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NCP1608

Table 1. PIN FUNCTION DESCRIPTION

Pin | Name Function

1 FB The FB pin is the inverting input of the internal error amplifier. A resistor divider scales the output voltage to Vrgr to
maintain regulation. The feedback voltage is used for overvoltage and undervoltage protections. The controller is disabled
when this pin is forced to a voltage less than Vyp, a voltage greater than Vgyp, or floating.

2 Control | The Control pin is the output of the internal error amplifier. A compensation network is connected between the Control pin
and ground to set the loop bandwidth. A low bandwidth yields a high power factor and a low Total Harmonic Distortion (THD).

3 Ct The Ct pin sources a current to charge an external timing capacitor. The circuit controls the power switch on time by
comparing the Ct voltage to an internal voltage derived from Vgntrol- The Ct pin discharges the external timing capacitor
at the end of the on time.

4 Cs The CS pin limits the cycle—by-cycle current through the power switch. When the CS voltage exceeds V, u, the drive
turns off. The sense resistor that connects to the CS pin programs the maximum switch current.

5 ZCD The voltage of an auxiliary winding is sensed by this pin to detect the inductor demagnetization for CrM operation.

6 GND | The GND pin is analog ground.

7 DRV | The integrated driver has a typical source impedance of 12 Q and a typical sink impedance of 6 Q.

8 Vee The Vcc pin is the positive supply of the controller. The controller is enabled when V¢ exceeds Vcc(on) and is disabled
when Vcc decreases to less than Vec(off)-

Table 2. MAXIMUM RATINGS

Rating Symbol Value Unit

FB Voltage VEB -0.3t0 10 \%
FB Current (1= +10 mA
Control Voltage Vcontrol -0.3t06.5 \%
Control Current Icontrol -21t0 10 mA
Ct Voltage Vet -0.3t0 6 \%
Ct Current Ict +10 mA
CS Voltage Ves -0.3t06 \%
CS Current Ics +10 mA
ZCD Voltage Vzecp -0.3t0 10 \%
ZCD Current Izcp +10 mA
DRV Voltage VpRv -0.3to Ve \%
DRV Sink Current IDRV(sink) 800 mA
DRV Source Current IDRV(source) 500 mA
Supply Voltage Vee -0.3t020 \%
Supply Current lcc 120 mA
Power Dissipation (TA = 70°C, 2.0 Oz Cu, 55 mmZ Printed Circuit Copper Clad) Pp 450 mwW
Thermal Resistance Junction-to—Ambient °C/W

(2.0 Oz Cu, 55 mm?2 Printed Circuit Copper Clad) Roia 178

Junction—to—Air, Low conductivity PCB (Note 3) Roia 168

Junction—to—Air, High conductivity PCB (Note 4) Roia 127
Operating Junction Temperature Range (Note 5) T; -55to +125 °C
Maximum Junction Temperature Timax) 150 °C
Storage Temperature Range TsTe —65 to +150 °C
Lead Temperature (Soldering, 10 s) TL 300 °C

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 series contains ESD protection and exceeds the following tests:
Pins 1 — 8: Human Body Model 2000 V per JEDEC Standard JESD22-A114E.

Charged Device Model 1000 V per JEDEC Standard JESD22-C101E.

2. This device contains Latch—-Up protection and exceeds £100 mA per JEDEC Standard JESD78.

3. As mounted on a 40x40x1.5 mm FR4 substrate with a single layer of 80 mm?2 of 2 0z copper traces and heat spreading area. As specified for

a JEDEC 51 low conductivity test PCB. Test conditions were under natural convection or zero air flow.
4. As mounted on a 40x40x1.5 mm FR4 substrate with a single layer of 650 mm?2 of 2 0z copper traces and heat spreading area. As specified
for a JEDEC 51 high conductivity test PCB. Test conditions were under natural convection or zero air flow.
5. For coldest temperature, QA sampling at —40°C in production and —-55°C specification is Guaranteed by Characterization.
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NCP1608

Table 3. ELECTRICAL CHARACTERISTICS
VEg =24V, Veontrol =4V, Ct=1nF, Vcs =0V, Vzcp =0V, Cpry = 1 nF, Ve = 12V, unless otherwise specified

(For typical values, T3 = 25°C. For min/max values, Tj = -55°C to 125°C (Note 6), Vcc = 12 V, unless otherwise specified)

Characteristic Test Conditions Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘
STARTUP AND SUPPLY CIRCUITS
Startup Voltage Threshold Ve Increasing Vec(on) 11 12 12.5 \%
Minimum Operating Voltage V¢ Decreasing Vee(off) 8.8 9.5 10.2 \%
Supply Voltage Hysteresis HuvLo 2.2 25 2.8 \%
Startup Current Consumption 0V <Vce < Veg(on) — 200 mV lec(startup) - 24 35 uA
No Load Switching CpRrv = open, 70 kHz Switching, lec1 - 14 1.7 mA
Current Consumption Ves=2V
Switching Current Consumption 70 kHz Switching, Veg =2V lec2 - 2.1 2.6 mA
Fault Condition Current Consumption No Switching, Veg =0 V lec(fault) - 0.75 0.95 mA
OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
Overvoltage Detect Threshold VEg = Increasing Vovp/VRer 105 106 108 %
Overvoltage Hysteresis VovpPHYS) 20 60 100 mV
Overvoltage Detect Threshold Vg =2V to 3V ramp, tovp ns
Propagation Delay dv/dt =1 Vl/us
VEg = Vovp t0 Vpry = 10%
Ty =-40°C to +125°C 300 500 800
Ty =-55°C to +125°C (Note 6) 210 500 800
Undervoltage Detect Threshold Vg = Decreasing Vuvp 0.25 0.31 0.4 \%
Undervoltage Detect Threshold Propa- Veg =1V to 0V ramp, tuvp ns
gation Delay dv/dt =10 Vl/us
VEg = Vuvp t0 Vpry = 10%
Ty =-40°C to +125°C 100 200 300
Ty =-55°C to +125°C (Note 6) 50 200 300
ERROR AMPLIFIER
Voltage Reference T;=25°C VREF 2.475 2.500 2.525 \%
Ty =-40°C to 125°C 2.460 2.500 2.540
Ty =-55°C to 125°C (Note 6) 2.450 2.500 2.540
Voltage Reference Line Regulation Veeon) +200mV <Vee <20V VREF(line) -10 - 10 mV
Error Amplifier Current Capability Vg =26V IEA(sink) 6 10 20 uA
Ve = 1.08*VRrer IEA(sink)OVP 10 20 30
VEg=05V IEA(source)
Ty =-40°C to +125°C -250 -210 -110
Ty =-55°C to +125°C (Note 6) -250 -210 -88
Transconductance VEg=24V1t026V gm uS
Ty3=25°C 90 110 120
Ty =-40°C to 125°C 70 110 135
Ty =-55°C to +125°C (Note 6) 70 110 150
Feedback Pin Internal Pull-Down VEg = Vuvp t0 VRep Reg 2 4.6 10 MQ
Resistor
Feedback Bias Current Vg =25V IFk uA
Ty =-40°C to +125°C 0.25 0.54 1.25
Ty =-55°C to +125°C (Note 6) 0.2 0.54 1.25
Control Bias Current Vg =0V Icontrol -1 - 1 uA
Maximum Control Voltage Icontrol(puliup) = 10 WA, VEg = VRer VEAH \%
Ty =-40°C to +125°C 5 5.5 6
Ty =-55°C to +125°C (Note 6) 5 5.5 6.05

