMUM RATINGS
Rating Symbol Value Unit
HV Startup Current Source HV Pin Voltage (Pin 1) Vhv -0.3 to 600 \%
VBULK/PFC FB Pin Voltage (Pin3) VBULK/PEC FB -0.3t0 55
SKIP/REM Pin Voltage (Pin 4) NCP1399Ay Revision Only VsKIP/REM -0.3t0 5.5 Y
SKIP/REM Pin Voltage (Pin 4) NCP1399By Revision Only VsKIP/REM -0.3t0 10 Y
LLC FB Pin Voltage (Pin 5) Ve -0.3t0 55 \%
LLC CS Pin Voltage (Pin 6) Vcs -5to5 Vv
PFC MODE Pin Output Voltage (Pin 9) VpEC MODE -0.3to Ve +0.3 \%
VCC Pin Voltage (Pin 10) Vce -0.3t0 20 \%
Low Side Driver Output Voltage (Pin 12) Vpbrv_MLOwer | -0.3to Ve +0.3 \%
High Side Driver Output Voltage (Pin 14) VDRV MUPPER Vg — 0.3 to \%
N VBoort + 0.3
High Side Offset Voltage (Pin 15) VhB Vpoot 20 to \%
VBoot 10.3
High Side Floating Supply Voltage (Pin 16) T3 =-40°C to +125°C VeooT -0.3t0 620 \%
Ty =-55°C to -40°C -0.3t0 618
High Side Floating Supply Voltage (Pin 15 and 16) VBoot_VHB -0.310 20.0 \%
Allowable Output Slew Rate on HB Pin (Pin 15) dV/dtmax 50 V/ns
OVP/OTP Pin Voltage (Pin 7) VovpioTP -0.3t0 5.5 \%
P ON/OFF Pin Voltage (Pin 8) Vp ON/OFF -0.3t0 5.5 Y
Junction Temperature T; -55to 150 °C
Storage Temperature Tste -55to 150 °C
Thermal Resistance Junction-to-air Rqia 130 °C/W
Human Body Model ESD Capability per JEDEC JESD22-A114F (except HV Pin — Pin 1) - 45 kv
Charged-Device Model ESD Capability per JEDEC JESD22-C101E - 1 kv

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. This device contains latch-up protection and exceeds 100 mA per JEDEC Standard JESD78.

www.onsemi.com
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NCP1399 Series

ELECTRICAL CHARACTERISTICS
(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted.)

Symbol Rating Pin | Min | Typ | Max | Unit
HV Startup Current Source
Vhv_MINL Minimum voltage for current source operation 1 - - 60 \Y
(Vcc = Vee on -0.5V, IstarT2 drops to 95 %)
VHv_MIN2 Minimum voltage for current source operation 1 - - 60 \Y
(Vcc =Vee on -0.5V, IstarT2 drops to 5 mA)
ISTART1 Current flowing out of V¢ pin (Vec =0 V) 1,10 0.2 0.5 0.8 mA
ISTARTZ Current ﬂOWIng out of VCC pln (VCC = VCC_ON -0.5 V) 1,10 6 9 13 mA
IsTART_OFF Off-state leakage current (Vy =500 V, Ve = 15 V) 1 - - 10 A
IHvV OFF-MODE HV pin current when off-mode operation is active 1 - - 8 uA
B (VHV =400 V)
Supply Section
Vee on Turn-on threshold level, V¢ going up 10 15.3 15.8 16.3
Vee oN Turn-on threshold level, V¢ going up 10 115 12.0 12.3
B (NCP1399AL, NCP1399AM, NCP1399AR, NCP1399AS)
Vce ofFF Minimum operating voltage after turn-on 10 9.0 9.5 10
Vce RESET Vcc level at which the internal logic gets reset 10 5.8 6.6 7.2
VCC_INHIBIT Vce level for IsTART1 10 ISTART?2 transition 10 0.40 0.80 1.25
Vce_oN_BLANK Delay to generate DRVs pulses after Vcc_on is reached 10 100 125 150 us
lcc_oFF-mMODE Controller supply current in off-mode, 10, 11 10 27 40 uA
Vee = VCC_ON -0.2V (except NCP1399AG)
lcc_skiP-MODE Controller supply current in skip-mode, Vec =15V 10, 11 uA
(NCP1399AA, BA, AC, AH, Al, AK, AM, AN, AP, AR, AS) 580 750 900
(NCP1399AF, NCP1399AG, NCP1399AJ, NCP1399AT) 500 670 820
(NCP1399AL) 500 710 890
lcc_LATCH Controller supply current in latch-off mode, 10, 11 330 490 600 uA
Vee = Vee on - 0.2V (except NCP1399Al, AN, AP)
lcc_auToREC Controller supply current in auto-recovery mode, 10, 11 300 490 600 uA
Vee = Vee on - 0.2 V (except NCP1399AF, AT)
lcc OPERATION Controller supply current in normal operation, 10, 11 4.0 5.4 7.0 mA
B fsw = 100 kHz, Cjgaq =1 nF, Ve =15V
Bootstrap Section
VBOOT_ON Startup voltage on the floating section (Note 5) 16, 15 8 9 10 \%
VBOOT_OFF Cutoff voltage on the floating section 16, 15 7.2 8.2 9.0 \%
IsooT1 Upper driver consumption, no DRV pulses 16, 15 30 75 130 uA
IBooT?2 Upper driver consumption, Cjgaq = 1 nF between Pins 13 & 16, 15 1.30 1.65 2.00 mA
15 fg,, = 100 kHz, HB connected to GND
HB Discharger
IDISCHARGEL HB sink current capability Vg =30 V 15 5 - - mA
IDISCHARGE? HB sink current capability Vg = VHB_MIN 15 1 - - mA
VHB_MIN HB voltage @ IpiscHarcE changes from 2 to 0 mA 15 - - 10 \Y

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
2. The NCP1399Ay version has skip adjustable externally.

3. Guaranteed by design.

4. Minimal impedance on P ON/OFF pin is 1 kQ

5. Minimal resistance connected in series with bootstrap diode is 3.3 Q

www.onsemi.com
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NCP1399 Series

ELECTRICAL CHARACTERISTICS

(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted.)

| Symbol | Rating Pin | Min | Typ Max Unit |
Remote Input — NCP1399By
VREM_ON Remote pin voltage below which off-mode is deactivated 4 1.0 15 2.0 \%
(Vrem going down)
VREM_OFF Remote pin voltage above which off-mode is activated 4 7.2 8.0 8.8 Y
(Vrem going up)
tREM_TIMER Remote timer duration 4 80 100 120 ms
IREM_LEAK Remote input leakage current (Vggym = 10 V) 4 - 0.02 1.00 uA
Rsw_REM Internal remote pull down switch resistance (Vggm = 8 V) 4 3 - 7 kQ
Remote Control — NCP1399Ay (i.e. Off-mode is Sensed via FB Pin, except NCP1399AG)
VEB_REM_ON FB pin voltage above which off-mode is deactivated 5 15 2.0 25 \%
(Vg going up)
VEB REM OFF FB pin voltage below which off-mode is activated 5 0.36 0.40 0.44 \%
T (Veg going down)
IFB_REM_BIAS Pull-up FB pin bias current during off-mode 5 1.0 2.3 4.0 uA
Driver Outputs
t Output voltage rise-time @ 12,14 20 45 80 ns
CL = 1 nF, 10-90% of output signal
t¢ Output voltage fall-time @ 12,14 5 30 50 ns
CL =1 nF, 10-90% of output signal
Ron Source resistance 12,14 4 16 32 Q
RoL Sink resistance 12,14 1 5 11
IDRVSOURCE Output high short circuit pulsed current 12,14 - 0.5 - A
Vprv =0V, PW<10yus
IDRVSINK Output high short circuit pulsed current 12,14 - 1 - A
Vpry = VCC, PW <10 us
IHv_LEAK Leakage current on high voltage pins to GND 14, 15, 16 - - 5 uA
Dead-time Generation
tDEAD_TIME_MAX Maximum Dead-time value if no dV/dt falling/rising edge is 12,14 720 800 880 ns
received
NpT_MmAX Number of DT_MAX events to enters IC into fault 12, 14, 16 - 8 - -
(NCP1399AA, BA, AH, AK, AL, AR)
Number of DT_MAX events to enters IC into fault 12, 14, 16 - 16 - -
(NCP1399AC, AF, AG, Al, AJ, AM, AN, AP, AS, AT)
dV/dt Detector
Pgawvidt th Positive slew rate on VgpooT pin above which automatic 16 - 210 - Vius
B dead-time end is generated
Nav/dt th Negative slew rate on Vgoot pin above which automatic 16 - 210 - Vius
B dead-time end is generated
PFC MODE Output and P ON/OFF Adjust
VPEC M BO PFC MODE output voltage when Vgg < Vp on/OFE 9 5.75 6.00 6.25 \%
T (sink 1 mA current from PFC MODE output)
VPEC M ON PFC MODE output voltage when Vgg > Vp on/OFF 9 Vee - - - \%
T (sink 10 mA current from PFC MODE output) 0.4

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
2. The NCP1399Ay version has skip adjustable externally.

3. Guaranteed by design.

4. Minimal impedance on P ON/OFF pin is 1 kQ

5. Minimal resistance connected in series with bootstrap diode is 3.3 Q

www.onsemi.com
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NCP1399 Series

ELECTRICAL CHARACTERISTICS
(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted.)

| Symbol Rating Pin | Min | Typ | Max | Unit

PFC MODE Output and P ON/OFF Adjust

IPFC_M_LIM PFC MODE output current limit (Vprc mope < 2 V) 9 0.7 1.2 1.85 mA
tp ON/OFF_TIMER Delay to transition PFC MODE from VPFC_M_ON to 58,9 9.4 - 10.9 S
Vprc_m_po after Vg drops below Vp onjorFr
Ip ON/OFE Pull-up current source (Note 4) 8 18 20 22 uA
P ON/OFFuysT P ON/OFF comparator hysteresis — percentage level of P 58,9 80 100 120 %
ON/OFF pin voltage
OVP/OTP
Vovp OVP threshold voltage (Vovp/oTp 90ing up) 7 2.35 2.50 2.65
Votp OTP threshold voltage (Vovp/oTp going down) 7 0.76 0.80 0.84
loTp OTP/OVP pin source current for external NTC — 7 90 95 100 uA
during normal operation
loTp BOOST OTP/OVP pin source current for external NTC — 7 180 190 200 A
B during startup
tove_FILTER Internal filter for OVP comparator 7 32 37 44 us
toTP_FILTER Internal filter for OTP comparator 7 200 330 500 us
tBLANK OTP Blanking time for OTP input during startup (NCP1399AA, 7 7.3 8.0 8.7 ms
- NCP1399BA, NCP1399AK, NCP1399AR)
Blanking time for OTP input during startup (NCP1399AC, 7 14 16 18 ms
AF, AG, AH, Al, AJ, AL, AM, AN, AP, AS, AT)
VCLAMP_OVP/OTP_l OVP/OTP pin clamping voltage @ loyp/otp = 0 MA 7 1.0 1.2 1.4
VCLAMP_OVP/OTP_Z OVP/OTP pin clamping voltage @ loyp/otp = 1 MA 7 1.8 2.4 3.0

