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PINOUT INFORMATION

VCC=g1 8= DRV
MIN_TOFF = |2 7 F= GND
MIN_TON |3 6 Fo COMP
TRIGDIS=H |4 5k CS

(NOTE: For DFN the exposed pad must be either
unconnected or preferably connected to ground.
The GND pin must be always connected to ground.)

ORDERING INFORMATION

Device Package Shipping’

NCP4304ADR2G SOIC-8 2,500/
(Pb—-Free) Tape & Reel

NCP4304BDR2G SOIC-8 2,500/
(Pb—-Free) | Tape & Reel

NCP4304AMNTWG DFN8 4,000/
(Pb—-Free) Tape & Reel

NCP4304BMNTWG DFN8 4,000/
(Pb-Free) | Tape & Reel

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

Publication Order Number:
NCP4304JP/D
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Figure 1. Typical Application Example — LLC Converter
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NCP

PIN FUNCTION DESCRIPTION

4304A, NCP4304B

Pin No. Pin Name Function Pin Description
1 VCC Supplies the driver Supply terminal of the controller. Accepts up to 30 V continuously.
2 MIN_TOFF Minimum off time adjust Adjust the minimum off time period by connecting resistor to ground.
3 MIN_TON Minimum on time adjust Adjust the minimum on time period by connecting resistor to ground.
4 TRIG/DIS Forced reset input This ultrafast input turns off the SR MOSFET in CCM applications. Activates
sleep mode if pulled up for more than 100 us.
5 CS Current sense of the SR This pin detects if the current flows through the SR MOSFET and/or its body
MOSFET diode. Basic turn off detection threshold is 0 mV. A resistor in series with this
pin can modify the turn off threshold if needed.
6 COMP Compensation inductance | Use as a Kelvin connection to auxiliary compensation inductance. If SR
connection MOSFET package parasitic inductance compensation is not used (like for
SMT MOSFETS), connect this pin directly to GND pin.
7 GND IC ground Ground connection for the SR MOSFET driver and V¢ decoupling capacitor.
Ground connection for minimum ton, toff adjust resistors and trigger input.
GND pin should be wired directly to the SR MOSFET source
terminal/soldering point using Kelvin connection.
8 DRV Gate driver output Driver output for the SR MOSFET.
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Figure 3. Internal Circuit Architecture
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NCP4304A, NCP4304B

MAXIMUM RATINGS

Symbol Rating Value Unit
Vee IC Supply Voltage -0.3t0 30 \
VpRv Driver Output Voltage -0.3t0 17 Y,
Vcs Current Sense Input dc Voltage -4 to 200 \
Vesdyn Current Sense Input Dynamic Voltage (tpy = 200 ns) -10 to 200 \Y,
VTRIG/DIS Trigger Input Voltage -0.3t0 10 \%
VMIN_ToNs VMIN_ToFF | MIN_TON and MIN_TOFF Input Voltage -0.3t0 10 \Y,
ImiN_Tons Imin_ToFF | MIN_TON and MIN_TOFF Current -10to +10 mA
Vcomp Static Voltage Difference between COMP and GND Pins (Internally Clamped) -3to0 10 \%
Vcomp_dyn Dynamic Voltage Difference between COMP and GND Pins (tp, = 200 ns) -10to 10 \Y,
lcomp Current into COMP Pin -5t05 mA
Rgia Thermal Resistance Junction-to-Air, SOIC - A/B Versions 180 °C/W
Roia Thermal Resistance Junction-to-Air, DFN — A/B Versions, 50 mm2 - 1.0 oz. Copper 180 °C/W
Spreader
Rgia Thermal Resistance Junction-to-Air, DFN — A/B Versions, 600 mm?2 - 1.0 oz. Copper 80 °C/W
Spreader
T Imax Maximum Junction Temperature 150 °C
Tsmax Storage Temperature Range —-60 to +150 °C
Timax Lead Temperature (Soldering, 10 s) 300 °C
ESD Capability, Human Body Model except Pin Vcg — Pin 5, HBM ESD Capability on 2 kv
Pin 5 is 650 V per JEDEC Standard JESD22-A114E
ESD Capability, Machine Model per JEDEC Standard JESD22-A115-A 200 \%

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)

BRAEREBADRA LR, THRARIZEA—DEEZLBRUAHYET. ChoDERBEEBAESERE. T/ ROBEMZE

BN, FA—DHRELEY, EEMICEEERIFTREEENSY ET.

1. This device meets

latchup tests defined by JEDEC Standard JESD78.

