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NCP1937

Combination Power Factor
Correction and Quasi-
Resonant Flyback
Controllers for Adapters ON Semiconductor®

www.ohnsemi.com

This combination IC integrates power factor correction (PFC) and
quasi-resonant flyback functionality necessary to implement a MARKING DIAGRAM
compact and highly efficient Switched Mode Power Supply for an

adapter application. HV/X2 |:|1:|= :2|:(|) PFBHV
The PFC stage.exhibits near—unity. power fa.ctor while operating in a . BO/X2 = > = prBLY
Critical Conduction Mode (CrM) with a maximum frequency clamp. 5 JE> Q = GND
The circuit incorporates all the features necessary for building a robust SOIC—20 ;’gﬁgtlf:?:' | -l Egg/\'; ZCb
and compact PFC stage while minimizing the number of external Narrow Body ~ QCT 0 é § O QDRV
components. CASE 751BS Fault o5 E) — QCS
The quasi—resonant current—-mode flyback stage features a PSTgFeé i E éCZ;gD
proprietary valley—lockout circuitry, ensuring stable valley switching.
This system works down to the 4t valley and toggles to a frequency NCP1937 = Specific Device Code
foldback mode with a minimum frequency clamp beyond the 4% xx = A1, A2, A3, B1, B2, B3, C1, C4 or C61
.. . . . . A = Assembly Location
valley to eliminate audible noise. Skip mode operation allows WL — Wafer Lot
excellent efficiency in light load conditions while consuming very low Yy = Year
standby power consumption. WW = Work Week
G = Pb-Free Package
Common General Features
® Wide Vcc Range from 9 V to 30 V with Built—in Overvoltage
Protection ORDERING INFORMATION
® High—Voltage Startup Circuit and Active Input Filter Capacitor See detailed ordering and shipping information on page 5 of
Discharge Circuitry for Reduced Standby Power this data sheet.
® Integrated High—Voltage Brown—Out Detector
® Integrated High—Voltage Switch Disconnects PFC Feedback Resistor
Divider to Reduce Standby Power
® Fault Input for Severe Fault Conditions, NTC ® Feed—Forward for Improved Operation across Line and
Compatible (Latch and Auto—Recovery Options) Load
® 0.5 A/0.8 A Source / Sink Gate Drivers ® Adjustable PFC Disable Threshold Based on Output
® Internal Temperature Shutdown Power

® Power Savings Mode Reduces Supply Current

. : QR Flyback Controller Features
Consumption to 70 uA Enabling Very Low Input Power

® Valley Switching Operation with Valley—Lockout for

Applications Noise—Free Operation
PFC Controller Features ® Frequency Foldback with Minimum Frequency Clamp
® Critical Conduction Mode with Constant On Time for Highest Performance in Standby Mode
Control (Voltage Mode) and Maximum Frequency ® Minimum Frequency Clamp Eliminates Audible Noise
Clamp ® Timer—Based Overload Protection (Latched or

Accurate Overvoltage Protection
Bi-Level Line—Dependent Output Voltage
Fast Line / Load Transient Compensation
Boost Diode Short—Circuit Protection

© Semiconductor Components Industries, LLC, 2015
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Auto—Recovery options)
® Adjustable Overpower Protection
® Winding and Output Diode Short—Circuit Protection
® 4 ms Soft—Start Timer

Publication Order Number:
NCP1937/D
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NCP1937
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Figure 2. Functional Block Diagram
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NCP1937

Table 1. PIN FUNCTION DESCRIPTION

Pin Out Name Function

1 HV/X2 High voltage startup circuit input. It is also used to discharge the input filter capacitors.

2 Removed for creepage distance.

3 BO/X2 Performs brown-out detection for the whole IC and it is also used to discharge the input filter capacitors
and detect the line voltage range.

4 Removed for creepage distance.

5 PControl Output of the PFC transconductance error amplifier. A compensation network is connected between this
pin and ground to set the loop bandwidth.

6 PONOFF A resistor between this pin and ground sets the PFC turn off threshold. The voltage on this pin is com-
pared to an internal voltage signal proportional to the output power. The PFC disable threshold is de-
termined by the resistor on this pin and the internal pull-up current source, lponOFF-

7 QCT An external capacitor sets the frequency in VCO mode for the QR flyback controller.

8 Fault The controller enters fault mode if the voltage of this pin is pulled above or below the fault thresholds. A
precise pull up current source allows direct interface with an NTC thermistor. Fault detection triggers a
latch or auto-recovery depending on device option.

9 PSTimer Power savings mode (PSM) control and timer adjust. Compatible with an optocoupler for secondary con-
trol of PSM. The device enters PSM if the voltage on this pin exceeds the PSM threshold, Vpg ix. A capa-
citor between this pin and GND sets the delay time before the controller enters power savings mode.
Once the controller enters power savings mode the IC is disabled and the current consumption is re-
duced to a maximum of 70 uA. The input filter capacitor discharge function is available while in power
savings mode. The controller is enabled once VpgTimer drops below Vpg gyt

10 QFB Feedback input for the QR Flyback controller. Allows direct connection to an optocoupler.

11 QzZCD Input to the demagnetization detection comparator for the QR Flyback controller. Also used to set the
overpower compensation.

12 VCC Supply input.

13 QCS Input to the cycle-by—cycle current limit comparator for the QR Flyback section.

14 QDRV QR flyback controller switch driver.

15 PDRV PFC controller switch driver.

16 PCS/PZCD Input to the cycle—by—cycle current limit comparator for the PFC section. Also used to perform the de-
magnetization detection for the PFC controller.

17 GND Ground reference.

18 PFBLV Low voltage PFC feedback input. An external resistor divider is used to sense the PFC bulk voltage. The
divider low side resistor connects to this pin. This voltage is compared to an internal reference. The refer-
ence voltage is 2.5 V at low line and 4 V at high line. An internal high-voltage switch disconnects the low
side resistor from the high side resistor chain when the PFC is disabled in order to reduce input power.

19 Removed for creepage distance.

20 PFBHV High voltage PFC feedback input. An external resistor divider is used to sense the PFC bulk voltage. The

divider high side resistor chain from the PFC bulk voltage connects to this pin. An internal high—voltage
switch disconnects the high side resistor chain from the low side resistor when the PFC is disabled in
order to reduce input power.

www.onsemi.com
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Table 2. NCP1937 DEVICE OPTIONS

NCP1937

PFC PFC
Overload Disable | Frequency
Device Protection Fault OTP VBogstart) | VBO(stop) | Time Clamp Package | Shippingt
NCP1937A1DR2G Auto-Recovery Latch 11V 97V 05s 250 kHz
NCP1937A2DR2G Auto—Recovery Latch 111V 97V 05s 131 kHz
NCP1937A3DR2G Auto-Recovery Latch 111V 97V 4s 131 kHz
NCP1937B1DR2G Auto-Recovery | Auto-Recovery 111V 97V 05s 250 kHz
SOIC-20 2500/ Tape
NCP1937B2DR2G Auto-Recovery | Auto-Recovery 11V 97V 05s 131 kHz (PbFree) & Reel
NCP1937B3DR2G Auto-Recovery | Auto—-Recovery 111V 97V 4s 131 kHz
NCP1937C1DR2G Latch Latch 111V 97V 05s 250 kHz
NCP1937C4DR2G Latch Latch 111V 97V 13s 131 kHz
NCP1937C61DR2G Latch Latch 101V 87V 4s 131 kHz

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specification Brochure, BRD8011/D.

