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MAXIMUM RATINGS TABLE

NCP1654

Symbol Pin Rating Value Unit
DRV 8 Output Drive Capability - Source -1.5 A
Output Drive Capability — Sink +1.5
Veo 7 Power Supply Voltage, V¢ pin, continuous voltage -0.3, +20 \%
7 Transient Power Supply Voltage, duration < 10 ms, IVgg < 10 mA +25 \%
Vin 2,3,4,5,6 |InputVoltage -0.3, +10 \Y
Power Dissipation and Thermal Characteristics
D suffix, Plastic Package, Case 751
Pp(SO) Maximum Power Dissipation @ Ta = 70°C 450 mwW
Rgya(SO) Thermal Resistance Junction-to-Air 178 °C/W
Ty Operating Junction Temperature Range -40to +125 °C
Tymax Maximum Junction Temperature 150 °C
TSmax Storage Temperature Range -651to +150 °C
TLmax Lead Temperature (Soldering, 10 s) 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.

(BER)

RAEREBZIDA LR, TRARIIZA—DEEZ ZREMNHYET . CHOoDERBEBASEEE. T/3/1 ADOHEEMZIE

B FA—TUREL, {EREEIC

TEEREFIRIEESAHYET.

1. This device series contains ESD protection and exceeds the following tests:
Human Body Model (HBM) 2000 V per JEDEC standard JESD22, Method A114E
Machine Model (MM) 200 V (except pin#7 which complies 150 V) per JEDEC standard JESD22, Method A115A.

2. This device contains Latch-up Protection and exceeds +100 mA per JEDEC Standard JESD78.

TYPICAL ELECTRICAL CHARACTERISTICS TABLE (Ve = 15V, T, from -40°C to +125°C, unless otherwise specified) (Note 3)

Symbol Rating | Min | Typ | Max | Unit |
GATE DRIVE SECTION
RoH Source Resistance @ lggyrce = 100 mA - 9.0 20 Q
RoL Sink Resistance @ Igjx = —100 mA - 6.6 18 Q
T, Gate Drive Voltage Rise Time from 1.5V to 13.5V (C_ = 2.2 nF) - 60 - ns
Ts Gate Drive Voltage Fall Time from 13.5Vto 1.5V (C_=2.2 nF) - 40 - ns
REGULATION BLOCK
VRer Voltage Reference 2.425 25 2.575 \Y
lEa Error Amplifier Current Capability - 128 - uA
Gea Error Amplifier Gain 100 200 300 uS
Igpin6 Pin 6 Bias Current @ Veg = VRer -500 - 500 nA
Veontrol Pin5 Voltage \%
Veontrol(max) | Maximum Control Voltage @ Vrg =2 V - 3.6 -
Veontrol(min) | Minimum Control Voltage @ Vg = 3 V - 0.6 -
Vcontrol AVcontrol = Vcontrol(max) - Vcontrol(min) 2.7 3.0 33
VoutL/ Vrer | Ratio (Voyt Low Detect Thresold / VRgp) 94 95 96 %
HouTtlL / VRer | Ratio (VouT Low Detect Hysteresis / VRep) - 0.5 - %
IBoOST Pin 5 Source Current when (Voyt Low Detect) is activated 190 228 260 uA
CURRENT SENSE BLOCK
Vs Current Sense Pin Offset Voltage, (Ics = 100 uA) - 10 - mV
Isiocp) Overcurrent Protection Threshold 185 200 215 uA
POWER LIMITATION BLOCK
lcs X VBo Overpower Limitation Threshold - 200 - uVvA
Ics(opL1) Overpower Current Threshold (Vgo =09V, Vy=3V) 186 222 308 uA
Ics(opL2) Overpower Current Threshold (Vgp =2.67 V, V\y =3 V) 62 75 110

www.onsemi.jp
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NCP1654

TYPICAL ELECTRICAL CHARACTERISTICS TABLE (Vcc = 15V, T, from —-40°C to +125°C, unless otherwise specified) (Note 3)