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.
6. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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NCP1608

Table 3. ELECTRICAL CHARACTERISTICS (Continued)
VEg =24V, Veontrol =4V, Ct=1nF, Vcs =0V, Vzcp =0V, Cpry = 1 nF, Ve = 12V, unless otherwise specified
(For typical values, T3 = 25°C. For min/max values, Tj = -55°C to 125°C (Note 6), Vcc = 12V, unless otherwise specified)

Characteristic Test Conditions Symbol ‘ Min ‘ Typ ‘ Max ‘ Unit ‘
ERROR AMPLIFIER
Minimum Control Voltage to Generate Vcontrol = Decreasing until Ct(offset) \%
Drive Pulses VpRry is low, Ve =0V
Ty =-40°C to +125°C 0.37 0.65 0.88
Ty =-55°C to +125°C (Note 6) 0.37 0.65 1.1
Control Voltage Range VEaH — Cloffset) VEA(DIFF) 4.5 4.9 5.3 \%
RAMP CONTROL
Ct Peak Voltage Vcontrol = OpeN Veymax) 4.775 4.93 5.025 \%
On Time Capacitor Charge Current Vcontrol = OpeNn Icharge 235 275 297 uA
Ver =0 V1o Veymax)
Ct Capacitor Discharge Duration Vcontrol = Open tet(discharge) - 50 150 ns
Vet = VCt(MAX) —100 mV to 500 mV
PWM Propagation Delay dv/dt = 30 Vius tpwm - 130 220 ns
Vet = Veontrol = Cloffset)
to Vpry = 10%
CURRENT SENSE
Current Sense Voltage Threshold Vium 0.45 0.5 0.55 \%
Leading Edge Blanking Duration Ves =2V, Vpry = 90% to 10% tLeB 100 190 350 ns
Overcurrent Detection Propagation De- dv/dt =10 Vl/us tcs 40 100 170 ns
Iay VCS = VILIM to VDRV =10%
Current Sense Bias Current Ves=2V Ics -1 - 1 uA
ZERO CURRENT DETECTION
ZCD Arming Threshold Vzcp = Increasing Vzcparm) 1.25 14 1.55 \%
ZCD Triggering Threshold Vzcp = Decreasing VzcD(TRIG) 0.6 0.7 0.83 \%
ZCD Hysteresis VzeD(HYS) 500 700 900 mvV
ZCD Bias Current Vzcp=5V Izcp -2 - +2 uA
Positive Clamp Voltage lzcp =3 MA VeL(pos) \%
Ty =-40°C to +125°C 9.8 10 12
Ty =-55°C to +125°C (Note 6) 9.2 10 12
Negative Clamp Voltage lzcp=-2mA VCL(NEG) \%
Ty =-40°C to +125°C -0.9 -0.7 -0.5
Ty =-55°C to +125°C (Note 6) -1.1 -0.7 -0.5
ZCD Propagation Delay Vzcp=2Vto 0V ramp, tzcp - 100 170 ns
dVv/dt = 20 Vlus
Vzep = Vzep(tric) 10 Vpry = 90%
Minimum ZCD Pulse Width tsync - 70 - ns
Maximum Off Time in Absence of ZCD Falling Vpry = 10% to tstart 75 165 300 us
Transition Rising Vpry = 90%
DRIVE
Drive Resistance lsource = 100 mA RoH - 12 20 Q
lsink = 100 mA RoL - 6 13
Rise Time 10% to 90% trise - 35 80 ns
Fall Time 90% to 10% trall - 25 70 ns
Drive Low Voltage Vee = Veg(on)=200 mV, Vout(start) - - 0.2 \%
lsink = 10 mA

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.
6. For coldest temperature, QA sampling at —40°C in production and —55°C specification is Guaranteed by Characterization.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Figure 24. Typical Circuit without PFC

AKX, BRFACEEN 2T UV OEEE
B2HE, TAUVNLOEREEE LET, X
FA VEFOE— 7Tl X, Eﬁkéﬂé%{m
R Ry & % < B IECERIE T, ZhiZ
T, RN LE I (GEFIE<0.6), %@ﬁ%
o EOATENIL, ERICAMICHGE SN SE
HEVBREL R EF, HEOT A ZANETCA
NI CEEHR SN TVWDIEE, ZORENEK
L. [1dhfR) 234 © %9 (Figure 25),