Table 3. MAXIMUM RATINGS (Notes 1 - 6)

Rating Pin Symbol Value Unit
High Voltage Startup Circuit Input Voltage 1 Vav/xe -0.3to 700 \Y
High Voltage Startup Circuit Input Current 1 Iqv/xe 20 mA
High Voltage Brownout Detector Input Voltage 3 VBo/x2 -0.3to 700 Vv
High Voltage Brownout Detector Input Current 3 Iso/x2 20 mA
PFC High Voltage Feedback Input Voltage 20 VPEBHY -0.3to 700 \Y
PFC High Voltage Feedback Input Current 20 IPEBHY 0.5 mA
PFC Low Voltage Feedback Input Voltage 18 VpEBLY -0.3t09 \
PFC Low Voltage Feedback Input Current 18 IpEBLY 0.5 mA
PFC Zero Current Detection and Current Sense Input Voltage (Note 1) 16 Vpcs/PzcD -0.3to \Y

Vpcs/pzeD(MAX)

PFC Zero Current Detection and Current Sense Input Current 16 lpcs/PzcD -2/+5 mA
PFC Control Input Voltage 5 Vpcontrol -0.3t05 \
PFC Control Input Current 5 Ipcontrol 10 mA
Supply Input Voltage 12 Vcemax) -0.31t0 30 \
Supply Input Current 12 lccmax) 30 mA
Supply Input Voltage Slew Rate 12 dVgc/dt 1 V/us
Fault Input Voltage 8 VEault -0.3to (Vgg + 1.25) \
Fault Input Current 8 IFault 10 mA
QR Flyback Zero Current Detection Input Voltage 11 Vazecp -0.9to (Vgg + 1.25) Vv
QR Flyback Zero Current Detection Input Current 11 lazcp -2/+5 mA

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. Vpcs/pzepmax) is the maximum voltage of the pin shown in the electrical table. When the voltage on this pin exceeds 5 V, the pin sinks
a current equal to (Vpgs/pzep — 5 V) / (2 kQ). A Vpscpzep of 7 V generates a sink current of approximately 1 mA.
2. Maximum driver voltage is limited by the driver clamp voltage, VxpRry(high): When V¢ exceeds the driver clamp voltage. Otherwise, the
maximum driver voltage is Vgg.
3. Maximum Ratings are those values beyond which damage to the device may occur. Exposure to these conditions or conditions beyond
those indicated may adversely affect device reliability. Functional operation under absolute maximum-rated conditions is not implied.
Functional operation should be restricted to the Recommended Operating Conditions.
4. This device contains Latch—-Up protection and exceeds + 100 mA per JEDEC Standard JESD78.
5. Low Conductivity Board. As mounted on 80 x 100 x 1.5 mm FR4 substrate with a single layer of 50 mm?2 of 2 0z copper traces and heat
spreading area. As specified for a JEDEC51-1 conductivity test PCB. Test conditions were under natural convection of zero air flow.
6. Pins 1, 3, and 20 are rated to the maximum voltage of the part, or 700 V.

www.onsemi.com
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NCP1937

Table 3. MAXIMUM RATINGS (Notes 1 - 6)

Rating Pin Symbol Value Unit
QR Feedback Input Voltage 7 Vact -0.3t0 10 %
QR Feedback Input Current 7 lacT 10 mA
QR Flyback Current Sense Input Voltage 13 Vacs -0.3t0 10 \Y
QR Flyback Current Sense Input Current 13 lacs 10 mA
QR Flyback Feedback Input Voltage 10 Vars -0.3t0 10 \Y
QR Flyback Feedback Input Current 10 laFs 10 mA
PSTimer Input Voltage 9 VpsTimer -0.3t0 10 \
PSTimer Input Current 9 IpSTimer 10 mA
PFC Driver Maximum Voltage (Note 2) 15 VppRvY -0.3 to VppRy(high) \
PFC Driver Maximum Current 15 IPDRV(SRC) 500 mA
IPDRV(SNK) 800
Flyback Driver Maximum Voltage (Note 2) 14 Vabry -0.3 to VapRv/(high) \
Flyback Driver Maximum Current 14 labRv(SRC) 500 mA
lQDRV(SNK) 800

PFC ON/OFF Threshold Adjust Input Voltage 6 VPONOFF -0.3t0 10 \Y
PFC ON/OFF Threshold Adjust Input Current 6 IPONOFF 10 mA
Operating Junction Temperature N/A Ty -401to0 125 °C
Storage Temperature Range N/A Tsta —60 to 150 °C
Power Dissipation (Ta = 75°C, 1 Oz Cu, 0.155 Sq Inch Printed Circuit Pp w
Copper Clad) 0.62

Plastic Package SOIC-20NB
Thermal Resistance, Junction to Ambient 1 Oz Cu Printed Circuit Rega °C/W
Copper Clad) 121

Plastic Package SOIC-20NB
ESD Capability (Note 6) Vv

Human Body Model per JEDEC Standard JESD22-A114F. HBM 3000

Machine Model per JEDEC Standard JESD22-A115-A. MM 200

Charge Device Model per JEDEC Standard JESD22-C101E. CDM 750

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

S

1.

hould not be assumed, damage may occur and reliability may be affected.
Vpcs/pzep(Max) is the maximum voltage of the pin shown in the electrical table. When the voltage on this pin exceeds 5 V, the pin sinks
a current equal to (Vpgs/pzep — 5 V) / (2 kQ). A Vpsc/pzep of 7 V generates a sink current of approximately 1 mA.

2. Maximum driver voltage is limited by the driver clamp voltage, VxpRry(high): When V¢ exceeds the driver clamp voltage. Otherwise, the
maximum driver voltage is V.

3. Maximum Ratings are those values beyond which damage to the device may occur. Exposure to these conditions or conditions beyond
those indicated may adversely affect device reliability. Functional operation under absolute maximum-rated conditions is not implied.
Functional operation should be restricted to the Recommended Operating Conditions.

4. This device contains Latch—Up protection and exceeds + 100 mA per JEDEC Standard JESD78.

5. Low Conductivity Board. As mounted on 80 x 100 x 1.5 mm FR4 substrate with a single layer of 50 mm?2 of 2 0z copper traces and heat
spreading area. As specified for a JEDEC51-1 conductivity test PCB. Test conditions were under natural convection of zero air flow.

6. Pins 1, 3, and 20 are rated to the maximum voltage of the part, or 700 V.

www.onsemi.com
6




NCP1937

Table 4. ELECTRICAL CHARACTERISTICS: (VCC =12V, VBO/X2 =120V, VHV/X2 =120V, VFauIt = open, VRF’FBHV =20V,
VereLy = 2.4V, Vpgontrol = 4 V, Vpgs/pzep = 0V, Varg = 3V, Veonorr = 4 V, Vacs = 0V, Vazep = 0V, VpgTimer = 0V, Rprghy = 200 k<,

Cvcc =100 nF , Cqct =220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T = 25°C, for min/max values, T, is —40°C to 125°C,

unless otherwise noted)