ELECTRICAL CHARACTERISTICS
(For typical values TJ = 25°C, for min/max values TJ = -40°C to +125°C, VCC =12V, CDRV =0 nF, RMIN_TON = RMIN_TOFF =10 kQ,
VTRIG/DIS =0 V, fcs =100 kHZ, DCCS = 50%, VCS_high =4V, VCS_lOW = -1 V unless otherwise noted)

| Symbol Rating | Pin | Min | Typ | Max | Unit |
SUPPLY SECTION
Vee on Turn-on threshold level (Vcc going up) 1 9.3 9.9 10.5 \Y
Vee off Minimum operating voltage after turn-on (V¢ going down) 1 8.3 8.9 9.5 \
Vee hyste Vcc hysteresis 1 0.6 1.0 14 \
lcc1 A Internal IC consumption (no output load on pin 8, fgy = 500 kHz, 1 - 4.5 6.6 mA
ICC].:B ton_min =500 ns, toff_min =620 ns) - 4.0 6.2
lcc2 A Internal IC consumption (Cpry = 1 nF on pin 8, fsyy = 400 kHz, 1 - 9.0 12 mA
ICCZ:B ton_min =500 ns, tof‘f_min =620 ns) - 6.5 9
lccs A Internal IC consumption (Cpry = 10 nF on pin 8, fgy = 400 kHz, 1 - 57.0 80 mA
lcca B ton_min = 500 ns, toff_min = 620 ns) - 35.0 65
Icc_startup Startup current consumption (Vcc = Vec_on — 0.1V, no switching at 1 - 35 75 uA
CS pin)
lcc_pisable_1 Current consumption during disable mode (No switching at CS pin, 1 - 45 90 uA
VTRIGIDIS =5 V)
lcc_pisable_2 Current consumption during disable mode (CS pin is switching, 1 - 200 330 uA
fsw =500 kHz, Vs high =4 V, Ves jow ==1 V, V1riGDIS =5 V)
DRIVE OUTPUT
t A Output voltage rise-time for A version (Cpry = 10 nF) 8 - 120 - ns
t g Output voltage rise-time for B version (Cpry = 10 nF) 8 - 80 - ns
tF A Output voltage fall-time for A version (Cpry = 10 nF) 8 - 50 - ns
t B Output voltage fall-time for B version (Cpry = 10 nF) 8 - 35 - ns

WWW.onsemi.jp
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NCP4304A, NCP4304B

ELECTRICAL CHARACTERISTICS (continued)
(For typical values T; = 25°C, for min/max values Tj = —40°C to +125°C, Vcc = 12V, Cpry = 0 nF, Rmin_ToN = Rmin_ToFF = 10 KQ,

V1rigiDIs =0V, fcs =100 kHz, DCcs = 50%, VCS_high =4V, VCS_lOW = -1V unless otherwise noted)

| Symbol Rating | Pin | Min | Typ | Max | Unit |
DRIVE OUTPUT
Roh Driver source resistance (Note 1) 8 - 1.8 Q
Rol Driver sink resistance 8 - 1 Q
IDRV_pk(source) Output source peak current 8 - 2.5 - A
IDRV_pk(sink) Output sink peak current 8 - 5 - A
VDRV(min_A) Minimum drive output voltage for A version (Vcc = Ve off + 200 mV) 8 8.3 - - \%
VDRV(min_B) Minimum drive output voltage for B version (Vcc = Ve _off + 200 mV) 8 4.5 - - \%
VDRV(CLMP_A) Driver clamp voltage for A version (12 < V¢ < 28, Cpry = 1 nF) 8 10 12 14.3 \
VDRV(CLMP_B) Driver clamp voltage for B version (12 < V¢ <28, Cpry = 1 nF) 8 5 6 8 \%
CS INPUT
tpd_on The total propagation delay from CS input to DRV output turn on 5,8 - 60 20 ns
(Vcs goes down from 4 V to -1V, t; ¢s = 5 ns, COMP pin connected
to GND)
tpd_off The total propagation delay from CS input to DRV output turn off 5,8 - 40 55 ns
(Vcs goes up from -1V to 4V, t; cs =5 ns, COMP pin connected to
GND), (Note 1)
Ishift_cs Current sense input current source (Vcg =0 V) 5 95 100 105 uA
Vih ¢s_on Current sense pin turn-on input threshold voltage 58 -120 -85 -50 mVv
Vinh_cs_off Current sense pin turn-off threshold voltage, COMP pin connected to 5,8 -1 - 0 mV
GND (Note 1)
Geomp Compensation inverter gain 5,6,8 -1 -
Ics_Leakage Current Sense input leakage current, Vcg = 200 V 5 - - 1 uA
TRIGGER/DISABLE INPUT
trRIG/DIS_pw_min | Minimum trigger pulse width (Note 1) 4 30 - - ns
VTRIG/DIS Trigger input threshold voltage (VtriG/DIs 90€S up) 4 15 - 2.5 \
tp TRIG/DIS Propagation delay from trigger input to the DRV output 4 - 13 30 ns
(VTriG/DIs goes up from 0 to 5 V, t; trig/pis = 5 ns)
tTRIG/DIS_light_load | Light load turn off filter duration 4 70 100 130 us
tTRIG/DIS light_ IC operation recovery time when leaving light load disable mode 4 - - 10 us
load_rec. (VTrIG/DIS g0es down from 5to 0 V, t Trig/DIS = 5 NS)
tTRIG/DIS_blank Blanking time of trigger during DRV rising edge (Vcs < Vih_cs_on 4 - 120 - ns
single pulse on trigger trrig/pis_pw = 50 Ns)
ITRIG/IDIS Trigger input pull down current (V1ric/pis =5 V) 4 - 10 - uA
ton_min AND toff min ADJUST
ton_min Minimum ty, period (Ryin_ton = 0 ) 3 - 130 - ns
toff_min Minimum tog period (Rmin_torr = 0 Q) 2 560 600 690 ns
ton_min Minimum ton period (Rmin_ton = 10 k<) 3 0.9 1.0 11 us
toff_min Minimum tos period (Rmin_torr = 10 K€2) 2 0.9 1.0 11 us
ton_min Minimum ton period (Ryin_ton = 50 kQ) 3 - 4.8 - us
toff_min Minimum tog period (Rmin_Torr = 50 K€2) 2 - 4.8 - us
ton_min Minimum ton period (Rmin_ton = 100 kQ) (Note 2) 3 8.64 9.6 10.56 us
toff min Minimum tog period (Rmin Torr = 100 kQ2) (Note 2) 2 8.55 9.5 10.45 us