Start-up Sequence Parameters

tToN_MAX Maximum on-time clamp (NCP1399AA, BA, AK, AL, AR) 12,14 7.3 7.7 8.4 us
Maximum on-time clamp (NCP1399AC, AG, Al, AM, AN, 12,14 10.6 11.2 12.1 us
AP)
Maximum on-time clamp (NCP1399AF, AJ, AS, AT) 12,14 15.2 16.3 17.8 us
Maximum on-time clamp (NCP1399AH) 12,14 8.8 9.5 10.5 us
t1st MLOower Ton | Initial Mlower DRV on-time duration (NCP1399AA, BA, AC, 12 4.7 4.9 5.4 us
- B AG, AH, Al, AK, AL, AM, AN, AP, AR, AS, AT)
t1st MLOwER Ton | Initial Mlower DRV on-time duration (NCP1399AF, 12 9.3 10 11 us
N - NCP1399AJ)
tist MuPPER_TON | Initial Mupper DRV on-time duration (NCP1399AM) 14 0.44 0.50 0.57 us
t1st MuPPER_TON | Initial Mupper DRV on-time duration (NCP1399AR) 14 0.15 0.20 0.25 us
t1st MUuPPER TON | Initial Mupper DRV on-time duration 14 us
- B (NCP1399AA, BA, AC, AG, AH, Al, AK, AL, AN, AP, AT) 0.72 0.79 0.88
(NCP1399AS) 2.07 2.30 2.53
t1st MUPPER TON Initial Mupper DRV on-time duration (NCP1399AF, 14 0.99 1.10 1.21 us
B B NCP1399AJ)
tSs INCREMENT On-time period increment during soft-start (NCP1399AA, 12,14 ns
B BA, AC, AG, AH, Al, AK, AL, AM, AN, AP, AR, AT) 17 20 22
(NCP1399AS) 37 40 44

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

2. The NCP1399Ay version has skip adjustable externally.

3. Guaranteed by design.

4. Minimal impedance on P ON/OFF pin is 1 kQ

5. Minimal resistance connected in series with bootstrap diode is 3.3 Q
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NCP1399 Series

ELECTRICAL CHARACTERISTICS

(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted.)

| Symbol Rating Pin | Min | Typ | Max | Unit |
Start-up Sequence Parameters
tSS INCREMENT On-time period increment during soft-start (NCP1399AF, 12,14 75 80 88 ns
- NCP1399AJ)
Kss_INCREMENT Soft-Start increment division ratio (NCP1399AA, BA, AK, AS) 12,14 - 4 - -
Soft-Start increment division ratio (NCP1399AL) 12,14 - 2 - -
Soft-Start increment division ratio (NCP1399AC, AF, AG, 12,14 - 8 - -
AH, Al, AJ, AM, AN, AP, AR, AT)
tWATCHDOG Time duration to restart IC if start-up phase is not finished 12,14 0.45 0.50 0.55 ms
Feedback Section
Reg Internal pull-up resistor on FB pin 5 15 18 25 kQ
Krg VEg to internal current set point division ratio 5 1.92 2.00 2.08 -
VEB_REF Internal voltage reference on the FB pin 5 4.60 4.95 5.30
VEB cLAMP Internal clamp on FB input of On-time comparator referred 5 4.4 4.6 4.8
B to external FB pin voltage
VEB SKIP IN Feedback voltage thresholds to enters in skip mode for 5 0.44 0.50 0.56 \Y
- NCP1399By version (Note 2)
VEB_SKIP_HYST Skip comparator hysteresis (NCP1399AR) 5 638 730 862 mVv
Skip comparator hysteresis (NCP1399AA, BA, AC, AG, AH, 5 130 160 200 mV
AK, AM, AP, AS)
Skip comparator hysteresis (NCP1399AF, AJ, AL, AT) 5 105 140 175 mV
Skip comparator hysteresis (NCP1399Al, NCP1399AN) 5 0 23 50 mV
t1st MLOWER_skip | On-time duration of 15t Mlower pulse when FB cross 5,12 0.95 1.05 1.15 us
VEB skip IN t VEB skip HysT threshold (NCP1399AA,
NCP1399BA, NCP1399AK, NCP1399AL)
On-time duration of 15t Mlower pulse when FB cross 5,12 1.8 19 2.1 us
VFB_SKIP_IN + VFB_SKIP_HYST threshold (NCP1399AC, AG,
Al, AM, AN, AP, AS)
On-time duration of 15t Mlower pulse when FB cross 5,12 1.08 1.20 1.32 us
VEB skip IN * VEB skip HysT threshold (NCP1399AF,
NCP1399AJ, NCP1399AT)
On-time duration of 15t Mlower pulse when FB cross 5,12 1.89 2.05 231 us
Veg_skip_IN + VEB_skip_HysT threshold (NCP1399AR)
On-time duration of 15t Mlower pulse when FB cross 5,12 2.1 2.4 2.7 us
Veg_skiP_IN + VEB_skip_HysT threshold (NCP1399AH)

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
2. The NCP1399Ay version has skip adjustable externally.

3. Guaranteed by design.

4. Minimal impedance on P ON/OFF pin is 1 kQ

5. Minimal resistance connected in series with bootstrap diode is 3.3 Q
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NCP1399 Series

ELECTRICAL CHARACTERISTICS

(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted.)

| Symbol Rating Pin | Min | Typ | Max | Unit |
Feedback Section
Vist MupPER_skip | Internal FB level reduction during 15t Mupper pulse when 5,6, 14 - 500 - mV
FB cross Vg skip_IN + VFB_skip_HysT threshold
(NCP1399AR) (Note 3)
Internal FB level reduction during 1St Mupper pulse when 5,6,14 - 150 - mV
FB cross VFB_SKIP_IN + VFB_SK|P_HYST threshold
(NCP1399AA, BA, AC, AG, Al, AK, AL, AM, AN, AP, AS)
(Note 3)
Internal FB level reduction during 1St Mupper pulse when 5,6,14 - 100 - mV
FB cross VFB_SKIP_IN + VFB_SK|P_HYST threshold
(NCP1399AF, NCP1399AJ, NCP1399AT) (Note 3)
Internal FB level reduction during 1St Mupper pulse when 5,6,14 - 0 - mV
FB cross Vg skip_IN + VFB_skip_HysT threshold
(NCP1399AH) (Note 3)
Skip Input — NCP1399Ay version
Iskip Internal Skip pin current source 4 48 50 52 uA
Cskip_LoAD_MAX | Maximum loading capacitance for skip pin voltage filtering 4 - - 10 nF
(Note 3)
Current Sense Input Section
thd_cs On-time comparator delay to Mupper driver turn off 56 - - 250 ns
VEg = 2.5V, Vs goes up from —2.5 V to 2.5 V with rising
edge of 100 ns
Ics_LEAKAGE Current sense input leakage current for Vecg = +3V 6 - - +1 uA
Vcs_OFFSET Current sense input offset voltage (NCP1399AA, A, AC, AG, 6 160 200 240 mV
AH, Al, AK, AL, AM, AN, AP, AR, AS)
Current sense input offset voltage (NCP1399AF, AJ, AT) 6 110 150 190 mV
tLEB Leading edge blanking time of the on-time comparator output 5,6, 14 360 440 540 ns
Faults and Auto-Recovery Timer
tFB_FAULT_TlMER FB fault timer duration (NCP1399AA, BA, AK, AL, AR) - 160 200 240 ms
FB fault timer duration - 80 100 120 ms
(NCP1399AC, AF, AG, Al, AJ, AM, AN, AP, AS, AT)
FB fault timer duration (NCP1399AH) - 240 300 360 ms
NFB_FAULT_counTer | Number of DRV pulses to confirm FB fault - - 1000 - -
VEB_FAULT FB voltage when FB fault is detected 5 4.5 4.7 49 \%
Ncs_FauLT_counte | Number of CS_fault cmp. pulses to confirm CS fault - - 5 - -
R
Vcs FAULT CS voltage when CS fault is detected (NCP1399AA, BA, 6 \Y
B AC, AF, AH, Al, AK, AL, AM, AN, AP, AR, AS, AT) 25 2.7 29
(NCP1399AG) 3.2 34 3.6
(NCP1399AJ) 1.85 2.00 2.15
ta-REC_TIMER Auto-recovery duration, common timer for all fault condition - 0.8 1 1.2 S
(NCP1399AA, BA, AC, AG, AH, AJ, AK, AL, AM, AP, AR,
AS)
Auto-recovery duration, common timer for all fault condition _ 16 19 24
(NCP1399Al, NCP1399AN) ) ’ ’

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
2. The NCP1399Ay version has skip adjustable externally.
3. Guaranteed by design.

4. Minimal impedance on P ON/OFF pin is 1 kQ

5

. Minimal resistance

connected in series with bootstrap diode is 3.3 Q
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9



http://www.onsemi.com/

NCP1399 Series

ELECTRICAL CHARACTERISTICS

(For typical values T3 = 25°C, for min/max values T3 = -40°C to +125°C, V¢ = 12 V unless otherwise noted.)

| Symbol Rating Pin | Min | Typ | Max | Unit |
Brown-Out Protection
VBo Brown-out turn-off threshold 3 0.965 1.000 1.035 \%
IO Brown-out hysteresis current, VyguLk/prc_F8 < VBo 3 4.3 5.0 5.4 uA
VBO_HYST Brown-Out comparator hysteresis 3 5 12 25 mV
Iso_BIAS Brown-Out input bias current 3 - - 0.05 uA
tBO_FlLTR BO filter duration 3 10 20 30 us
Ramp Compensation
RCgAIN Ramp compensation gain mV/us
(NCP1399AA, BA, AC, AF AG, AK, AM, AP, AR, AT) - 58 82 108
Ramp compensation gain (NCP1399AI, NCP1399AN) 82 110 131
Ramp compensation gain (NCP1399AJ) 92 125 150
Ramp compensation gain (NCP1399AH) 107 149 168
Ramp compensation gain (NCP1399AL) 116 166 185
Ramp compensation gain (NCP1399AS) 34 47 58
tRC_SHIFT Ramp compensation time shift - - 0.6 - us
Temperature Shutdown Protection
Ttsp Temperature shutdown T; going up - - 124 - °C
(NCP1399AA, BA, AH, AK, AR)
Temperature shutdown T; going up - - 137 - °C
(NCP1399AC, AF, AG, Al, AJ, AL, AM, AN, AP, AS, AT)
TT1sD_HYST Temperature shutdown hysteresis - - 30 - °C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
2. The NCP1399Ay version has skip adjustable externally.

3. Guaranteed by design.

4. Minimal impedance on P ON/OFF pin is 1 kQ

5. Minimal resistance connected in series with bootstrap diode is 3.3 Q

www.onsemi.com
10



http://www.onsemi.com/

NCP1399 Series

IC OPTIONS
Cumula-
tive FB Dedicated
FB fault | fault timer/ TON_MAX Soft_start
Option FB fault source counter CS_FAULT fault OVP fault OTP fault _seq
NCP1399AA | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Auto-recovery ON
NCP1399BA | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Auto-recovery ON
NCP1399AC | Auto-recovery Timer NO Auto-recovery OFF Latch Latch ON
NCP1399AF Latch Timer NO Latch Latch Latch Latch ON
NCP1399AG | Auto-recovery Timer NO Auto-recovery OFF Latch Auto-recovery ON
NCP1399AH | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Auto-recovery ON
NCP1399Al | Auto-recovery Timer NO Auto-recovery | Auto-recovery | Auto-recovery | Auto-recovery ON
NCP1399AJ | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Latch ON
NCP1399AK | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Auto-recovery ON
NCP1399AL | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Auto-recovery ON
NCP1399AM | Auto-recovery Timer NO Auto-recovery OFF Latch Latch ON
NCP1399AN | Auto-recovery Timer NO Auto-recovery OFF Auto-recovery | Auto-recovery ON
NCP1399AP | Auto-recovery Timer NO Auto-recovery OFF Auto-recovery | Auto-recovery ON
NCP1399AR | Auto-recovery Timer NO Auto-recovery | Auto-recovery Latch Auto-recovery ON
NCP1399AS | Auto-recovery Timer NO Auto-recovery OFF Latch Latch ON
NCP1399AT Latch Timer NO Latch Latch Latch Latch ON
PFC_MODE | Dead time Dead time OFF-mode OFF-mode Ramp comp | P ON/OFF
Option skip status control fault version status BO status status pull-up
NCP1399AA ON Auto-recovery | Active OFF ON ON ON
NCP1399BA ON Auto-recovery | Active ON ON ON ON
NCP1399AC ON Auto-recovery | Active OFF ON ON ON
NCP1399AF OFF OFF Active OFF ON ON ON
NCP1399AG OFF Auto-recovery - OFF ON ON
NCP1399AH ON OFF Active OFF ON ON ON
NCP1399Al ON Auto-recovery | Active OFF ON ON ON
NCP1399AJ OFF VS or OFF Active OFF ON ON Without ramp ON
NCP1399AK OFF DT_max | auto-recovery | Active OFF ON ON shift ON
NCP1399AL ON OFF Active OFF ON ON ON
NCP1399AM ON OFF Active OFF ON ON ON
NCP1399AN ON OFF Active OFF ON ON ON
NCP1399AP ON OFF Active OFF ON ON ON
NCP1399AR ON Auto-recovery | Active OFF ON ON ON
NCP1399AS ON OFF Active OFF ON ON ON
NCP1399AT OFF OFF Active OFF ON ON ON

www.onsemi.com
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NCP1399 Series