Characteristics | Conditions | Pin | Symbol | Min | Typ | Max | Unit |
STARTUP AND SUPPLY CIRCUITS
Supply Voltage \
Startup Threshold Vg increasing 12 Vec(on) 16 17 18
Regulation Level in PSM | Vqrg =0, VpsTimer=3 V VeePs_on) — 11 -
Minimum Operating Voltage V¢ decreasing Vee(off) 8.2 8.8 9.4
Operating Hysteresis Veeon) = Vec(off) VeeHYs) 7.7 - -
Delta Between PSM and VCC(Off) Levels VCC(PSfon) - VCC(Off) VCC(APS_Off) 1.65 2.20 2.75
Internal Latch / Logic Reset Level Vg decreasing Vec(reset) 4.5 5.5 7.5
Transition from lgtartq 10 lstart2 Vg increasing, VCC(inhibit) 0.3 0.7 0.95
Iv/x2 = 650 nA
Startup Current in Inhibit Mode Voo =0V, Vgox2=0V 12 Istart1A 0.20 | 0.50 0.65 mA
Vec=0V, Vhyxe =0V 12 Istart1B 0.20 | 0.50 | 0.65
Startup Current Vee = Vecn) — 05V mA
Operating Mode Vuyxe = 100V, 12 Istart2A 25 5
Veoix2 = Vce
Veoixz =100V, Istarton 2.5 5
Vhvixe = Vee
PSM Mode VHV/X2 =100V, 12 Istart2A7PSM 9 15 20
VBox2=0V
Veoixe =100V, Istart2B_PSM 9 15 20
Vhvixe =0V
Startup Circuit Off-State Leakage Current V yv/xe = 500 V 1 IHv/x2 (off) - - 3 uA
Minimum Startup Voltage Istartoa = 1 MA, Ve = 1 VHV/X2(M|N) - - 40 \"
VCC(on) -05V
Istartog = 1 MA, Ve = 3 VBo/X2(MIN) - - 40
Vegon) — 05V
Minimum Startup Voltage in PSM lstart = 9 MA, Vg = 1 VHv/Xx2(MIN) - - 60 \"
Veeps_on)— 05V
Istart =9 MA, Vg = 3 VBo/x2(MIN) - - 60
Veeps on)— 0.5V
V¢ Overvoltage Protection Threshold 12 Vecovp) 27 28 29 \
V¢ Overvoltage Protection Delay 12 | tgelay(vcC_OVP) 30.0 us
Supply Current 12 mA
In Power Savings Mode lccia - - 0.07
Before Startup, Fault or Latch Voo = VCC(on) -05V lcce 0.15 0.25
Flyback in Skip, PFC Disabled Vaors =0.35V lccaa 0.3 0.4
Flyback in Skip, PFC in Skip Vars = 0.35 V, lccab 0.5 1.0
Vpcontrol < Vpskip
Flyback Enabled, QDRV Low, PFC Disabled Vazcp =1V, lcca 0.85 1.35
Flyback Enabled, QDRV Low, PFC in Skip Vazcp =1V, lccs 1.1 1.8
Vpcontrol < Vpskip
PFC and Flyback switching at 70 kHz Caprv = CppRry = open lcce 1.5 4.0
PFC and Flyback switching at 70 kHz lcc7 2.8 5.2
INPUT FILTER DISCHARGE
Current Consumption in Discharge Mode Voo = VCC(Off) +200 mV 12 ICC(discharge) 8.0 11.5 15.0 mA
Line Voltage Removal Detection Threshold Vgo/x2 decreasing 3 Viineremoval 20 30 40 \
Line Voltage Removal Detection Delay VBo/x2 stays above 3 tiineremoval 130 200 270 ms
lineremoval

www.onsemi.com
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NCP1937

Table 4. ELECTRICAL CHARACTERISTICS: (Mcc =12V, Vgoyxe =120 V, Vuyxo = 120 V, VEguit = open, VRpraHy = 20V,
VpraLy = 2.4V, Vpgontrol = 4 V, Veespzop = 0V, Vare = 3 V, Veonorr = 4 V, Vacs = 0V, Vazep = 0V, VesTimer = 0V, Rprary = 200 k2,

Cvcc =100 nF, Cqct =220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T = 25°C, for min/max values, T, is —40°C to 125°C,

unless otherwise noted)

Characteristics Conditions | Pin | Symbol | Min | Typ | Max | Unit |
BROWN-OUT DETECTION
System Brown-out Thresholds VBo/xe increasing 3 VBO(start) 102 111 120 \"
(See Table 2 for device options) Vgo/x2 decreasing VBO(stop) 86 101 116
System Brown-out Thresholds VBo/xe increasing 3 VBO(start) 83 97 111 \"
(See Table 2 for device options) Vgo/x2 decreasing BO(stop) 79 87 95
Brown-out Hysteresis VBo/x2 increasing 3 VBOo(hys) 4 16 \
Brown-out Detection Blanking Time VBo/xe decreasing, 3 tBO(stop) 43 54 65 ms
duration below Vgo(stop)
for a Brown-out fault
Brown-out Drive Disable Threshold Vgo/x2 decreasing, 3 VBO(DRV_disable) | 20 30 40 \
threshold to disable
switching
Line Level Detection Threshold VBo/xe increasing 3 VBO(lineselect) 216 240 264 \
Line Level Detection Threshold (C61) 199 221 243
High to Low Line Mode Selector Timer Vgo/x2 decreasing 3 thigh to low line 43 54 65 ms
Low to High Line Mode Selector Timer VBo/x2 increasing 3 tiow to high line 200 350 450 us
Brownout Pin Off State Leakage Current V gosx2 = 500 V 3 IBO/X2(off) - - 42 uA
PFC MAXIMUM OFF TIME TIMER
Maximum Off Time 15 tPFC(off1) 100 200 300 us
Vpcs/pzebd > VpiLiM2 tPEC(off) 700 | 1000 [ 1300
PFC CURRENT SENSE
Cycle by Cycle Current Sense Threshold 16 VpiILM1 0.45 | 0.50 0.55 \
Cycle by Cycle Leading Edge 16 tpcs(LEB1) 250 325 400 ns
Blanking Duration
Cycle by Cycle Current Sense 16 tpcs(delay1) 100 200 ns
Propagation Delay
Abnormal Overcurrent Fault Threshold 16 VpiLIM2 112 | 1.25 1.38 \
Abnormal Overcurrent Fault Leading Edge 16 tpcs(LEB2) 100 175 250 ns
Blanking Duration
Abnormal Overcurrent Fault Propagation Delay 16 tpcs(delay2) 100 200 ns
Number of Consecutive Abnormal Overcurrent 15 NpILIM2 - 4 -
Faults to Enter Latch Mode
Pull-up Current Source Vpcspzep =15V 16 lpcs/pzeD 0.7 1.0 1.3 uA
PFC REGULATION BLOCK
Reference Voltage VBox2 > VBO(lineselect) 18 VPREF(HL) 3.92 | 4.00 4.08 \"
VBorx2 < VBO(lineselect) VPREF(LL) 245 [ 250 | 255
Error Amplifier Current PFC Enabled uA
Source | VpggLy = 0.96 X VpPREF(HL) 5 IEA(SRCHL) 16 32 48
Sink [ VpegLy = 1.04 X VpREF(HL) IEA(SNKHL) 16 32 48
Source | VprgLy = 0.96 X VpREF(LL) IEA(SRCLL) 10 20 30
Sink [ VpepLy = 1.04 X VpREF(LL) IEAGSNKLL) 10 20 30
Open Loop Error Amplifier Transconductance VeesLy = VPREF(LL) T 4% 5 Im 100 200 300 uS
VpeBLY = VPREF(HL) T 4% Om_HL 100 | 200 | 300
Maximum Control Voltage VprpLy * KLOW(PFCXL)a 5 VPControI(MAX) - 4.5 - \
Cpcontrol = 10 nF
Minimum Control Voltage (PWM Offset) VeesLy * KpovpxL)s 5 VpControl(MIN) - 0.5 - \
PControl = 10 NF

www.onsemi.com
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NCP1937

Table 4. ELECTRICAL CHARACTERISTICS: (Mcc =12V, Vgoyxe =120 V, Vuyxo = 120 V, VEguit = open, VRpraHy = 20V,
VpraLy =24V, Vpcontrol = 4 V. Vecs/pzep = 0 V. Vars =3 V, Veonorr =4 V, Vacs =0 V, Vazep =0V, VpsTimer = 0V, Rprghy = 200 ke,
Cvcc =100 nF , Cqct = 220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T, = 25°C, for min/max values, T, is —40°C to 125°C,
unless otherwise noted)