AC Line Current

Figure 25. Typical Line Waveforms without PFC
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BOFHEIB L OE ST, T4 VEBRO S EE
B EEOTZEaERLTWET, BEIIHED I
I, RNy TR EIELT 7T 4 ZTEEO W
WL B HRMEEFELET, Ny 7RI,
ACT A VA CEMEST S, REE=aT U,
A HE TR BRBOMABEDENREGEENET,
7T 4 TR, BEEAAL yTF T aN—
ZEMBHALTC, ANMBROBHRE 2z LE(LIEF
T, T 7T 4 7REKIE, mEE CEET 572D/
b, MEBALDFIEETH D, Ny v THIEE LD Hh%

BICEMELE Y, 7277 4 7PFCAT — Y & @ilic
HET 52 ik, CARICHEBE AN THRRIE
BEHA2ZI2 L —FTBH2LENRTE, FNIZLEST
BIOEPER N E LWL LET, 72747
PFCIHIE L. T D &9 RFLEDT=HIT, ik
TR ET DS R HFEE o TV ET,
W, 777 4 7PFCHIEKIL, Eigs 7 Vv v e N
L7 e A F U ORICPFCT ) o N— & ZFfA
L THERK Z 41U E 3 (Figure 26).,

Rectifiers PFC Pre—Converter Converter

r— - r— 1 r— 1

I | | LYY - |
o | _ | | | |
ACline | |, E;gzuency I | .| Buk I I

| =~ _‘ | == Storage | Load
NCP1608
| Bypass | | Capacitor | |
Capacitor

I I T I I I

! ! : — |
- | - | L _ |

Figure 26. Active PFC Pre—-Converter with the NCP1608
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F9, FENEBOW)T F IV r—rarfHELTE
F LW T EIL, CrM T3, CrMiE, AEfiEm
F— F(DCM) & fi A £ — F(CCM)DEE SR THRAE

Diode Bridge

AC Line Vrain

L

The power switch is ON

With the power switch voltage being about zero, the
input voltage is applied across the inductor. The inductor
current linearly increases with a (Vj,/L) slope.

AC Line

LET, CIMTIEZ, 77— A b « S X7 ZERNE
Ol B E RTAROF L ZALDBERBLET,
CrME{EIX. CCMEI{ED{K\WE— 27 Eit & . DCM
MIEOP o BIRAAL v Fr 22 TWDHT-
b, WEHOPFCT — Ak « A7 —UH & L CHA
78I/ E T, PFCT— R | » 3 RXR—Z OEE
BIOEEZ 217 LE T,

Diode Bridge I
Vin Vdrain
— +
L
+ +
T - —— Vout
N D L

The power switch is OFF

The inductor current flows through the diode. The inductor volt-
age is (Vout — Vin) and the inductor current linearly decays with a
(Vout — Vin)/L slope.

N\
Vin ———;l—\—\:f——\*—;

A Inductor
Current Vin/L / | (Vout = Vin)/L Critical Conduction Mode:
I (peak) | Next current cycle starts
| when the core is reset.
I
| I
Av, .. |
drain |
Vout -
If next cycle does not start _—
then Vyrain rings towards Vi,

Figure 27. Schematic and Waveforms of an Ideal CrM Boost Converter
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AL v FNEALDE, A X7 XERITE— 7
ECTHEMBMHMLET, A1 v TR E, £~
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DR LA VEENgain)lE 72— F LTHAD LIAD E
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2-PyoiL
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Z 2T, PoutlIHi /i
R VacIi)\ijMSaﬁffﬂ‘

ACT Ay « P A I NHDAAL v F o TOHAL .,
Figure 28(Z/R L £ 9, ﬂ‘/ﬁ/]’A IX—E TT A,
FTHEA NIEEFT A VEEICL > TELL TV E
T, L v ZA LIT JZO“C%%%LK/]’ U E U HERR
DE—7 (I peak))lF. ACT A L EED B — 7 (THF)E
waiﬁ‘NCMWSiE%@£EME%\ﬁ%%

B OEENEIE ., BLOEERREREEZNET S

ZEIEkoT, BEHASRICENRTEANR N s VY 2
—2a VIR DEA S F A LACIMEIE A S 5
B PR AR L E 5,

LidA &7 2, nids)

UVP Fault

/ Vin(t)

Vin(peak)
IL(peak)

IL®)

Iin(peak) — lin(t)

MOSFET
(0]

SN0 0N o0

Figure 28. Inductor Waveform During CrM Operation

IS5—-7v7J-L¥alL—vayv

NCP1608/%., WHD=F— « 7 F(EA) & L
T7—A MINWBEEZLZELSEET, EADAN
TIEFBE 25 & H &, Ed11%2.5V +£1.6% D
V77 by ABENRep) IZHER I LT WET,
*7-. EAOH 7. Controlt” iz & T
% 9 (Figure 29),

[N = /0 S Sl i R G 2
T 5% @ﬁ@i FBE > OFELENT 7 OEET
1172 <, MABTEICH G T 2L oEgsx v I\U‘—
7Kiof@$&méﬂé ETY, IhniZ
T, =T — - T EFIMI LT, %t/%Lﬁi
R E IR EEREOR A TE L1
nEF,

PWM BLOCK

ton(MAX)

tOI'I

trwm (=

r
I
| T OVP
a OVP Fault
| +L >
I
Vout |
I
I
Routl |
FB,l|
L
I
| Res
I
Rout2 |
I \4
= I
I
Control ¢ Veontrol .
lCCOMP I
I
I
= I
I

Figure 29. Error Amplifier and On Time Regulation Circuits
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?&H%%U%%(Rouu and Roy2) 1. 7 — A N HEE
(Vo) ZHME/NL T, FBE VIZEBENL TV ET,
HAOBENHEHDEBELY BEVEE. Vg Hd
VeRep & WKL 22 B 720, EAIZ K » THil #8178 £
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F9, HHET2EINEINT S . BEHABEC
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BIELY bEWEE, Veontrol PME T L. Vout?® B A%
HABEIE T2 FETHZ A 2088 LE
T, ZHIZE 5T, Voulk. Routr & Roup® /- L CFB
WCINZ BB HE/ Vo VREp E E L 0D X H I
ElbEhEd, wEEExy b —7 odREAITIL,
FPP®D 7= 8 ORpg (IE HEfEA.6 MQ) X E £ TV E
7,
HAEEE, R22MH L CRESNET,