ORDERING INFORMATION

Part Number Marking Package ShippingT
NCP1399AADR2G NCP1399AA
NCP1399BADR2G NCP1399BA
NCP1399ACDR2G NCP1399AC
NCP1399AFDR2G NCP1399AF
NCP1399AGDR2G NCP1399AG
NCP1399AIDR2G NCP1399Al SOIC-16 2500 / Tape & Reel
(Pb-Free)
NCP1399AMDR2G NCP1399AM
NCP1399ANDR2G NCP1399AN
NCP1399APDR2G NCP1399AP
NCP1399ARDR2G NCP1399AR
NCP1399ATDR2G NCP1399AT

DISCONTINUED (Note 6)

NCP1399AHDR2G NCP1399AH (|SDg-|[(::r-e1:) 2500 / Tape & Reel
NCP1399AJDR2G* NCP1399AJ (%g_'gr'elg 2500 / Tape & Reel
NCP1399AKDR2G NCP1399AK (ig_'gr';g) 2500 / Tape & Reel
NCP1399ALDR2G* NCP1399AL (ig_lgr-els) 2500 / Tape & Reel
NCP1399ASDR2G NCP1399AS (ISDf))-Ilgr-elt—?) 2500 / Tape & Reel

TFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
*Available upon request.
6. DISCONTINUED: These devices are not recommended for new design. Please contact your onsemi representative for information. The
most current information on these devices may be available on www.onsemi.com.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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VCC Management with High-voltage Startup Current
Source

The NCP1399 controller features a HV startup current
source that allows fast startup time and extremely low
standby power consumption. Two startup current levels
(Istartr @nd Ig4rt2) are provided by the system for safety in
case of short circuit between VCC and GND pins. In
addition, the HV startup current source features a dedicated

to line input

HU

over-temperature protection to prevent 1C damage for any
failure mode that may occur in the application. The HV
startup current sourceis primarily enabled or disabled based
on V¢ level. The startup HV current source can be also
enabled by BO_OK rising edge, auto-recovery timer end,
REMoteand TSD end event. The HV startup current source
charges the VCC capacitor before I C start-up.

1—)

Yce_oN
signal

o UcC
from auxiliary

uinding
1
c_ucce

1

Yee_oFF
signal

T

TR /Q

REM

£S Qf

Auto-recovery timer end

fR /Q

l Ucc_RESET

_l_+—/

to PFC_MODE VCC_RESET

regulator

TGND

Figure 37. Internal Connection of the VCC Management Block

The NCP1399 controller disables the HV startup current
source once the VCC pin voltage level reaches Ve on
threshold — refer to Figure 37. The application then starts
operation and the auxiliary winding maintains the voltage
bias for the controller during norma and skip-mode
operating modes. The | C operatesin so called Dynamic Self
Supply (DSS) mode when the bias from auxiliary winding
is not sufficient to keep the V¢ voltage above Ve oFr
threshold (i.e. Vcc voltageis cycling between Ve on and
Ve oFr thresholds with no driver pulses on the output
during positive V cc ramp). The HV sourceis also operated
in DSS mode when the low voltage controller enters
off-mode or fault-mode operation. In this casethe VCC pin
voltage will cycle between Vcc on and Vec ofFr
thresholds and the controller will not deliver any driver
pulse —waiting for return from the off-mode or latch mode
operation. Please refer to figures Figure 61 through

Figure 65 to find an illustration of the NCP1399 VCC
management system under all operating conditions/modes.

The HV startup current source features an independent
over—temperature protection system to limit Ig4to current
when the die temperature reaches 130°C. At this
temperature, lgat2 Will be progressively to prevent the die
temperature from rising above 130°C.

Brown-out Protection - VBULK/PFC FB Input

Resonant tank of an LL C converter isalways designed to
operate within a specific bulk voltage range. Operation
below minimum bulk voltage level would result in current
and temperature overstress of the converter power stage.
The NCP1399 controller featuresaVBULK/PFC FB input
in order to precisely adjust the bulk voltage turn-ON and
turn-OFF levels. This Brown-Out protection (BO) greatly
simplifies application level design.

www.onsemi.com
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Figure 38. Internal Connection of the Brown-out Protection Block

The internal circuitry shown in Figure 38 alows
monitoring the high-voltage input ral (Vpyk). A
high-impedance resistive divider made of Rypper and Riower
resistors brings a portion of the Vpyk ral to the
VBULK/PFCFB pin. TheCurrentsink (I1gp) isactivebelow
the bulk voltage turn-on level (Vpuk_on). Therefore, the
bulk voltage turn-on level is higher than defined by the
division ratio of the resistive divider. To the contrary, when
the internal BO_OK signal is high, i.e. the application is
running, the Igp sink is disabled. The bulk voltage turn-off
threshold (Vbuk_orf) is then given by BO comparator
reference voltage directly on the resistor divider. The
advantage of this solution is that the Vpyk oFr threshold
precision is not affected by Igo hysteresis current sink
tolerance.

The Vpuk on and Vpuk_orr levels can be calculated
using equations below:

Thelgois ON:

Veo * Veonyst = (eq. 1)

Vol on - Riower gy - Riower ~ Rupper
ulk_ON RIower + Rupper B RIower + RUPPEF
The Iso is OFF:
R
_ . lower
Voo = Vouk OFF 'R 1 R (eq. 2)
lower

+ Rupper

One can extract Rjower term from equation 2 and use it in
equation 1 to get needed Rypper Value:

Vbulk_ON'VBO Y Y
Vv ~ VBO ~ VBOhyst
bulk_OFF
RIower = (ea. 3)
Veo
lgo " |1-y— —
Vbulk_OFF
\Y -V
bulk_OFF BO
Rupper = Riower - ——v—— (eq. 4)

VBO

Note that the VBULK/PFC FB pin is pulled down by an
internal switch when the controller isin startup phase - i.e.
when the V¢ voltage ramps up from Ve < Vee RESET
towards the Ve on level on the VCC pin. This feature
assures that the VBULK/PFC FB pin voltage will not ramp
up beforethe | C operation starts. The I go hysteresis current
sink is activated and BO discharge switch is disabled once
the Vcc voltage crosses Ve on  threshold. The
VBULK/PFC FB pin voltage then ramps up naturally
according to the BO divider information. The BO
comparator then authorizes or disables the LLC stage
operation based on the actual Vi level.

Thelow g hysteresiscurrent of the NCP1399 brown out
protection system allowsincreasing thebulk voltagedivider
resistance and thus reduces the application power
consumption during light |oad operation. On the other hand,
the high impedance divider can be noise sensitive due to
capacitive coupling to HV switching traces in the
application. Thisiswhy afilter (tgo mLTR isadded after the
BO comparator in order to increase the system noise
immunity. Despite the interna filtering, it is also
recommended to keep agood layout for BO divider resistors
and use a smal external filtering capacitor on the
VBULK/PFC pin if precise BO detection wants to be
achieved.

The bulk voltage HV divider can be also used by a PFC
front stage controller as a feedback sensing network (refer
againto Figure 38). The shared bulk voltage resistor divider
between PFC and LLC stage offers a way how to further
reduce power losses during off-mode and no-load operation.
The NCP1399 features a PFC MODE pin that disconnects
bias of the PFC stage during light load, off-mode or fault
mode operation. The signal from the PFC MODE pin can be
also used to control an external HV switch in order to
disconnect the bulk voltage divider from bulk during
off-mode operation. This technique further reduces the
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no-load power consumption down again since the power
losses of voltagedivider are not affected by the bulk voltage
at all.

Please refer to Figure 61 through Figure 65 for an
illustration of NCP1399 Brown-out protection systeminall
operating conditions/modes.

Over-voltage and Over-temperature Protection

The OVP/OTP pin is a dedicated input to alow for a
simple and cost effective implementation of two key
protection features that are needed in adapter applications:
over-voltage (OVP) and over-temperature (OTP)
protections. Both of these protections can be either latched
or auto-recovery— depending on the version of NCP1399.
The OVP/OTP pin has two voltage threshold levels of
detection (Vovp and Votp) that define a no-fault window.
The controller is allowed to run when OVP/OTP input
voltageiswithin thisworking window. The controller stops

aux.
Y uinding

Uref Uref
0OUP/0TP

f G
4 hh
L

m -
Cow_ore T X R_CLAMP
INTC
YeLanp_oup/oTe

L
Toow

the operation, after filter time delay, when the OVP/OTP
input voltage is out of the no-fault window. The controller
then either latches-off or or starts an auto-recovery timer -
depending on the IC version - and triggered the protection
threshold (Votp Or Vovp).

The internal current source |otp alows a simple OTP
implementation by using a single negative temperature
coefficient (NTC) thermistor. An active soft clamp
composed from V ¢jamp and Rgjamp COMponents preventsthe
OVP/OTP pin voltage from reaching the Vovp threshold
when the pinis pulled up by the |gtp current. An external
pull-up current, higher than the pull-down capability of the
internal clamp (VcLamp ovrioTp), hasto beapplied to pull
theOVP/OTPpinaboveV oy pthresholdtoactivatethe OV P
protection. The tovpP FILTER and toTP FILTER filters are
implemented in the system to avoid any false triggering of
the protections due to application noise and/or poor layout.

toup
Filter

OUP/OTP Fault

totp
Filter

VYee RESET

Auta-recovery timer end

/Loup/ow ON signal
<

Figure 39. Internal Connection of OVP/OTP Input

The OTP protection could be falsely triggered during
controller startup due to the external filtering capacitor
charging current. Thus the tg ank oTp period has been
implemented in the system to overcome such behavior. The
OTP comparator output is ignored during tg ANk oTP
period. In order to speed up the charging of the external
filtering capacitor Coyp oTp connected to OVP/OTP pin,
the loTp current has been doubled to loTp BoOST. The
maximum value of filtering capacitor is 47 nF.

The OVP/OTP ON signal is set after the following events:
* theVcc voltage exceeds the Ve on threshold during

first start-up phase (after VCC pin voltage was below
VCC_RESET threshold)

¢ BO OK signal isreceived from BO block
* Auto-recovery timer elapsed and a new restart occurs

¢ |C returnsto operation from skip-mode (Vg skip IN +
VFB_SKIP_HYST threshold was reached) N -

* |C returnsto operation from off-mode (Vrem on OF
VEs_Rem_on Signal isreceived by off-mode control
block)

The loTp current source is disabled when:

* Vccfalsbelow Ve oFr threshold

* BO OK signal goesto low state (i.e. Brown-out
condition occurs on the mains)

¢ Fault signal isactivated (Auto-recovery timer starts
counting or Latch fault is present)

* |C goesinto the skip-mode operation (VEg skip IN
threshold was reached) -

* IC goesinto the off-mode operation (Vrem_oFrF OF
(Ves_ReM_oOFF & Ve oFF) signa was reached)
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The latched OVP or OTP versions of NCP1399 enters
latched protection mode when V ¢ voltage cycles between
Vce onandVee ofrthresholdsand no pulsesareprovided
by drivers. The controller VCC pin voltage hasto be cycled
down below Vcc reser threshold in order to restart
operation. This would happen when the power supply is
unplugged from the mains.