Characteristics Conditions | Pin | Symbol | Min | Typ | Max | Unit |

PFC REGULATION BLOCK
EA Output Control Voltage Range VpControl(MAX) = 5 AVpcontrol 3.8 4.0 4.2 \"

VpControl(MIN)
Delta Between Minimum Control Voltage and VPControl(MIN) = 5 AVpGlamp(lower) | =125 | 100 -75 mV
Lower Clamp PControl Voltages VpClamp(lower)
Ratio between the Vgt Low Detect Threshold VpgpLy decreasing, 18 KLow(pFcHL) | 0.940 [ 0.945 | 0.950
and the Regulation Level VBoosT/ VPREF(HL)

VpepLy decreasing, KLOW(PFCLL) 0.940 | 0.945 | 0.950
VBoosT/ VPREF(LL)

Ratio between the Vgt Low Exit Threshold VpEpLy increasing 18 KLOW(HYSHL) 0.950 | 0.960 | 0.965
and the Regulation Level KLowHysL) | 0.950 | 0.960 | 0.965
Source Current During Vgt Low Detect 5 IpControl(boost) 190 240 290 uA
PFC In Regulation Threshold Vpcontrol inCreasing 5 Iin_Regulation -6.5 - 0 uA
Resistance of Internal Pull Down Switch IpGontrol = 5 MA 5 Rpcontrol 4 25 50 Q
PFC SKIP MODE
Delta Between Skip Level and Lower Clamp Vpcontrol decreasing, 5 AVpskip 5 25 50 mV
PControl Voltages measured from

VPCIamp(Iower)
PFC Skip Hysteresis VPControI increasing 5 Vps|(|p(|_|ys) 25 50 75 mV
Delay Exiting Skip Mode Apply 1V step from 5 tdelay(PSKIP) - 50 60 us

VPCIamp(Iower)

PFC FAULT PROTECTION

Ratio between the Hard Overvoltage Pro- VpggLy increasing
tection Threshold and Regulation Level Kpovp(LL) = 18 Krovp(LL) 106 | 1.08 | 1.10

VprBLV/VPREF(LL)

VereLv/VPREF(HL)
Soft Overvoltage Protection Threshold Vpsovp(LL) = soft mV

overvoltage level

Apovp(LL) = Kpove * 18 ApOVP(LL) 20 - 55
VpREF(LL) — VPSOVP(LL)
Apovp(HL) = Kpovp ApovP(HL) 20 - 55
VpREF(HL) — VPSOVP(HL)
PFC Feedback Pin Disable Threshold VpggLy decreasing 18 VPpFB(disable) 0.225 | 0.30 0.35
PFC Feedback Pin Enable Threshold VpEpLy increasing 18 VPEB(enable) 0.275 | 0.35 0.40
PFC Feedback Pin Hysteresis VpggLy increasing 18 VPEB(HYS) 25 50 mV
PFC Feedback Disable Delay 18 tdelay(PFB) 30 us
PFC ON TIME CONTROL
PFC Maximum On Time Vecontrol = VPControl(MAX), | 15 us
Veoyxe = 163 tonta 125 | 15 | 175
Vgo/xe = 325V tonib 4.25 5.00 5.75

Minimum On-Time Vpcontrol = VPControlMiNy | 15 tp(on-time) - - 200 ns
PFC Frequency Clamp 15 felamp(PFC) 112 131 150 kHz
(See Table 2 for device options) 215 250 285

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS: (Vcc =12V, Vgoyxe =120 V, Vuyxe = 120 V, VEguit = open, VRpraHy = 20V,
VpraLy = 2.4V, Vpgontrol = 4 V, Vpespzop = 0V, Vare = 3 V, Veonorr = 4 V, Vacs = 0V, Vazep = 0V, VesTimer = 0V, Rprary = 200 k2,

Cvcc =100 nF, Cqct =220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T = 25°C, for min/max values, T, is — 40°C to 125°C,

unless otherwise noted)

Characteristics Conditions | Pin | Symbol | Min | Typ | Max | Unit |
PFC DISABLE
Voltage to Current Conversion Ratio Vare =3V, Low Line 6 Iratio1 (QFB/PON) 14 15 16 uA
Vars = 3 V, High Line Iratio2(@Fe/PON) | 14 15 16
PFC Disable Threshold VpoNOFF decreasing 6 VpOEF 1.9 2.0 2.1
PFC Enable Hysteresis VpONOFF = increasing 6 VPONHYS 0.135 | 0.160 | 0.185
PONOFF Operating Mode Voltage tdemag/T = 70%, \
RpoNorF = 191 ke,
CronorF =1nF
Vars = 1.8 V (decreasing) 6 VPONOFF1 1.08 1.20 1.32
Varg =3 V (decreasing) VPONOFF2 1.8 2.0 2.2
PFC Disable Timer Disable Timer 6 tPdisable 0.45 | 0.50 0.55 s
(See Table 2 for device options) 3.6 4 4.4
1.7 13 14.3
PFC Enable Filter Delay 6 tpenable(filter) 50 100 150 us
PFC Enable Timer PONOFF Increasing 6 tPenable 200 - 500 us
PFC Off-State Leakage Current Vponorr =1V, 20 IPFBHV(off) - 0.1 3 uA
VprgHy =500 V
PFC Feedback Switch On Resistance VprgHy = 4.25 V, 20 RpFBswitch(on) - - 10 kQ
IprHY = 100 pA
PFC GATE DRIVE
Rise Time (10-90%) VppRry from 10 to 90% 15 tPDRV(rise) - 40 80 ns
of VCC
Fall Time (90-10%) 90 to 10% of VppRry 15 tPDRV(fall) - 20 40 ns
Driver Resistance Source 15 RpPDRV(SRC) 13 Q
Sink RPDRV(SNK) 7
Current Capability Source Vpprv=2V 15 IPDRV(SRC) - 500 - mA
Sink VF’DRV =10V IPDRV(SNK) - 800 -
High State Voltage VCC = VCC(Off +0.2V, 15 VF’DRV(high) 8 - - \
RppRv = f 0 kQ
Vec =26V, 10 12 14
Rppry = 10 kQ
Low Stage Voltage VeEaut =4V 15 VPDRV (low) - - 0.25 \
PFC ZERO CURRENT DETECTION
Zero Current Detection Threshold Vpcs/pzcp rising 16 VpzCD(rising) 675 750 825 mV
Vpecs/pzep falling VpzcDifaling) | 200 [ 250 | 300
Hysteresis on Voltage Threshold VPZCD(rising) - VPZCD(faIIing) 16 VPZCD(HYS) 375 500 625 mV
Propagation Delay 16 tpzcD 50 100 170 ns
Input Voltage Excursion Upper Clamp Ipcs/pzcp =1 MA 16 VPCS/PZCD(MAX) 6.5 7 7.5 \"
Negative Clamp IPCS/PZCD =-2mA VPCS/PZCD(MIN) -0.9 -0.7 0
Minimum detectable ZCD Pulse Width 16 tsync - 70 200 ns
Missing Valley Timeout Timer Measured after last ZCD 16 tp(tout) 8 10 12 us
transition
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Table 4. ELECTRICAL CHARACTERISTICS: (Vcc =12V, Vgoyxe =120 V, Vuyxe = 120 V, VEguit = open, VRpraHy = 20V,
VpraLy =24V, Vpcontrol = 4 V. Vecs/pzep = 0 V. Vars =3 V, Veonorr =4 V, Vacs =0 V, Vazep =0V, VpsTimer = 0V, Rprghy = 200 ke,
Cvcc =100 nF , Cqct = 220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T, = 25°C, for min/max values, T, is —40°C to 125°C,
unless otherwise noted)