Roue + Reg

Vout = VRer - (Routl ’ Rouz * Res + 1) (ea. 2)
u

SEGF Y BT =27 O T AR, A R
PELHBRENO L — RA TP ElIC /R 5 L 5 I3

[

WENET, Rould. A 7 RAEW & N EIEZH
ALT, A3THEINET,
V

out

R (eq.3)

outl =
I bias(out)

::VC‘\\ Ibias(out){i\ H:'ljjéj\%”%%*y }\]7_70)/§4)
7 AEITT . Rouzl®E. Vouts Routt. 3 £ UReglc
Lo TELET, Ropld., R4 TEHEAESINLET,
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out2 o (V 1) o
FB Veer outl
PFCA T — Ui, IEE T A VEBEOIELE BT
EHEELET, ar =P AmIET5E N

R (eq. 4)

out

. ERFEIC BT 2B NOHRTYT, Hhar
T Y (Coun)lE. BEEGE ) & A OHEEE T L DE
ERIE L E 4, AR~OHIRE DA O EE
LV ENGE. CounEL £ 7, faE 1A
MOMEENLY REVHA, CouklILEEINT
K2 VX —52EXET,
Figure 3012k L £,

Z ORI & |

Figure 30. Output Voltage Ripple for a Constant Output Power

Coulk D TRILFE DT, VoutlZ 1100 Hz (52— & » X
D50 Hz 7 AV JARE DGE) £ 7213120 HZ (7 A U
D60 Hz Z A VB OEE)DEEHED U v 7 i
GENET, VouP U v T MILREI N —TIZE - T
RSN, ACTA v « A 7 IVHDVeontrol 7Y —E I
e, TAVERNSEYREICRDEST, ACTA
Voo A 7 LIV eontral N —EWX R D K 9T,
W L— IR IZ20 HZUL FIciRE Sk,
2 A FIOMEFRBIL, Controle® & /5 R« B
DOz T Y (Ceomp) & Bt L THERINET
(Figure 15 1R), N — 7#ikiE &% ET a7 oW
., X5CRAEINET,

Z I T, fecrossiEZ v A4 — NFEH, gmii= T —
T UTDRNT U RAVE TR AT, Ja AL
—NJE B3 20 HZ AR 1258 E L E 77,

oA L =R

A o F T e RE—=0F, EAVEA L, BX
CANRMSEE & HARTIZ L > TE{b T 247 #
A LBELY £9°, NCP1608I%, CtE L IZ#k: S
FaryF o TF AL L EHELET, BRI
i&. Control B"> DFELEDBFF B 5 FEBIE(Veefr) £
T, CtzvT o ERrEBELET, Veyoff 13 R6T
AHEEnET,

2-P L-1

gm out ’ charge
Ceomp =57 f = feross (eq.5) Vetofy = Veontrol ~ Clioffsety = N - Vac? - Ct (eq. 6)
Ctar T U YR Vel ZET D L. RIANTAT
1272 v %9 (Figure 31),
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Control

« t0I'1 s

Figure 31. On Time Generation

Veontrolld A IRMSEJE & H A RTIC L » TEAL

L. uz%ré!’ﬂ:fl%ﬁ@bia“ BT 5 OAE D3 Vout
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BIPOERNATNBIERMEICBNT, MR A H
A LADRERTEHEICLET, ¥ 14 510
K7 CTHEINET,

Ct-V

ton = — Ct(MAX) €. 7)
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X7LR1EfEET DL, K8ITRY 77,
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Ct = (eq. 8)
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CtoOR/MEZFHET D121, RoOEEHEHLET,
Veimax) = 4.775 V (5 ME).
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RMSEE, LyaxidiRA &7 ZETT,

7284 L =R
CIMENETIZ, ACTA > « P A 7 VDA Z A
AF—ETHY, 75 A LNIBERFASTEEIZL -

TELET, f ¥V XERPEICRDE, R
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L L. @EBEDOVnin BEFHHT 501X, —#&
WICRFHTIERSEHANTLHY FH A, DD
iz, 7 “—7\F A BT BZITNER P EBEIME LT
F9., ZOBRITY 0B HZCD)ER L FIE
W, A F T BELEEMN LT EEERBE I,
Thx=ary bue—70fHHLE T, Figure 3212,
ZCD& M2 L7 BRARR 72 CrIMENMED I I &2 7k L
ESc N

MOSFET Conduction
Diode Conduction

L4

IL(peak)

o
>
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o
<

Vdrain |
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o
<

VzcD(WIND)

B N IO R

VzCD(WIND), off

o
<

VzcD(WIND),on
Vzep 4 | | |
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VeLpos)

Vzep(ARM)

VzeD(TRIG)

—————1———

I
1
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p——— —
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\
»
\
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!toffl

Figure 32. Ideal CrM Waveforms Using a ZCD
Winding
Ao B A L PIZZCDERICHE L S D EE
(Vzcpwinp),on) (3. ROTHEAEINET,