SKIP/REM Input and Off-mode Control

The NCP1399 implements an ultralow power
consumption mode of operation called off-mode. The
application output voltage is cycled between the nominal
and lower levels that are defined by the secondary side
off-mode controller (like NCP435x secondary off-mode
controller). The output voltage is thus not regulated to
nominal level but is aways kept at a high enough voltage
level to provide bias for the necessary circuits in the target
application — for example this could be the case of
microcontroller with very low consumption that handles
V CC management in a notebook or TV. The no-load input
power consumption could be significantly reduced when
using described technique. The NCP1399 implements two
different off-mode control system approaches:
¢ Active ON off-mode control - available on the

NCP1399By device family

to Ucc

¢ Active OFF off-mode control - available on the
NCP1399Ay device family

These two off-mode operation control techniques differ in
theway the off-mode operationisstarted ontheprimary side
controller. Both of these methods are described separately
hereinafter.

Active ON Off-mode Control — NCP1399B Device
Family

TheNCP1399B devicefamily usesa SKIP/REM pinonly
for off-mode operation control— i.e. the pin is internally
connected to the Active ON off-mode control block and the
skip mode threshold level is not adjustable externally. The
skip mode comparator threshold can be adjusted only
internally (by IC option) in this package option. The
SKIP/REM pin when used for off-mode control allows the
user to activate the ultra-low consumption mode during
which the IC consumption is reduced to only very low HV
pinleakagecurrent (Inv orr-mopEe) and very low VCC pin
consumption (Icc orr-mMopg). The off-mode is activated
when SKIP/REM pinvoltageexceedsVrem_ore threshold.
Normal operating mode is resumed when SKIP/REM pin
voltage drops below Vgrem on threshold — refer to
Figure 40 for anillustration.
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Figure 40. SKIP/REM Input Internal Connection — Active ON Version

Theoff-mode operation isactivated by the secondary side
off-mode controller. The auxiliary bias for primary side
off-mode control is provided by a circuit composed from
components Do, C1, R1, Ry and Co. The SKIP/REM pinis
pulled up by this auxiliary supply circuit once the REM
optocoupler (REM OK) is released. The application then
operates in off-mode until the secondary side off-mode
controller activates the REM optocoupler or until the
auxiliary biason Cq islost. Normal operation mode is then
recovered via power stage startup. The application is thus

switching between ON-mode and OFF-mode states when
off-mode control isimplemented. The OFF mode period last
significantly longer time (tens of seconds or more)
compared to the secondary capacitor refilling period (few
tens of milliseconds) — this explains why the no-load input
power consumption can be drastically reduced. The
auxiliary off-mode supply capacitor C1 can stay charged
while the secondary bias is lost — this can happen during
overload or other fault mode conditions. A REM TIMER is
thus implemented in the system to allow fast application
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restart in such cases. The controller blanks the SKIP/REM
input information and pulls down the SKIP/REM input for
tRem TIMER time during controller restart so that the
secondary side bias can be restored and the secondary
off-mode controller can activatethe REM optocoupler. This
REM TIMER blank sequence is activated each time the
VCC pin voltage reachesV cc on threshold —except inthe
situation when after |C |eft off-mode operation by standard
way and V¢ isrestored —i.e. when the REM optocoupler
is activated by the secondary off-mode controller.

The SKIP/REM input blanking is activated in following
Cases:
* VCC pin voltage reaches V¢ _on threshold during first

start-up phase (i.e. when V cc was below VCC_RESET

threshold before)

* Auto-recovery timer elapsed and new start isinitiated

The REM TIMER helps to assure fast application re-start
from fault conditions by forcing controller operation after
trem_TIMER - HOowever, the secondary controller drivesthe
remote pin via REM optocoupler during normal operating
conditions in order to switch between ON and OFF
operating modes. Thecontroller isactivefor very short time
during no-load conditions - just during the time needed to
re-fill the secondary side capacitors to the nominal output
voltage level. In this case we do not use REM TIMER
because it would increase the no-load power consumption
by forcing the application to run for a longer time than
necessary. The REM TIMER blank period is thus not
activated in no-load conditions.
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The bias on VCC pin needsto be assured when off-mode
operation takes place. Theauxiliary winding isnomoreable
to provide any bias thus the HV startup current source is
operated in DSSmode—i.e. the VCC pin voltageiscycling
between Ve on and Ve oFr thresholds. This approach
keeps|C hiasing in order to memorize the current operation
sate.

Please refer to Figure 64 for an illustration on how the
NCP1399 Active ON off-mode system works under all
operating conditions/modes.

Active OFF Off-mode Control — NCP1399A Device
Family

The NCP1399A device family uses LLC FB pin voltage
information for off-mode operation detection - refer to
Figure 41. The SKIP/REM pinisinternally connected to the
skip mode block in this case and serves as a Ve _skip IN
threshold voltage adjust pin. The secondary off-mode
controller reuses the LLC stage regulation optocoupler in
order to reducetotal system cost. The off-mode operationis
initiated once the LLC FB pin is pulled down below
Vrem_on threshold and the VCC pin voltage drops below
Ve orr thresholdinthe sametime. The optocoupler hasto
be active at al time the application is held in off-mode. No
biased is then provided by the secondary off-mode
controller during normal operation — this is why this
approach is called Active OFF off-mode operation. The
application no-load input power consumption is dightly
higher compared to Active ON off-mode solution,
previously described, because the optocoupler needs to be
biased during off mode operation
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Figure 41. Active OFF Off-mode Internal Detection Based on the LLC FB Pin Voltage

Thecontroller monitorsthe LLC FB pinvoltagelevel and
restarts via regular startup sequence (including VCC pin
voltageramp-uptoVcc on level and soft-start) oncethe FB
pinis released by the secondary off-mode controller.

The HV startup current source is working in DSS mode
during application off-mode operation — i.e. the VCC pin

voltage is cycling between Vcc on and Ve oFf
thresholds. This approach keeps | C biased so that the actual
operation sate is memorized. The LLC FB pin pull-up
resistor is disconnected when off-mode operation is
activated in order to reduce | C power consumption and also
needed current for optocoupler driving from secondary side.
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Please refer to Figure 65 for an illustration on how the
NCP1399 active ON off-mode system works under all
operating conditions/modes.

PFC MODE Output and P ON/OFF Control Pin

The NCP1399 has two pins P ON/OFF and PFC MODE
that can be used to disable or enable PFC stage operation
based on actual application operating state — please refer to
Figure46. The PFC MODE pin voltage is changed
(Vprc M oNOF Vprc M BO) based on the actual PON/OFF
input logic signal state. Minimum impedance connected to

Uref

P ON/OFF pinis1 k<. The PFC stage operation can thusbe
disabled/enabled via external logic signal. This option
should be used with the wide range input voltage LL C tank
designed to assure correct operation of the LLC stage
through whole bulk voltage range. The PFC MODE output
pin can be used for two purposes:

1. to control the external small signal HV MOSFET
switch that connects the bulk voltage divider to the
VBULK/PFC FB input

2. to control the PFC front stage controller operation
via PFC controller supply pin
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Figure 42. Internal Connection of the PFC MODE and P ON/OFF Blocks

There are three possible states of the PFC MODE output
that can be placed by the controller based on the application
operating conditions:

1. The PFC MODE output pinis pulled-down by an
internal MOSFET switch before controller startup.
This technique ensures minimum VCC pin current
consumption in order to ramp V¢ voltagein a
short time from the HV startup current source
which speeds up the startup or restart process. The
PFC MODE output pinisaso pulled-down in
off-mode or protection mode during which the HV
startup current source is operated in DSS mode.
This reduces the application power consumption in
both cases.

2. The pull-down switch is disabled and the internal
regulator enabled by the controller to provide
Vprc_M_Bo reference when an external logic
signal onthe P ON/OFF pinisat “high” state. An
internal regulator includes current limitation for
the PFC MODE output that is set to |ppc_M_|_| M
when Vprc v o referenceis provided. The PFC
MODE pin drives external small signal HV
MOSFET switch to keep bulk voltage divider
connected. The LLC power stage Brown-out
protection system thus works when the LLC stage
is switching while PFC stage disabled.

3. The pull-down switch is disabled and the internal
regulator is switched to bypass mode in which it

connects VCC pin voltage to PFC MODE output
with minimum dropout (Vprc M on)- This state of
the PFC MODE output appears in case an external
signal on the P ON/OFF pinisat “low” state.

The output power level is derived internally from the
actual FB pinvoltage. Thisinformation could be compared
on external comparator with the reference level and control
the P ON/OFF input, thus the user has possibility to adjust
power below which the PFC stage is disabled in order to
increase efficiency in light load conditions. The P ON/OFF
comparator features an hysteresis (P ON/OFFyysT)
proportional totheset P ON/OFF level in order to overcome
PFC power stage oscillations (periodical ON/OFF
operation). The P ON/OFF timer (tp ON/OFF_TIMER) is
implemented to ensure a long enough propagation delay
from the PFC turn OFF detection to PFC MODE output
deactivation. This timer is unidirectional so that it resets
immediately after PFC ON condition is detected by the
P ON/OFF comparator. This technique is used in order to
avoid aPFC stagedeactivation duringload or linetransients.
The PFC MODE pin output currentislimited whentheVCC
to PFC MODE bypass switch is activated. The current
limitation avoids bypass switch damage during PFC VCC
decoupling capacitor charging process or short circuit. A
minimum value PFC V CC decoupling capacitance should
be used in order to speed up PFC stage startup after it is
enabled by the NCP1399 controller.
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Please refer to Figure 61 through Figure 65 for an
illustration of NCP1399 PFC operation control.

ON-time Modulation and Feedback Loop Block

Frequency modulation of today's commercially available
resonant mode controllers is based on the output voltage
regulator feedback only. The feedback voltage (or current)
of output regulator drives voltage (or current) controlled
oscillator (VCO or CCO) in the controller. This method
presents three main disadvantages:

1. The 2™ order poleis present in small signal
gain-phase characteristics = the lower cross over
frequency and worse transient response is imposed
by the system when voltage mode control is used.
Thereisno direct link to the actual primary current
—i.e. noline feed forward mechanism which
resultsin poor line transient response.

Ubulk

TrL --

----opticnal for NCP1393AYy versions

2. Precise VCO (or CCO) is needed to assure
frequency modulation with good reproducihility,
fmin and fmax clamps need to be adjusted for each
design = need for an adjustment pin(s).

3. Dedicated overload protection system, requiring
an additional pin, is needed to assure application
safety during overload and/or secondary short
circuit events.

The NCP1399 resolves all disadvantages mentioned
above by implementing a current mode control scheme that
ensures best transient response performance and provides
inherent cycle-by-cycle over-current protection feature in
the same time. The current mode control principle used in
this device can be seen in Figure 43.
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Figure 43. Internal Connection of the NCP1399 Current Mode Control Scheme

The basic principle of current mode control scheme
implementation lies in the use of an ON-time comparator
that defines upper switch on-time by comparing voltage
ramp, derived from the current sense input voltage, to the
divided feedback pin voltage. The upper switch on-timeis
then re-used for low side switch conduction period. The
switching frequency is thus defined by the actual primary
current and output load conditions. Digital processing with
10 nsminimum on-timeresol utionisimplemented to ensure
high noise immunity. The ON-time comparator output is
blanked by the leading edge blanking (t_gg) after the
Mupper switch isturned-on. The ON-time comparator LEB
period helps to avoid false triggering of the on-time
modulation due to noise generated by the HB pin voltage
transition.