Characteristics Conditions | Pin | Symbol | Min | Typ | Max | Unit |
QR FLYBACK GATE DRIVE
Rise Time (10-90%) VapRry from 10 to 90% 14 taDRv(rise) - 40 80 ns
Fall Time (90-10%) 90 to 10% of Vqoprv 14 taDpRv(fall) - 20 40 ns
Driver Resistance Source 14 RabRrv(sre) 13 Q
Sink RabRv(SNK) 7
Current Capability Source Vaprv=2V 14 labRv(SRC) - 500 - mA
Sink Vapry =10V lQDRV(SNK) - 800 -
High State Voltage Vee = Vecefy + 0.2V, 14 VQDRV(high) 8 - - \
RQDRV = 'BO ke
Veg =26V, 10 12 14
Rapryv = 10 kQ
Low Stage Voltage Veaut =4V 14 VQDRV(IOW) - - 0.25 \"
QR FLYBACK FEEDBACK
Internal Pull-Up Current Source 10 lore 48 50 52 uA
Feedback Input Open Voltage 10 VaFB(open) 4.8 5.0 5.2 \Y
Vqgrs to Internal Current Setpoint Division Ratio 10 Kars 3.95 4.0 4.15 -
QFB Pull Up Resistor VpsTimer =3 V; 10 Rars 365 400 435 kQ
VQFB =04V
Valley Thresholds 10 Vv
Transition from 18t to 27d valley Vqrp decreasing VH2D 1.316 | 1.400 | 1.484
Transition from 2" to 3rd valley Vqrg decreasing VHap 1.128 | 1.200 | 1.272
Transition from 3" to 4t valley Vaqrg decreasing VHap 0.846 | 0.900 | 0.954
Transition from 4t valley to VCO Vqrp decreasing VuvcoD 0.752 | 0.800 | 0.848
Transition from VCO to 4t valley VqFg increasing Vuvcol 1.316 | 1.400 | 1.484
Transition from 4t to 3'd valley Vqrs increasing Vha 1.504 | 1.600 | 1.696
Transition from 3'd to 2nd valley Vqrs increasing Vsl 1.692 | 1.800 | 1.908
Transition from 2" to 15t valley Vqrg increasing Va2 1.880 | 2.000 | 2.120
Skip Threshold Vqrp decreasing 10 Vaskip 0.35 | 0.40 0.45 \Y
Skip Hysteresis VqFg increasing 10 VasKIP(HYS) 25 50 75 mV
Delay Exiting Skip Mode to 15t QDRV Pulse Apply 1V step from Vogkip| 10 tdelay(QSKIP) - - 10 us
Maximum On Time 14 tonQR(MAX) 26 32 38 us
QR FLYBACK TIMING CAPACITOR
QCT Operating Voltage Range Vorg =05V 7 VacT(peak) 3.815 | 4.000 | 4.185 Vv
On Time Control Source Current Vact=0V 7 lacT 18 20 22 uA
Minimum voltage on QCT Input 7 VacT(min) - - 90 mV
Minimum Operating Frequency in VCO Mode VacT = VQC];;peak) + 7 fvcominy 235 27 30.5 kHz
100 m
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Table 4. ELECTRICAL CHARACTERISTICS: (Vcc =12V, Vgoyxe =120 V, Vuyxe = 120 V, VEguit = open, VRpraHy = 20V,
VpreLy = 24V, Vpcontrol = 4 V, Vpcsipzep = 0 V, Vare =3 V, Vponorr =4 V, Vacs = 0V, Vazep = 0V, VpgTimer = 0 V, Rprghy = 200 kQ,
Cvcc =100 nF , Cqct = 220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T, = 25°C, for min/max values, T, is —40°C to 125°C,
unless otherwise noted)

Characteristics Conditions | Pin | Symbol | Min | Typ | Max | Unit |

QR FLYBACK DEMAGNETIZATION INPUT

QZCD threshold voltage Vqzcp decreasing 11 Vazceb(th) 35 55 90 mV

QZCD hysteresis Vazcp increasing 11 VazepHys) 15 35 55 mV

Demagnetization Propagation Delay Vaqzcp step from 11 tDEM - 150 250 ns
40Vto-03V

Input Voltage Excursion Upper Clamp lazcp = 5.0 mA 11 Vazepmax) 124 | 12.7 | 13.25 Vv

Negative Clamp lazcp = -2.0 mA VQZCD(MIN) -0.9 -0.7 0

Blanking Delay After Turn-Off 11 tzcD(blank) 2 3 4 us

Timeout After Last Demagnetization Detection During soft-start 14 tqtout) 80 100 120 us
After soft-start ta(tout2) 5.1 6 6.9

QR FLYBACK CURRENT SENSE

Current Sense Voltage Threshold Vqcs increasing 13 ValLiMia 0.760 | 0.800 | 0.840 \"
Vqcs increasing, ValLimib 0.760 | 0.800 | 0.840

Vazep=1V

Cycle by Cycle Leading Edge Blanking 13 tacs(LEB1) 220 275 350 ns

Duration

Cycle by Cycle Current Sense Propagation 13 tacs(delay1) - 125 175 ns

Delay

Immediate Fault Protection Threshold Vqcs increasing, 13 ValLimz 1.125 | 1.200 | 1.275 \
Varg =4V

Abnormal Overcurrent Fault Leading Edge 13 tacs(LEB2) 90 120 150 ns

Blanking Duration

Abnormal Overcurrent Fault Propagation De- 13 tacs(delay2) - 125 175 ns

lay

Number of Consecutive Abnormal Overcurrent 13 nQILIM2 - 4 -

Faults to Enter Latch Mode

Minimum Peak Current Level in VCO Mode Vaors =04V, 13 Ipeak(vco) 11 12.5 14 %

Vqcs increasing

Set point decrease for Vqozcp = - 250 mV Vqcs Increasing, 13 VoppMAX) 28 31.25 33 %
Vars =4V

Overpower Protection Delay 11 tQoPp(delay) - 125 175 ns

Pull-up Current Source Vacs =15V 13 lacs 0.7 1.0 1.3 uA

QR FLYBACK FAULT PROTECTION

Soft-Start Period 13 tSSTART 2.8 4.0 5.0 ms

Flyback Overload Fault Timer Vacs = VaiLimi 13 taovLD 60 80 100 ms
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Table 4. ELECTRICAL CHARACTERISTICS: (Vcc =12V, Vgoyxe =120 V, Vuyxe = 120 V, VEguit = open, VRpraHy = 20V,
VpraLy = 2.4V, Vpgontrol = 4 V, Vpespzop = 0V, Vare = 3 V, Veonorr = 4 V, Vacs = 0V, Vazep = 0V, VesTimer = 0V, Rprary = 200 k2,

Cvcc =100 nF, Cqct =220 pF, Cppry = 1 nF, Cqpry = 1 nF, for typical values T = 25°C, for min/max values, T, is — 40°C to 125°C,

unless otherwise noted)