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)

BENS A=, FRIGEBAERY

RICE, BRMFETRLTLAHEEEONEVEENHYET,
1. Guaranteed by design.
2. Guaranteed by design and verified by characterization, see Figure 4. ton_min ON Rmin_ToN dependency.
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ton_min (NS)

NCP4304A, NCP4304B

TYPICAL CHARACTERISTICS
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Figure 4. ton min ON Rmin Ton Dependency
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VCC =12V and CDRV =1nF VCC =12V and CDRV =10 nF
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Figure 11. Driver High Level — B Version,
VCC =12V and CDRV =1nF
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Figure 13. Minimal Driver High Level — A Version,
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Figure 15. Driver Clamp Level - A Version,
VCC =28V and CDRV =1nF
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Figure 12. Driver High Level — B Version,
VCC =12V and CDRV =10 nF
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Figure 14. Minimal Driver High Level — B Version,
VCC_Of‘f +0.2Vand CDRV =0nF
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Figure 16. Driver Clamp Level - A Version,
VCC =28V and CDRV =10 nF
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NCP4304A, NCP4304B
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tTRIG/DIS_light_load (1S) Vrricois (V)
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NCP4304A, NCP4304B
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NCP4304A, NCP4304B

999.0 994.5
998.5
994.0
998.0
997.=\ 993.5
£ 9970 £ 993.0
< 996.5 <
N £
| |
' 096.0 N 3 992.5
995.5 / 992.0
995.0 \
0045 A 991.5
994.0 991.0
-40 -25 -10 5 20 35 50 65 80 95 110 125

Figure 29. Minimum On Time @ Ryn_ton = 10 kQ
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Figure 34. Internal IC Consumption
(A Version, No Load on Pin 8, fgy = 500 kHz,
ton min = 500 ns, toff min = 620 ns)
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Figure 42. Waveforms from SR System Using MOSFET in TO-220 Package Without Parasitic Inductance
Compensation — SR MOSFET Channel Conduction Time is Reduced
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Figure 43. Package Parasitic Inductances Compensation Principle
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Figure 44. Waveforms SR System Using MOSFET in TO-220 Package with Parasitic Inductance Compensation —
SR MOSFET Channel Conduction Time is Optimized
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Figure 45. Recommended Layout When Parasitic
Inductance Compensation is Used
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Figure 47. Trigger Input Internal Circuitry
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Figure 48. DRV Turn ON Events

DRVIMEHEZFRE L72%. SRMOSFETD ¥ — 74
CVEMEOMICEE L RWEEIN AT S Z L A
WET D 72012, 120 nsiZ 7= > TTRIG/DIS A J) 1£1H
EENnET, ZOWHEHREH DALYy a3V R
HEIEQRV)EMAEDE S E, SRMOSFETD X — A
Vo 7 ADOFEITHIZTRIGIDISA I VL T3 AT

Vbs

HEEEMEOHD Y X T AL T B NI T D
Z L EBIETE £4, TRIG/IDIS « ¥ THRAT L5
N=— KL« UL RS 5 DRV DR % Figure 49
WRLET, Z0HEW L ZITX»> T, DRVIZ
120 nsicbiz > CHE—vFr LET,