The voltage signal for current sense input is prepared
externally via natural primary current integration by the
resonant tank capacitor Cs. The resonant capacitor voltage

is divided down by capacitive divider (Ccsl, Ccs2, Resl,
Rcs2) before it is provided to the CS input. The capacitive
divider division ratio, which is fully externally adjustable,
defines the maximum primary current level that is reached
in case of maximum feedback voltage — i.e. the capacitive
divider division ration defines the maximum output power
of the converter for given bulk voltage. The CSis abipolar
input pin which an input voltage swing isrestricted to +5 V.
A fixed voltage offset isinternally added to the CS pin signal
in order to assure enough voltage margin for operation the
feedback optocoupler - the FB optocoupler saturation voltage
is~0.15V (depending on type). However, the CS pin useful
signal for frequency modulation swingsfrom0 V, so current
mode regulationwould not work under light |oad conditions
if no offset would be added to the CSpin beforeit isstabilized
to the level of the on-time comparator input. The CS pin
signal isalso used for secondary side short circuit detection
—pleaserefer to chapter dedicated to short circuit protection.
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The second input signal for the on-time comparator is
derived from the FB pin voltage. Thisinternal FB pin signal
isalso used for thefollowing purposes: skip mode operation
detection, PFC MODE control, off-mode detection (in
NCP1399A devicefamily) and overload / open FB pin fault
detection. Thedetailed description of thesefunctions can be
found in each dedicated chapters. The interna pull-up
resistor assures that the FB pin voltage increases when the
optocoupler LED becomes less biased — i.e. when output
load isincreased. Thehigher FB pinvoltageimpliesahigher
reference level for on-time comparator i.e. longer Mupper
switch on-time and thus also higher output power. The FB
pinfeaturesaprecisevoltage clampwhichlimitstheinternal
FB signal during overload and startup. The FB pin signal

Internal "

passes through the FB processing block beforeit is brought
to the ON-time comparator input. The FB processing block
scalesthe FB signal down by aK g ratioin order tolimit the
CS input dynamic voltage range. The scaled FB signal is
then further processed by subtraction of a ramp
compensation generator signal in order to ensure stability of
the current mode control scheme. The divided internal FB
signal isoverridden by a Soft-start generator output voltage
during device starts-up.

Theactual operation frequency of the converter isdefined
based on the CS pin and FB pininput signals. Pleaserefer to
Figure 44 and below description for better understanding of
the NCP1399 frequency modulation system.
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Figure 44. NCP1399 On-time Modulation Principle

The Mupper switch is activated by the controller after
dead-time (DT) period lapses in point A. The frequency
processing block increments the ON-time counter with
10 ns resolution until the internal CS signal crosses the
internal FB set point for the ON-time comparator in point B.
A DT periodisthenintroduced by thecontroller toavoid any
shoot-through current through the power stage switches.
The DT period endsin point C and the controller activates
the Mlower switch. The ON-time processing block
decrementsthe ON_time counter down until it reaches zero.
The Mlower switch is then turned-OFF at point D and the
DT period is started. This approach results in perfect duty
cycle symmetry for Mlower and Mupper switches. The
Mupper switch on-time naturally increases and the
operating frequency drops when the FB pin voltage is
increased, i.e. when higher current is delivered by the
converter output — sequence E.

The resonant capacitor voltage and thus also CS pin
voltage can be out of balancein some cases—thisisthe case
during transition from full load to no-load operation when

skip mode is not used or adjusted correctly. The current
mode operation is not possible in such case because the
ON-time comparator output stays active for severa
switching cycles. Thusaspecial logic hasbeenimplemented
inNCP1399 inorder to repeat thelast valid on-timeuntil the
current mode operation recovers—i.e. until the CSpinsignal
balance is restored by the system.

Overload and Open FB Protections

The overload protection and open FB pin detection are
implemented via FB pin voltage monitoring in this
controller. The FB fault comparator istriggered oncethe FB
pin voltage reaches its maximum level and the Vg pauLT
threshold isexceeded. Thefault timer or counter (depending
on IC option) isthen enabled —refer to Figure 43. Thetime
period to the FB fault event confirmation is defined by the
preselected trg FAULT TIMER parameter when the fault
timer option is used. The FB fault counter, once selected as
a FB fault confirmation period source, defines the fault
confirmation period viaMupper DRV pulses counting. The
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FB fault confirmation time is thus dependent on switching
frequency. Thefault timer/counter isreset once the FB fault
condition diminishes. A digital noise filter has been added
after the FB fault comparator to overcomefal setriggering of
the FB fault timer/counter due to possible noise on the FB
input. The noise filter has a period of 2 us for FB fault
timer/counter activation and 20 us for reset/deactivation to
assure high noiseimmunity. A cumulative timer/counter |C

]
] Uref

option is aso avalable on reguest. The FB fault
timer/counter is not reset when the FB fault condition
diminishes in this case. The FB fault timer/counter is
disabled and memorizes the fault period information. The
cumulative FB fault timer/counter integratesall the FB fault
events over the | C operation time. The Fault timer/counter
can be reset via skip mode or VCC UVLO event.

to ON-time, Skip, P ON/OFF comparators

oK1 FB
- — —l -I . + 2/20 FB FB fault status
y/}* - | Digital - _I-;.ault S o to Main logic
—_ ] ) R imer
| Filter pause A
ECEE SR ive
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VCC_RESET
c - Auto-recovery timer end
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Figure 45. Internal FB Fault Management

Thecontroller disablesdriver pulsesand enters protection
mode once the FB fault event is confirmed by the FB fault
timer or counter. Latched or auto-recovery operationisthen
triggered — depends on selected 1C option. The controller
adds an auto-recovery off-time period (ta-rRec TIMER) @nd
restarts the operation via soft start in case of auto-recovery
option. The application temperature runaway is thus
avoidedin caseof overload whiletheautomaticrestart isstill
possible once the overload condition disappears. The IC
with latched FB fault option stays latched-off, supplied by
the HV startup current source working in DSS mode, until
the Vcc reset threshold is reached on the VCC pin —i.e.
until user re-connects power supply mains.

Please refer to Figure 61 and Figure 62 for an illustration
of the NCP1399 FB fault detection block.

Secondary Short Circuit Detection

Theprotection system described previously, implemented
via FB pin voltage level detection, prevents continuous
overload operation and/or open FB pin conditions. The

primary currentisnaturally limited by theNCP1399 on-time
modulation principle in this case. But the primary current
increases when the output terminals are shorted. The
NCP1399 controller will maintain zero voltage switching
operation in such case, however high currents will flow
through the power MOSFETS, transformer winding and
secondary side rectification. The NCP1399 implements a
dedicated secondary sideshort circuit protection system that
will shut down thecontroller muchfaster thantheregular FB
fault event in order to limit the stress of the power stage
components. The CS pin signal is monitored by the
dedicated CSfault comparator - refer to Figure 43. The CS
fault counter is incremented each time the CS fault
comparator istriggered. The controller entersauto-recovery
or latched protection mode (depending on 1C option) in case
the CS fault counter overflows refer to Figure 46. The CS
fault counter is then reset once the CS fault comparator is
inactivefor at least 50 Mupper upcoming pulses. Thisdigital
filtering improves CS fault protection system noise
immunity.

www.onsemi.com

27


http://www.onsemi.com/

NCP1399 Series

Ues_FauLT

On-time
comparator

Ucs

inputs 2

Mupper
Driver

outputs

Mlower [

7
Uout Short on output l

CS_FAULT
Counter

| Protectjon mode
activated

Figure 46. NCP1399 CS Fault Principle

Dedicated Startup Sequence and Soft-Start
Hard switching conditions can occur in aresonant SMPS
application when the resonant tank operation is started with

50% duty cycle symmetry — refer to Figure 47. This hard
switching appears because the resonant tank initia
conditions are not optimal for the clean startup.

Ycc_oN

UCC | o

Mupper

Driver

outputs
Mlouwer

HB

I primary

Hard
switching

Figure 47. Hard switching cycle appears in the LLC application when resonant tank is
excited by 50% duty cycle during startup

The initial resonant capacitor voltage level can differ
depending on how long delay was placed before application
operation restart. The resonant capacitor voltage is closeto
zero level when application restarts after very long delay —
for example several seconds, when the resonant capacitor is
discharged by leakage to the power stage. However, the
resonant capacitor voltage value can be anywhere between
Vbulk and 0 V when the application restarts operation after
a short period of time — like during periodical SMPS
turn-on/off. Another factor that playssignificant roleduring
resonant power supply startup is the actual 1oad impedance
seen by the power stage during the first pulses of startup
sequence. This impedance is not only defined by resonant
tank components but also by the output loading conditions
and actua output voltage level. The load impedance of

resonant tank is low when the output is loaded and/or the
output voltage is low enough to made secondary rectifies
conducting during first switching cycles of startup phase.
The resonant frequency of the resonant tank is given by the
resonant capacitor capacitance and resonant inductance
-note that the magnetizing inductance does not participate
in resonance in this case. However, if the application
starts-up when the output capacitorsis charged and thereis
no load connected to the output, the secondary rectification
diodes is not conducting during each switching cycle of
startup sequence and thustheresonant frequency of resonant
tank is affected also by the magnetizing inductance. In this
case, the resonant frequency is much lower than in case of
startup into loaded/discharged output.
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These facts show that a clean, hard switching free and
parasitic oscillation free, startup of an LLC converter isnot
an easy task, and cannot be achieved by duty cycleimbalance
and/or simpleresonant capacitor pre-chargeto Vbulk/2 level.
These methods only work in specific startup conditions.

Thisexplainswhy the NCP1399implementsaproprietary
startup sequence - see Figures 48 and 49. The resonant
capacitor is discharged down to O V before any application
restart - except when restarting from skip mode.

Iprim

§Ri| 200V 20.0ps
|R2| 50V 20.0us

20.0ps/div
12.5MS/s  80.0ns/pt

5.0V Bw-
Bw- HC3| £ 15V

Figure 48. Initial Resonant Capacitor Discharge
before Dedicated Startup Sequence is Placed
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Figure 49. Dedicated Startup Sequence Detail

The resonant capacitor discharging process is simply
implemented by activating aninternal current limited switch
connected between the HB pin and IC ground — refer to
Figure 48. Thistechnique assuresthat the resonant capacitor
energy is dissipated in the controller without ringing or
oscillations that could swing the resonant capacitor voltage
toapositiveor negativelevel. The controller detectsthat the
discharge process is complete via HB pin voltage level
monitoring. The discharge switch is disabled once the HB
pin voltage drops below the Vg min threshold.

The dedicated startup sequence continues by activation of
the Mlower driver output for TI1 period (refer to Figure 49).
This technique ensures that the bootstrap capacitor is fully

charged before the first high-side driver pulseisintroduced
by the controller. The first Mupper switch on-time Tupl
period is fixed and depends on the application parameters.
This period can be adjusted internally — various IC options
are available. The Mupper switch is released after Typ:
period and it is not followed by the Mlower switch
activation. The controller waitsfor anew ZV S condition for
Mupper switch instead and measures actual resonant tank
conditions this way. The Mupper switch is then activated
again after the Mlower blank period isused for measurment
purposes. The second Mupper driver conduction period is
then dependent on the previously measured conditions:

1. The Mupper switch is activated for 3/2 of previous
Mupper conduction period in case the measured
time between previous Mupper turn-off event and
upper ZV'S condition detection is twice higher than
the the previous Mupper pulse conduction period

2. The Mupper switch is activated for previous
Mupper conduction period in case the measured
time between previous Mupper turn-off event and
upper ZV'S condition detection is twice lower than
the previous Mupper pulse conduction period

The startup period then depends on the previous
condition. Another blank Mlower switch periodisplaced by
the controller in case condition 1 occurred. A normal
Mlower driver pulse, with DC of 50% to previous Mupper
DRV pulse, is placed in case condition 2 is fulfilled.

The dedicated startup sequence is placed after the
resonant capacitor is discharged (refer to Figure 48 and
Figure 49) in order to exclude any hard switching cycles
during the startup sequence. The first Mupper switch cycle
instartup phaseisalwaysnon-ZV Scyclebecausethereisno
energy in the resonant tank to prepare ZVS condition.
However, thereisno energy intheresonant tank at thistime,
there is also no possibility that the power stage MOSFET
body diodes conducts any current. Thus the hard
commutation of the body diode cannot occur in this case.

The IC will not start and provide regular driver output
pulses until it is placed into the target application, because
the startup segquence cannot be finished until HB pin signal
isdetected by the system. Thel Cfeaturesastartup watchdog
timer (twatcHpo@ Which activates a dedicated startup
sequence periodically in case the IC is powered without
application (during bench testing) or in case the startup
sequence is not finished correctly. The IC will provide the
first Mlower and first Mupper DRV pulses with a
twaTcHDOGOff-time in-between startup attempts.