\V = A (eq. 9)
ZCDWIND).on = N7 N
::T\Vinfiﬁﬁﬁﬁj\j}%i\NBZNZCD

L7 — 2 B L ZCDEHR & OB T,

7 X A4 AHPIZZCDERICE AT D EE

(VzeowinD)off) (. 2 10CRHAE S NLET,
Vout B Vin

N N (eq. 10)
Ng :Nzcp

VZCD(WIND),off =
AUHE 7 ZERBERIZRD L ZCDE V OEE
(Vzcp) liZCD%%ﬁ@%E(VZCD(WWD))@C BARE LT
L ULEED, Er - AL Mmoo T UrFr 7 LE
9, NCP1608iL. VzcpDIBH RNV =y U H L
TRIANRNELF AT LET, ZCDA XY M & Bk
L72WNWE 51T 5728, NCP1608D 1 ¥ v 7 I,
Vzep 3 Vzep(army Z B A TN D D &R L T b |
Vzep A VzeprIGy AR T T 2 D 2 ki L £
(Figure 33),
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Ng
Vin YYYYhe
[)
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Demag |
— | * 5
J t, | ~ Reset |
| T Vecoomm Opmaer |
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| ¥ 9 |
Rsense | - |
—_ | _;_l; VzeD(TRIG) |
ZCD | |
AN —e |
Rzep | |
| & ZCD Clamp |
I v I
- _
Figure 33. Implementation of the ZCD Block
:@V—#VXKJOT\GM@W%%ﬁLTV MOSFET Conduction
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i, RUTHESNET, I
_ Vou — (/2 - Vacy ) u I (peat)
Ng:Nycp < v (eq. 11)
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DRV

Z Z T, VacHLli%j(J\ﬁRMS?éE\ VZCD(ARM){i
155V (KfE) TT,
NCP1608i%. VzcpZa 7 773565 Z LI L - T, Vdrain [
ZCD L AT RIZEIES 1205 D& € 5. ZCD Vout
BN ABIEDOE S, ZCDE iW*BVCVCL(NEg)@
7?yféni¢oﬁﬁm\ﬂ3%%ﬁE*r®ﬁ
&. ZCDE V| iWLKVCVCL(pOS o7z /7Oéﬂi‘§—o
ZCDE VAT B EREHIRT 272012, bt v VzCp(wiND)
(Figure 33O Rzcp) 34 2 TH, ZCD /@%j@go,b ZCD(WIND),off
(Izcomax)) 1 E10 mAAT i (2 Hil BR S 41 E 7. Rzepld.

K12 TEHAEINET,

VzcD(WIND),on
2-V
Rzcp 2 /2 aCH.L (eqa. 12) Vzep
IZCD(MAX) “(Ng:Nzcp) v
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Rzcp & ZCD B> D% 45 Al T, ZCDEMDE S Vzeomrm |

DR ENTRIA RNOY = F U BBET 52 A V2eo(RIG)
SUTBREY £, RzepDEARE W E | ZCDA VeLNEG)

Ry EBHET 5 TORERMNELS 220 3,
ZOHE, 2 b —F IDCMTEIME L =208
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780 £9, RzepZ BIRT 5 M7 FikIL, 4 —> Tsw |
Y ~ ,f'f» N \ >
z{;ggg I:/i éj_rﬁ Hoi;fjﬁ ié%?ﬁizjiag%gﬁ Figure 34. Realistic CrM Waveforms Using a ZCD

i A Winding with R and the ZCD Pin Capacitance
9. Figure 341, Rzep L ZCDE v AR TR E S 9 2co P

CIMENMED EE D AR L E T,
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Rzcp £ ZCD B U W &IC & » THRLE A F A4 5 [
(CEQrain) R S L E T,

(2. Figure 3512/ R T X AZ N L CEMNL A VA E
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—e .
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— __+
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Figure 35. Equivalent Drain Capacitance Discharge Path
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(Figures 3633 L 1837), / 1 Rl Control "> & CtE"
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Noise Induced Voltage Spike
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Figure 36. Control Pin Noise Induced On Time
Reduction and Pulse Skipping
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Vcontrol A
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Ct(oﬁset) ________
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I
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Figure 37. Ct Pin Noise Induced On Time
Reduction and Pulse Skipping
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Figure 39. Typical V¢ Startup Waveform

PFC' ) 2 /=& % 24 v FE— REJH(SMPS)
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Figure 40. NCP1608 Supplied by a Downstream SMPS Controller (NCP1230)
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Control
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Figure 41. Startup Timing Diagram Showing the
Natural Soft Start of the Control Pin
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Figure 42. Output Driver Stage and Pull-Down Circuits
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ﬁﬁﬁ%ﬁwm Z ZT. Vovp/VRerld. OVPHMiH AL v g /L KT
74— KRy 7 - Xy MU — 7 OEIRE DTN +,

L HMHAMELIIANBEOECKHT DT 7T Chulk /% mmmm@wmﬂit@uom@uy7°

4 TPFCA T — Y DORIENHL 720 9, F Ok JVTCTRREMEL 72 WA X2 L FE T, ChuxD ix/ME

HEB), ARAT YT, T AT v THIC, iE, RUATHEINET,

=T a— ] 753‘%’“\%%?6?39&753‘% DET, Eﬁﬁﬁ p

DEWEMELZ BT 51201, MEEREOVP)IC Chulk = out (eq. 14)

-7, Hjjj EEN PFGXT‘—‘T/@*B Dua)mirg.%tz_ 27 Vripple(peak—peak) * fine * Vout

WK ST B ENRKRYITT, NCP1608I, ¥ o o

YN NN GN Vrlpple(peak-peak)fj:t‘_y by - E—=7H
f&ﬁﬁﬁf’iﬁéi}j@“i& \—[/_70m75 ﬁl/ e I//\ll/z)){& NEIEY v 7 flinelFACT A > JEHEETT,
E ,é “C* 7~\~ /l T4r-. 71 L Voyt ,ﬁ Vrlpple(peak-peak)j:\ ﬁlS“(“%{‘%ﬁéﬂi@‘o
FIZPFCAT —VOEMDEKNIZINED L Sz L

7%“ 3LO\?’{;M ’ri&? t;ifsﬁ fli%f‘ jﬁ; ;“\ ¢ c:)l\//P;é ]u/“j;i Vippl(peak-peay < 2 * (Vourove) ~ Vou) (€019
: i . & \ o o
%, RBBTHEINET, OVPm ¥ 7idt 27 U ¥ Z(VovpHys)) Z I 2 T