Vth_cs_oﬁ --r---""-"--"-"-"r-"z--""~"""-=---

Vth_cs_on -

TRIG/DIS

Disable of Trigger

DRV

1
|
I
I
I
I
1
I
I
Min_ON_Time I
|
I
I
I
I
1

to t

120 ns

2 3

Figure 49. Trigger Needle Pulse and Trigger Blank Sequence

WWW.onsemi.jp


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

NCP4304A, NCP4304B

DRVD & — A B VEFRIZ & U TV E W A 5% E
925 Z L OFEIX, Figure 50205 L T9, DRV
FEOSNEH ERY v P12k - T, TRIG/IDISA I
BIOANA 7 BB ETHREEENRH Y £9, T
LDANRAL TN, BEEROEMERN) A - aY s

Vbs

CHAGDEIND Z EICX D, RiEY) 72 FEYIZSR M
OSFETD X — > T 7RI ETHENNHY £3, b
U OWEESMEFRET D L 2ok ) R olm
WL B E T,

Vth_cs_off -

Vth_cs_on -

|
TRIG/DIS I

Disable of Trigger

Min_ON_Time

|

|

[

DRV I
|

10 |

120 ns

2 3

t4

t5 t6

Figure 50. Trigger Blanking Masked-out Noise in Trigger Signal During Switch-ON Event

Figure 5112, KT A DX — 2 F 7EEDOZEM %
~LET., CS(Vps) 75§Vth_cs_0ff@}< Ly ia /b REL
Tz EE D881, TRIGIDISE S DN H ERY =
NS T RIANZH— A7 LET, TRIG/
DISIE. /AR OBIMIZS RT A NEZ—
47 ¢ & 9 (Figure 5101235 K O34~ — ),

Figure 5212, K7 A4 30D H1oD X — 4 7 EhifE
DO ERLET, K74 NECS (Vps)fE It fE -
T, A VEERRRR L TR, X—r AT
LET{2~v—H), ZOEFENFEEL TWDHMIC,
TRIG/IDIS[E 5 &“L"ICT AL ENRH Y £3, TRIG/
DISE' U R“L"Th 2T, F/hA R L 2 HIfH
T 9 B HEIZCS (Vps) EIE D3Vih ¢s off DA Ly ¥
2V FIZE LT GG 1T, /A IR R O BRI T IRe
WZHETAHLHE TNV =y P TDRYINB A — 47 L
% 9 (Figure 520Dt4F5 L U6~ — 77),

Figure 5312, kU #H « B U A fksilc L o 7L &
72 L7284 ONCP4A304A/B = > b it — T DIMEREZR
RLUET, Z ORI TIL.CS (Vps)IE 5 2%t > TDRV
W=V BIOZ— 47 LET, RTA40
B—rFT7FTHT LN TELDIE, J/hA U REE O
B 5kt L 72 D A T9, CS (Vps) A Vih cs_on?
AL wyva/RIZELEEXIZ, RIANRNRBE—
Ao UET(t1~t2, t5~t633 L UM9~t100D &~ — 7 i),
CS (VDS)'{%%ZﬁVth_cs_oﬁ@x Ly va /L RIZELE

& XIZDRVA Y — > 47 LEJ(td~—h), F/hAtv
R[5 0> T[] A3 %38 3 2 RiTIZCS (Vps) 23 Vin_cs_off (& 2
L7=3%81%, DRVD A HERIE. fe/hA i o H
M TIRRICRAET AL PRV oy VETEE SN
FI(t7~18, tl1~t1200 %~ —H [H),

Figure 54i2, AU —=7 « &— RIZ A DRI ERL
%9, TRIG/DISAY100 usbh LD E Sichbizo>TF v
7w ENT- AT, NCP4304A/BIIRINE B /)&
— RIZAYEF, AV—7+ F— KIZAB[E. DRV
IXLEEI)IIC E EE D F9,

Figure 5512, AU —7 « £— R~OBITIZET 52
FHORMEZRLET, 2F 0, MU HOHEWFF
\Z.TRIG/DISONL S B Y = ONFEAETHHEET
R

Figure 56/12, AU —7 « — NIZADIRM &
DA TT T =l A ERLET,

Figure 57 & Figure 5812, U =A 7 7 v 7 ORI %
FEMICR LE9, NCP4304ABAR A Y —F « £— R
W2 % L X2, TRIGIDISH“LIC A AV Z 7 v ST
A1, NCP4304A/BIT 3T NS A # % 18 & O
BhVERBEIZ BRI T 5 & CIlTi K10 usO WM 2 3 &
LET, £DO#%. CS(Vps)lEw DX DYA 7 LTD
FRTANRNPENNIIRDET, VoA 7T v 7 HERH
OHM T, DRVIZL™ICE &£V £,