Soft-start

The dedicated startup sequence is complete when
condition 2 from previous chapter is fulfilled and the
controller continues operation with the soft-start sequence.
A fully digital non-linear soft-start sequence has been
implemented in NCP1399 using asoft-start counter and D/A
converter that are gradually incremented by the Mlower
driver pulses. A block diagram of the NCP1399 soft-start
system is shown in Figure 50.
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Figure 50. Soft-start Block Internal Implementation

The soft-start block subsystems and operation are
described below:
1. The Soft-Start counter isaunidirectional counter

power switches as afore mentioned. The ON-time
counter count-up mode can be switched to the

that is loaded with the last Mupper on-time value
that is reached at the dedicated startup sequence
end (i.e. during condition b occurrence explained
in previous chapter). The on-time period used in
theinitial period of the soft-start sequenceis
affected by the first Mupper on-time period
selection and the dedi cated startup sequence
processing. The Soft-Start counter counts up from
thisinitial on time period to its maximum value
which corresponds to the |C maximum on-time.
The Soft-Start counter is incremented by the
soft-start increment number (tSS_INCREM ENT)
during each Mlower switch on-time period. The
soft-start start increment, selectable via lC option,
thus affects the soft-start time duration. The
Mlower clock signal for the Soft-Start counter can
be divided down by the SS clock divider

(K53_| NCREMENT) in case the soft-start period
needs to be prolonged further — this can be also
done vialC option selection. The Soft-Start period
isterminated (i.e. the counter isloaded to its
maximum) when the FB pin voltage drops below
VB skip N level.

. The ON-time counter isabidirectional counter
that is used as amain system counter for on-time
modul ation during soft-start, normal operation or
overload conditions. The ON-time counter
counts-up during Mupper switch conduction
period and then counts down to zero — defining
MIlower switch conduction period. This technique
assures perfect 50 % duty cycle symmetry for both
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count-down mode by either of two events; 13
when the ON-time counter value reaches the
maximum on-time value (tron_max) OF 2nd when
the actual Mupper on-time is terminated based on
the current sense input information.

. The Maximum ON-time compar ator compares

the actual ON-time counter value with the
maximum on-time value (tron max) and
immediately activates the latch (or auto-recovery)
protection mode. The minimum operating
frequency of the controller is defined the same
way. The Maximum ON-time comparator
reference is loaded by the Soft-Start counter value
on each switching cycle during soft-start. The
Maximum ON-time fault signal isignored during
Soft-Start operation. The converter Mupper switch
on-time (and thus operating frequency) is thus
defined by the Soft-Start counter value indirectly —
via Maximum ON-time comparator. The Mupper
switch on-timeisincreased until the Soft-Start
counter reachestton max period and Maximum
on-time protection is activated, or until ON-time
comparator takes action and overrides the
Maximum ON-time comparator.

. The Soft-Start D/A converter generates a

soft-start voltage ramp for ON-time comparator
input synchronously with Soft-Start counter
incrementing. Theinternal FB signal for ON-time
comparator input is artificialy pulled-down and
then ramped-up gradually when soft-start period is
placed by the system — refer to Figure 51. The FB
loop is supposed to take over at certain point when
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regulation loop is closed and output gets regul ated
so that soft-start has no other effect on the on-time
modulation. The Soft-Start counter continues
counting-up until it reaches its maximum value
which corresponds to the | C maximum on-time
value —i.e. the IC minimum operating frequency.

The Soft-Start period isterminated (i.e. counter is
loaded to its maximum) when the FB pin voltage
dropsbelow Vig skip N level. The D/A
converter output evolve accordingly to the
Soft-Start counter asit isloaded from its output
data bus.

External FB
ON-time
comparator
Inputs

Internal CS

Internal FB

CM operation

5]

Mupper
Driver

outputs

Mlower

HB

Figure 51. Soft Start Behavior

The Controller Operation during Soft-start Sequence
Evolves as Follows:

The Soft-Start counter is loaded by last Mupper on-time
value at the end of the dedicated startup sequence. The
ON-time counter is released and starts count-up from zero
until the value that is equal to the actual Soft-Start counter
state. The Mupper switch is active during the time when
ON-time counter counts-up. The Maximum ON-time
comparator then changes counting mode of the ON-time
comparator from count-up to count-down. A dead-time is
placed and the Mlower switch is activated till the ON-time
counter reaches zero value. The Soft-Start counter is
incremented by selected increment during corresponding
MIlower on-time period so that thefoll owing Mupper switch
on-time is prolonged automatically — the frequency thus
drops naturally. Because the operating frequency of the
controller drops and Mlower DRV signal is used as a clock
sourcefor the Soft-start counter, the soft-start speed startsto
decrease on each (or on each N-th) Mlower driver pulse
(whereN isdefined by Kss incremenT) Of switching cycle.
Sowehavenon-linear soft-start that hel psto speed up output
charging in the beginning of the soft-start operation and
reduces the output voltage slope when the output isclose to
theregulationlevel. The output bus of the Soft-Start counter
addresses the D/A converter that defines the ON-time

comparator reference voltage. This reference voltage thus
aso increases non-linearly from initial zero level until the
level at which the current mode regulation starts to work.
The on-time of the Mupper and Mlower switch is then
defined by the ON-time comparator action instead of the
Maximum ON-time comparator. The soft-start then
continues until the regulation loop is closed and the on-time
isfully controlled by the secondary regulator. The Soft-Start
counter then continues in counting and saturates at its
maximum possi blevaluewhich correspondsto | C minimum
operating frequency. The maximum on-time fault detection
system is enabled when Soft-Start counter value is equal to
tron_max vaue.

The previous on-time repetition feature, described above
in the ON-time modulation and feedback loop chapter, is
disabledin thebeginning of soft start period. Thisisbecause
the ON-time comparator output stayshigh for several cycles
of soft start period — until the current mode regul ation takes
over. The previous on-time repetition feature is enabled
once the current modulation starts to work fully, i.e. in the
time when the ON-time comparator output periodically
drops to low state within actual Mupper switch on-time
period. Typical startup waveform of the LLC application
driven by NCP1399 controller can be seen in Figure 52.
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Figure 52. Application Startup with NCP1399 -
Primary Current - green, Vy,t - magenta

Skip Mode Operation

AnLL Cresonant converter efficiency reacheshighvalues
under medium and full load conditions thanks to ZVS
operation for the primary MOSFETs and ZCS operation for
the secondary rectifiers. The light-load and no-load
efficiency however drops unacceptably when a normal
frequency modulation control technique is used. This is
because the converter operating frequency needs to be
increased quite a lot compared to nomina load operating
frequency in order to maintain regulation under light load
conditions. High operating frequency increases driving
lossesinthecontroller and al solossesinthe converter power
stage. Moreover, the magnetizing current that becomes

HB

U_HB < 1/2VU_Bulk— |— -

major primary current component during light load
conditions, circulatesin the resonant tank and creates power
losses in the power switches despite minimum energy
transfer to the secondary side. This is why the majority of
resonant converter controllers implement skip mode
operation under light load conditions.

The NCP1399 controller implements a proprietary skip
mode technique that assures maximum light-load efficiency
and low acoustic noise. The FB pin voltage level below
which the application enters skip mode operation is fully
user adjustable for the NCP1399A device family - via
SKIP/REM adjust pin or via IC option for the NCP1399B
device family. The skip mode operation can be initiated by
the skip comparator only during actual Mupper driver
on-time period. This technique assures defined and
synchronoustransition from normal to skip mode operation.
The SKIP/REM pin voltage (NCP1399Ay) or interna
voltage level (NCP1399By) defines the FB pin voltage
threshold under which is the skip mode initiated — the
maximum operating frequency of the converter is thus
defined indirectly.

The Mlower switch is aways activated for a defined
on-time period at the beginning of each skip burst to
re-charge the bootstrap capacitor and thus assure enough
charge for high side driver powering during the following
Mupper pulse. The resonant capacitor average voltagelevel
is maintained below Vbulk/2 level during the skip mode
operation. This technique helps to minimize power loses
duringtheinitial Mlower MOSFET switch activation—refer
to Figure 53.

B AN e

Figure 53. The average voltage of resonant capacitor is maintained below Vbulk/2 during the skip mode operation
to reduce turn-on losses during 1st Mlower skip burst pulse

The first pulse in the skip burst is aways non-ZVS
because there is no magnetizing energy in the resonant tank
that could prepare ZVS condition for lower MOSFET
switch turn-on. The reduced resonant capacitor voltagethus
helps to decrease C* V2 losses related to the total HB line
capacitance (composed from output capacitances of the
power stage MOSFETSs and stray capacitance seen by the
HB line). However, too low of aresonant capacitor voltage,
during 1t Mlower driver pulseinitiation, would result in a
too low resonant tank current at the end of the first Mlower
switch conduction period and thus anon ZV S condition for
the following Mupper switch turn-on process. Thisis why
afull discharge of resonant capacitor is not needed before
skip mode.

The reduced resonant capacitor average voltage
requirement imposes a specific turn-off sequenceto be used
at the end of each skip burst and also during transition from
normal operation mode to skip mode- refer to Figure 54.
The Mlower driver is aways activated the latest during
transition to skip mode. However, the latest Mlower driver
activation on-timeis equal to 3/2 of previous Mupper pulse
width when the skip mode is entered. This technique
naturally imbal ances the resonant tank so that the average
resonant capacitor voltage stays below Vbulk/2 level. —i.e.
application is prepared for optimal initiaization of the
following skip burst.
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Figure 54. Drivers turn-off sequence during transition to skip-mode from normal operation mode

The voltage level across the resonant capacitor after the
transition to skip mode depends on severa factors:
¢ Actua previous Mupper switch on-time - i.e. actual
operating frequency when skip mode comparator
provides skip mode operation request to the internal
logic viaits output
Resonant tank components used in the application

Actual current flowing through the resonant tank when
last Mlower driver pulseisinitiated

It should be noted that the oscilloscope probe dischargesthe
resonant capacitor by its resistance when connected to the
HB pin! The probedischarge effect to the resonant capacitor
is obvious when no-load is applied to the converter output
and the application enters deep skip mode. This has to be
taken into account when probing HB pin and operating
application in skip mode.

The NCP1399 detects skip mode operationviaFB voltage
level. The skip comparator features an adjustable
Veg_skip N threshold (externally with the NCP1399A
devicefamily orinternally by | C option withthe NCP1399B

device family) and fixed hysteresis (Vrg_skip Hyst). The
skip out level is thus given by Vgg skip N +
Ve skip HysT Vaue — refer to Figure 55. The controller
disables drivers and enters a low consumption mode once
the FB voltage dropsbelow Vg _skip |n threshold. ThelC
operation is restarted once the Vgg skip N+
Ve skip HysT level is exceeded on the FB pin. As
aforementioned, the controller then activates Mlower driver
first for a predefined time (t1s¢ MmLOWER skip) tO re-charge
the bootstrap capacitor. Thefirst Mupper driver pulseisthen
placed by the controller after DT period elapsed. The
on-time of thefirst Mupper pulseisdictated by the ON-time
comparator —i.e. the on-time depends on the actual FB pin
voltage and CS pin input signal. The internal FB signal is
artificialy reduced by Vig mupPeEr skip Via the ramp
compensation block during this first Mupper driver pulse.
This method helps reduce the primary current peak and
acoustic noise during return from skip mode. The amount of
internal  FB signa and thus primary peak current
compression is adjustable via I C option.
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Figure 55. NCP1399 Light-load Operating Modes versus Feedback Pin Voltage

Detail Description of the Skip Mode Operation:

During operation under certain load conditionsin normal
PFM mode (driving the resonant tank with 50% DC
symmetry), if theload drops, then theload current isreduced
and the converter operation evolves as follows:

1. The FB voltage falls below the Veg skip IN

threshold. This event can be detected by the system
only during the Mupper switch on-time execution.
The actual Mupper pulse on-timeis stored into the
dedicated t Mu_on-time register. The last Mlower
pulse witht_MI_on-time = 3/2* t Mu_on-timeis
introduced by the system to finish operation and
will keep the resonant capacitor out of balance at a
voltage below 1/2 of Vbulk. The controller then
enters alow consumption mode in which all
unnecessary blocks are turned off to reduce power
consumption and the IC will waits aslong as the
feedback pin voltage stays above Veg skip N+
VEB skip Hysrlevel.