Characteristics Conditions | Pin | Symbol | Min | Typ | Max | Unit |
COMMON FAULT PROTECTION
Overvoltage Protection (OVP) Threshold VEault increasing 8 VEault(ovp) 279 | 3.00 | 3.21 \"
Delay Before Fault Confirmation 8 us
Used for OVP Detection VEault increasing tdelay(Fault ovp) | 22.5 | 30.0 375
Used for OTP Detection VEauit decreasing tdelay(Fault oTP) | 22.5 | 30.0 375
Overtemperature Protection (OTP) Threshold VEauit decreasing 8 VEaul(oTP_in) 0.38 | 0.40 0.42 \"
(Note 7)
Overtemperature Protection (OTP) Exiting VEault increasing, 8 VEaul©oTP_outy | 0-874 [ 0.920 [ 0.966 \
Threshold (Note 7) Options B and D
OTP Pull-up Current Source (Note 7) VEault = 8 uA
VFault(©TP_in) + 0.2V IFauloTP) 425 | 455 | 485
Ty=110°C IFault(©TP_110) - 45.5 -
Fault Input Clamp Voltage VEault = open 8 VFault(clamp) 1.5 1.75 2.0 \
Fault Input Clamp Series Resistor RFault(clamp) 1.32 | 1.55 1.82 kQ
POWER SAVINGS MODE
PSM Enable Threshold VpsTimer inCreasing 9 Vps in 3.325 | 3.500 | 3.675
PSM Disable Threshold VpsTimer decreasing 9 Vps_out 0.45 | 0.50 0.55
PSTimer Pull Up Current Sources VpsTimer = 0.9 V 9 IPSTimert 9 10 1 uA
VpsTimer = 3.4 V IPSTimer2 800 | 1000 | 1200
IpsTimer2 Enable Threshold 9 VpPSTimer2 0.95 1.0 1.05 \'
Filter Delay Before Entering PSM 9 tdelay(PS_in) 40 us
Startup Circuits Turn—on Thresholds in PSM Vhv_xz increasing 1 VHv_x2(Ps) 20 30 40 \
VBO_X2 increasing 3 VBO_X2(F’S) 20 30 40
PSTimer Discharge Current VPSTimer = VPSTimer(off) 9 |PSTimer(DIS) 200 - - uA
+10 mV
PSTimer Discharge Turn Off Threshold VpsTimer decreasing 9 VpsTimer(off) 50 100 150 mV
THERMAL PROTECTION
Thermal Shutdown Temperature increasing N/A TSHDN 150 °C
Thermal Shutdown Hysteresis Temperature decreasing | N/A TSHDN(HYS) 40 °C

7. NTC with Ry19 = 8.8 kQ (TTC03-474)
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DETAILED OPERATING DESCRIPTION

Introduction

The NCP1937 is a combination critical mode (CrM)
power factor correction (PFC) and quasi-resonant (QR)
flyback controller optimized for off-line adapter
applications. This device includes all the features needed to
implement a highly efficient adapter with extremely low
input power in no—load conditions.

This device reduces standby input power by integrating an
active input filter capacitor discharge circuit and
disconnecting the PFC feedback resistor divider when the
PFC is disabled.

High Voltage Startup Circuit

The NCP1937 integrates two high voltage startup circuits
accessible by the HV_X2 and BO_X2 pins. The startup
circuits are also used for input filter capacitor discharge. The
BO_X2 input is also used for monitoring the ac line voltage
and detecting brown—out faults. The startup circuits are
rated at a maximum voltage of 700 V.

A startup regulator consists of a constant current source
that supplies current from the ac input terminals (Vj,) to the
supply capacitor on the V¢ pin (Ccc). The startup circuit
currents (Igaroa/B) are typically 3.75 mA. Iga0a/B are
disabled if the VCC pin is below Vcc(inhibi- In this
condition the startup current is reduced to Igart1a/B,
typically 0.5 mA. The internal high voltage startup circuits
eliminate the need for external startup components. In
addition, these regulators reduce no load power and increase
the system efficiency as they use negligible power in the
normal operation mode.

Once Ccc is charged to the startup threshold, Vcc(on),
typically 17 V, the startup regulators are disabled and the
controller is enabled. The startup regulators remain disabled
until Ve falls below the minimum operating voltage
threshold, Vcc(off), typically 8.8 V. Once reached, the PFC
and flyback controllers are disabled reducing the bias
current consumption of the IC. Both startup circuits are then
enabled allowing V¢ to charge back up.

In power savings mode Vc is regulated by enabling the
startup circuits once the supply voltage decays below
Veees_on typically 11 V. The startup circuit is disabled
once Ve exceeds Veceps on)- This provides enough
headroom from Vcc(off) to maintain a supply voltage and
allow the controller to detect the line voltage removal in
order to discharge the input filter capacitor(s). In this mode,
the supply capacitor is charged by the startup circuit on the
HV_X2 and BO_X2 pins once the voltage on these pin
exceeds 30 V, typically. This reduces the average voltage
during which the startup circuit is enabled reducing power
consumption. Both startup circuits are enabled once the
controller exits power savings mode in order to quickly
charge Vcc. A new startup sequence commences once Ve
reaches Vcc(on).-

A dedicated comparator monitors Voc when the QR stage
is enabled and latches off the controller if Ve exceeds
Vccoovp). typically 28 V.

The controller is disabled once a fault is detected. The
controller will restart the next time V¢ reaches Vcc(on) and
all non—latching faults have been removed.

The supply capacitor provides power to the controller
during power up. The capacitor must be sized such that a
Vcc voltage greater than Vccofr) is maintained while the
auxiliary supply voltage is building up. Otherwise, V¢ will
collapse and the controller will turn off. The operating IC
bias current, Iccy4, and gate charge load at the drive outputs
must be considered to correctly size Ccc. The increase in
current consumption due to external gate charge is
calculated using Equation 1.

ICC(gate charge) ~ [ Qg (eq. 1)

where f is the operating frequency and Qg is the gate charge
of the external MOSFETs.

Line Voltage Sense

The BO/X2 pin provides access to the brown—out and line
voltage detectors. It also provides access to the input filter
capacitor discharge circuit. The brown—out detector detects
mains interruptions and the line voltage detector determines
the presence of either 110 V or 220 V ac mains. Depending
on the detected input voltage range device parameters are
internally adjusted to optimize the system performance.

This pin connects to either line or neutral to achieve
half-wave rectification as shown in Figure 3. A diode is used
to prevent the pin from going below ground. A resistor in
series with the BO/X2 pin can be used for protection, but a
low value (< 3 kQ) resistor should be used to reduce the
voltage offset while sensing the line voltage.

Line

AC
Input

EMI
Filter

E

Neutral

|I|—|

NCP1937

Figure 3. Brown-out and Line Voltage Detectors
Configuration

The flyback stage is enabled once Vgp_x» is above the
brown—out threshold, Vgoystart), and V¢ reaches Vec(on).
The high voltage startups are immediately enabled when the
voltage on Vpo x2 crosses over the brown—out start
threshold, Vgoystart), to ensure that device is enabled quickly
upon exiting a brown—out state. Figure 4 shows typical
power up waveforms.
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VBo_x2
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VBO(start)
\Y i Startup turns on when
BOMXGMIN) Froem 227 device exits a brown—out
g time
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Ve off)
Startup Startup
current = lgiart1 current = Igtarto
O e S
> time
QDRV
time

Figure 4. Startup Timing Diagram

A timer is enabled once Vg x» drops below its stop
threshold, VBostop)- If the timer, tgo, expires the device will
begin monitoring the voltage on Vg x2 and disable the
PFC and flyback stages when that voltage is below the
Brown—out Drive Disable threshold, VBomRv disable),
typically 30 V. This ensures that device switching is stopped
in a low energy state which minimizes inductive voltage
kick from the EMI components and ac mains. The timer, tgo,
typically 54 ms, is set long enough to ignore a single cycle
drop—out.

Line Voltage Detector

The input voltage range is detected based on the peak
voltage measured at the BO_X2 pin. Discrete values are
selected for the PFC stage gain (feedforward) depending on
the input voltage range. The controller compares Vg _x»7 to
an internal line select threshold, VBoineselect). Once
VBo_x2 exceeds VBo(lineselect) the PFC stage operates in
“high line” (Europe/Asia) or “220 Vac” mode. In high line
mode the maximum on time is reduced by a factor of 3,
resulting in a maximum output power independent of input
voltage.

