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

NCP13994

The NCP13994 is a high performance current mode controller for
half bridge resonant converters. This controller implements
700 V gate drivers, simplifying layout and reducing external
component count. The buiin BrowniOut input function eases
implementation of the controller in all applications. In applications
where aPFC front stage is needed, the NCP13994 features a dedicated
output to drive the PFC controller. This feature together with quiet
skip mode technique further improves light load efficiency of the
whole application. The NCP13994 provides a suite of protection
features allowing safe operation in any application. This includes:
overloadprotection, ovefcurrent protection to prevent hard switching
cycles, browriout detection, line browrout, line OVP, X2 cap
discharge, open optocoupler detection, automatic dieae adjust,
overivoltage (OVP)and ovefitemperature (OTP) protections.

Features

X Up to 700 V Operating Range for High Side Driver

X Up to 700 V Operating Range for HV Startup Current Source

X Line Browniout and OVP Protections

X X2 Cap Discharge Function

X Clamped Output Drivers

X Up to 30 V Supply

X High iFrequency Operation from 20 kHz up to 750 kHz

X Current Mode Control Scheme

X Automatic Deadtime with Maximum Deaditime Clamp

X Enhanced Startup Sequence for Fast Resonant Tank Stabilization

X Light Load Operation Mode for Improved Efficiency

X Quiet Skip Operation Mode for Minimize Transformer Acoustic
Noise

X Off imode Operation for Extremely Low Nimad Consumption

X Latched or Autdrecovery Overload Protection

X Latched or Autdrecovery Output Short Circuit Protection with
Current Reduction

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

X Out of Resonance Switching Protection

X Open Feedback Loop Protection

X Precise Browriout Protection

XPFC Stage Operation Control According to Load Conditions

X Startup Current Source with Extremely Low Leakage Current

X Dynamic SelfiSupply (DSS) Operation in Offnode or Fault Modes
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NCP13994 = Device Code

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

Y = Year

ww = Work Week

G = Pb iFree Package

PIN CONNECTIONS

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

LLccs [6] 11] GND

10] vee

9] PFC MODE

(Top View )

ORDERING INFORMATION

See detailed ordering and shipping information on page 45 of
this data sheet.

Features (continued)
X Pin to Adjacent Pin / Open Pin Fail Safe
XThis is a PliFree Device

Typical Applications

X Adapters and Offline Battery Chargers
X Flat Panel Display Power Converters
X Computing Power Supplies
XIndustrial and Medical Power Sources

Publication Order Number:
NCP13994/D
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Figure 2. Typical Application Example with PFC Stage
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PIN FUNCTION DESCRIPTION

NCP13994

Pin No. Pin Name Function Pin Description
1 HV High ivoltage startup current | Connects to rectified AC line or to bulk capacitor to perform functions of
source input Start iup Current Source and Dynamic Self iSupply. Provides X2 cap
discharge and line BO/OVP functions when connected to AC line.

2 NC Not connected Increases the creepage distance.

3 VBULK Bulk voltage monitoring input Receives divided bulk voltage to perform Brown iout protection.

4 SKIP/REM Skip threshold adjust Sets the skip in threshold via a resistor connected to ground. Controls
off imode operation for active ion version (version dependend).

5 LLC FB LLC feedback input Defines operating frequency based on given load conditions. Activates
skip/LL mode operation under light load conditions. Activates off imode
operation for active ioff version.

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

7 OTP / OVP Over itemperature and Implements over itemperature and over ivoltage protection on single pin.

over ivoltage protection input

8 FB FREEZE Minimum internal FB level Adjusts minimum internal FB level that can be reached during light load
operation.

9 PFC MODE/SKIP PFC and external HV switch Provides supply or control voltage for PFC front stage controller. Sets

control output the skip out threshold.

10 VCC Supplies the controller The controller supply pin.

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

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 ibridge connection Connects to the half ibridge point.

16 VBOOT Bootstrap pin The floating supply for the upper stage.
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Figure 3. Internal Circuit Architecture

WWW. onsemi.com

3



http://www.onsemi.com/

NCP13994

MAXIMUM RATINGS

Symbol Parameter Value Unit
Vhv HV Startup Current Source HV Pin Voltage (Pin 1) 10.3 to 700 \Y
VeuLk/prc FB | VBULK Pin Voltage (Pin3) i10.3t05.5
Vskip SKIP/REM Pin Voltage (Pin 4) i10.3t0 5.5 Y
Ve LLC FB Pin Voltage (Pin 5) 10.3t05.5 \%
Vcs LLC CS Pin Voltage (Pin 6) i5t05 \%
Vovp/oTP OVP/OTP Pin Voltage (Pin 7) 10.3t05.5 \%
Vp ON/OFF FB FREEZE Pin Voltage (Pin 8) 10.3t05.5 \%
VpEC MODE PFC MODE Pin Output Voltage (Pin 9) 10.3to VCC + 0.3 \%
Vee VCC Pin Voltage (Pin 10) 10.3 to 30 \
Vbrv_MLOWER | Low Side Driver Output Voltage (Pin 12) 10.3to VCC + 0.3 \
Vprv_mupper | High Side Driver Output Voltage (Pin 14) VHB - 0.3 to \%
VBOOT + 0.3
VuB High Side Offset Voltage (Pin 15) VBoot 130 to \Y,
VBoot +0.3
VBooT High Side Floating Supply Voltage (Pin 16) 10.3t0 730 \Y,
VBoot_VHB High Side Floating Supply Voltage (Pin 15 and 16) 10.3 t0 30 \Y,
dV/dtmax Allowable Output Slew Rate on HB Pin (Pin 15) 100 Vins
T; Junction Temperature 150 to 150 €
Tste Storage Temperature 155 to 150 €
R ja Thermal Resistance Junction ito iair 130 €c/wW
T Human Body Model ESD Capability per JEDEC JESD22 1A114F (Except Pins 14, 15, 16) 4 kv
i Human Body Model ESD Capability per JEDEC JESD22 iA114F (Pin 14, 15, 16) 2 kv
T Charged iDevice Model ESD Capability per JEDEC JESD22 iC101E 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 iup protection and exceeds 100 mA per JEDEC Standard JESD78
(Except Pin 5 and Pin 8, Pin 5 150 mA, Pin 8 1 10 mA).

WWW. onsemi.com
4



http://www.onsemi.com/

NCP13994

ELECTRICAL CHARACTERISTICS
(For typical values T3 = 25 &, for min/max values Tj = 40 € to +125 €, V¢ = 12 V unless otherwise noted)

Symbol Parameter | Pin | Min | Typ | Max | Unit
HV STARTUP CURRENT SOURCE
Vhv_MINL Minimum Voltage for Current Source Operation 1 i i 50 \Y
(Vcc =Vec on 105V, IstarT2 Drops to 95 %)
Vhv_MIN2 Minimum Voltage for Current Source Operation 1 i i 50 \Y
(Vcc =Vec_on 105V, IstarT2 Drops to 5 mA)
IsTARTL Current Flowing Out of Ve Pin (Ve =0V) 1,10 0.2 0.5 0.8 mA
ISTART2 Current Flowing Out of Vcc Pin (Ve = Vee on 0.5 V) 1,10 6 9 13 mA
ISTART_OFF Off istate Leakage Current (Ve = 15 V) 1 i 1 25 A
THv_cs_cLaMP Temperature where IgtarT2 Drops to 95% of IstarT? 1 i 130 )
SUPPLY SECTION
Vee oN Turn ion Threshold Level, Vs Going Up 10 \%
(NCP13994AA) 15.2 16 16.8
(NCP13994AC) 11.4 12 12.6
Vee offF Minimum Operating Voltage after Turn ion 10 8.5 9 9.5 \%
Vce RESET V¢ Level at which the Internal Logic Gets Reset 10 5.8 6.5 7.2 \%
Vee INHIBIT Ve Level for IstarT1 10 IsTarT2 Transition 10 1.25 2.00 2.75 \%
lcc_oFF iMODE Controller Supply Current in Off imode 10, 11 i 150 300 A
lcc_skipP iMODE Controller Supply Current in Skip imode, 10, 11 i 900 1400 A
Ve =15V, OVP/OTP Block De ibiased During Skip Mode
lcc_LaTCH Controller Supply Current in Latch ioff Mode 10, 11 i 150 300 A
lcc_AuToREC Controller Supply Current in Auto irecovery Mode 10, 11 i 135 350 A
lcc_oPERATION Controller Supply Current in Normal Operation, 10,11 T T 6.5 mA
fow = 100 kHz, Cjpaq = 1 NF, Vo = 15 V
lcc_LIGHTLOAD Controller Supply Current in Normal Operation, fsw = 100 kHz, 10, 11 i i 45 mA
Cload 1 nF, VCC =15V
HV SENSE (EXCEPT NCP13994AC)
Vhv_up Line Brown iln Threshold, Vi Going Up 1 100 110 122 \%
Vhv_DOWN Line Brown iOut Thresholds, Vyy Going Down 1 93 103 114 \%
thy Timer Duration for Line Cycle Drop iout, (Note 2) 1 57 64 80 ms
Vhv_ovp Line Overvoltage Threshold, Vpy Going Up 1 371 412 454 \%
VHV_OVP_HYST Line Overvoltage Comparator Hysteresis, Vy Going Down 1 15 20 25 \%
tHv_OovP_BLANK Blanking Duration for Line Overvoltage Detection, (Note 2) 1 227 250 317 S
X2 DISCHARGE (EXCEPT NCP13994AC)
IpIScH X2 Discharge Current, Viyy =45V 1 3 4 5 mA
Vhv x2 Comparator Hysteresis Observed at HV Pin 1 i 4 8 Y
tSAMPLE HV Signal Sampling Period 1 i 1.0 i ms
tx2 pET Timer Duration for No Line Detection, (Note 2) 1 90 100 127 ms
Vx2_END HV Pin Voltage when X2 Discharging Process is Ended 1 20 30 40 \%
BOOTSTRAP SECTION
VBOOT_ON Startup Voltage on the Floating Section (Note 3) 16, 15 9.0 9.7 10.5 \Y
VBOOT_OFF Cutoff Voltage on the Floating Section 16, 15 8.0 8.7 9.5 \%
lsooT1 Upper Driver Consumption, No DRV Pulses, Vgoot =12 V 16, 15 30 85 130
IsooT?2 Upper Driver Consumption, Cjgaq = 1 nF between Pins 13 & 15 16, 15 T 1.3 15 mA
fsw = 100 kHz, VgooT = 12 V, HB Connected to GND
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NCP13994

ELECTRICAL CHARACTERISTICS
(For typical values Ty = 25 &, for min/max values Ty = 140  to +125 @, Vcc = 12 V unless otherwise noted) (continued)