(eq. 13) F 0. NCP1608A FHLH) 2 kA D F TITVou i E
T LD+ 7R 2 ek L, /A XMtz EZ8 L

Voutovp) = VOVP “VRer (Routl 'w + 1) TET, NCP1608?§ PR B) & 38 2 % 1 ) BT
VRer ouz * ReB (VoutovpL) &, RI6TEEA S ET,
V R + R
VoutoveL) = ((ﬁ ’ VREF) - VOVP(HYS)) ’ (Routl ’ ﬁ + 1) (eg. 16)
Figure 4312, OVPEIFD#EEZ /R L £,
Vou | |
out | |
Vout(ovp) - — — |
Vout(OVPL) —: ________ |
| |
DRV i
|
|
OVP Fault
Figure 43. OVP Operation
EEEREUVP) =T - Ta—FnRvy - L—THRE
PFCAT — VI ANEIENEIMEND &, Vourld NCP1608iX. OVP, UVP, FPPR EFDA—7"1 -
FA LBEDE— T *ﬁbi#‘N@m%mV% T4 — RNy T —TIREICKT DA I 7R
PVuvp & VIRWIEE 72 L Vous B IR VWG &3 PERE & fili 2 TUWVET, Figure 4412, 74— RNy 2
REEEEZMRM L 7, UVPEE @%\ééqﬂ . =T INF =T NI B3O EE IR L FT,

h74ﬂkii~ 7/7@f4ﬁ TLENE Figure 44D IREEIZHO W T, MG 5EF S Z & 12LL
., UVPHEREIL. Couk~DEIRE DR LT\ 5 TCEWBALET,

(P F Y Cpux BEARE)GE. T Roun 2380 U Bt 1. UVPR# -
ENTWVWAEEBICYV AT LAEFH#ELFT, Routt 7 HFB Y ~D g N A — 7 L REET
UVPREEZ 5| &l Z M EEE, 17 THES T Roupld. FBEY' > %275 NIz
nET, Y LET, UVPa 8L — & [ ZUVPRESE # #:
R _+R @L\P§4ﬂkii—-7/7ﬁ74ﬁ—
Vouuve) = Vuve - (Routl ‘ % + 1) (eq. 17) 7 /l/éj}i 7,
out2 FB 2. OVP{%E% :

Rout2* HFBE » ~DEEGEN A — 7 L IREET
ﬁ— Routl j: FB [: /%Vout 0/1/7 > 70 L/i
$, ESD# A 4 — KIZFBOEE %10 VIZ
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Y7L, RoutWFBE AT 5 i 2 il
[BLET, OVP= 1 /XL —& | TOVPREE %
HL, RIARNT o E—TNVENET,
3. FPP{&# .
FBE U NEWTWET, Regld. FBOEL A
VuvpRisliz v v LET, UVPa XL
— X IFUVPREELZ R L, FRIA4 LT —
TR T Ao =T VENFET,
UVPIZIR WL 7 BBED S . OVPIZ A A B S
DELINS FNEFNT AT L ERH#ELE T, M,

Chulk
I Condition 1

Condition 2

Condition 3

Rout2

FPPIZ 7o —F 47« 74— K2Ry « EUlkER
MHYAT AER# L £9, FPPOFEE I T |
EREICL > TFBE U BN REWTRBEIZ > T 5 5
A, VERlZT AT ANEB X OVE BT & @#d) L C&
b L&, B L TELT 5 VeghSHLilH RN (T 72
DB, Vuvp<VEB<VRep)IZILED, av tr—7F
DB 2B HEMBT D ZENHY 3, LD
BOBEAFLRAZLSTT NS RCEENEAT
HET, Vo EHLFET,

—< POK

(Enable EA)

L) D> rautt

Control - Vcontrol
I 5 VEAH
Ccomp T Clamp
L | T
|
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Figure 44. Open Feedback Loop Protection
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Hanxd,

Vium
RSenSe

IL(peak) = (eq. 18)
WEILEB~ t /L % (Figure 45) 1%, A A v F 7 -
I A RN K o THE TSR 2SR EE T 5 fife 3R 2 (K
LET, 207 40 Zi%, Frfkef a3t eg AN DOCS
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Figure 45. OCP Circuitry with Optional
External RC Filter

WwWw.onsemi.jp

20


http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1

NCP1608
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NCP1608 ClXz—¥MNar ha —TF % A X A
BEE— NICRETEET, 2 he—F% vy
ME T T 51218, FBY OEE & il HIZVyve
L/LT LET, FBE U Z v vy N T UAEHAT S
A (Figure 46), > ¥ » M X U UEIETRERY
7 BIMNBE LWL ICEFHTHILERHY £

TV r—v g ER

Tk IarsET X —i%, NCPlGOS@an+%FEﬁ
Al U CRHF M 2 iE 3 7= D12, B RIEKE
V=, fHAR—F, BLOTFVr—r g
J—hrEREELTWET, T XTOY —IE,
www.onsemi.com”>»HZ 7 — REIIEECT5 2
EMTEET,

T V=7, HOBEEOREICEREL & BLREEREY — Va2l 7= K 7

ELET, Vav N—=ZDKEZTDY AT b« XT A —HER
v DITRETE £, FHEHA — Fi&, 400 VT100 W
o RS T — A N - Y 3 A= TF, FKE
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Figure 46. Shutting Down the PFC Stage
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Figure 47. Application Schematic
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NCP1608

BOOST DESIGN EQUATIONS Components are identified in Figure 1

Input rms Current

Pout

lac = 1 Vac

1 (the efficiency of only the PFC
stage) is generally in the range of
90 — 95%. Vac is the rms ac line
input voltage.

Inductor Peak Current

‘/E'Z'Pout

! n - Vac

L(peak) =

The maximum inductor peak current
occurs at the minimum line input
voltage and maximum output power.

Inductor Value

Vac? - (VL_‘“
2

Vv

—Vac) -1

L <
V2 Vou - Pout - fswovin

fswminy is the minimum desired
switching frequency. The maximum L
is calculated at both the minimum
line input voltage and maximum line
input voltage.