| Symbol | Rating | Min | Typ | Max | Unit |
PWM BLOCK
| Dcycle | Duty Cycle Range | - | 0-97 | - | % |
OSCILLATOR / RAMP GENERATOR BLOCK
fsw Switching Frequency kHz
65 kHz 58 65 72
133 kHz 120 133 146
200 kHz 180 200 220
BROWN-OUT DETECTION BLOCK
VBoH Brown-Out Voltage Threshold (rising) 1.22 1.30 1.38 \
VBoL Brown-Out Voltage Threshold (falling) 0.65 0.7 0.75 \
s Pin 4 Input Bias Current @ Vgo =1V -500 - 500 nA
CURRENT MODULATION BLOCK
Im1 Multiplier Output Current (Veontrol = Veontrol(max), VBo = 0.9V, Ics = 25 uA) - 1.9 - uA
Im2 Multiplier Output Current (Veontrol = Veontrolmax): VBO = 0-9'V, Ics = 75 uA)
(@ 0 ~ 125°C) 1.5 4.7 8.8
(@ -40 ~ 125°C) 15 47 9.8
Iva Multiplier Output Current (Veontrol = Veontrol(min) + 0-2 V, Vgo = 0.9 V, Igs = 25 A - 28.1 -
Iva Multiplier Output Current (Veontrol = Veontrol(min) + 02V, Vgo = 0.9V, Igs = 75 uA - 84.4 -
OVERVOLTAGE PROTECTION
Vovp / VrRer | Ratio (Overvoltage Threshold / VReg) 103 105 107 %
Tovp Propagation Delay (Vgg — 107% VRef) to Drive Low - 500 - ns
UNDERVOLTAGE PROTECTION / SHUTDOWN
Vuvpeny/VRer | UVP Activate Threshold Ratio (T = 0°C to +105°C) 4 8 12 %
Vuvpom/VRer | UVP Deactivate Threshold Ratio (T, = 0°C to +105°C) 6 12 18 %
VuvpH) UVP Lockout Hysteresis - 4 - %
Tuvp Propagation Delay (Vgg < 8% VRgp) to Drive Low - 500 - ns
THERMAL SHUTDOWN
Tsp Thermal Shutdown Threshold 150 - - °C
Hsp Thermal Shutdown Hysteresis - 30 - °C
Vcc UNDERVOLTAGE LOCKOUT SECTION
Vee(on) Start-Up Threshold (Undervoltage Lockout Threshold, Vg rising) 9.6 10.5 1.4 \%
Vee(of) Disable Voltage after Turn-On (Undervoltage Lockout Threshold, Vg falling) 8.25 9.0 9.75 \%
VeeH) Undervoltage Lockout Hysteresis 1.0 1.5 - \%
DEVICE CONSUMPTION
Power Supply Current:
IsTuP Start-Up (@ Vg =9.4 V) - - 75 uA
lcct Operating (@ Vg = 15V, no load, no switching) - 3.7 5.0 mA
lcce Operating (@ Vgg = 15V, no load, switching) - 4.7 6.0 mA
IsSTDN Shutdown Mode (@ Vgc =15V and VEg=0V) - 300 400 uA

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.

(BER)
MRS A—4

(F, FFBIEERAENRY

=R, BREBFETRLTOAHEERONEVEELHY FT.

3. The above specification gives the targeted values of the parameters. The final specification will be available once the complete circuit

characterization has been performed.

NOTE: Iy, =

les X Vgo
\Y

4 x (Vcontrol - control(min))

www.onsemi.jp
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DETAILED PIN DESCRIPTIONS

NCP1654

Pin

Sym-
bol

Name

Function

GND

Ground

Vin

Multiplier
Voltage

This pin provides a voltage V), for the PFC duty cycle modulation. The input impedance of
the PFC circuits is proportional to the resistor Ry, externally connected to this pin. The device
operates in average current mode if an external capacitor Cy is connected to the pin.
Otherwise, it operates in peak current mode.