Symbol Parameter | Pin | Min | Typ | Max | Unit |

HB DISCHARGER

IHB_DISCHARGE1 HB Sink Current Capability Vg = 30 V 15 T 6 10 mA
IHB_DISCHARGE? HB Sink Current Capability Vg = Vig_miN 15 1 6 9 mA
VHB_MIN HB Voltage @ IpjscHarce Changes from 2 to 0 mA 15 i i 20 \Y
The_piscH_cLamp | Temperature where lyg_piscHarGE1 Drops to 95% of Iyg_piscHarcEL | 15 i 130 i
DRIVER OUTPUTS
tr Output Voltage Rise itime @ C, = 1 nF, 10 i 90% of Output Signal 12,14 i i 50 ns
t Output Voltage Fallitime @ C, = 1 nF, 10 i 90% of Output Signal 12, 14 T 1 50 ns
Ron Source Resistance 12,14 i 6 32
RoL Sink Resistance 12,14 T 4 11
VDRVH_CLAMP Upper Driver Clamp Voltage, Rpry = 33 k , Cigag = 220 pF 14,15 | 125 14.5 17.5
VDRVL_CLAMP Lower Driver Clamp Voltage, Rpry = 33 k , Cigag = 220 pF 12,11 | 125 14.5 17.5
IDRVSOURCE Output High Short Circuit Pulsed Current 12, 14 T 1 T
Vpry =0V, PW d10 s GBD
IDRVSINK Output High Short Circuit Pulsed Current 12,14 i 1 i A
Vpry = VCC, PW d10 s GBD
IHB_CELL_LEAK Leakage Current on High Voltage Pins to GND 14i 615, i i 15 A

dVv/dt DETECTOR

Pgavidt th1 Positive Slew Rate on Vgoot pin above which is dv/dt_P Sensor 16 i 300 i V/'s
- Triggered, Vg Rising Linearly
Nav/dt thl Negative Slew Rate on Vgpoot Pin above which is dVv/dt_N Sensor 16 i 300 i V/'s
B Triggered, Vg Falling Linearly
Pgavidt th2 Positive Slew Rate on VgooT pin above which is dVv/dt_P Sensor 16 i 100 i V/'s
- Triggered, Vg Rising Linearly
Nav/dt the Negative Slew Rate on Vgoot pin above which is dV/dt_N Sensor 16 i 100 i V/'s
- Triggered, Vg Falling Linearly
OVP/OTP
Vovp OVP Threshold Voltage (Vovp/otp Going Up) 7 2.35 2.50 2.65 \%
VoTp OTP Threshold Voltage (Vovp/oTp Going Down) 7 0.76 0.80 0.84 \%
VOTP_HIGH OTP Threshold Voltage (OTP Going Up i Hysteretic Mode) 7 0.72 0.8 0.88 \%
Votp_Low OTP Threshold Voltage (OTP Going Down i Hysteretic Mode) 7 0.45 0.5 0.55 \%
RoTp OTP Resistance Threshold (Resistance is Going Down) 7 8.20 8.95 9.80 k
Rotp OTP Resistance Threshold (Resistance is Going Down), T; = 80 € 7 i 9 i k
Rotp OTP Resistance Threshold (Resistance is Going Down), Tj = 110 € 7 T 9.05 T k
lotp OTP/OVP Pin Source Current for External NTC — During Normal 7 81 90 99 A
Operation
loTP_BOOST OTP/OVP Pin Source Current for External NTC — During Startup 7 162 180 198 A
tovp_FILTER Internal Filter for OVP Comparator, (Note 2) 7 35 39 48 s
toTP_FILTER Internal Filter for OTP Comparator, (Note 2) 7 320 350 435 s
tBLANK_OTP Blanking Time for OTP Input During Startup, (Note 2) 7 ms
(NCP1399AA) 3.6 4 5
(NCP1399AC) 144 16 20
VCLAMP_OVP/OTP_l OVP/OTP Pin Clamplng Voltage @ IOVP/OTP =0mA 7 1.1 1.2 1.3
VCLAMP_ OVP/OTP_2 OVP/OTP Pin Clamping Voltage @ lovpioTP = 1 MA 7 2.0 2.4 2.8
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NCP13994

ELECTRICAL CHARACTERISTICS
(For typical values Ty = 25 &, for min/max values Ty = 140  to +125 @, Vcc = 12 V unless otherwise noted) (continued)

Symbol | Parameter | Pin | Min | Typ | Max | Unit |

START iUP SEQUENCE

t1st MLOWER TON Initial Mlower DRV On itime Duration, (Note 2) 12 S
- - (NCP1399AA) 2.30 256 | 2.820
(NCP1399AC) 4.61 5.12 5.63

t1st MUPPER TON Initial Mupper DRV On itime Duration, (Note 2) 14 s
- - (NCP1399AA) 0.71 0.79 0.87
(NCP1399AC) 1.22 1.36 1.49

tTon_ss_INC On itime Period Increment During Soft istart, (Note 2) 12,14 18 20 22 ns

NrB_ss_INC Internal FB Ramp Increment During Soft Start 12,14 i 7 i i

Kre_ss_INC Soft iStart Increment Division Ratio, (Note 2) 12,14 i 1 i i

tWATCHDOG Time Duration to Restart IC if Start iup Phase is not Finished 12,14 | 0.46 0.51 0.56 ms

K1st MUPPER_INC First Mupper On itime Increment after Watchdog Elapses 14 T 0.125 ) T

FEEDBACK SECTION

Rre Internal Pull iup Resistor on FB Pin 5 15 18 25 k
RFB_skip Internal Pull iup Resistor on FB Pin at Skip Off itime 5 15 18 25 k
Krg Vg to Internal Current Set Point Division Ratio 5 T
(NCP1399AA) 0.96 1.00 1.04
(NCP1399AC) 1.92 2.00 2.08
Ve Internal Voltage Reference on the FB Pin 5 \%
(NCP1399AA) 22 25 26
(NCP1399AC) 45 4.9 52
VEB cLAMP Internal Clamp on FB Input of On itime Comparator Referred to 5 \%
B External FB Pin Voltage
(NCP1399AA) 2.15 23 245
(NCP1399AC) 4.3 4.6 4.9
VEB OFFSET Internal FB Offset Voltage to Compensate Opto icoupler Saturation 56 mV
- Level
(NCP1399AA) 190 216 242
(NCP1399AC) 81 104 127
VFB_OFFSET_COMP_SS VFB_OFFSET Compensation During Soft Start 56 T 0 ) mvV
VEg oFrseT comMP | VB orrseT Compensation During Normal Operation 5,6 mVv
- - (NCP1399AA) 115 152 185
(NCP1399AC) i 0 i
LFF Gain Line Feed Forward Gain Applied on Internal FB 3,6 VIV
(VvBuLk > VBO)
(NCP1399AA) i 0.25 i
(NCP1399AC) i 0 i

CURRENT SENSE INPUT SECTION

tcs_peLay Onitime Comparator Delay to Mupper Driver Turn Off 56 i T 110 ns
Veg = 2.5V, Vcg Goes Up from —2.5 V to 2.5 V with Rising Edge of
100 ns
lcs_LEAKAGE Current Sense Input Leakage Current for Veg = 13V 6 T 1 r130 A
tLEB Leading Edge Blanking Time of the On itime Comparator Output, 5, 6, ns
(Note 2) 14
(NCP1399AA) 360 400 440
(NCP1399AC) 396 440 484

WWW. onsemi.com
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NCP13994

ELECTRICAL CHARACTERISTICS

(For typical values Ty = 25 &, for min/max values Ty = 140  to +125 @, Vcc = 12 V unless otherwise noted) (continued)

Symbol | Parameter | Pin | Min | Typ | Max | Unit |
SKIP
t1st MLOWER_SKIP On itime Duration of 15t Mlower Pulse when FB Cross 5,12 S
VEeg_skip_IN * VFB_skip_HysT Threshold, (Note 2)
(NCP1399AA) 057 | 064 | 071
(NCP1399AC) 1.87 2.08 2.29
V1st MUPPER_SKIP Internal FB Level Reduction During 15t Mupper Pulse when FB Cross 5, 6, i
VEes_skip_IN + VrB_skip_HysT Threshold (Note 2) 14
(NCP1399AA) T 63 T
(NCP1399AC) i 0 i
SKIP INPUT
IskiP IN Internal Skip Pin Current Source 4 A
- (NCP1399AA) 18 20 22
(NCP1399AC) 45 50 55
Iskip ouT Internal Skip Out Pin Current Source 9 A
B (NCP1399AA) 18 20 22
(NCP1399AC) 45 50 55
CskiP_LOAD_MAX Maximum Loading Capacitance for Skip Pin Voltage Filtering (Note 2) 4,9 i T 10 nF
QUIET iSKIP
VEB LL IN Feedback Voltage Thresholds to Enter Light Load Mode 5 \Y
T (NCP1399AA) 0.97 1.08 1.19
(NCP1399AC) i 0 i
VEB LL OUT Feedback Voltage Thresholds to Exit Light Load Mode 5 \%
- (NCP1399AA) 1.02 1.14 1.25
(NCP1399AC) ) 0 )
tLAST ML PATTERN The Portion of Previous MU On itime that is Place for Last ML Pulse 12 T 25 T %
T in Pattern
tLAST ML SKIP The Portion of Previous MU On itime that is Place for Last ML Pulse 12 %
o before the LL or Skip Mode is Activated
(NCP1399AA) i 150 i
(NCP1399AC) ) 50 )
tGEAR UP Skip Burst Off itime Duration that is Needed to Increase Number of 12, 14 T 5 T ms
B Skipped Valleys/Peaks between Following Patterns
{GEAR DOWN Skip Burst On itime Duration that is Needed to Decrease Number of 12, 14 T 30 T ms
B Skipped Valleys/Peaks between Following Patterns
tvALPK WD Time Duration to Force Valley/Peak Count Logic if Valley or Peak is 12,14 5
B not Detected, (Note 2)
(NCP1399AA) 9.1 10.2 11.3
(NCP1399AC) 4.6 5.12 5.63
tQs_timer Quiet Timer Duration 12,14 ms
- (NCP1399AA) i 30 i
(NCP1399AC) i 10 i
Nos_104 Number of Patterns Adjustment when Bust Period is Shorter than 1/4 | 12, 14 i 2 i i
B of QS_timer Duration
Nos_204 Number of Patterns Adjustment when Bust Period is Longer than 1/4 12,14 i 1 i i
B and Shorter than 2/4 of QS_timer Duration
Nos_304 Number of Patterns Adjustment when Bust Period is Longer than 2/4 12,14 i 0 i i
- and Shorter than 3/4 of QS_timer Duration
Nos_404 Number of Patterns Adjustment when Bust Period is Longer than 3/4 12,14 ]
B and Shorter than 4/4 of QS_timer Duration
(NCP1399AA) i 2 i
(NCP1399AC) i i1 i
Nos_INF Number of Patterns Adjustment when Bust Period is Longer than 12, 14 ]
B QS_timer Duration
(NCP1399AA) T 4 )
(NCP1399AC) i 2 i

WWW. onsemi.com
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NCP13994

ELECTRICAL CHARACTERISTICS
(For typical values Ty = 25 &, for min/max values Ty = 140  to +125 @, Vcc = 12 V unless otherwise noted) (continued)

Symbol Parameter | Pin | Min | Typ | Max | Unit |
QUIET iSKIP
NPATTERN_INIT Initial Number of Patterns Placed when LL or Skip Mode is Activated 12, 14 T 1 T T
NLL_BLANK Number of MU Pulses During which FB_LL_IN cmp is Blanked Once 14 T
VFB > Vep L out
(NCP1399AA) i 50 i
(NCP1399AC) i 60 i
Vcs zep Voltage on CS in when Last ML is Terminated Earlier than 6, 12 Y
B Preselected Portion
(NCP1399AA) i0.21 | i0.13 | i0.05
(NCP1399AC) 0.14 0.27 0.32
FB FREEZE INPUT
IFB_FREEZE FB Freeze Pin Current Source 4 18 20 22 A
CrB_FREEZE_LOAD_MAX | Maximum Loading Capacitance for FB Freeze Pin Voltage Filtering 4 i T 10 nF
(Note 2)
FAULTS AND AUTO iRECOVERY TIMER
tToN_MmAX Maximum On itime Clamp, (Note 2) 12,14 8.6 9.6 10.6 S
Nton_max_counTer | Number of TON_MAX Events to Confirm Fault (NCP1399AA) 12, 14 T 2 ) T
VEB FAULT FB Voltage when FB Fault is Detected 5 \%
B (NCP1399AA) 221 231 245
(NCP1399AC) 4.42 4.62 4.89
tFB FAULT TIMER FB Fault Timer Duration, (Note 2) ] ms
B B (NCP1399AA) 72 80 100
(NCP1399AC) 216 240 312
Ves FAULT CS Voltage when CS Fault is Detected 6 \%
B (NCP1399AA) 22 24 26
(NCP1399AC) 2.28 248 2.68
Ncs_FauLt Number of CS_fault cmp. Pulses to Confirm CS Fault T T 5 T T
Krc GAIN INC Increment of Ramp Compensation Gain when VCS_FAULT is 56 %
o Reached
(NCP1399AA) i 50 i
(NCP1399AC) i 17 i
Ncs_FAuLT DEC Number of Drive Pulses to Start Decrement of CS Fault Counter 56 T 60 T T
DT MAX Maximum Dead itime Value if No dV/dt Falling/Rising Edge is 12,14 ns
B Received, (Note 2)
(NCP1399AA) 1350 | 1500 | 1650
(NCP1399AC) 720 800 880
NDT MAX Number of DT_MAX Events to Enters IC into Fault 12, 14, i i i i
B 16
tAREC_TIMER Auto irecovery Duration (Common Timer for All Fault Condition), i s
(Note 2)
(NCP1399AA) 0.9 1.0 11
(NCP1399AC) 2.7 3.0 33
BROWN iOUT PROTECTION
VBo Brown Tout Turn ioff Threshold 3 0.96 | 1.000 | 1.04 \Y
Iso DOWN Brown iout Pull Down (Hysteresis) Current, (VyguLk/PFc FB < VBO) 3
B (NCP1399AA) - i 0 i
(NCP1399AC) 4 5 6
VBO_HYST Brown iOut Comparator Hysteresis 3 T 12 30 mv
IBo_LEAKAGE Brown iOut Input Bias Current 3 T 1 100 nA
tBO FILTER BO Filter Duration, (Note 2) 3 S
B (NCP1399AA) 451 500 628
(NCP1399AC) 46 50 65
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NCP13994