On Time

out

N - Vac?

2-L-P

ton =

The maximum on time occurs at the
minimum line input voltage and
maximum output power.

Off Time

ton

tOff vV

out

__out g
Vac-[sin6|- 2

The off time is a maximum at the
peak of the ac line voltage and
approaches zero at the ac line zero
crossings. Theta (0) represents the
angle of the ac line voltage.

Switching Frequency

Vac? -
_ LI P

Vac - |sinf] - J2
~2-L- Pout

fsw Vi

out

On Time Capacitor

Ct > 2 Pout " Lyax Icharge
n - Vac) 2 Veyax

Where Vac, | is the minimum line
input voltage and Lyax is the
maximum inductor value. Igharge and
Veimax) are shown in the
specification table.

Inductor Turns to ZCD

Vout — (/E : VaCHL)

Where Vacy is the maximum line

Turns Ratio N. N < input voltage. Vzcp(arwm) is shown in
B-'VzZCD — ificati
VZ CD(ARM) the specification table.
Resistor from ZCD . Where lzcpvax) IS maximum rated
V2 - Vacy, (MAX)

Winding to the ZCD pin

R > -
zcb IZCD(MAX) “(Ng:Nzcp)

current for the ZCD pin (10 mA).

Output Voltage and Output
Divider

Roue + Reg

8

Vout = VRer (Routl ’ Rouz * Res
u

\%

Where VRgr is the internal reference
voltage and Rgg is the pull-down
resistor used for FPP. Vgregr and Reg
are shown in the specification table.
Ibias(out) iS the bias current of the

t
Rout1 = ™ ou output voltage divider.
bias(out)
R . — Rout * Res
out2 . . M 1) e
FB "\ Vioer outl
Output Voltage OVP Vovp/VRrer and VOVP(HYS) are
Detection and Recovery \V; = M LV AR . M +1 shown in the specification table.
out(OVP) VREF REF outl Ro e RFB
u

VOVP

v = (22 v, )-v (r . Rouwe*Res
out(OVPL) — VRer REF OVP(HYS) outl

Routz * Res

.

Output Voltage Ripple and
Output Capacitor Value

Vripple(peak—peak) <2 (Vout(OVP) - Vout)

Where fjine is the ac line frequency

and Viipple(peak-peak) IS the
peak-to-peak output voltage ripple.

C - Pout Use fjine = 47 Hz for universal input
bulk = 21\ AR worst case.
ripple(peak-peak) 'line out
Output Capacitor rms Where ljpad(rms) is the rms load
Current | _ V232 Pout® - 2 current.
C(RMS) 9-mx-Vac - Vout . 7]2 load(RMS)
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NCP1608

BOOST DESIGN EQUATIONS Components are identified in Figure 1 (Continued)

Output Voltage UVP
Detection

R + R
outz T Res
Voutuvp) = Vuve (Routl : + 1)

Vyvp is shown in the specification
table.

Inductor rms Current

Rouz " Res
| _ 2 Pyyt
L(RMS) /3 - vac - 1

Output Diode rms
Current

| _4. J2-2 . Pout
DRMS) =3 " Y
(RMS) 3 T oy \/Vac “Vout

MOSFET rms Current

| _2 (P ). [/;_(/2-8-Vac
M(RMS) ‘/§ T]'VaC 3-1-V

out

Current Sense Resistor

VLM is shown in the specification
table.

Type 1 Compensation

Where fcross is the crossover
frequency and is typically less than
20 Hz. gm is shown in the
specification table.
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MECHANICAL CASE OUTLINE Onsem2

PACKAGE DIMENSIONS

SOIC-8 NB
CASE 751-07
ISSUE AK

SCALE 1:1 DATE 16 FEB 2011

NOTES:
X- 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982.
<— A —> 2. CONTROLLING DIMENSION: MILLIMETER.
e —— 3. DIMENSION A AND B DO NOT INCLUDE
HH B R 4 MOLD PROTRUSION.
5

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

6. 751-01 THRU 751-06 ARE OBSOLETE. NEW
STANDARD IS 751-07.

MILLIMETERS INCHES
M| MIN MAX MIN | MAX
4.80 5.00 | 0.189 | 0.197
3.80 4.00 | 0.150 | 0.157
1.35 1.75 | 0.053 | 0.069
0.33 0.51 | 0.013 | 0.020
1.27 BSC 0.050 BSC
0.10 0.25 | 0.004 | 0.010
0.19 0.25 | 0.007 | 0.010
0.40 1.27 | 0.016 | 0.050
0° 8 ° 0° 8 °
0.25 0.50 | 0.010 | 0.020
5.80 6.20 | 0.228 | 0.244

S | 0250010®| v @
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GENERIC
MARKING DIAGRAM*

8HAHAA SHAAEHA 8HAHAA sHAAHAEA
N3 XXXX XXXX XOOOXXK | | XHXXXX

0.060
1HHHH+HHEHH 1HHHHE «HHHH
| _f IC IC Discrete Discrete
I (Pb-Free) (Pb-Free)

I
I
— — = Specific Device Code = Specific Device Code
0.275 | | 04125 XXXXX = Specific Device Cod XXXXXX = Specific Device Cod
’ | : ) A = Assembly Location A = Assembly Location
I
I

L = Wafer Lot Y = Year
Y = Year WwW = Work Week
I:l I:l ;
_‘_ L ]

= Work Week . = Pb-Free Package
= Pb-Free Package
0.6 ‘.‘ F 1.270 *This information is generic. Please refer to
0.024 0.050 device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “=”, may
_mm_ ) or may not be present. Some products may
inches not follow the Generic Marking.