Figure 5 shows typical operation for the line voltage
detector. The default power—up mode of the controller is low
line. The controller switches to “high line” mode if Vgo x2
exceeds the line select threshold for longer than the low to
high line timer, t(ow to high line)> typically 300 us, as long as
it was not previously in high line mode. If the controller has
switched from “high line” to “low line” mode, the low to
high line timer, t(jow to high line)» i$ inhibited until Vgo/x2 falls
below Vpo(stop)- This prevents the controller from toggling
back to “high line” until at least one VgQ(stop) transition has
occurred. The timer and logic is included to prevent
unwanted noise from toggling the operating line level.

In “high line” mode the high to low line timer, t(high to low
line)> (typically 54 ms) is enabled once Vgo_ x> falls below
VBO(lineselect). It s rteset once Vpp x» exceeds
VBO(lineselect)- The controller switches back to “low line”
mode if the high to low line timer expires.
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Figure 5. Line Detector Waveforms

Input Filter Capacitor Discharge

Safety agency standards require the input filter capacitors
to be discharged once the ac line voltage is removed. A
resistor network is the most common method to meet this
requirement. Unfortunately, the resistor network consumes
power across all operating modes and is a major contributor
to the total input power dissipation during light—load and
no—load conditions.

The NCP1937 eliminates the need for external discharge
resistors by integrating active input filter capacitor
discharge circuitry. A novel approach is used to reconfigure
the high voltage startup circuits to discharge the input filter
capacitors upon removal of the ac line voltage.

Once the controller detects the absence of the ac line
voltage, the controller is disabled and V¢ is discharged by
a current source, loc(discharge)s typically 11.5 mA. This will
cause V¢ to fall down to Vc(off). Upon reaching Vec(oft),

both startup circuits are enabled. The startup circuits will
then source current from the BO_X2 and HV_X2 inputs to
the VCC pin and discharge the input filter capacitors by
transferring its charge to the V¢ capacitor(s). The input
filter capacitor(s) are typically discharged once the startup
circuit turns on the 1% time because the energy stored in the
input filter capacitor(s) is significantly lower than the energy
needed to charge the V¢ capacitor from Veceofr) to
Vcc(on)- After the initial discharge the controller enters a
low current mode (Icc2) once Ve drops to Vec(off).-

In the event that the input filter capacitor is not fully
discharged, a larger Vc capacitor should be used. But, this
is not a concern for most applications because the supply
capacitor value will be large enough to maintain V¢ during
skip operation. Figure 6 shows typical behavior of the filter
capacitor discharge when the ac line is removed.
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Figure 6. Input Filter Capacitor Discharge Waveforms

The diode connecting the AC line to the BO_X?2 pin should
be placed after the system fuse. A resistor in series with the
BO_X2 pin is recommended to limit the current during
transient events. A low value resistor (< 3 k€2) should be used
to reduce the voltage drop when the startup circuit is enabled.

Power Savings Mode

The NCP1937 has a low current consumption mode
known as power savings mode (PSM). The supply current
consumption in this mode is below 70 uA. PSM operation
is controlled by an external control signal. This signal is
typically generated on the secondary side of the power
supply and fed via an optocoupler.

The NCP1937 is configured as active on logic, that is it
enters PSM in the absence of the control signal. The control
signal is applied to the PSTimer pin. The block diagram for
NCP1937 PSTimer pin is shown in Figure 7. Power savings
mode operating waveforms for the NCP1937 are shown in
Figure 8.

The NCP1937 controller starts once Vcc reaches Vecon)
and no faults are present. At this time the current source on
the PSTimer pin, IpsTimer1, is enabled. IpsTimer1 is typically
10 uA. The current source charges the capacitor connected
from this pin to ground. Once VpgTimer reaches VpsTimer2 @
2nd cyrrent source, IpsTimer2, is enabled to speed up the
charge of Cpsm. VPSTimer2 and IpsTimer2 are typically 1 V
and 1 mA, respectively. The controller enters PSM if the
voltage on VpsTimer €xceeds Vps ip, typically 3.5 V. An
external optocoupler or switch needs to pull down on this pin
before its voltage reaches Vps_jj, to prevent entering PSM.
Once the controller enters PSM, IpsTimer1/2 1S disabled. A
resistor between this pin and ground discharges the PSTimer
capacitor. The controller exits PSM once VpsTimer drops
below Vps out, typically 0.5 V. Once the QR stage is
enabled, the capacitor on the PSTimer pin is discharged with
an internal pull down transistor. The transistor is disabled

once VpsTimer falls below its minimum operating level,
VPSTimer(MIN) (maximum of 50 mV). The time to enter PSM
mode is calculated using Equations 2 through 4. The time to
exit PSM mode is calculated using Equation 5.

tesmin) = tpsmnt) T trsm(in2) (eq. 2)

V )
— . PSTimer2
tesmint) = ~RpsmCpsm '”(1‘| , ‘R ) (eq.3)
PSTimer1 PSM
Voe in—VpaTi
PS_in~ " PSTimer2
toanrioor = —RpayCrany - IN| 1- ot —T2MEE ) (gq. 4)
PSM(in2) PSM™~PSM ( IPSTimerZ . RPSM)

VPS out
tpsmouy = ~RpsmCpsm - '”(—V N (eq. 9)

PS_in

In PSM the startup circuits on the HV_X2 and BO_X2
pins work to maintain V¢ above Vec(off). The input filter
capacitor discharge circuitry continues operation in PSM.
The supply voltage is maintained in PSM by enabling one of
the startup circuits once V¢ falls below Vceps on)
(typically 11 V) and either Vyv_x» exceeds VHv_x2(ps) Or
VBo_x2 exceeds Veo_x2(ps) (typically 30 V). The startup
circuit is disabled once V¢ exceeds Vecps_on)- A voltage
offset is observed on Vc while the startup circuit is enabled
due to the capacitor ESR. This will cause the startup circuit
to turn off because Vcc exceeds Vccps on)- Internal
circuitry prevents the startup circuit from turning on
multiple times during the same ac line half-cycle. The
complementary startup circuit will then turn on during the
next half—cycle. Eventually, V¢ will be regulated several
millivolts below Vccps_on)- The offset is dependent on the
capacitor ESR.

This architecture enables the startup circuit for the exact
amount of time needed to regulate Vcc. This results in a
significant reduction in power dissipation because the
average input voltage is greatly reduced.
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Figure 7. NCP1937 Power Savings Mode Control Block Diagram
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Figure 8. NCP1937 Power Savings Mode Operating Waveforms
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NCP1937

Fault Input

The NCP1937 includes a dedicated fault input accessible
via the Fault pin. The controller can be latched by pulling the
pin above the upper fault threshold, VEaueovp), typically
3.0 V. The controller is disabled if the Fault pin voltage,
VEaults 1s pulled below the lower fault threshold,
VEault(OTP_in)» typically 0.4 V. The lower threshold is
normally used for detecting an overtemperature fault. The
controller operates normally while the Fault pin voltage is
maintained within the upper and lower fault thresholds.
Figure 9 shows the architecture of the Fault input.

The lower fault threshold is intended to be used to detect
an overtemperature fault using an NTC thermistor. A pull up
current source IpayoTp), (typically 45.5 uA) generates a
voltage drop across the thermistor. The resistance of the
NTC thermistor decreases at higher temperatures resulting
in a lower voltage across the thermistor. The controller
detects a fault once the thermistor voltage drops below
VEaul(OTP_in)- Options A and C latch—off the controller after
an overtemperature fault is detected. In Options B and D the
controller is re—enabled once the fault is removed such that
VEault increases above VEauiOTP oury and Ve reaches
Vcc(on)- Figure 10 shows typical waveforms related to the
latch option whereas Figure 11 shows waveforms of the
auto—recovery option.