ELECTRICAL CHARACTERISTICS
(For typical values Ty = 25 &, for min/max values Ty = 140  to +125 @, Vcc = 12 V unless otherwise noted) (continued)

Symbol | Parameter | Pin | Min | Typ | Max | Unit |
BROWN iOUT PROTECTION
tBO BLANK BO Blank Duration, (Note 2) 3 ms
- (NCP1399AA) 18 20 22
(NCP1399AC) 9 10 11
Reo_sw BO Pin Pull Down Switch On istate Resistance, Vgo =1V 3 0.7 11 2
tBO SW ONESHOT BO Pin Pull Down Switch On istate Duration (when Communication 3 90 100 125 s
- with PFC Controller Enabled) (NCP1399AA)
RAMP COMPENSATION
RCgAIN Ramp Compensation Gain i mV/ s
(NCP1399AA) 83 118 156
(NCP1399AC) 56 88 127
trRc_SHIFT Ramp Compensation Time Shift i i 0.16 i s
TEMPERATURE SHUTDOWN PROTECTION
TTsb_ENTER Temperature Shutdown T3 Going Up T T 124 ) ¢
TTsD RELEASE Temperature Shutdown T3 Going Down T €
B (NCP1399AA) T 101 )
(NCP1399AC) i 109 i

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. Guaranteed

by design.

3. Minimal resistance connected in series with bootstrap diode is 3.3

IC OPTIONS
FB Fault at FB Fault Cumulative Cumulative
Option FB Mode FB Fault SS Peak FB Fault CS Fault CS Fault at SS CS Fault
NCP13994AA Voltage Auto irecovery OFF OFF OFF Auto irecovery OFF ON
NCP13994AC Voltage Auto irecovery OFF OFF OFF Auto irecovery ON OFF
OVP/OTP VCC_OFF Dead Time Dead Time Dead Time
Option TON_MAX OVP OTP Bias at Skip Fault Control Fault Repeater
NCP13994AA |Auto irecovery |Auto irecovery [Auto irecovery OFF OFF ZVS or OFF OFF
DT_max
NCP13994AC OFF Latch Auto irecovery ON OFF ZVS or OFF OFF
DT_max
Line BO Line OVP X2 Cap. Latch BO Skip Dedicated Start fup
Option Status Status Discharger Release BO Status Function Soft_start_seq Watchdog
NCP13994AA ON ON ON X2 cap. disch. ON Switch ON ON with inc.
NCP13994AC OFF OFF OFF OFF ON OFF ON ON with inc.
OCP_RC_INC| Ramp Comp Quiet Skip ZCD at OFF imode PFCM Skip/
Option OCP_RC_INC at SS Status Skip Mode Mode Quiet Skip Status LL Status
NCP13994AA ON OFF Without r. shift| Quiet Skip Unipolar ON OFF OFF
NCP13994AC ON OFF Without r. shift| Quiet Skip Unipolar ON OFF OFF
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TYPICAL CHARACTERISTICS

0,57

0,55

0,53

0,51

0,49

ISTARTL (mA)

0,47

0,45

0,43
155 125 5 35 65 95

Temperature ( )

Figure 4. | sarT1 VS. Temperature

125

12,06

12,04

12,02

12,00

VCC_ON (V)
B
o
[e3)
N

/

11,96

11,94

11,92
155 125 5 35 65 95

Temperature ( )

Figure 6. V cc_on Vvs. Temperature

125

6,55

6,54

6,53

6,52

)

6,51

6,50

6,49

VCC_RESET

6,48

6,47

6,46

6,45
155 125 5 35 65 95

Temperature ( &)
Figure 8. V cc_reset VS. Temperature

125

ISTART2 (mA)

W)

VCC_OFF

(mA)

IHB_DISCHARGE1

10,6

10,3

10

9,7

9,4

9,1

8,8

8,5

8,2

7,9
155 125 5 35 65 95

Temperature ( )

Figure 5.1 gTarT2 VS. Temperature

125

9,10

9,08

9,06

9,04

9,02

9,00

8,98

8,96

8,94

8,92

8,90
155 125 5 35 65 95

Temperature ( )

Figure 7.V cc_orr vs. Temperature
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)
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VCC Management with High ivoltage Startup Current overitemperaturg@rotection to prevent IC damage for any
Source failure mode that may occur in the application. The HV
The NCP13994 controller features a HV startup current startupcurrent source is primarily enabled or disabled based
source that allows fast startup time and extremely low on Vi level. The startup HV current source can be also
standby power consumption. Two startup current levels enabled by BO_OK rising edge, atitecovery timer end,
(Istart1@nd ktart) are provided by the system for safety in  off imode and TSD end event. The HV startup current

case of short circuit between VCC and GND pins. In source Charges the VCC Capacitor before IC aiprt
addition,the HV startup current source features a dedicated

T to line input
HV
|_| HV sensing features (Line BO, Line OVP)
P | signal
Regulator ® |_
from auxiliary vece | Vee_on FR /Q
winding

Vec_ofF
signal
c_vcc -
1 1

TR /Q
| Vee_ofr
TSD
£s Qf
REM )
FR/Q Auto irecovery timer end
BO_OK
S QF
l YCC_RESET
+ signal
to PFC_MODE Vee RESET
regulator -

J_ GND

Figure 22. Internal Connection of the VCC Management Block

The NCP13994 controller disables the HV startup current Figure 56 to find an illustration of the NCP13994 VCC
source once the VCC pin voltage level reacheg ¥n management system under all operating conditions/modes.
threshold — refer to Figure 22. The application then starts The HV startup current source features an independent
operation and the auxiliary winding maintains the voltage over—temperature protection system to lingj}> current
bias for the controller during normal and skipode when the die temperature reacheg; Tcs_cLamp At this
operatingnodes. The IC operates in so called Dynamic Self temperatureglaiowill be progressively regulated to prevent
Supply (DSS) mode when the bias from auxiliary winding the die temperature from rising aboveTcs cLamp
is not sufficient to keep the ¢ voltage above ¥c ofr . o
threshold(i.e. Vcc voltage is cycling betweend¢_oyand ~ Brown fout Protection i VBULK Input. _

Vce orr thresholds with no driver pulses on the output Resonanta_nk of an LLC converter is always de5|gned_to
during positive Viec ramp). The HV source is also operated operate within a specific bulk voltage range. Operation
in DSS mode when the low voltage controller enters below minimum bulk voltage level would result in current
off imode or faulimode operation. In this case the VCC pin and temperature overstress of the converter power stage.
voltage will cycle between & on and Mec oFf The NCP13994 controller features a VBULK input in order
thresholds and the controller will not deliver any driver © Precisely adjust the bulk voltage tW®N and turiOFF
pulse — waitingor return from the offmode or latch mode levels. This BrowrOut protection (BO) greatly simplifies

operation. Please refer to figures Figure 53 through Pplication level design.
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I — = to LFF blok

UBULK
~

T uso_re
. | » BO_PG
| Filter blani’(_ BO
RUPPER
Blank control
UBulk
¢
z
c_BO []RLOHER %l | L1, BO_SW IBO_DOWN control
o
o
e BO_SW control

Figure 23. Internal Connection of the Brown  Tout Protection Block

The internal circuitry shown in Figure 23 allows running, the go pown Sink is disabled. The bulk voltage
monitoring the highivoltage input rail (Muk). A turnioff threshold (Muk orp is then given by BO
highiimpedanceesistive divider made of Bperand Rower comparatoreference voltage directly on the resistor divider.
resistordorings a portion of the ¥k rail to the VBULK pin. The advantage of this solution is that theuW orr
The Current sink o pown) is active below thebulk thresholdprecision is not affected bgd pown (hysteresis)
voltage turrion level (Vpuk on). Therefore, thebulk current sink tolerance.
voltageturnion level is higher than defined by the division ~ The Vhuk_on and \puik_orr levels can be calculated
ratio of the resistive divider. To the contrary, when the using equations below:
internal BO_OK signal is high, i.e. the application is  The ko pownis ON:

RIower RIower RUPPEI’
v Y Y I _—
BO BOhyst bulk_ON Rlower Rupper BO_DOWN RLowr Rupper (eq' 1)
The lgo is OFF: information.The BO comparator then authorizes or disables
Riower the LLC stage operation based on the actygj\fevel.
Veo  Veukorr 5 o o The low hysteresis current of the NCP13994 brown out
Rlower RUPPEF (eq' )

) .. protectionsystem allows increasing the bulk voltage divider
One can extract|gver term from equation 2 and use itin  regjstance  and thus reduces the application power

equation 1 to get neededfgervalue: consumptiorduring light load operation. On the other hand,
Vbuk_on VBo the high impedance divider can be noise sensitive due to
Viuk oFf Veo  Veonyst capacitive coupling to HV switching traces in the
DR guer - v (€q. 3) application.This is why a filtertgo_ri1er) is added after the
lso pown 1 BO comparator on Vbulk pin in order to increase the system
- Viuk_oFF noise immunity. Despite the internal filtering, it is also

recommended tkeep a good layout for BO divider resistors
v (eq. 4) and use a small external filtering capacitor on the VBULK
oBe _ pin if precise BO detection wants to be achieved.

Note that the VBULK pin is pulled down by an internal ~ The pulk voltage divider can be disconnected by HV
switchwhen the controller ig startupphasei i.e. when the switch (controlled by signal from the PFC MODE pin)
Vcc voltage ramps up fromad¢ < Vec_resettowards the  quring offimodeoperation. This technique further reduces
Vce_orrlevel on the VCC pin. This feature assures that the the ngiload power consumpticiown again since the power
VBULK pin voltage will not ramp up before the IC |psses ofioltage divider are not affected by the bulk voltage
operation starts. Thesh pown hysteresis current sink is  4¢ g].
activatedand BO discharge switdh disablence the ¢ The NCP13994 is able to generate Power Good (PG)

voltage crosses & _orr threshold. The VBULK pin  gignal based on bulk capacitor voltage via BO_PG
voltagethen ramps up naturally according to the BO divider comparator sensing VBULK pin voltage.