. The FB pin voltagerises above Vrg skip IN +
VEB skip HysT threshold. Thefirst Mlower period
with pre-defined on-time width
(t1¢ MLOWER skip) isplaced in order to recharge
the bootstrap capacitor. The first Mupper pulseis
then initiated after a dead-time period that lasts
until termination by the CS comparator. The
dead-time period is then followed by second
Mlower pulse which on-time period could differ
based on the actual application conditions:
b1) the second Mlower pulse with on-time equal to
previous Mupper driver pulse period is placed in
case that the ON-time comparator output is low
before end of regular Mlower period.

b2) the second Mlower pulse with on-time longer
than previous Mupper driver pulse periodisplacedin
casethat the ON-time comparator outputishighinthe
end of regular Mlower period. The second Mlower
pulse is prolonged in such case until the ON-time
comparator output gets low. This technique ensures

that the current mode operation is not lost due to
resonant capacitor voltage imbalance that naturally
occurs during burst operation. The application works
with asymmetrical duty cyclein this case.

3. The dead time is placed by the system again and
situation from point b) repeats. The b2) case
repeats in a given skip burst pulse until the duty
cycle symmetry of 50% is reached i.e. until the bl)
caseis reached by the system. The asymmetrical
operation is then disabled until the new
Veg_skip N threshold crossing event, i.e. until the
application enters skip mode again.

4. Application continues with given skip burst until
the VEg skip N threshold is reached on the FB
pin. This situation is monitored during each
Mupper driver period. The dead timeisthen
placed by the driver followed by last Mlower
driver pulse with on-time equal to 3/2 of previous
Mupper driver period. The controller consumption
is then minimized by turning-off all the blocks that
are not needed. The skip comparator is monitoring
FB pin voltage — waiting for new skip burst
initialization.

Example of imbalanced operation during the skip mode
burst beginning can be seen in Figure 56. One can see that
the ON-time comparator output (Yelow) is high while
MIlower on-timeisequal tothe previous M upper pulsewidth
— thus the Mlower on-time period is prolonged until the
ON-time comparator output drops.
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Figure 56. The on-time comparator prolongs Mlower periods in case it output is high after previous Mupper
period is already exceeded on Mlower so imbalanced operation is placed by the system in order to keep current
mode operation working. This functionality is active until the duty cycle symmetry reaches 50%.

Fast transition to skip mode can occur when the load
current diminishes abruptly and the application is working
infull load. Thefrequency then quickly increaseswhich can
result in resonant capacitor imbalance that could lead to a
loss of current mode operation — refer to Figure 57 for

illustration. This is why the NCP1399 repeats previous
Mupper on-time period in case the ON-time comparator
output does not drop low within thistime period (i.e. within
the time equal to last Mupper on-time).

200mV
5.0V
5.0V
200mV

Wzic1|100mV 5.0us Wzicz|25V 5.0us

Wzic3|2.5V

1.0ms/div
250MS/s  4.0ns/pt
B cCi| 224mV

5.0us Wzica[100mV  5.0us

Figure 57. Mupper on-time repetition in case of transient loading when resonant capacitor imbalance occurs and
on-time comparator output stays high for several periods.

Summary of the NCP1399 Skip Mode System Operation:
When the load slowly diminishes and the operating
frequency of the LLC converter increases, skip mode with
wideskip burstsisnaturally placed by thesystemfirst - refer
to Figure 58. The off-timebetween skip burstsincreasesand
the number of pulses in skip burst drops when load is
reducing further i.e. FB voltage starts to trigger the

VEB skiP IN + VEB SKIP HYST thresholds with lower
frequency. Thesinglepul seburst operation could bereached
under no load on the output in systems with very fast
feedback loop response. The skip burst composes only from
single Mupper and two Mlower pulses in such case. The
initial Mlower pulsewidth of skip burst isdefined by device
option and is used for bootstrap capacitor pre-charge and
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ZV'S condition preparation for following Mupper switch
activation. The skip burst isaways finished by the Mlower
driver pulse with period prolonged to 3/2 of previous
Mupper switch on time period in order to reduce resonant
capacitor voltage and prepare system for another skip burst
initialization.

The overall skip mode operation of the application is
affected by severa factors:

\
HB

U_HB < 1/2V_Bulk

=

. FB voltage skip in threshold adjust

. FB voltage skip hysteresis

. First Mlower DRV pulse width when IC is
returning from skip mode

. First Mupper pulse internal FB voltage reduction
factor when IC is returning from skip mode

. Actual bulk voltage value

N

Lo

YUFB_SKIP_IN
+ .
YUFB_SKIP_HYST

|
\
UFB_SKIP_IN |
\
FB ; Time
\
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Figure 58. NCP1399 Operation when Load Current Drops Down to No-load Conditions

The High Voltage Half-bridge Driver

The driver features a traditional bootstrap circuitry,
requiring an externa high voltage diode with resistor in
series for the capacitor refueling path. Minimum series
resistor Rboot valueis 3.3 Q. Figure 59 shows the internal

architecture of the drivers section. The device incorporates
an upper UVLO circuitry that makes sure enough Vgs is
available for the upper side MOSFET.

[ Hv
Internal Mupper Pulse [ Level I \Aboot
Trigger |- Shifter S | Eboot——
—
< Q |
R Q D—| |t Mupper
dv/dt_P signal dv/dt H 1
dv/dt_N signal detector HB
UuvLO |::| Rboot
. o HB
HB disch. activation discharger Dboot
00 Yy
Vce
aux
Fault = < Ve
au Mlower =
Internal Mlower 54]—4 ~
GND T

Figure 59. The NCP1399 Internal DRVs Structure

Theinternal dV/dt sensor, connected to the VBOOT pin,
detects the HB pin voltage transitions in order to setup the
optimum DT period — please refer to Dead-Time chapter.
Theinternal HV discharge switchisconnected tothe HB pin
and discharges resonant capacitor before application
startup. The current through the switch is regulated to
IpiscHARGE level until the VHB_MIN threshold voltage is
reached ontheHB pin. Thedischarge system assuresaways
the same startup conditions for application — regardless of
previous operating state.

As stated in the maximum ratings section, the floating
portion can go up to 620 VDC on the BOOT pin. This
voltage range makes the IC perfectly suitable for offline
applications featuring a 400 V PFC front stage.

Automatic Dead-time Adjust

The dead-time period between the Mupper and Mlower
driversisalwaysneeded in half bridgetopologiesto prevent
any cross conduction through the power stage MOSFETs
that would result in excessive current, high EMI noise

www.onsemi.com

36


http://www.onsemi.com/

NCP1399 Series

generation or total destruction of the application. Fixed
dead-time period is often used in the resonant converters
becausethisapproachissimpletoimplement. However, this
method does not ensure optimum operating conditions in
resonant topologies because the magnetizing current is
changing with line and load conditions. The optimum
dead-time, under a given operating conditions, is equal to
the time that is needed for bridge voltage to transition
between upper and lower states and vice versa — refer to
Figure 60.

I_prim
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Driver

outputs

Mlower

| |
| ’
HB | :\
I I
| |
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"
du/dt_N H H
I

Dead time !!
r
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Figure 60. Optimum Dead-time Period Adjust

The MOSFET body diode conduction time is minimized
when optimum dead-time period is used which results in
maximum efficiency of a resonant converter power stage.
There are several methods to determine the optimum
dead-time period or to approximate it (for example using
auxiliary winding on main transformer or modulating
dead-time period with operating frequency of the
converter). These approaches however require a dedicated
pin for nominal dead-time adjust or auxiliary winding
voltage sensing. The NCP1399 usesadedicated method that
senses the VBOOQOT pin voltage internally and adjusts the
optimum dead-time period with respect to the actual
operating conditions of the converter. The high-voltage
dV/dt detector, connected to the VBOQOT pin, delivers two
internal digital signalsthat areindicating Mupper to Mlower
and Mlower to Mupper transitions that occur on the HB and
VBOOT pins after the corresponding MOSFET switch is
turned-off. The controller enables the opposite MOSFET in
the power stage once the corresponding dV/dt sensor output
provides information about HB (or VBOQOT) pin transition
ends.

The ZV S transition on the bridge pin (HB) could take a
longer time or even does not finish in some cases — for
example with extremely low bulk voltage or when some
critical failure occurs. This situation should not occur
normally in correctly designed application because several

other protections would prevent such a situation. The
NCP1399 implements maximum DT period clamp that
limits driver's off-time period to the tpeap TIME MAX
value. The corresponding MOSFET driver is forced to
turn-on by the internal logic regardless of missing dV/dt
sensor signal. This situation does not occur during normal
operation and will be considered afault state by the device.
There are several possibilities on how the controller
continues operation after this event occurrence —depending
onthe IC option;

1. The opposite MOSFET switch isforced to turn-on
when tpeap TIME MaXx period elapses and no
fault isgenerated

2. The controller islatched-off in case the ZSV
condition is not detected within selected
toEAD_TIME MAX period

3. The controller stops operation and restarts
operation after auto-recovery period in case the
ZSV condition has not been detected within the
selected tpeap_TIME MAX Period

A DT fault counter option is available. Selected number
(NpT max) or DT fault events have to occur in order to
confirm DT fault in this case.

A fixed DT option is also available for this device. The
internal dV/dt sensor signal isnot used for thisdeviceoption
and the tpeap_TIME_MAXx Period is used as a regular DT
period instead. The DT fault detection is disabled in this
case.

Temperature Shutdown

The NCP1399 includes a temperature shutdown
protection at 150°C. The typical TSD hysteresis is 30°C.
When the temperature rises above the upper threshold, the
controller stops switching instantaneously, and goesintothe
off-modewith extremely low power consumption. TheVcc
supply is maintained (by operating the HV start-up in DSS
mode) in order to memorize the TSD event information.
When the temperature falls below the lower threshold, the
full restart (including soft-start) isinitiated by the controller.
The HV startup current source features an independent
over-temperature protection which limits its output current
in casethe DI E temperature exceeds 150°C to avoid damage
to the HV startup silicon structure.

APPLICATION INFORMATION

Controller Operation Sequencing of NCP1399xy LLC
Controller

The paragraphs below describe controller operation
sequencing under several typical casesaswell astransitions
between them. The NCP1399By version is used in the
description of most operation sequences (except last
paragraph, Figure 65 that describe NCP1399Ay version).
The main behavior of NCP1399Ay is as same as
NCP1399By version except for the off-mode behavior
(REM pin function).
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1. Application start, Brown-out off and restart,
OVP/OTP latch and then restart — Figure 61

Application is connected to the mains at point A thusthe
HV input of the controller becomes biased. The HV startup
current source starts charged VCC capacitor until Ve
reaches Vcc on threshold.

The VCC pin voltage reached V¢ on threshold in point
B. The BO, FB, OVP/OTP and PFC MODE blocks are
enabled. The REM input is internally pulled down for
trem_TiMER L0 8ssurethat the secondary sidewill haveenough
timeto recover normal operation and pulls down theremote
optocoupler after the LLC stage restart. The VBULK/PFC
FB pin startsto receive divided bulk voltage as the external
HV switch is activated by PFC MODE output. The REM
timer is activated during each Vcc_on event except during
the off-mode operation. The V¢ blank is also activated
during each V¢ on event to ensure that the internal logic
ignores all fault inputs until the internal blocks are fully
biased and stabilized after a Ve on event. The IC DRVs
were not enabled after first V¢ blank period in this case as
thevoltage on VBULK/PFC FB isbelow Vg level. ThelC
keeps al internal blocks biased and operates in the DSS
(Dynamic Self-Supply) mode aslong asthefault conditions
isstill present.