CS

Current Sense
Input

This pin sources a current Igg which is proportional to the inductor current I. The sense
current Icg is for overcurrent protection (OCP), overpower limitation (OPL) and PFC duty
cycle modulation. When Igg goes above 200 uA, OCP is activated and the Drive Output is
disabled.

VBo

Brown-Out / In

Connect a resistor network among the rectified input voltage, BO pin, and ground. And
connect a capacitor between BO pin and ground. BO pin detects a voltage signal
proportional to the average input voltage.

When Vg goes below Vgoy, the circuit that detects too low input voltage conditions
(brown-out), turns off the output driver and keeps it in low state until Vgg exceeds Vgon-
This signal which is proportional to the RMS input voltage V. is also for overpower limitation
(OPL) and PFC duty cycle modulation.

Vcontrol

Control Voltage
/ Soft-Start

The voltage of this pin V¢ontror directly controls the input impedance. This pin is connected to
external type-2 compensation components to limit the V¢ontro) bandwidth typically below 20
Hz to achieve near unity power factor.

The device provides no output when Veontrol < Veontrolmin)- When it starts operation, the
power increases slowly (soft-start).

Vrs

Feed-Back /
Shutdown

This pin receives a feedback signal Vg that is proportional to the PFC circuits output
voltage. This information is used for both the output regulation, the overvoltage protection
(OVP), and output undervoltage protection (UVP) to protect the system from damage at
feedback abnormal situation.

When Vgg goes above 105% Vrer, OVP is activated and the Drive Output is disabled.

When Vgg goes below 8% VRer, the device enters a low-consumption shutdown mode.

Vee

Supply Voltage

This pin is the positive supply of the IC. The circuit typically starts to operate when Vg
exceeds 10.5 V and turns off when Vg goes below 9 V. After start-up, the operating range
is9Vupto20 V.

DRV

Drive Output

The high current capability of the totem pole gate drive (+1.5 A) makes it suitable to
effectively drive high gate charge power MOSFET.

www.onsemi.jp
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Figure 1. Functional Block Diagram
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TYPICAL CHARACTERISTICS
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NCP1654

TYPICAL CHARACTERISTICS
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NCP1654

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Figure 31. CCM PFC Boost Converter
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Figure 32. Inductor Current in CCM
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Figure 33. PFC Duty Modulation and Timing Diagram
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Figure 34. Multiplier Voltage Timing Diagram
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Figure 35. External Connection on the Multiplier
Voltage Pin
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Figure 36. External Connection on the Brown Out Pin
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Rpould. Vin B> EBOY NS HE e S L=y BT Figure 374 2 LT 72 &0, &2 R ERilIE
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Figure 38. V¢onirol LOW-Pass Filtering
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TEXFET, AV ImsANEBEEZFRLET,

p = Vao® _ ZMos’

\%

control

it GRIS) TR 5 2 L
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Figure 39. Follower Boost Characteristics
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Riou + R
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Figure 40. OVP and Fast Transient Response
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Figure 41. Vg, vs. Current Flowing in/out from V¢ontrol Pin
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Figure 42. Soft Start Block Diagram
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Figure 43. Soft Start Timing Diagram
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Figure 44. Undervoltage Protection

Figure 4412779 X 912, Vi 2AVRer?8% £ 1 K <
BHE TAA ATV Yy NE D E, {HEEN
13400 pALL FIZ72 0 £9°, HJEENBVRErD12% LA
LK&%&\?N4X@E®%K%¢%E%LE
T, T—A L 3 AA—HO@EREIZBW T
B Vou L1 ﬁ$Ew@D%k%< 74
— Ry 7 E 5Vl X IZVRErD 8% F3 KL VM2% £