Vbulk_OFF VBO
Rupper Rlower

WWW. onsemi.com
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The VBULK pin voltage is also used by Line Feed thresholdan autdrecovery line browriout protection, line
Forward block (LFF). Please refer to Gthne modulation overvoltageprotectionand X2 capacitadischargdunction.
and feedback loop block description for more information It is allowed only to work with an unfiltered, rectified ac
about LFF function. input to ensure the X2 capacitor discharge function, which
The processed VBULK information are blanked when is described in following paragraph. The broiwnt
BO switch is activated or at specific events during bulk protection thresholds are internally selectable in specific

voltage modulation. steps, to fit most of the standard idc conversion
Please refer to Figure 53 through Figure 56 for an applications.
illustration of NCP13994 Browiout protection system in When the input voltage is belowpy pown for time
all operating conditions/modes. longer then line browiout timer duration (fv), a
) - browniout condition is detected, and the controller stops
HV Sensing of Rectified AC Voltage generate drives pulses. The HV current source maintains

The NCP13994 features on its HV pin a true ac line y,

N 09" ; Y B cc between ¢ onand \Vcc orrlevels until the input
monitoring circuitry. It includes a minimum stéup N -

voltage is back abovep, up

HV timer elapsed
Vavup -[-f-§--->~~--------\---"-"-"-"-"-"-"------- -
Vhv pown -|[f- - fF--------------}F---cccece oo ; -
)
)
1
1
1
1
]
! -
1 Ll
. ) time
. A [ ' '
Line BO ' ' '
' ' :
)
e ———————— - - -
! .
—> Brown Tout
. Y detected
1
)
)
! ! ' ' time
X Waits next .
Ve A ' VccON before '
ce ' startin '
Vecon =|--=------------ SRR " CEEEEEEE SRR o Sk
i )
' ]
)
! [}
L}
Vec ofFf =|= == === -------- B R EEEEEREE de-----
' ]
' ]
' '
' '
' '
T >
. ' time
A . Brown fout '
DRV ) condition can ,
! reset the '
Internal Latch
' ' time

Figure 24. Ac Line Drop Tout Timing Diagram
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When Wy crosses the My up threshold, the controller  immediately after the device stop. The device restart is
starts when the &c crosses the nextdé onevent. When allowed only when system detects positive slope of input
it crosses v powns it triggers a timer of duratiopy, this signalfor 2 ms (two sample clocks used at X2 cap discharge
ensures that the controller doessitp in case of line cycle  logic). The basic principle is shown at Figure 25 with block
dropiout. The devicaestart is disabled when parasitic spike diagram at Figure 26.
is induced at HV pin by the residual energy in the EMI filter

Vi & HV timer elapsed
HV X
1
1
Vivup -[f--F---><"---- B -N--------------- --%F-\N-F-
Vv powN -[#-- %5 ---------BN\C-\--------------- CER B B B S
)
- :
' 1
1 1 f
1 ) '
) )
1
) ]
[ ' :
: : AN N T >
' ' Spike induced by | ! time
) 4 ! ! residual energy in | 4
Line BO ! : EMI filter !
)
e e R
)
At—) I Brown fout
)
' HV /ﬂ detected
1
1
1
) v .
' ' Waits next X time
Vee 4 ' VecON before ,
! startin '
)
VeCON-f===---------“-““F-“Fp-~"“"“"“""“"“"“"“"P.~"~“"“"“"“/Pr------
VecoFF =t -==-=-=-=-=------ il i e bo-----
) 1
1 1
) 1
) 1
) )
T T >
! ' time
A ' Brown fout :
DRV ! condition can X
' reset the !
Internal Latch
' ' time

Figure 25. Ac Line Drop Tiout Timing Diagram with the Parasitic Spike
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HU
gi + Blanking
_ Toup_BLANK L
> Q
R1E | Lr | .
HU timer R .
) T Ynu_owe t o | >. ; Line OUP
+
R2=
< —
I +
A S
T Vhu_ue 0—D¢—>
R Line BO

+ HU timer
th 1
L
T Ynu_ooun
Figure 26. Brown iout and Line Overvoltage Detection Schematic
The same system is used for the Line OVP, except that thigeset and starts counting. The IC can starts after the timer

time the controller must not stop instantaneously when theelapses and all other start conditions are fulfil. The timer is
inputvoltage goes abover\; ovp in order to be insensitive  paused and afterwards reset if new Line OVP event occur

to spikes and voltage surges shorter thape tg Ank- during the timer countingrocess as is shown at Figure 27.
Therefore dlanking circuit is inserted after the output of the ~ Whenthe Line OVP fault ends (the timer elapses) and the
comparator. input voltage is below My _pown the controller does not

When the overvoltage event occurs, Line OVP signal is starts and waits for another Brovin event as is shown at
set and controller stops generate pulses. When theFigure 28.
overvoltage event finishes the timer with duratigg ts

Vhv
Vhv(ov)
» time
ovP ah/ HV
detected tltm?r D
starts restarts
HV timer |
timer
y ! Restarts at
Vce on
— ™
thy
time
DRV
! ! ! time

Figure 27. AC Input Line Overvoltage Timing Diagram
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Vhv
A R R EE R R o R Ry & R R e R
Vhv_up --- & S R --
1
) 1
+ ; 3 — HV timer HV timer & " ; " >
) ' ! starts || restarts ' time
Line X - — = X
1 T 1
1 1
. |- X thv '
1 |
Ll
. . ' . time
. 1 ] ) )
Line BO ' ' ' !
) ] ' )
)
1
' |-
" »
! X '| DRVs pulses time
' ' ' starts
DVRs T : : \
time

Figure 28. AC Input Line Overvoltage and Brown Out Common Timer Behavior Timing Diagram

X2 Cap Discharge Feature edge is detected for 10 ms from last detected positive edge
This feature saves approximately 16 mW — 25 mW input only). The additional offset §s can be measured as the
power depending on the EMI filter X2 capacitors volume Vyy, x» on the HV pin. If the comparator output produces
and it saves the external components count as well. Thepulses it means that the positive or negative slope of input
discharge feature is ensured via the $tgrtcurrent source  signal is present. If the comparator output stays at low or
with a dedicated control circuitry for this function. The X2 high level it means that the slope of input signal is lower than
capacitorsare being discharged by current definechsdy set resolution level. There is used the detection timer which
when line disconnection is detected. The dischargingis reset by any edge of the comparator output. If no edge
current is lineary decreased based on HV pin voltage whencomesbefore the timer elapses then only dc signal or signal
the voltage decrease below about 40 V to allow higher valuewith the small ac ripple is present at the HV pin. This type
of external series resistdihe minimum dischaing current of the ac detector detects both positive and negative voltage
is about 1 mA at Y2 gnp. slope,which fulfils the requirements for the ac line presence
There is used a dedicated structure called ac line unplugdetection.
detectorinside the X2 capacitor discharge control circuitry.  In case of the dc signal presence on the high voltage input,
See the Figure 29 ftine block diagram for this structure and the direct sample of the high voltage obtained via the high
figures Figure 30, Figure 31, Figure 32 for the timing voltagesensing structure and the delayed sample of the high
diagrams. The basic idea of ac line unplug detector lies involtageare equivalent and the comparator produces the low
comparison ofhe direct sample dhe highvoltageobtained level signal. No edges are present at the output of the
via the high voltage sensing structure with the delayed comparatorthat's why the detection timer is not reset and dc
sample othe high voltage. The delayed signal is hold by the detect signal appears.
sample & hold structure. The minimum detectable slope by this ac detector is given
The comparator used for the comparison of these signalgy the ration between the maximum hysteresis observed at
is without hysteresis inside. The resolution between the HV pin Vijy x2 maxand the sampling time:
slopes of the ac signal and dc signal is defined by the N
sampling time dampLE and additional internal offsetdé Smn (eq. 5)
Theseparameters ensure the noise immunity. The additional _ SAMPLE ) . ]
offset isadded to the image of the sampled HV signal and its Than it can be derived the relationship between the
analog sum is stored in the; Gtorage capacitor. If the detectable slope, the amplitude and frequency of the
voltagelevel of the HV sensing structure output crosses this Sinusoidal input voltage:
level the comparator CMP output signal resets the detection Vv x2,max
timer (&2 _peT) and positive slope of HV signal is detected. Vimax m (eq. 6)
The negative slope is detected by similar way (the negative

VHV_X2,max
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The X2 capacitor discharge feature is active under any The controlleioperation is terminated anctY voltage is
controlleroperation mode to ensure SMPS users safety. Thedroping due to IC consumption during the X2 discharging
discharging process continues until the HV pin voltage process. The device stéup is blocked by the discharge
dorops below %2 enp level.lt is important to note that it~ sequence.
is not allowed to connect HV pin to any dc voltage, e.g.
directly to bulk capacitor

HU
R1Z
1z Sample & Hold CMP
+ Detection timer | pc detect
------------------ t
:- = a1 -: _ rese /L
1 1
- < J.f.'. l 1
R23 | Vos ] '
1 Ci:l:u
4 ]
] ]

Lo frg 0SC I-I I-I

Out sq

Figure 29. The Ac Line Unplug Detector Simplified Structure Used for X2 Capacitor Discharge System

Vhv

HV signal with
coupled noise

offset

:
j Sampled HV + Vhv_x2
)
1
)
)
L}
)
)
1

)
1
) ' tsampLE ti
Sampling control 4 L L P ime
. L} )
signal X
)
)
1
Timer 4 X . X : time
Reset signal |_ X
. >
1 [ [ [ [ L ' ' time
tDET' -------- e = el ol= = 4 = = = = = = = = = Lcle c b o e e b= === === =
2 - n ] 1 ) [} ]
) Detection ' Detection v ' '
Timer timer counts ' timer is reset |' : ! '
T ) 1 1 1
! ' 4 /I
i >
) ) ) ) ) ) [} ] t|me

Figure 30. The Ac Line Unplug Detector Timing Diagram Detail with Noise Effects

WWW. onsemi.com
20



http://www.onsemi.com/

NCP13994

A

VHv
AC line X2 capacitor
Vivup 4--F %4-%---F-F------------ unplug |- - 4 discharge
Viv pown 4- -A- - BN -R-------------- T
]
]
]
Vx2_enp 1=l-§ ! L S
. ; : —
Starts | ; ! ' AC line ' time
HV ' Unplu
(\)/nly . : : timer . detectgr sgt]arts :
EE(on) . restarts ! .
)
1 v ' ' No AC !
One Shot : detection:
' [ [ [ [
' ' P > '
' : ' : thy \ tDET :
1 1 1 : :
s : b ! ' time
DRV ! '
NE
X discharge
' )
' )
L] >
. A ' ! : ! time
X2 discharge \ ! !
current ' :
, '
' :
X ; ! v time
)
)
Vee on I
Vee
Vee_oFF -|-

time

Figure 31. HV Pin Ac Input Timing Diagram with X2 Capacitor Discharge Sequence when the Application is
Unplugged under Extremely Low Line Condition
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N X2 capacitor
% discharge ;
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. . !
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1
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current

Vee on - - -

Vee
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Figure 32. HV Pin Ac Input Timing Diagram with X2 Capacitor Discharge Sequence when the Application is
Unplugged Under High Line Condition

Over ivoltage and Over itemperature Protection depending on the IC versioihand triggered the protection
The OVP/OTP pin is a dedicated input to allow for a threshold (\op Or Vovp).

simple and cost effective implementation of two key  The internal current sourcefp allows a simple OTP
protection features that are needed in adapter applicationsimplementation by using a single negative temperature
overivoltage (OVP) and oveitemperature (OTP) coefficient (NTC) thermistor. An active soft clamp
protections. Both of these protections can be either latchedcomposedrom Vcjampand Rjampcomponents prevents the
or autoirecovery — depending on the version of NCP13994. OVP/OTP pin voltage from reaching theyyp threshold
The OVP/OTP pin has two voltage threshold levels of when the pin is pulled up by tihgrp current. An external
detection (\byp and \poTp) that define a niéfault window. pull up current, higher than the pidlown capability of the
The controller is allowed to run when OVP/OTP input internalclamp (McLamp ove/oT, has to be applied to pull
voltageis within this working window. The controller stops  the OVP/OTP pin above{p threshold to activate the OVP
the operation, after filter time delay, when the OVP/OTP protection. Thetovp_FiLTER @and totp_FiLTER filters are
input voltage is out of the riéault window. The controller  implemented in the system to avoid any false triggering of
theneither latchegoff or or starts an aufisecovery timeri the protections due to application noise and/or poor layout.
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AUX.
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23 | Uref Uret
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J
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Figure 33. 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 thig ank oTp period has been
implementedn the system to overcome such behavior. The
OTP comparator output is ignored durifg ank_oTP

Off imode Control

The NCP13994 implements an ulitew power
consumption mode of operation called ioffode. The
application output voltage is cycled between the nominal
and lower levels that are defined by the secondary side

period. In order to speed up the charging of the externaloff imode controller (like NCP435x secondary dffiode

filtering capacitor @yp oTpconnected to OVP/OTP pin,

the loTp current has been doubled teTh soost The

maximum value of filtering capacitor is 100 nF.
The OVP/OTP ON signal et after the following events:

Xthe Vcc voltage exceeds théc resetthreshold during
first startiup phase (after VCC pin voltage was below
VCC_RESEﬁhreshold)

XIC returns from nofiswitching states to switching state
(like bulk BO, line BO, line OVP and VCC_OFF
protections, autérecovery...) except hysteretic mode of
OTP protection
The lbtp current source is disabled when:

XDRVs stop switching
IC option that keeps OVP/OTP block working during skip

modeis also available. The IC consumption is increased for

this version by OVP/OTP block bias.

controller). The output voltage is thus not regulated to
nominal level but is always 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
VCC management in a notebook or TV. Théload input
power consumption could be significantly reduced when
usingdescribed technique. The NCP13994 implements two
different offimode control system approaches:

XActive ON offimode control

XActive OFF offimode control

These two ofimode operation control techniques differ
in the way the offmode operation is started on the primary
side controller. Both of these methods are described
separately hereinafter.