WWW.onsemi.jp

19


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

NCP4304A, NCP4304B

Vbs
Vth_cs_off -1--"{"-"-"-~"-~"-~"=1{1-"-~"-~"-~"°-~""-""79°"~"°~"°-~""-"=>-"y-~"~"~"°=~""=/"""r--,~~"=-°=--° -
Vih_cs_on - "'_"(L """" - Fr-1r1T--"-"-"-"-- 'j' """ - -
I
| |
TRIG/DIS 'I :Tx M
| IR K
[ i I —
Min_ON_Time | | | | | |
| ! I . I !
| II | II | II
DRV |L« |L« —+L
I I I
t0 t1 t2 t3
Figure 51. Driver Turn-OFF Events Based on the TRIG/DIS Input
Vps
Vth_CS_Off____ _________ T2 1T~ " 1""~"~""~""-=-- --l--------
Vth_cs_on"" --------- ___]___ _______ -_-I_---_-__
. | | I |
TRIG/DIS \ I | I |
\ [ ] I !
I —Iq I
Min_ON_Time ' | | \/
! | b | b
7 T 1 T 0
| ) | | |
DRV Ly I 2 I \Z
[ [ 1 [
t0 2 t3 t4 t5 16

Figure 52. Driver OFF Sequence Chart 2
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Vbs
| |
Vihesof =1~~~ 1r1""""""-- "'J"" """" "l"""'
Viheson- 1~~~ - """~ "l"" """" "l"""'
\
| \ | |
IR I I
TRIGIDIS I I I
I — T IBE
| | | | |
Min_ON_Time I | | 1R A Il 1y.
4 — N B Y | T B
[ (- [op [
[T ’ | ! | !
S I I | Y | Y
| |
1 I [ Tl
0 tlt2 13 t4 56 (7 8 9t
10 12
Figure 53. TRIG/DIS is LOW Sequence Chart
Vps
Vth_cs_off 177" - -
Vih_cson =1 - -
|
TRIG/DIS |
i <
|| .
Min_ON_Time I | R
! i \
. T X
Power Consumption [ // Y
H
I // 100 s I
DRV r // 'I
I I
t©2 t

t0 tl

Figure 54. TRIG/DIS from LOW to HIGH Sequence 1
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Vthfcsfoff - T
Vth_cs_on - T

Vbs

TRIG/DIS

Min_ON_Time

Power Consumption

DRV

NCP4304A, NCP4304B

120 ns / / 100 us

0 tlt2 //

Figure 55. TRIG/DIS from LOW to HIGH Sequence 2

Vbs
I I
“ 100 | B
TRIG/DIS us |
| i
Power | 10 us |
: je—
Consumption | Sleep Mode
| T
T T
| I
DRV I |
I ||
/ I [
t2 3 t4

Figure 56. Sleep Mode Sequence

WWW.onsemi.jp
22


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

NCP4304A, NCP4304B

Vbps
Vth_cs_off - 1--=--=-=-==-99---- | - -I -fr--"-----"-"r-----"--"r--"=--=-=-"-"{14°-"=—- - - - -1
Vthfcsfon -1---=-=-=-=-=--4---- I- -I -fF--"-"-"----F- | ---- :I -Fr------- - [ ---- | --
T 1
I | | |
TRIG/DIS I | | Al A
I I I I
e | |
Power Sleep Mode Wake U . — . I
Consumption | .~ [ 1 | | [ |
] | | | | | | | |
1 1 1 | | 1 1 | 1
I Driver I I I I I
DRV | tow || | I \ I v
I | DI I I
| T | |
t0 t1 2 3 t4 t5 6 t7 8 t9
Figure 57. Waking-up Sequence
Vps
Vi es off = - --1--------1---------}--"-"-"-"-"-"-"}-"-"""""""f--"2-----
Vth_cs_on -{---1--------494---------f---"-----fFp-------- -fF1-----
[ [
I
TRIGDIS | Sleep I
Mode |
[
I I I .
DRV | | |
| | |
t0 | T | | t4 t5
= I
2
L Waking-up Time J Waked Up _
< > -
t1 t3

Figure 58. Wake-up Time Sequence
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Figure 59(Z, Vps (CS)I%%@W‘% JNVNTHU A
fEED/ L AN2EFBA LTS DICDZEE) 2R L
F 9, Vpsk F75>Vth s onPA L a REEUT
2O T, TRIGIDISIZE Y . NI A LI THZ)