HE L o TRV, NCP1654% BIfERIREIC L TV E
j—o
Z OIREEREREIZIX. RO2200BIBRH D F
7
o I —T L L—TRE - Va3 T 2 RIZHERK S
N, 74— KAy ZIEFIRpuHA A — 7 R HE

IR B 8D T 4 — RNy 7« L—T DR
BHAT—VOREEHIELET,

o Ly y hFYL - E— N - PFCAT—V%&T 4%
— 7L, EBEEENE— FIIBITSEET,
DREBEIT R LA X A R B 723 D& SL
HET, A UL BRI IIRITLE RN,
@%PFCX? LTV ar =2 OENEKE
WS T EENMEIE S E T, RAZ U ABE
DOMREE S HICKET A0, PFC2 > ha—
TIEZDOF— FTOHEEENZ R/NRICH A 52
ERHD ET,

EftUR

Z DT A AL, Figure 3712 /R: T HE i > ARl
TAUH I ZERLEBHELEST, 20T /81 A%
CSE U OEEZER(TRDH, V=0 V)IZHERF L

9., 2F0, 1),
los = RSRENSE I,
CS
WAL LET,
ZOFRITE MBS E RN &K E v

FERH Y FT, “YZT/XC?@E’?ﬁlcsﬁi/f VH Y B ERIL
ZRL, RAGRELEVL, # ﬁﬂ@@m)%;@
PR A AT B T2 _PFC72~74 T
FEHINET, (Jtll) K-, RSENSE%QE@F\' Bt
WTE, ZANEBROBENIHETT,

,mﬁ':ﬁ(OCP)

ﬁ%md% 1. Icsﬁils(ocp)(Lﬁ'u\ 200 uA) L Y j(%
<lenlid@hahEd, CSEroAF 7k y MNEE
WHEIOmVTHY | FHRCITEGHINET, L7Z7§>
> T, JKOCPA » X7 ZBERWAL v aL R
IL(OCP)lj:\ (KZO)’C;}_{&) bNET,

Reslsocr)  Res
Rsense Rsense
T RAERPEEBRREA Ly a LV REHBAD

L TS ADDriverti e —i2 0 £9, T/\

AR, AHE T BFERNAL v al RELFIZ

% & BEICEMEZ BB LET,

lﬁEEO)?ﬁH&'

Z DT A A, Figure 452798 E M HF I
XS TRMSATIEEV, M L E T, Vpold, T
SRR L PR SN AT EE V2 L
T3, MHTFa T UV Crold. Vin® EWHME V&
REELET, Viold, 77007 U Mi#, PFCT =
—7 4 B, BILOWWEHIROPLICHEH IV E
7

IS5Hov7y NRE
DT NRA AL, ASIE F#%ﬁmiDﬁTﬁé
& wm;ﬁ%ﬁ#ﬁLfHTX7~—y%%

o (R 2 EXET &(2)MBH %mi#
Flgure 5% ZRLTLTIES W, 7231 20EERT &
EER TV R0 F97,

o TNA ZANENET D AT, VinlIRMS A JJEED B —
TV LWL~z h 0 9, Lizdi- T,
Vold. ERD) Ttk s x4,

RboL
RooL + Rbou RooL + Rbou

[ T/\/I'X@@Jﬁg?(ﬁ T, Vil E&ER S e AT IERL IR
2720 9, CoM T ET D72DIT, Vpold#E
(}luéj’bﬁ]\jjfl:ﬁf{ﬁ L DOEWMEIC /D F
T, LERoT, (X22)THEND LI, Violk
RMS A JJEEV, D — 7 ED2/nE T L £
7

I - 200 pA (eq. 20)

L(OCP) =

R
Vi, = bol___ 2V, (eq.21)

0

Vin) =

(eq. 22)

www.onsemi.jp

18


http://www.onsemi.jp/

NCP1654

( Before Device Operates

After Device Operates |
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Figure 45. Brown-Out Protection
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Figure 47. V.. Undervoltage LockOut (UVLO)
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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
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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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