Active ON Off Tmode Control

OTP protection can operate (based on IC version) at e NCP13994 device family could use a SKIP/REM pin

hysteretic mode where DRVs are stopped when voltage o

once voltage on the pin increase above high threshold.
OTP condition is not process when IC restarted from
off imodestate.

The latched OVP or OTP versions of NCP13994 enters

latchedprotection mode when M voltage cycles between
Vce_onand \ec_orrthresholds and no pulses are provided
by drivers. The controller VCC pin voltage has to be cycled
downbelowVcc resetthreshold or appropriate conditions

on HV pin have to occur in order to restart operation. This
would happen when the power supply is unplugged from the

mains.

1 o r‘bnlyfor off imode operation control- i.e. the j@rinternally
the pin drops below low threshold and operation is restarted,

onnected tthe Active ON offimode 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 option. The SKIP/REM pin

when used for offmode control allows the user to activate
the ultrailow consumption mode during which the IC

consumption is reduced to only very low HV pin leakage
current (kv orrimope) and very low VCC pin
consumption ¢c_orrmope). The offimode is activated

whenSKIP/REM pin voltage exceedk¥m_orrthreshold.

Normal operating mode is resumed when SKIP/REM pin

voltage drops below Nem on threshold — refer to

Figure 34 for an illustration.
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Figure 34. SKIP/REM Input Internal Connection — Active ON Version

The offimode operation is activated by the secondary side
off imode controller. The auxiliary bias for primary side
off imodecontrol is provided by a circuit composed from
components B Cq1, Ry, R> and G. The SKIP/REM pin is
pulled up by this auxiliary supply circuit once the REM

the secondary side capacitors to the nominal output voltage
level. In this case we do not use REM TIMER because it
would increase the ritobad power consumption by forcing
the application to run for a longer time than necessary.

The bias on VCC pin needs to be assured wheimoifie

optocoupler (REM OK) is released. The application then operatiortakes place. The auxiliary winding is no more able
operates in offmode until the secondary side @fiode to provide any bias thus the HV startup current source is
controller activates the REM optocoupler or until the operatedn DSS mode —i.e. the VCC pin voltage is cycling
auxiliary bias on gis lost. Normal operation mode is then between \:c onand Ve orrthresholds. This approach
recovered via power stage startup. The application is thuskeepsC biasing in order to memorize the current operation

switching between OKmode and OFFmode states when
off imodecontrol is implemented. 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 theiload input
power consumption can be drastically reduced. The
auxiliary offimode supply capacitor C1 can stay charged
while the secondary bias is lost — this can happen during
overloador other fault mode conditions. A REM TIMER is
thus implemented in the system to allow fast application
restart in such cases. The controller blanks the SKIP/REM
input information for gem_TiMER time during controller
restart sahat the secondary side bias can be restored and th
secondary offmode controller can activate the REM
optocouplerThis REM TIMER blank sequence is activated
eachtime the VCC pin voltage reachegy onthreshold —
except irthe situation when after IC left difnode operation

by standard way and¢ is restored — i.e. when the REM
optocoupler is activated by the secondary imihde
controller.The controller is active for very short time during
noiloadconditions just during the time needed toifii

WWWw. onsem
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Active OFF Off Tmode Control

The NCP13994 device family could use LLC FB pin
voltage information for offmode operation detectioni
refer to Figure 35. The SKIP/REM pin is internally
connected to the skipode block in this case and serves as
a Vrg_skip_inthreshold voltage adjust pin. The secondary
off imode controller reuses the LLC stage regulation
optocoupler in order to reduce total system cost. The
off imode operation is initiated once the LLC FB pin is
pulleddown below \ég_rem_orrthreshold followed by the

yCcC pin voltage drop below dc ofr threshold. The

optoicoupler hago be active at all time the application is
held in offimode. No biased is then provided by the
secondary offmode controller during normal operation —
this is why this approach is called Active OFF ioffode
operation. The application ftwad input power
consumption is slightly higher compared to Active ON
off imode solution, previously described, because the
optoicoupler needs to bddased durig off mode operation.

i.com
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Figure 35. Active OFF Off Tmode Internal Detection Based on the LLC FB Pin Voltage

The controller monitors the LLC FB pin voltage level and  Please refer to Figure 56 for an illustration on how the
restarts via regular startup sequence (including VCC pinNCP13994 offmode system works under all operating
voltage rampup to Vcc onlevel and sofistart) once the  conditions/modes.

FB pin is released by the secondaryinfbde controller.

The HV startup current source is working in DSS mode )
during application offmode operation — i.e. the VCC pin 1€ NCP13994 has PFC MODE pin that can be used to

voltage is cycling between A& on and Mcc off control aditional circuit based on actual application

thresholdsThis approach keeps IC biased so that the actual®Peratingstate — please refer to Figure 36. The PFC MODE
operation sate is memorized. The LLC FB pin puti ~ °utPut pin can be used for two main purposes:

resistor igdisconnected and difnode pull up current source 18tto control the PFC front stage controller operation
IFB_REM_BIAS is activated when ofimode operation is 2"d to control PG optocoupler based on bulk capacitor
activated irorder to reduce IC power consumption and also  yoltage

needed current for opicoupler driving from secondary

side.

PFC MODE Output

VCC

from auxiliary
winding

1
I <
c_vce

PFC_MODE

4 I > PFC_controller
| I

ISKIP_OUT control |

Off imode >
Fault condition >

1

ISKIP_OUT
4—

Stop condition > Main logic
BO_PG

| ——
Skip/LL_MODE

%_

53
CPM

1

Figure 36. Internal Connection of the PFC MODE Block
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There are three possible states of the PFC MODE output voltage levels is to fully bias PFC controller during
thatcan be placed by the controller based on the application normal operation and keep limited bias (just below
operating conditions: PFC controller VCC_off level) to keep PFC

a. The PFC MODE output pin is pullédown by an controller internal blocks biased with reduced
internal MOSFET switch before controller startup. consumption of PFC controller.
This technique ensures minimum VCC pin current c. The PFC MODE can be also at High Z state during
consumption irorder to ramp ¥c voltage in a short skip or light loadmode to keep remaining charge of
time from the HV startup current source. This PFC controller VCC capacitor. The combination of
approactspeeds up the startup and restart time of an High Z state with pulldown switch can be used to
SMPS. The PFC MODE output pin is also control Power Good (PG) optooupler.

pulledidown in offimode, protection mode and at The pin n.9 can be used for skip_out threshold level
stop conditions (except BO event via VBULK pin) definition when PFC_MODE functions are not required or
during which the HV startup current source is during application debugging.

operated in DSS mode. Application power Please refer to Figure 53 through Figure 56 for an
consumption is reduced in above cases. Theillustration of NCP13994 PFC operation control.

pull idownswitch can be activate also in skip or light
load mode (depends on IC version) ON itime Modulation and Feedback Loop Block

b. Second possible state of PFC MODE output is The NCP13994 oitime modulation uses current mode

regulated voltage. The two regulated levelg¥; control scheme that ensures best tran§ienﬁ response
and \kegpare available. Regulation levek¥g1 is performance and provides inherent cyitgicycle

present orthe output during normal operation and IC overicurrent protection feature in the same time. The
can switch to Vegp during skip or lightload current mode control principle used in this device can be

modes. The purpose of switching between two S€€n in Figure 37.
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Figure 37. Internal Connection of the NCP13994 Current Mode Control Scheme

The basic principle of current mode control scheme ON itime comparator outpig blanked by the leading edge
implementation lies in the use of an @ine comparator  blanking (f gg) after the Mupper switch is turnéan. The
that defines upper switch étime by comparing voltage  ONitime comparator LEB period helps to avoid false
ramp, derived from the current sense input voltage, to thetriggering ofthe onitime modulation due to noise generated
divided or not divided feedback pin voltage. The upper by the HB pin voltage transition.
switch onitime is then rdused for low side switch The voltage signal for current sense input is prepared
conductiorperiod. The switching frequency is thus defined externally via natural primary current integration by the
by the actual primary current and output load conditions. resonant tank capacitor Cs. The resonant capacitor voltage
Digital processing with 10 ns minimum @me resolution is divided down by capacitive divider (Ccsl, Ccs2, Rcsl,
is implemented to ensure high noise immunity. The Rcs2) before it is provided to the CS input. The capacitive
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divider division ratio, which is fully externally adjustable, and startup. The FB pin signal passes through the FB
defines the maximum primary current level that is reachedprocessing block before it is brought to the Gikhe

in case of maximum feedback voltage — i.e. the capacitivecomparator input. The FB processing block scales the FB
divider division ration defines the maximum output power signal down by a Kg ratio in order to limit the CS input

of the converter for given bulk voltage. The CS pin is a dynamicvoltage range and apply ramp compensation signal
bipolar input where an input voltage swing is restricted to (to ensure stability of the current mode control scheme), FB
r5 V. The CS pin signal is also used for secondary side shorfreeze or LFF. The processed internal FB signal could be
circuit detection — please refer to chapter dedicated to shorioverridden by a Sofstart generator output voltage during
circuit protection. devicestartsiup.

A fixed voltage offset is internally process to the FB pin  The actual operating frequency of the converter is defined
signal inorder to assure enough voltagarginfor operation based on the CS pin and FB pin input signals. The maximum
the feedback optizoupler i the FB optdcoupler saturation  outputpower of the converter, under given input voltage, is
voltage is~0.15 V(depending on type). Howevéne CS pin limited by maximum internal FB voltage clamp that is
usefulsignal for frequency modulation swings from 0 V, so reached when opficoupler provides no current. The
current mode regulation would not work under light load maximumoutput power limit is bulk voltage dependent due
conditions if no offset would be added. to changing ratio between magnetizing and load primary

The second input signal for the titme comparator is  current components. Line Feed Forward (LFF) system is
derivedfrom the FB pin voltage. This internal FB pin signal implemented irthe controller to compensate for maximum
is also used for the following purposes: skip mode operationoutput power clamp variation. The LFF signal that is apply
detection, Lightload mode detection, dffnode detection  to internal FB voltage is VBULK pin voltage proportional.
and overload / open FB pin fault detection. The detailed The different input voltage sensed by VBULK pin creates
description of tese functions can feund ineachdedicated change on internal FB signal. The Mupper switcfitione
chapters. The internal pulip resistor assures that the FB is thus changed to represent similar FB pin voltage at
pin voltage increases when the ofgoupler LED becomes  constantoad across different inpubltage. The_FF signal
less biased — i.e. when output load is increased. The higheis provided only when BO pin voltage exceeds BO_OK
FB pin voltage implies a higher reference level foitane threshold voltage.
comparator.e. longer Mupper switch ditime and thus also Pleaseaefer to Figure 38 and below description for better
higher output power. The FB pin features a precise voltageunderstanding principle of the NCP13994 frequency
clamp which limits the internal FB signal during overload modulation system.