An active clamp prevents the Fault pin voltage from
reaching the upper latch threshold if the pin is open. To reach

the upper threshold, the external pull-up current has to be
higher than the pull-down capability of the clamp (set by
RFault(clamp) 8t VFault(clamp))- The upper fault threshold is
intended to be used for an overvoltage fault using a Zener
diode and a resistor in series from the auxiliary winding
voltage, Vaux. The controller is latched once Vg,y)cexceeds
VFault(OVP)-

The Fault input signal is filtered to prevent noise from
triggering the fault detectors. Upper and lower fault detector
blanking delays, tdelay(Fault_OVP) and tdelay(Fault_OTP) are
both typically 30 us. A fault is detected if the fault condition
is asserted for a period longer than the blanking delay.

A bypass capacitor is usually connected between the Fault
and GND pins and it will take some time for Vg, to reach
its steady state value once IgayoTp) is enabled. Therefore,
a lower fault (i.e. overtemperature) is ignored during
soft—start. In Options B and D, IgauiioTp) remains enabled
while the lower fault is present independent of V¢ in order
to provide temperature hysteresis. The controller can detect
an upper OVP fault once V¢ exceeds Vg reser). The OVP
fault detection remains active provided the device is not in
PSM.

Once the controller is latched, it is reset if a brown—out
condition is detected or if V¢ is cycled down to its reset
level, Vec(reset)- In the typical application these conditions
occur only if the ac voltage is removed from the system.
Prior to reaching Vcc(reset), Viault(clamp) 1S set at 0 V.

VAUX : blanking
)
t
: VbD ;|> delay(Fault_OVP) S Q> Latch
=V
: _I_ Fault(OVP) R
! IFaultoTP) =
Fault - :
L 7 blanking
, + )-
t
: VFauIt(OTP) = ; I— delay(Fault_OTP) : g g 8
1 NTC REaulta L ' soft-start 8%,
T Thermistor | ault(clamp) - , end : ”ch
[ ' '
v . 2
! Fault(clamp) ' Hysteresis Option : s
= = : = : Control :
g * Auto-restart - Auto—restart

Control

Figure 9. Fault Detection Schematic
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Figure 11. OTP Auto-recovery Timing Diagram
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NCP1937

QR Flyback Valley Lockout

The NCP1937 integrates a quasi—resonant (QR) flyback
controller. The power switch turn—off of a QR converter is
determined by the peak current set by the feedback loop. The
switch turn—on is determined by the transformer
demagnetization. The demagnetization is detected by
monitoring the transformer auxiliary winding voltage.

Turning on the power switch once the transformer is
demagnetized or reset reduces switching losses. Once the
transformer is demagnetized, the drain voltage starts ringing
at a frequency determined by the transformer magnetizing
inductance and the drain lump capacitance eventually
settling at the input voltage. A QR controller takes
advantage of the drain voltage ringing and turns on the
power switch at the drain voltage minimum or “valley” to
reduce switching losses and electromagnetic interference
(EMI).

The operating frequency of a traditional QR flyback
controller is inversely proportional to the system load. That
is, a load reduction increases the operating frequency. This
tradionally requires a maximum frequency clamp to limit
the operating frequency. This causes the controller to
become unstable and jump (or hesitate) between two valleys
generating audible noise. The NCP1937 incorporates a

patent pending valley lockout circuitry to eliminate valley
jumping. Once a valley is selected, the controller stays
locked in this valley until the output power changes
significantly. Like a traditional QR flyback controller, the
frequency increases when the load decreases. Once a higher
valley is selected the frequency decreases very rapidly. It
will continue to increase if the load is further reduced. This
technique extends QR operation over a wider output power
range while maintaining good efficiency and limiting the
maximum operating frequency. Figure 12 shows a
qualitative frequency vs output power relationship.

Figure 13 shows the internal arrangement of the valley
lockout circuitry. The decimal counter increases each time
a valley is detected. The operating valley (15, 2nd, 31d or 4th)
is determined by the QFB voltage. As Vgpp decreases or
increases, the valley comparators toggle one after another to
select the proper valley. The activation of an “n” valley
comparator blanks the “n—1"" or “n+1” valley comparator
output depending if Vgpg decreases or increases,
respectively.

A valley is detected once Vqgzcp falls below the QR
flyback demagnetization threshold, Vqgzcptn), typically 55
mV. The controller will switch once the valley is detected or
increment the valley counter depending on QFB voltage.

N

A

Vower Decreasing

o

Power Increasing \

Frequency (kHz)

Power (W)

Figure 12. Valley Lockout Frequency vs. Output Power Relationship
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Figure 13. Valley Lockout Detection Circuitry Internal Schematic

Figure 14 shows the operating valley versus Vgpg. Once
a valley is asserted by the valley selection circuitry, the
controller is locked in this valley until Vopp decreases or
increases such that Vg reaches the next valley threshold.
A decrease in output power causes the controller to switch
from “n” to “n+1” valley until reaching the 4" valley.

A further reduction of output power causes the controller

to enter the voltage control oscillator (VCO) mode once

Vors falls below Vivcop. In VCO mode the peak current
is set as shown in Figure 15. The operating frequency in
VCO mode is adjusted to deliver the required output power.

A hysteresis between valleys provides noise immunity
and helps stabilize the valley selection in case of small
perturbations on VgFg.

Valley
A
1 ] ] ] 1 ] [] ]
VCO = > —— i i | ‘ H '
+ o f IR a
1 1 1 1 L] 1
4th . ' ' ' ' r + '
! + : : * : : :
1 1 1 1 [ 1
1 1 1 1 1] 1
o N A . S - ;
1 1 1 1 1] 1
1 | ) 1 N |
| i + g | * H i
2nd | 1 1 + 1 1 { 1
| ' ' ' | ' H '
| ' ' ' | ' H '
1 1 L L 1 1 (1 1 > VQFB
Vivcoo Vo Vieo VD Vi Vi Vhal Vaimi*Kars
Vhvceol

Figure 14. Selected Operating Valley vs. Vqorg
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Ipeak(vco)*

Figure 16 through Figure 19 show drain voltage, Vgrg

NCP1937

Peak current
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Skip  , Mode QR Mode

\ 4

i
< L)

VaiLimi

Vaiimt |

Varg(TH) Vaskip Vivcop VHap  VHaD  VHa2b Vaimt*Kars

Figure 15. Operating Valley vs. Vqrp

and Vqcr simulation waveforms for a reduction in output or valley jumping.
power. The transitions between 27 to 314, 3rd tg 4th and 4th

valley to VCO mode are observed without any instabilities
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NCP1937

VCO Mode

The controller enters VCO mode once Vgrp falls below
Vavcop and remains in VCO until Vgrg exceeds VHvcor
In VCO mode the peak current is set to VgiLimi *Ipeak(vco)
and the operating frequency is linearly dependent on VgFg.
The product of VqrLim1*Ipeak(vco) is typically 12.5%. A
minimum frequency clamp, fycommy, typically 27 kHz,
prevents operation in the audible range. Further reduction in
output power causes the controller to enter skip operation.
The minimum frequency clamp is only enabled when
operating in VCO mode.

The VCO mode operating frequency is set by the timing
capacitor connected between the QCT and GND pins. This

capacitor is charged with a constant current source, IgcT,
typically 20 uA.

The capacitor voltage, Vqcr, is compared to an internal
voltage level, Vi Fg), inversely proportional to Vogg The
relationship between and Vgqrg) and Vg is given by
Equation 6.

(eq. 6)
A drive pulse is generated once Vqct exceeds VfQFB)
followed by the immediate discharge of the timing capacitor.
The timing capacitor is also discharged once the minimum
frequency clamp is reached.
Figure 20 shows simulation waveforms of VgqFg).
Vopryv and output current while operating in VCO mode.
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Figure 20. VCO Mode Operating Waveforms
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