12720 . DRVIZZ — A LET, BZ02T, hY
HEENIRIN T, DRV B TAY £4, At

2CHR/AINF T Y =X L— 2B N TS ET,
REZIt3 TTRIG/DISIZ L IZ FRE L £ 948, /A~
BE D o — 47 v ADMkE L T D DT, DRVHE I
L"icE EFE 0 3, B CTR/NA 7R v — 7 v
AR L7 8T, DRVIZZ — v A LET, B

b7
t5ChUFEZIEISLH ERNY, CSIEEDZ DY A7
JTREZS TR T LE T, IRDH A 7 LITREZI6 T
Bt S Ed, MU HICE > TDRVIZAZNZAR Y,
VpstEVih ¢s on® A L v a v RELTF 720 T, DRVIZ
Rt T X — > A > LEd, HZt7 CTRIG/DISIE &
WA - LeULETArh BN D . FofEE, DRVIE
H—rF 7L, ZHZE > T/ AT7HE Y =2 L
— XN INE T, A 7RI OARIE. Vps
DOV AT NVETETOERYIFRH LY EWVWD T, DRV
XTI 72 0 F 9,

Vbs
Vihesof " T~ " Jpmmeg - e e o - T
Vthfcsﬁon' - - -T - -t - __l ___________ I ________ I
I I I I [
I|
TRIG/DIS a
| 1 1
, , (I I I
Min_ON_Time | ' | |
I — i
| ‘il

I
Min_OFF_Time I
I

DRV

I
t0 t1 t2 4 5

—

a—~4——FrH—rF4——
Vs

-

t6 t7

Figure 59. IC Behavior when Multiple Trigger Pulses Appear on TRIG/DIS Input

TRIG/IDISA I EEIEATITH Y . FEFEITIEORE

WEENSNVATHoTHMNTAH I EICEELTL
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c RRZEERE L, ZOANBNEIR Y v 712k 5T
BNl oTWHEEFZ V=072 M) HEE 44
BT 500N KETT,

NCP4304A/B K7 A & fiH L72CCM~7 T A R v
7o ar =2 DOREWNLRT TV r— g EEEK
ZFigure 60l R LEd, 27 SV Fr—va v
TiE, 7943y 7 «avyba—7 « RTA40OH
e N T ESEEERGL, 2NV A - RT R
TR2ZfEH L C2WMANZE(E LEJ, TRIG/DISAT)
Ty DICRETDHOT, LIRAI KT A3« /LA
BERE2RMANCEET IS EETL Y A, Ty T
Vo7 «ary7r%Chix, »WVRA - hT U RADaT
Uty 95720, B IEUNCP4304A/BOTRIG/
DISAJIZ=— R/ « 7L A (E 23100 nsA i D 73V
m%%@#%ﬁﬁ%ﬁétmmﬁﬁbiﬁo:—
Ve MU - NAVREFERT L2 L OF|RIZ, v
X c NTUATHERINDE F&H%%F"ﬁ(‘?ﬁ/)@ﬁaﬁl#

WIS, ZORER, REFEDIEF T/DLNDL
ﬁ&@ Rl AFHCcE s TY, HlzIE, Y

Hoe T E, BESMMO/NYE oA ZL s T >
TA K- a7 TERTEET, LRME2RM[ORMT
+oy i AV E R OMufR T W O&FRICKR LT =
Eiftkx SNTEREEHT 5 2 L TR ICRIETE
3
RN 3 HMOSFETD 7 — MNEEDILH BN D =
vIiE, P U URFQLEQ2B X UEIEFITL -
TR SN DBERIC LV BIESNET, FOh
B IRMOMOSFETIZ O 072 BIETH — o %
YU, 2oy ha—Z X IR DO AL v T T
WZHATT 5 U HEBICL Y, SRMOSFET% % —
F7 LET, ZOFIET, EiEL L SR MOSFETD
RLAVEEDANAL 7 2L L, hFExmbEsd
HRERNBI-H SN ET,
Fiz LR E2M O T2t % & o Dtz o
%ELTLm@ﬂ/T/%%ﬁmbﬂwaﬁ#A
EEALTNIAESEZEETHZ EHAHREICARY
9, 727701, l/kIE'JEZVJF(IE'J@%@%QEEE%I}Mﬁ
F)ﬁhﬁugmb T ORER, VAT AR
WA RIT T R[REME N H 2 DT, Z OFEEITHE
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Vbulk

+Vout

I
I
| +—0
Delay Generator I +I—LI
ve i______._____‘_i * .| _IMZ c7
FLYBACK + D4 |
ND
CONTROL | ) | - | TI T GO
CIRCUITRY |pRy ! Q I {7
1 — C6
x R3 |z =] t——
FB |CS | ! —4 -
R4 R9 Hvece DRV [1—
| | ¢ \\N\-MIN_TOFF GND [-¢
| D2 | R6 LAAAAMN TON comeH 7\ D5
| A | R7 R10 [TRIGDIS  CS
L N . OK1 LAAA —|
AN
IR
L
©> TR2 Y 1