Internal [ I ‘
| I Il
ON-time \ T N :
comparator  Internal \ y H H | ! \
: FB | |
inputs . " |
o I Il ”v ‘ : \/ : \
| 1 Il I
| I 1l | : |
i I 1l | | |
I I I b !
Al | ) o
| |
| | | \ : :
| t_on |i [
Mupper : | | : |
Driver \ | ‘ | 1
outputs | | | |
1 [
| |
Mlower | |
| |
| |
T
|
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ON-time !
counter |
e !
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sequence E

Figure 38. NCP13994 On itime Modulation Principle
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The Mupper switch is activated by the controller after switchingcycles. Thus a special logic has been implemented
deaditime (DT) period elapses in poi#t. The frequency  in NCP13994 in order to repeat the last validtone until
processing block increments the @hhe counter with 10  the current mode operation recovers — i.e. until the CS pin
ns resolution until the internal CS signal crosses the internalsignal balance is restored by the system.

FB set point for the Oftime comparator in poir. A DT _

period is then introduced by the controller to avoid any ©Verload and Open FB Protections , ,
shootithroughcurrent through the power stage switches. = 1 he overload protection and open FB pin detection are
The DT period ends in poi@ and the controller activates MmPlemented via FB pin voltage monitoring in  this
the Mlower switch. The ORtime processing block controller.The FBfault comparator is triggered once the FB

decrementthe ON_time counter down until it reaches zero. PN Voltage reaches the-l_rauLt level. The fault timer is
The Mlower switch is then turné®FF at poinD and the ~ thenenabled —refer to Figure 3bhe time period to the FB
DT period is started. This approach results in perfect dutyf@ult event confirmation is defined by the preselected
cycle symmetry for Mlower and Mupper switches. The FB_FAULT_TIMER parameter. The fault timer is reset once
Mupper switch ontime naturally increases and the the FB fault condition diminishes or timer counts down

operating frequency drops when the FB pin voltage is When_cumulativ_e option is selected. The speed c_)f timer
increased, i.e. when higher current is delivered by the counting when timer counts up and down can be different.
converter output — sequenge A digital noise filter has been added after the FB fault

The resonant capacitor voltage and thus also CS pincomparator to overcome false triggering of the FB fault

voltagecan be out of balance in some cases — this is the casiiMer due to possible noise on the FB input.
during transition from full load to ridoad operation when When FBpin voltage reachespg_rauLt_peak level (FB

skip mode is not used or adjusted correctly. The currentf@ult peak function is selected) the FB fault timer duration

mode operation is not possible in such case because thi$ reduced — i.e. the timer is speed up by multiplication
ONitime comparator output stays active for several KFB_PEAKFT_MULT

I
Uref Filter —|
J:"_ - FB FB 6aglt staFus
0OK1 FB L’Fe_muu_ncr-w Fault S Q © Main ogic
| Timer
—_—— P |__|‘ + : — reset R /Q
jZ/ Filter |/N2ﬁi‘m’lime

1 | £t
L)FE_FAULT

Figure 39. Internal FB Fault Management

The controller disables driver pulses and enters protectionoverload operation and/or open FB pin conditions. The
mode once the FB fault event is confirmed by the FB fault primary current is naturally limited by the NCP13994
timer. Latched or autirecovery operation is then onitime modulation principle in this case. But the primary
triggered — depends on selected IC option. The controllercurrentincreases when the output terminals are shorted. The
adds arautoirecovery offitime period ( irec TIMER @nd NCP13994 controller will maintain zero voltage switching
restarts theperation via soft start in case of airecovery operation in such case, however high currents will flow
option. The application temperature runaway is thus through the power MOSFETS, transformer winding and
avoided incase of overload while the automatic restart is still secondary side rectification. The NCP13994 implements a
possible once the overload condition disappears. The ICdedicatedsecondary side short circuit protection system that
with latched FB fault option stays latchiedf, supplied by will shut down the controller much faster than the regular FB
the HV startup current source working in DSS mode, until fault event in order to limit the stress of the power stage
the Vcc_resetthreshold is reached on the VCC pin or Line components. The CS pin signal is monitored by the
event is detected by HV pin — i.e. until user unplug power dedicatedCS fault comparatofr refer to Figure 37. The CS

supply from the mains. fault counter is incremented each time the CS fault
Pleaseefer to Figure 53 and Figure 54 for an illustration comparator is triggered. The controller enters
of the NCP13994 FB fault detection block. autoirecovery oftatched protection mode (depending on IC
o _ _ _ option) in case the CS fault counter overflows refer to

Secondary Short Circuit Detection with Primary and Figure 40. The CS fault counter is then reset once the CS

Secondary Current Reduction
The protection system described previously, implemented
via FB pin voltage level detection, prevents continuous

fault comparator is inactive for at least& FauLT pEC
Mupperupcoming pulses. This digital filtering improves CS
fault protection system noise immunity.
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Figure 40. NCP13994 CS Fault Principle

The CS fault comparator event increases Ramp Dedicated Startup Sequence and Soft  iStart
compensation (RC) gain by an incrememXgaIN INC Hard switching conditions casccur in a resonant SMPS
that is a portion of selected nominal RC gain. The RC gainapplicationwhen the resonant tank operation is started with
is reduced to nominal level by a decrement when event of C$0 % duty cycle symmetry — refer to Figure Zhis hard
fault cmp. is not present ford$_rauLt _pecMupper driver switching appears because the resonant tank initial
pulses. The decrement that is equal to increment is therconditions are not optimal for the clean startup.
placed at each followed Mupper driver pulse until RC gain
reachnominal value or new CS fault cmp. event is detected.

W
v VTR
JL LT
HB :
VU
TN VY

Hard
switching

Figure 41. Hard Switching Cycle Appears in the LLC Application when Resonant Tank is Excited by 50 % Duty
Cycle During Startup
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The initial resonant capacitor voltage level can differ note thathe magnetizing inductance does not participate in
depending omow long delay waplaced before application  resonance ithis case. However, if the application stéwis
operation restart. The resonaapacitor voltage is close to  when the output capacitors is charged and there is no load
zero level when application restarts after very long delay —connected to the output, the secondary rectification diodes
for example several seconds, when the resonant capacitor is not conducting during each switching cycle of startup
discharged by leakage to the power stage. However, thesequence and thus the resonant frequency of resonant tank
resonant capacitor voltage value can be anywhere betweeis affected also by the magnetizing inductance. In this case,
Vbulk and0 V when the application restarts operation after the resonant frequency is much lower than in case of startup
a short period of time — like during periodical SMPS into loaded/discharged output.
turnion/off. Another factor that plays significant role during These facts show that a clean, hard switching free and
resonant power supply startigathe actual load impedance parasiticoscillation free, startup of an LLC converter is not
seen by the power stage during the first pulses of startupan easy task, and cannot be achieved by duty cycle
sequence. This impedance is not only defined by resonantmbalance and/or simple resonant capacitofigharge to
tank components but also by the output loading conditionsVbulk/2 level. These methods only work in specific startup
and actual output voltage level. The load impedance ofconditions.
resonant tank is low when the output is loaded and/or the This explains why the NCP13994 implements a
output voltage is low enough to made secondary rectifiesproprietarystartup sequencésee Figure 42 and Figure 43.
conducting during first switching cycles of startup phase. The resonant capacitor is discharged down g Win
The resonant frequency of the resonant tank is given by thebeforeany application restait except when restarting from
resonant capacitor capacitance and resonant inductance skip mode.

Figure 42. Initial Resonant Capacitor Discharge before Dedicated Startup Sequence is Placed
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Figure 43. Dedicated Startup Sequence Detail
The resonant capacitor discharging process is simply betweerprevious Mupper turiioff event and upper
implemented byctivating an internal current limited switch ZVS condition detection isqual or higher than two
connected between the HB pin and IC ground — refer to times of the the previous Mupper pulse conduction
Figure 42 This technique assures that the resonant capacitor period
energy is dissipated in the controller without ringing or b. The Mupper switch is activated for previous Mupper
oscillations thatould swing the resonant capacitor voltage conduction period in case the measured time
to a positive or negative level. The controller detects that the betweerprevious Mupper turioff event and upper
discharge process is complete via HB pin voltage level ZVS condition detection is lower than two times of
monitoring. The discharge switch is disabled once the HB previous Mupper pulse conduction period
pin voltage drops below thegg wmin threshold. c. ZVS condition is not detected due to low or no
The dedicated startup sequence continues by activation of positive voltage swing on HB pin. Internal logic is
the Mlower driver output for TI1 period (refer to Figure 43). waiting for ZVS information without any time
This technique ensures that the bootstrap capacitor is fully limitation — i.e. stuck state. The stuck state can be
chargedbefore the first higfiside driver pulse is introduced interrupted by IGeset (via \bc resethreshold) or
by the controller. The first Mupper switch @me Tupl by startup watchdog timer.

period is fixed and depends on the application parameters. The startup period then depends on the previous
This period can be adjusted internally — various IC options condition.Another blank Mlower switch period is placed by
are available. The Mupper switch is released aftgsg T  the controller in case condition a) occurred. A normal
period and it is not followed by the Mlower switch Mlower driver pulse, with D@f 50 % to previous Mupper
activation.The controller waits for a new ZVS condition for DRV pulse, is placed in case condition b) is fulfilled.
Mupper switch instead and measures actual resonant tank The dedicated startup sequence is placed after the
conditions this way. The Mupper switch is then activated resonant capacitor is discharged (refer to Figure 42 and
againafter the Mlower blank periad used for measurement Figure 43) in order to exclude any hard switching cycles
purposes. The second Mupper driver conduction period isduring the startup sequence. The first Mupper switch cycle
then dependent on the previously measured conditions: in startup phase is always ni#VS cycle because there is

a. The Mupper switch is activated for 3/2 of previous no energy in the resonant tank to prepare ZVS condition.

Mupperconduction period in case the measured time However,there is no energy in the resonant tank at this time,
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there is also no possibility that the power stage MOSFET the first Mupper oritime duration can be incremented up to

body diodes conducts any current. Thus the hardtwo times of preselected first Mupper duration. The IC will

commutation of the body diode cannot occur in this case. providethe first Mlower and first Mupper DRV pulses with
The IC will not start and provide regular driver output a tyaTcHpOoG Off itime inibetween startup attempts.

pulses until it is placed into the target application, becauseSofthtart

Fhe startup sequence cannot be finished until HB pin signal The dedicated startup sequence is complete when

IS detected by the Syste_m. The IC features a_startup WatChdogondition b) from previous chapter is fulfilled and the

timer (iwarcHpog) which restarted a dedicated startup 1o continuesperation with the softtart sequence.

sequence periodically in case the IC is powered without fully digital nonilinear softistart sequence has been

application_ (d”."f‘g bench testing) or in case th.e. StartUpimplemented in NCP13994 using a sieflart counter and
sequence igot finished correctly. The first Mupper étime D/A converter that are gradually incremented by the Mlower

duration is automatically incremented when IC is restarteddriver pulses. A blockliagram of the NCP13994 sétart
by the startup watchdog (depends on IC option). The system is sh(.)wn in Figure 44

increment is gortion of selected first Mupper duration and
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Figure 44. Soft istart Block Internal Implementation

The softistart block subsystems and operation are for the SoftiStart counter can be divided down by
described below: the SS clock divider (Kg ss INng in case the
1. The Softi Start counteris a unidirectional counter softistart periocheeds to be prolonged further — this
that is loaded with the last Mupper tiime value can be also done via IC option selection. The
that isreached at the dedicated startup sequence end SoftiStartperiod is terminated (i.e. the counter is
(i.e. during condition b occurrence explained in loaded to its maximum) when the FB pin voltage
previous chapter). The dtime period used in the dropsbelow Vg _skip_inlevel or FB pin detect that
initial period of the sofitstart sequence &fected by application is under regulation.
the first Mupper oritime period selection and the 2. TheONitime counteis a bidirectional counter that
dedicated startup sequence processing. The is used as a main system counter foritone
SoftiStartcounter counts up from thisitial on time modulation during sofistart, normal operation or
period to its maximum value which corresponds to overload conditions. The ONme counter
the IC maximum oiitime (tron max). The countsiup during Mupper switch conduction period
SoftiStartcounter is incremented by the sisftart and then counts down to zero — defining Mlower
increment number {pnN ss in@ during each switch conduction period. This technique assures
Mlower switch oritime period. The sofistart start perfect 50 % duty cycle symmetry for both power
increment, selectable via IC option, thus affects the switches asifore mentioned. The ONXime counter
softistart timeduration. The Mlower clock signal countiup mode can be switched to the cdigwn
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mode byeither of two eventstStwhen the ONtime
counter value reaches the maximunitime value
(tron max) or2ndwhen the actual Mupper dtime

is terminated based on the current sense input
information — i.e. by ONtime comparator.