SOLDERING FOOTPRINT*

SCALE 6:1 (

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
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STYLE 1:
PIN1. EMITTER
COLLECTOR
COLLECTOR
EMITTER
EMITTER
BASE
BASE
EMITTER

PNOarOP

STYLE 5:
PIN 1. DRAIN
DRAIN
DRAIN
DRAIN
GATE
GATE
SOURCE
SOURCE

PN RGN

STYLE 9:
PIN 1. EMITTER, COMMON
COLLECTOR, DIE #1
COLLECTOR, DIE #2
EMITTER, COMMON
EMITTER, COMMON
BASE, DIE #2
BASE, DIE #1
EMITTER, COMMON

eNOO RGN

STYLE 13:
PIN1. N.C.

2. SOURCE
3. SOURCE
4. GATE

5. DRAIN

6. DRAIN

7. DRAIN

8. DRAIN

STYLE 17:

PIN1. VCC
2. V20UT
3. ViouT
4. TXE
5. RXE
6. VEE
7. GND
8. ACC

STYLE 21:

PIN 1. CATHODE 1
CATHODE 2
CATHODE 3
CATHODE 4
CATHODE 5
COMMON ANODE
COMMON ANODE
CATHODE 6

PNOOrOP

STYLE 25:
PIN1. VIN
2. N/C
3. REXT
4. GND
5. IOUT
6. IOUT
7. 1OUT
8. louT

STYLE 29:

PIN 1. BASE, DIE #1
EMITTER, #1
BASE, #2
EMITTER, #2
COLLECTOR, #2
COLLECTOR, #2
COLLECTOR, #1
COLLECTOR, #1

PNOO RGN

SOIC-8 NB

CASE 751-07
ISSUE AK
STYLE 2: STYLE 3
PIN1. COLLECTOR, DIE, #1 PIN 1. DRAIN, DIE #1
2. COLLECTOR, #1 2. DRAIN, #1
3. COLLECTOR, #2 3. DRAIN, #2
4. COLLECTOR, #2 4. DRAIN, #2
5. BASE, #2 5. GATE, #2
6. EMITTER, #2 6. SOURCE, #2
7. BASE, #1 7. GATE, #1
8. EMITTER, #1 8. SOURCE, #
STYLE 6: STYLE 7
PIN1. SOURCE PIN1. INPUT
2. DRAIN 2. EXTERNAL BYPASS
3. DRAIN 3. THIRD STAGE SOURCE
4. SOURCE 4. GROUND
5. SOURCE 5. DRAIN
6. GATE 6. GATE3
7. GATE 7. SECOND STAGE Vd
8. SOURCE 8. FIRST STAGE Vd
STYLE 10: STYLE 11:
PIN1. GROUND PIN1. SOURCE 1
2. BIAS 1 2. GATE 1
3. OUTPUT 3. SOURCE 2
4. GROUND 4. GATE2
5. GROUND 5. DRAIN 2
6. BIAS 2 6. DRAIN 2
7. INPUT 7. DRAIN 1
8. GROUND 8. DRAIN 1
STYLE 14: STYLE 15:
PIN1. N-SOURCE PIN 1. ANODE 1
2. N-GATE 2. ANODE 1
3. P-SOURCE 3. ANODE 1
4. P-GATE 4. ANODE 1
5. P-DRAIN 5. CATHODE, COMMON
6. P-DRAIN 6. CATHODE, COMMON
7. N-DRAIN 7. CATHODE, COMMON
8. N-DRAIN 8. CATHODE, COMMON
STYLE 18: STYLE 19:
PIN1. ANODE PIN1. SOURCE 1
2. ANODE 2. GATE 1
3. SOURCE 3. SOURCE 2
4. GATE 4. GATE2
5. DRAIN 5. DRAIN 2
6. DRAIN 6. MIRROR 2
7. CATHODE 7. DRAIN 1
8. CATHODE 8. MIRROR 1
STYLE 22: STYLE 23:
PIN 1. 1/O LINE 1 PIN1. LINE1IN
2. COMMON CATHODE/NCC 2. COMMON ANODE/GND
3. COMMON CATHODE/NGCC 3. COMMON ANODE/GND
4. IOLINES3 4. LINE2IN
5. COMMON ANODE/GND 5. LINE2OUT
6. 1/O LINE 4 6. COMMON ANODE/GND
7. JOLINES 7. COMMON ANODE/GND
8. COMMON ANODE/GND 8. LINE10UT
STYLE 26: STYLE 27
PIN1. GND PIN1. ILIMIT
2. dv/dt 2. OVLO
3. ENABLE 3. UVLO
4. 1LMIT 4. INPUT+
5. SOURCE 5. SOURCE
6. SOURCE 6. SOURCE
7. SOURCE 7. SOURCE
8. VCC 8. DRAIN
STYLE 30:
PIN1. DRAIN 1
2. DRAIN 1

3. GATE2

4. SOURCE 2

5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
7. SOURCE 1/DRAIN 2
8. GATE1

DATE 16 FEB 2011

STYLE 4:

PIN 1.

PNOO PO

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
COMMON CATHODE

STYLE 8:

PIN 1.

eNOOrGN

COLLECTOR, DIE #1
BASE, #1

BASE, #2
COLLECTOR, #2
COLLECTOR, #2
EMITTER, #2
EMITTER, #1
COLLECTOR, #1

STYLE 12:

PIN 1.

PNOO A BN

SOURCE
SOURCE
SOURCE
GATE
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 16:

PIN 1.

PNOO A OD

EMITTER, DIE #1
BASE, DIE #1
EMITTER, DIE #2
BASE, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #2
COLLECTOR, DIE #1
COLLECTOR, DIE #1

STYLE 20:

PIN 1.

PNOO PP

SOURCE (N
GATE (N)
SOURCE (P)
GATE (P)
DRAIN
DRAIN
DRAIN
DRAIN

STYLE 24:

PIN 1.

@NDOA BN

BASE

EMITTER
COLLECTOR/ANODE
COLLECTOR/ANODE
CATHODE

CATHODE
COLLECTOR/ANODE
COLLECTOR/ANODE

STYLE 28:

PIN 1.

2
3
4.
5.
6
7
8

SW_TO_GND
DASIC_OFF
DASIC_SW_DET
GND

V_MON
VBULK
VBULK

VIN
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