A ;i% R11

Figure 60. Typical Application Schematic when NCP4304A/B is Used in CCM Flyback Converter

ton_minttoﬁ‘_mina)a%]g

NCP4304A/BTlE, f/hA T EEE O & f/hA TDOCSANITORR NI HZERECE 9, PRI,
Z IO NHERGECTH Y . BEIRN TORIHEE WERDH A 27 arF e GNDE S
MY AT LAOFRENRGTT, ZhHDX A~k DO ERPTIC ISV TnET, X HREICEfE T
D, MOSFETN ¥ — > A v Fimixx—r A7 L X5 L 91Z, Figure6lz= &ML T &V,

! Vdd
/l/ To Internal Logic
L':: r ::—'J VREeF —I_I—
— T —
t .
= . h on_min
e .| > g
|
P4
|
L Discharge
Ct Switch
MIN_TON A & IRMIN_TON 1

% RmIN_TON L|J ' 'J_|__L

Figure 61. Internal Circuitry of ton_min Generator (toff min Generator Works in the Same Way)

FHEEIRMIN TONZ i D BT, RO & 9 15 VREF
BTEET, C—c,- VRer _¢,- VRer
on_min
| VRer 0.4 - lRmiN_TON Ruin_Ton (eq. 5)
RMIN.TON = 5 €q.
PO A F;TIN_TON%S* A L i ~ St o
2147p) T arT oY (CYDOFEEICE UEL . - .
75”%% <A DT, Yk@ﬁ%{%(ﬁé)bf‘%ﬁ%;\?ﬁfﬁ}; Equation 57> LR TE 5 KL 912, FhA R &
M ORI 2 FH R T 5 /A 7 RENEVRER L L°VCC L~ L) BARSE L
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TWET, %fﬁhMm_TON’L&IE?%{i)ﬂj‘é%/ﬁ\ R
AT oY A ANRRKREL VBT HDOT, NH
BRI 7L TZOEREZES LET, K62B LW

6

5

ton_min (us)

v

d

10

20 30
Rmin_Ton (k)

Figure 62. MIN_TON Adjust Characteristic

40 50 60

B/ on = E Mol ZBAFR 3D AT B GNDIZ AL#E S 4
2 ENREATAELCLAREEDO H A REEFHIET 5
72Uz, Hxkt e/ Mon D FEGEIRFRTIX PN R T130 nsiZ 7
T T EI, e/ Mo D R RER] 1600 nsic 7 T >
SNFET,

—HOT IV r—3 g TR, BANAE R & &
INA T OB EME T X 7T 4 TICRET D

toff_min (1S)

63D EE N FeD A W & e/ A 7 B o
TR TR ERET D ENRHRET,

N

10 20 30

Rmin_Torr (K)
Figure 63. MIN_TOFF Adjust Characteristic

40 50 60

HERAULAHZ ENH Y F9, NCP4304A/B T,
SMTIINPN k7 > P2 & a2l L CE S8 % 2855
THZENTEET, Figure 642 2L TL 2 &
W, ERESIX, AMERELIZ7 4 — KXy o .
LX 2 L—FEENPOENTLZENTEET,

vdd

lﬂ_

To Internal Logic

B -

JH_|

1
1

VREF
_>:_:<_
I h ton_min
P4
Sl - > >
2|
z
- L Discharge
Modulation Current ~ MIN_TON J; | Ct Switch
< ~ - RMIN_TON 1
LI
RmIN_TON

ton_min Modulation
Voltage Input

TGND

@

Figure 64. Possible Connection for tyn min and toff min Modulation
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) 1 JE s B B 23 FE I SWVLLC Y U A — 3 g
VT, BB L SN DR KEMERE A EKRT ST
DI, /A B & N A 7 B O IR & FE I
B THHENECET, —FH, LLCa /N —4 R
BRI CEME L TWAAIE. &/ A 7 I o
BIRENTE2Z2L8H0FET, BT A UEBEE

BWE T O GE T CEMET HLLC THRAT 2 alRetk
DOHAHMEETTRT B0, KA H SR
MOSFET®D K L o > & #4895 K HIRpraiN. &
RpramneZEH LT, /A 7R oM LM % T
ET52LMWT&xd, Figue6s2 ML T2 &
A

1

+Vbulk

VY

RMIN_TOFF

S wv\\ena

Rmin_TON []

— C2

RpRraiNL l

vCcC DRV
MIN_TOFF GND
MIN_TON COMP
TRIG/DIS Cs

@

i

LLC
STAGE .

CONTROL

3
T Lcomp1
,_fYYY\_o_l

l (]
ClI

N3

Lcomp2
RN f
‘Mal

C4

<H—F—

C3

Trig from Primary
(Option for LLC)

Rprainz
AAA% L

RMIN_TOFF

BAAAS
VW

vce DRV
MIN_TOFF GND
MIN_TON COMP

TRIG/DIS Cs

7 N D1

Rmin_ToN

OK1

ARy

v

Note: Lcompi, 2 are optional for MOSFETs with leads.