. TheMaximum ON'time comparatorcompares the
actual ONitime counter value with the maximum
onitime value (fon max) and activates the latch
(or autoirecovery) protection mode once IC detect
requested number of TON_MAX events. The
minimum operating frequency of the controller is
defined the same way. The Maximum @he
comparator reference is loaded by the &sfart
counter value on each switching cycle during
softistart. TheMaximum ONitime fault signal is
ignored during SoftStart operation. The converter
Mupper switch oritime (and thus operating
frequency)s thus defined by the Sdfbtart counter
value indirectly — via Maximum OMNime
comparator. The Mupper switch @me is
increased until the SofStart counter reaches
tton_max period and Maximum oftime protection

is activated, or until ONtime comparator takes
action and overrides the Maximum QOfinme
comparator.

. TheSofti StartD/A convertergenerates a sdftart

voltage ramp for ONtime comparator input
synchronously with SofiStart counter
incrementing. The internal FB signal for Ofiine
comparator input is artificially pulle@lown and
then rampedup gradually when softtart period is
placed by the system — refer to Figure 45. The FB
loop is supposed to take over at certain point when
regulationloop is closed and output gets regulated so
that softistart has no other effect on the itime
modulation. The SofiStart counter continues
countingiup until it reaches its maximum value
which corresponds to the IC maximum itime
value — i.e. the IC minimum operating frequency.
The SoftiStart period is terminated (i.e. counter is
loaded to its maximum) when the FB pin voltage
drops below ¥g_skip_inlevel. The D/A converter
output evolve accordingly to the Séfitart counter

as it is loaded from its output data bus.

External FB

ON-time

SS on-time

CM operation

comparator
inputs

Internal CS

Internal FB

5}

Mupper
Driver L ' L [
outputs L | | |
Mlouer b [ [ |
b | [ |

Lo | | l L

o T [ [

HB

Figure 45. Soft Start Behavior
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The Controller Operation During Sdfstart Sequence
Evolves as Follows:
The SoftiStart counter is loaded by last Mupperitime

comparator reference voltage. This reference voltage thus
also increases ndtinearly from initial zero level until the
level at which the current mode regulation starts to work.

value at the end of the dedicated startup sequence. Tha@he onitime of the Mupper and Mlower switch is then

ON itime counter iseleased and starts couinp from zero
until the value that is equal to the actual $8fart counter

defined by the ONtime comparator action instead of the
Maximum ONitime comparator. The sdfitart then

state. The Mupper switch is active during the time when continuesauntil the regulation loop is closed and theitime

ONitime counter countsup. The Maximum ONtime
comparator then changes counting mode of theitne
comparatofrom countiup to counidown. A deadtime is
placed andhe Mlower switch is activated till the ONme
counter reaches zero value. The $8fart counter is

is fully controlled by the secondary regulator. The Btfart
counter then continues in counting and saturates at its
maximumpossible value which corresponds to IC minimum
operatingrequency.The maximum ofitime faultdetection
system isnabled when SofStart counter value is equal to

incremented by selected increment during correspondingtton_max value.

Mlower onitime period so that the following Mupper switch

The previous oiitime repetition feature, described above

onitime is prolonged automatically — the frequency thus in the ONitime modulation and feedback loop chapter, is
drops naturally. Because the operating frequency of thedisabled irthe beginning of soft start period. This is because

controller drops antlower DRV signal is used as a clock
source for the Sofstart counter, the sofstart speed starts
to decrease on each (or on eacih) Mlower driver pulse
(where Nis defined by Kkg_ss |ng of switching cycle. So
we have notilinear softistart that helps to speed up output
charging in the beginning of the sidtart operation and

the ONitime comparator output stays high for several cycles
of soft start period — until the current mode regulation takes
over. The previous oitime repetition feature is enabled
once the current modulation starts to work fully, i.e. in the
time when the ONtime comparator output periodically
drops to low state within actual Mupper switchitme

reduceghe output voltage slope when the output is close to period. Typical startup waveform of the LLC application

the regulation level. The output bus of the $8fart counter
addresses the D/A converter that defines theitidie

Figure 46. Application Startup with NCP13994

driven by NCP13994 controller can be seen in Figure 46.

T Primary Current i Green, V,; 1 Magenta
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Skip Mode Operation preselected level. Zero voltage switching technique is still
Then NCP13994 implements proprietary light load and present for the power switches to achieve high light load
quietskip mode operating techniques that improve light load efficiency.Quiet skip mode operation is initiated when load
efficiency, reduce ndoad power consumption and drops further and FB voltage drops below another FB
significantly reduce acoustic noise. Controller uses 50 %threshold that is user adjustable on the skip pin. The
duty cycle symmetry under full and medium load frequency of skip burst is regulated by internal digital
conditions. Normal current mode frequency modulation controlleraround preselected quiet skip frequency clamp in
takes place during this operating mode — refer titiore order to reduce acoustic noise. The skip frequency then
processing section of this datasheet. The 50 % duty cycledrops to very low values during iiload conditions. Refer
symmetry operating mode is replaced by continues to Figure 47, Figure 48nd Figure 4%or typical application

operation with minimum switching patterns repeated after waveformsduring light load and quiet skip mode operating
controlledamount of offitime when load is decreased below modes.

FB

Mupper/
Mlower

Figure 47. No Tload Operation

Skip_ir+Skip_hyste

Skip_in

t=t_QS_timer t=1t_Q5_timer t=t QS_timer t=1t_Q5_timer

Figure 48. Quiet Skip Mode Operation

iinininininininnisinisin

Figure 49. Light iload Operation
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The High Voltage Half Tibridge Driver architecture of the drivers section. The device incorporates

The driver features a traditional bootstrap circuitry, an upper UVLO circuitry that makes sure enougksVs
requiring an external high voltage diode with resistor in availablefor the upper side MOSFET. The output drivers are
series for the capacitor refueling path. Minimum series clamped to specific value to protect MOSFET gates when
resistor Rboot value is 3.3. Figure 50 shows the internal VCC/VBOOT is higher than 20 V.

Vboot v
M N
] [ -
DRV
Clamp
Internal Mupper >——— Pulse o Level | Cboot
_Do_ Trigger »— Shifter | S |_| 4
|| o 53 =
- s D '_
Q 1
R ~
dv/dt_P signal dv/dt HB
—
dv/dt_N signal detector -
Rboot
UVLO Dboot
HB disch. activation discﬂgrger Y_c|c aux
DRV - Vee
Clamp
Fault D"— '_ng
u —
 —— Mlower
Internal Mlower Delay [} t
L— 1 ﬁ CVcc |+
— GND B
m
-

Figure 50. The NCP13994 Internal DRVs Structure

The internal dV/dt sensor detects the HB pin voltage Automatic Dead itime Adjust
transitions irorder to setup the optimum DT period — please ~ The deadtime period between the Mupper and Mlower
refer to DeadTime chapter. The internal HV discharge drivers isalways needed in half bridge topologies to prevent
switch is connected to the HB pin and discharges resonan@iny cross conduction through the power stage MOSFETs
capacitor bfore application startup. The current through the that would result in excessive current, high EMI noise
switch is regulated tonk piscHARGEL level until the generation or total destruction of the application. Fixed
Vue min threshold voltage is reached on the HB pin. The deaditime period is often used in the resonant converters
dischargesystem assures always the same startup conditiondecausthis approach is simple to implement. However, this
for application — regardless of previous operating state. Themethod does not ensure optimum operating conditions in
HB pin discharge current sink features an independentresonant topologies because the magnetizing current is
overitemperaturgrotection which limits its input currentin ~ changing with line and load conditions. The optimum
casethe dischager temperature exceedsgl piISCH CLAMP deaditime, under a given operating conditions, is equal to
to avoid damage to the HB discharger silicon structure.  the time that is needed for bridge voltage to transition
As stated in the maximum ratings section, the floating between upper and lower states and vice versa — refer to
portion can go up to 730 VDC on the BOOT pin. This Figure 51.
voltage range nias the IC perfectlguitable for offline and
lighting applications.
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Figure 51. Optimum Dead itime Period Adjust

The MOSFET body diode conduction time is minimized example with extremely low bulk voltage or when some
when optimum deattime period is used which results in  critical failure occurs. This situation should not occur
maximum efficiency of a resonant converter power stage.normally in correctly designed application because several
There are several methods to determine the optimumother protections would prevent such a situation. The
deaditime period or to approximate it (for example using NCP13994 implements maximum DT period clamp that
auxiliary winding on main transformer or modulating limits driver’s offitime period to thegr max value. The
deaditime period with operating frequency of the corresponding MOSFET driver is forced to tilon by the
converter). These approaches however require a dedicatethternal lajic regardless of missing dV/dt sensor signal. This
pin for nominal deattime adjust or auxiliary winding  situationdoes not occur during normal operation and will be
voltage sensing. The NCP13994 uses a dedicated methodonsidered a fault state by the device. There are several
that senses the HB pin voltage internally and adjusts thepossibilitieson how the controller continues operation after
optimum deadtime period with respect to the actual this event occurrence — depending on the IC option:

operating conditions of the converter. The Higbltage 1. The opposite MOSFET switch is forced to tion

dVv/dt detector, connected to the HB pin, delivers two when bt max period elapses and no fault is

internaldigital signals that aredicating Muppeto Mlower generated

and Mlower to Mupper transitions that occur on the HB and 2. The controller is latcheiff in case the ZSV

VBOOT pins after the corresponding MOSFET switch is condition is not detected within selecteg tyax

turnedioff. The controller enables the opposite MOSFET in period

the power stage once the corresponding dV/dt sensor output 3. The controller stops operation and restarts operation

provides information about HB (or VBOOT) pin transition after autdrecovery period in case the ZSV

ends. condition has not been detected within the selected
The ZVS transition on the bridge pin (HB) could take a toT_max period

longer time or even does not finish in some cases — for
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A DT fault counter option is available. Selected number the HV stariup in DSS mode) in order to memorize the TSD
(NpT max) or DT fault events have to occur in order to event information. When the temperature falls below the
confirm DT fault in this case. lower threshold, the full restart (including stdtart) is

A fixed DT option is also available for this device. The initiated by the controller. The HV startup current source
internaldV/dt sensor signal is not used for this device option featuresan independent ovélemperature protection which
and the dt max period is used as a regular DT period limits its output current in case the DIE temperature exceeds
instead. The DT fault detection is disabled in this case.  TSD to avoid damage to the HV startup silicon structure.