The BO_OK condition is received (voltage on
VBULK/PFC FB reach Vgo level) at point C. The IC
activates the startup current source to refill VCC capacitor
in order to assure sufficient energy for a new startup. The
V CC capacitor voltage reachesVcc on level again and the
VCC blank period is started. The REM timer is activated
againonthisVcc on event aswell. The DRVsare enabled
and the application is started after V cc blank period lapses
because thereis no faults condition at that time.

Lineand also bulk voltagedropsat point D sotheBO_OK
signal become low (voltage on VBULK/PFC FB drops
below Vo level). The LLC DRVs are disabled as well as
OVP/OTP block bias. The PFC MODE output stay high to
keep the bulk voltage divider connected, so the BO block
still monitors the bulk voltage. The controller activates the
HV startup current source into DSS mode to keep enough
V CCvoltagefor operation of al blocksthat are activewhile
the IC iswaiting for BO_OK condition.

The line voltage and thus also bulk voltage increase at
point E so the Brown-out block provide the BO_OK signal
oncethe Vo level isreached. The startup current sourceis
activated after BO_OK signal isreceived to chargetheVCC
capacitor for anew restart.

The Ve on level isreached in point F. The OVP/OTP
block is biased, REM timer and the VCC blank period is
started at the same time. The controller restores operation
via the regular startup sequence and soft-start after VCC
blank period lapsessincethereisnofault condition detected.

The application then operates normally until the
OVP/OTPinput ispulled-up at point G. The controller then
enterslatch-off modeinwhich all blocksare disabled except
for the feedback block. The VCC management controlsthe
HV startupin DSS modein order to keep enough VCClevel

to hold the latch-up state memorized while the application
remains plugged-in to the mains.

The power supply is removed from the mains at point H
and the VCC voltage drops down below Ve reser level
thusthelow voltage controller isrel eased from latch. A new
application start occurs when the user plugs the application
the mains again.

2. Application start, Brown-out off and restart, output
short fault with auto-recovery restart — Figure 62

Operating waveforms descriptions for this figure is
similar to onefor Figure 61 from point A till point G —with
one difference. The skip mode operation (FB <
Ve skip IN) blocksthe IC startup after first Ve on event
instead of BO_faullt. B

The LLC converter operation is stopped in point G
because the controller detects an overload condition (short
circuit event in this case as the Vout drops abruptly). The
controller disablesall blocksexcept for the FB block and the
fault logic. The HV startup DSS operation is initiated in
order to keep enough VCC level for all internal blocks that
need to bebiased. Internal auto-recovery timer countsdown
the recovery delay period ta-Rec_TIMER

The auto-recovery restart delay period lapses at point H.
TheHV startup current sourceis activated to recharge VCC
capacitor before a new restart.

The Ve on threshold is reached in point | and al the
internal blocks are biased. The V¢ blank, REM timer and
OVP/OTP blank period are started at the same time. The
LLC converter operation is enabled, including a dedicated
startup and soft-start period. The output short circuit is
removed in between thus the Vout ramped-up and the FB
loop took over during the LLC converter soft-start period.

3. Startup, skip-mode operation, low line detection and
restart into skip-mode — Figure 63

The application is plugged into the mains at point A thus
the HV input of the controller becomes biased. The HV
startup current source starts charging the VCC capacitor
until Vcc reachesthe Ve on threshold.

The VCC pin voltage reaches the Vcc on threshold at
point B. TheBO, FB, OVP/OTPand PFC MODE blocksare
enabled. The REM input is pulled down for trem TIMER tO
assure that the secondary side will have enough time to
recover to norma operation and pulls down the remote
optocoupler after the LL C stage restarts. The VBULK/PFC
FB pin beginsto receivedivided bulk voltage asthe external
HV switch isactivated by the PFC MODE output. TheV ¢
blank period is activated during each Vcc on events. This
blank ensures that the internal logic ignores all fault inputs
until theinternal blocks arefully biased and stabilized after
Ve onevent. ThelCDRVsarenot enabled even after Ve
blank period ends because the OVP fault condition is
present. The OV Pfault condition disappearsafter sometime
so the HV startup current source is enabled to prepare
enough V¢ for anew startup attempt. The new V ¢ blank,
OTP blank and REM timer periods are placed after the
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Ve on event is detected. The controller authorizes DRV's
at point C asthere are no faults conditions present after the
V cc blank period lapses.

Theapplicationisoperating under certain load conditions
between pointsC and D. Theload current isreduced thusthe
FB loop reducesthe primary controller FB pin voltage. The
PFC controller is disabled (viareduced voltage on the PFC
MODE pintoVprc M o Vvaue)inpoint D whenthe FB pin
voltage drops below set voltage level on P ON/OFF pin.

The load diminished further and the FB skip threshold is
reached in point E. The controller turns-off all the blocks
that are not essential for the controller operation during
skip-mode — i.e. all blocks except FB block and VCC
management. Thistechniqueisused to minimizethe device
consumption when there are no driver pulses during
skip-mode operation. The output voltage then drops
naturally and the FB loop reflects this change into the
primary FB pin voltage that increases accordingly. The
auxiliary winding is refilling VCC capacitor during each
skip burst thusthe controller issupplied fromtheapplication
during the skip mode operation.

Thecontroller FB skip-out thresholdisreachedinpoint F;
the controller enablesall blocksand LLC DRV sto refill the
output capacitor. The controller did not activate the HV
startup current source because there is enough voltage
present on the VCC pin during skip mode. The OTP blank
periodsisactivated at the beginning of the skip burst to mask
possible OTP faults.

Note: The VCC capacitor needs to be chosen with a value
high enough to ensure that V¢ will not drop below the
Vce orr level during skip mode. The device would
otherwise restart operation via standard startup sequencein
such acase(i.e. ramp-up the Vcc to Ve on leve first and
enabledriversafterwards) for NCP1399By version or enters
into off-mode for NCP1399Ay (refer to Figure 65).

The line voltage dropsin point G, but the bulk voltageis
dropping slowly asthereis nearly no consumption from the
bulk capacitor during skip mode—only somerefilling bursts
are provided by the controller. The application thus
continues in skip mode operation for several skip burst
cycles.

Thebulk voltagelevel lessthan Vg threshold isdetected
by the controller in point H during one of the skip burst
pulses. The controller thus disabled DRV's and enters DSS
mode of operation in whichthe OVP/OTP block isdisabled
and the controller is waiting for BO_OK event. The PFC
MODE provides the Vprc M on VOltage in this case to
allow the PFC stage to refill bulk capacitors.

Thelinevoltageisincreased at point | thus the controller
receivesthe BO_OK signal. TheBO_OK signal isreceived
during the period in which the HV startup current sourceis
active and refills the VCC capacitor.

ThisVcc onthresholdisreached by theVCC pin at point
J. The V¢ blank period, OVP/OTP blank and REM timer
period are started at the sametime. Thefull startup sequence
is enabled at the end of the V¢ blank period as no fault is

detected. The application then enters skip mode again asthe
load current islow.

5. Start-up, normal operation, transition to off-mode
operation and output re-charge in off-mode
(NCP1399By versions) — Figure 64

Application is connected to the mains at point A thusthe
HV input of the controller become biased. The HV startup
current source starts charging the VCC capacitor until Vcc
reaches Ve _on threshold.

The VCC pin voltage reached Vcc on threshold at point
B. The BO, FB, OVP/OTP and PFC MODE blocks are
enabled. The REM input is pulled down for trem TIMER tO
ensure that the secondary side has enough time to recover
normal operation and pull down the remote optocoupler
after LLC stage restarts. The VBULK/PFC FB pin startsto
receive the divided bulk voltage as the external HV switch
is activated by the PFC MODE output. The V¢ blank
period is activated during each V¢ on event. This blank
ensuresthat theinternal logicignoresall faultinputsuntil the
internal blocks is fully biased and stabilized after Ve on
event.

The IC DRVs are enabled immediately after V¢ blank
period ends as there was no fault present at that time. The
application is operating under certain load conditions
between pointsC and D. Theload current isreduced thusthe
FB looplowersthe primary controller FB pinlevel. The PFC
controller is disabled (via reduced voltage on the PFC
MODEpintoVprc M o Vvalue) at point D whenthe FB pin
voltage drops below the set voltage level on the P ON/OFF
pin.

The secondary controller activates off-mode operation
thus the REM input voltage exceeds the Vwrem oFfF
threshold at point E. The controller turns-off all the blocks
that are not essentia for controller operation during
off-mode —i.e. all blocks including FB block and a large
portion of the VCC management. Thistechniqueisused to
minimize device consumption when there are no driver
pulsesduring off-mode operation. Theoutput voltageisthen
dropped naturally due to secondary controller and resistive
dividers consumption. The primary controller is supplied
fromthe HV startup current source that is operated in DSS.

The secondary controller interrupts off-mode operation
by activating a remote optocoupler and pulling down the
REM pin at point F. The controller activates HV startup
current source and recharges the VCC capacitor to prepare
enough V¢ voltage for new startup.

The Vcc voltage reaches Ve on threshold at point G
and the LLC converter starts (including soft-start)
immediately after a V¢ blank period ends as there is no
fault detected at the end of this period.

The output voltageis ramped up while the FB loop is not
closed yet asthe Vouyr is till below regulation level. The
output voltage then reaches regulation level and the FB pin
voltage drops abruptly on the primary — hitting the FB
skip-in threshold at point H. The LLC drivers are thus
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disabled by skip comparator. The FB then increased
naturally — calling for new skip burst (refer to skip mode
operation description in previous part).

Secondary controller activates the off-mode operation by
releasing the remote optocoupler while the primary
controller is operating in skip-mode. The REM pin voltage
thus increases slowly up and hit the Vrgpm ofr threshold
where the primary controller enters off-mode operation
again at point I.

6. Start-up, normal operation, transition to off-mode
operation and output re-charge in off-mode
(NCP1399Ay versions) — Figure 65

Operating waveforms descriptions for this figure are the
same as for Figure 64 from point A until point D — Please
refer to Figure 64 for details regarding operation between
these time events.

The secondary controller activates off-mode operation by
pulling FB pin below VEg rem oFr level, thusthe I C goes
into skip-mode for long time at point E. The controller
turns-off all the blocks that are not essential for controller
operation during skip-mode —i.e. all blocks except FB, BO
and VCC management blocks. This technique is used to
minimize device consumption when there are no driver
pulses during skip-mode operation.

The V¢ drops naturally by 1C consumption below
Vee oFr threshold at point F — i.e. the off-mode is
confirmed. Thecontroller turns-off all theblocksthat are not
essentia for controller operation during off-mode —i.e. al

blocks including FB block and big portion of the VCC
management. This technique is used to minimize device
consumption when there are no drive pulses during
off-mode operation. The output voltage is then dropped
naturally due to secondary controller and resistive dividers
consumption. The primary controller is supplied from the
HV startup current source that operatesin DSS mode.

The secondary controller interrupts off-mode operation
by releasing the optocoupler and allowing the voltage on FB
pintoramp-up by theinternal pull-up current sourceat point
G. The controller activates the HV startup current source
and recharges the VCC capacitor to prepare enough Vcc
voltage for a new startup.

The V¢ voltage reaches V¢ on threshold at point H
and the LLC converter starts (including soft-start)
immediately after a V¢ blank period ends as there is no
fault detected at the end of the period.

The output voltageis ramped up while the FB loop is hot
closed yet as the Vour is still below regulation level. The
output voltage then reaches regulation level and the FB pin
voltage drops abruptly on the primary — hitting the FB
skip-in threshold at point |. The LLC drivers are thus
disabled by the skip comparator. The FB then increases
naturally — calling for new skip burst (refer to skip mode
operation description in previous text).

The secondary controller activates off-mode operation by
pulling-down FB pinandV cc voltagenaturally dropsbel ow
Vcc orrthreshold. The primary controller enters off-mode
operation again at point J.
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