Temperature Shutdown Recommended Layout
The NCP13994 includes a temperature shutdown The correct layout is kestep towards to reliable operation

protection. When the temperature rises above the uppenf designed application. The recommended layout of
threshold, the controller stops switching instantaneously, NCP13994 controller is illustrated on Figure 52. The most
and goes into the offnode with extremely low power important part of layout is connection of the GND path.
consumption. The ¥c supply is maintained (by operating

To BO res. network

To HV res. network
D_BOOT
+

R_BOOTH

IC .....‘:l:

To Mupper MOSFET

To Mlower MOSFET

Vcc

= To CS res. capacitor

To FB optocoupler
To OVP optocoupler

R_CS1
C_CS2

C_Cs1

Figure 52. Recommended Layout
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APPLICATION INFORMATION

Controller Operation Sequencing of NCP13994 LLC VCC management controls the HV startup in DSS mode in
Controller order to keep enough VCC level to hold the latghstate

The paragraphs below describe controller operation memorizedwhile the application remains plugggd to the
sequencinginder several typical cases as well as transitionsmains.

between them. The power supply is removed from the mains at pdint
Application Start, Browiiout Off and Restart, OvP/oTp ~ and the VCC voltage drops down below
Latch and then Restart — Figure 53 Vcc Rresetlevel thus the controller is released from latch.

Application is connected to the mains at pdirthus the A Néw application start occurs when the user plugs the
HV input of the controller becomes biased. The HV startup &PPlication the mains again.
current source starts charged VCC capacitor ungt V. Application Start, Browiiout Off and Restart, Output
reaches ¥c_onthreshold. Short Fault with Autérecovery Restart — Figure 54

The all analog blocks are enabled atcVReser Operating waveforms descriptions for this figure is
threshold. A START_BLANK is activated atc¢ reser  similar to one for Figure 53 from poiAttill point G.
threshold also to ensure that the internal blocks are fully The LLC converter operation is stopped in poft
biased and stabilized to correctly process conditions/faultsbecause the controller detects an overload condition (short
before IC start. The VCC pin voltage reachegdcVon circuit event in this case as the Vout drops abruptly). The
threshold in poinB. The PFC front stage is activated via controller disables almost all blocks. The HV startup DSS
PFC MODE pin that change status at mentioned threshold operationis initiated in order to keep enouyicC level for
The IC DRVs were not enabled after firsty onthreshold  all internal blocks that need to be biased. Internal
in this case as the voltage on VBULK is not enough high. autoirecovery timer countdown the recovery delay period
The IC keeps all internal blocks biased and operates in thea \rec TIMER
DSS (Dynamic SelfSupply) mode as long as the stop  The autdrecovery restart delay period lapses at pidint
conditions is still present. The HV startup current source is activated to recharge VCC

The BO_OK condition is received (voltage on VBULK capacitobefore a new restart and all block are enabled with
reach \Bp level affected by hysteresis) at poitThe IC START_BLANK period.
activates the startup current source to refill VCC capacitor The V¢ onthreshold iseached in poirit The controller
in order to assure sufficient energy for a new startup. Therestores operation via the regular startup sequence and
VCC capacitor voltage reachegd on level again. The  softistartafter all startup condition are fuffil (rfault or stop
DRVs are enabled and the application is started becauseondition detected and VCC is higher whercVon
there is no faults or stop condition at that time. threshold). The LLC converter operation is enabled,

Line and also bulk voltage drops at pdnso the BO_OK including a dedicated startup and sefart period. The
signal become low (voltage on VBULK drops belowd/  output short circuit is removed in between thus the Vout
level). The LLC DRVs are disabled as well as OVP/OTP rampediup and the FB loop took over during the LLC
block bias. The PFC MODE output stay high to keep the converter sofistart period.
PFC controller biased, so the BO block still monitors the
bulk voltage.The controller activates the HV startup current
source into DSS mode to keep enough VCC voltage for
operation ofll blocks that are active while the IC is waiting H
for BO_OK condition.

The line voltage and thus also bulk voltage increase at
point E so the Browriout block provide the BO_OK signal

oncethe Vgo (With hy§teresis) level is reached. T'he star_tup threshold. A START BLANK is activated atdd reset
fg:ﬁg: Seoijr:ge\)égcéga;ii;ﬂf%rr i%g?vﬁ;'?:r?l $hr:gi';%dthreshold also to ensure that the internal blocks are fully
9 pe : i . Yiased and stabilized to correctly process conditions/faults
blo<_:ks are enabled (blased)_mclu_dmg S.TART—BLANK before IC start. The VCC pin voltage reachegdcVon
period at time when BO_OK signal is received. threshold in poinB. The PFC front stage is activated via

The Vcc_on level is reached in poirit. The controller o~y o e pin that change status at mentioned threshold.

restores operation via the regular startup sequence anci.he IC DRV were not enabled after firssy onthreshold
softistartafter all startup condition are fulfil (rfault or stop in this case as the voltage on VBULK is not enough high

condition detected and VCC s higher whemcVon g keeps all internal blocks biased and operates in the

threshold). .
The application then operates normally until the DSS.(_Dyn:-:xmm- SeliSupply) mode as long as the stop
conditions is still present.

OVP/OTPinput is pullediup at pointG. The controller then
enterdatchioff mode in which all blocks are disabled. The

Startup, Skipmode Operation, Low Line Detection and
Restart into Skipmode — Figure 55
Application is connected to the mains at pdirihus the
V input of the controller becomes biased. The HV startup
current source starts charged VCC capacitor ungt V
reaches ¥c onthreshold.

The all analog blocks are enabled atcVRESET
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The controller authorizelSRVs at pointC as there are no  condition detected and VCC is higher whercVon
faults conditions present. The load current is reduced thusthreshold). The application then enters skip mode again as
the FB loop reduces the primary controller FB pin voltage. the load current is low.

The load diminished further and the FB skip threshold is Startiup, Normal Operation, Transition to Gifinode

reached in poinD. The controller turngoff all the blocks Operation and Output Rieharge in Offimode — Figure 38
th"?‘t..are not gssential for the controlier operation during Operating waveforms descriptions for this figure are the
skipimode —i.e. all blocks except FB block and VCC same as for Figure 55 from poiftuntil pointC — Please

managem_entrhls technique issed to mihimize the dewce_ refer to Figure 55 for details regarding operation between
consumption when there are no driver pulses durlngthese time events

skipimode 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 thus the controller is supplied from the application
during the skip mode operation.

The controller FB skifiout threshold is reached in point
E; the controller enables all blocks and LLC DRVs to refill
the output capacitor. The controller did not activate the HV
startup current source because there is enough voltag
present on the VCC pin during skip mode. The OTP blank
periods isactivated at the beginning of the skip burst to mask
possible OTP faults.

The secondary controller activatesioffode operation by
pulling FBpin below Mg rem_orrlevel, thus the IC goes
into skipimode for long time at poirD. The controller
turnsioff all the blocks that are not essential for controller
operationduring skipimode — i.e. all blocks except FB and
VCC management blocks. This technique is used to
minimize device consumption when there are no driver
pulses during skifmode operation.

The Vcc drops naturally by IC consumption below

cc ofr threshold at pointE — i.e. the offimode is
confirmed. The controller turrisff all the blocks that are
not essential for controller operation duringiofiode —i.e.
all blocks including FB block and big portion of the VCC
NOTE: The VCC capacitor needs to be chosen with a management. This technique is used to minimize device

valuehigh enough to ensure thag¥will notdrop  consumption when there are no drive pulses during
below the \éc_orrlevel during skip mode. The  off imode operation. The output voltage is then dropped
device would enters into offnode (refer to  naturally due to secondary controller and resistive dividers
Figure 38)when appropriate ofinode is enabled.  consumption. The primary controller is supplied from the

The line voltage drops in poifit but the bulk voltage is  HV startup current source that operates in DSS mode.
droppingslowly as there is nearly no consumption fromthe  The secondary controller interrupts fiode operation
bulk capacitor during skip mode — only some refilling bursts by releasing the opficoupler and allowing the voltage on
are provided by the controller. The application thus FB pin to ramgup by the internal pullup current source at
continues in skip mode operation for several skip burstpoint F. The controller activates the HV startup current
cycles. source and recharges the VCC capacitor to prepare enough

The bulk voltage level less thargy threshold is detected v voltage for a new startup.
by the controller in poinG during one of the skip burst The V= voltage reachesdt onthreshold at poirs and
pulses. The controller thus disabled DRVs and enters DSShe LLC converter starts (including sistart).
modeof operation in which the OVP/OTP block is disabled  The output voltage is ramped up while the FB loop is not

and the controller is waiting for BO_OK event. The PFC closed yet as the (T is still below regulation level. The

MODE provides the Wrcm_recivoltage in this case to  output voltage then reaches regulatevel and the FB pin

allow the PFC stage to refill bulk capacitors. voltage drops abruptly on the primary — hitting the FB
The line voltage is increased at pdihthus the controller  skipiin threshold at pointH. The LLC drivers are thus

receives the BO_OK signal. The startup current source isdisabled by the skip comparator. The FB then increases
activatedafter BO_OK signal is received to charge the VCC naturally — calling for new skip burst (refer to skip mode

capacitor for a new restart. The analog blocks are enabledperation description in previous text).

(biased) including START_BLANK period at time when  The secondary controller activatesiaffode operation by
BO_OK signal is received. pullingidown FB pinand \cc voltage naturally drops

The Vcc_on level is reached in point The controller  pelow Ve ofrthreshold. The primary controller enters
restores operation via the regular startup sequence an@ff imodeoperation again at poit
softistartafter all startup condition are fulfil (rfault or stop
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ORDERING INFORMATION

Device Package Marking Package Type Shipping T
NCP13994AADR2G NCP13994AA SOIC 16 NB MISSING PINS 2 AND 13 2,500 / Tape & Reel
(Pb iFree)
NCP13994ACDR2G NCP13994AC SOIC 16 NB MISSING PINS 2 AND 13 2,500 / Tape & Reel
(Pb iFree)

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.
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MECHANICAL CASE OUTLINE
PACKAGE DIMENSIONS

SCALE 1:1

2

ON Semiconductor®

SOIC 716 NB MISSING PINS 2 AND 13

CASE 751DU
ISSUE O
DATE 18 OCT 2013
NOTE 5 NOTES:
| 1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994.
16 9 2X 2. CONTROLLING DIMENSION: MILLIMETERS.
H H H | H H H H 3. DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSION.
! ALLOWABLE PROTRUSION SHALL BE 0.10 mm IN EXCESS OF

O-.}

- NOTE 4

v

[opiTe

MAXIMUM MATERIAL CONDITION.

. DIMENSIONS D AND E DO NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH, PROTRUSIONS
OR GATE BURRS SHALL NOT EXCEED 0.25 mm PER SIDE. DIMEN
SIONS D AND E ARE DETERMINED AT DATUM F.

DIMENSIONS A AND B ARE TO BE DETERMINED AT DATUM F.

_fﬁ

H H H i H H H H A1 IS DEFINED AS THE VERTICAL DISTANCE FROM THE SEATING
= 3 PLANE TO THE LOWEST POINT ON THE PACKAGE BODY.
[o[o2q | ] < raxt DETAILA I EEQE'QG [ MILUMETERE
2X 4 TIPS NOTE 5 |$| 02®| C| A'q D| DAM '\]/_“215 M1A7)é
TOP VIEW ox ALl 010] 028
b | 035] 0.49
A ! DETAIL A c | 017] o025
D D[ 980 10.0d
V4 0.1q &{ _!/ E 6.00 BSC
O 0.1 /7 El 3.90 BSC
bt ( %\\“ e | 127BSC
]‘—LI:H:laﬁ =1 Nl L[ o040 1.27
— 12| 0.203BSC
A _’I I‘_El IC SEATING END VIEW
SIDE VIEW PLANE GENERIC
MARKING DIAGRAM*
RECOMMENDED
SOLDERING FOOTPRINT 160 A HAHH
1.52 XXXXXXXXXX
000 o0ty T
1 HHHHHH
16 9
XXXXX = Specific Device Code
B B 200 A = Assembly Location
’ WL = Wafer Lot
Y = Year
1 wWw = Work Week
I:I I:I I:I I:I I:I G = Pb iFree Package
Y *This information is generic. Please refer
14X to device data sheet for actual part
127> | "I 0.60 marking. Pb iFree indicator, “G”, may
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