Figure 65. Possible Connection for tyfs min Prolongation in LLC Application with
Wide Operating Frequency Range
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8000 T T

7000 VDS:OV VGSZOV
é 6000 ISS\
8 5000
g ==a\\\\
£ 2000
% ‘ \ \ Ciss
S 3000
O 2000 \
. N Lo

1000 ~ —

0 Crss
10 0 10 20 30 40
VGs,| Vbs

Gate-to-Source or Drain-to-Source Voltage (V)

Ciss = Cgs + Cqgd
Crss = Cyd
Coss = Cds + Cyq

Figure 66. Typical MOSFET Capacitance Dependency on Vpg and Vgg Voltage

L7=M»> T, ZVSE— K THEIfEL TVWHMOSFET
DANEEL, 7F— -V —AMKFRLETF—F-FL
A VR EOWIFEETROLNET(DEY, BFE
D — b= — REEITK L CCiss PEE), i TA
FTEDHITEALEDMOSFETD &4 — FEANT
Qg_totaﬂi\ N—=R e A v F T HFEHRELTE
ZINTWET, SRV AT L TEIENE L 4 EMEIZ G
B4 2100%. ZVSY AT MR OEEICnT 5
MOSFET?D 7' — MNEM A2 HET D HERH Y £,
WS DD A—=TEIZ DT A—H%Qq zys& LT
EHRLTWET, BERRL, FEAEDT—H2 Y
— TR ZIOT—ZBNBHEINTWERHA, Ciss
(F7213Qqg zvs)/ X7 A —4 BDATFTE WG AE,
WETLHHLENRSH Y 9, (Figure 6612777 L 5 12)
ANBEDBIE TRV L, BXORED Y — &
JE7 T o7« LoV Zxt L TR LT 2 0308 H 5
ZLICEBELTLLIEE N,

ATy T2 -F— rEBEEXDHE :

7— NERENR L, = s RIA N T
BIEORBEZZTET, Y'— b RIA R
TEEORIIL, HEHT HMOSFETO X A F (AL v
Va/l REELEF v XABHIO L6 52 EHT 57))
Lo TRV EST, F'— b RKTAN T F 0T
WEABRIRT 2 & X2, GFFEIEAEREHEL &8
WIRK)EEETHLENDY £F, SRVAT L%
R LT HBAEOMOSFETDIE L A ElE. 5VDVgs
%ET@%VEH#QZ/J\éI/\RDS(on)id.}i%ﬁ‘Z LTD\}:)
DT, RIANRDOBNR—=Y a V2 HHAT50O0E
T9, 722 L, mHICIHERE LTERWS — b=V
— AEEZLEE T HRKE7ZRMOSFET 7 /L — 7'
FELTWET, ZOEEIE. A=Y a V&
THMLENRSH Y F7,

BRI — b« RIAN 7TV TERIEL
MOSFETO A FEEZMM LT, SatBREHk 2t
HTxEd,

il

PDRV_totaI = VCC ’ Vclamp ’ Cg_ZVS 'fSW (eq. 6)
ZZ 7T,
Vce 1T EIRE L
Vdamp lj: ]\\3/]) /\\@? ? :/70’%5}}
Cq zvs 37— h=Y — AR E T,
MOSFET3ZVSE— RiZdH 5 Z & 3 Fiite
fow TE =y~ TV = a DAL
v F TR
ARBIEEAIL, ICNOBTIER, AT

F— MEHLO X 9 AT T IEBIEH LTV B EA)
. MOSFETO N 7 — MEFITHHE SN ET
(Figure 67% 2 ), NCP4304A/BIX” 7 v 7 Sil= R
FTAREBBRHALTNDDOT, AP A RS, %
BT & BAEEREZFFOBE DO KT AN« A4 v
FLELTETMET D ENTEET, v—HPAF
s RIAR e 24 v TFOEPLUL, ¥—F 7RI
EHICHADT 52 L3V, FET AICITEMm
1£(Rdrv_|ow_eq)%{i)ﬂj‘é‘/[Z\gfﬁ% D iﬁ‘o Z @ji‘(f\‘
W&V EBNBEOFREZHIET D &R 20T
AFURTHEZR Il 2 32 hk C = £ 97, & D 1% Equation 7%
FEHL TN R4 "oMEEHEHETEET,

WWW.onsemi.jp

28


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

NCP4304A, NCP4304B

vCcC q') Vee
LI

+

Ry ext SR MOSFET

Vee - Vclamp
:‘_—L‘Rdrv_high_eq. DRV
T ]
l L1
Rdrv_low_eq.
-t GND

Figure 67. Equivalent Schematic of Gate Drive Circuitry
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Figure 68. IC Power Consumption as a Function of Frequency for
Cprv = 0 nF, Ryin_Ton = Rmin_TorrF = 5 kQ
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Figure 69. IC Power Consumption as a Function of Frequency for
Cprv = 1 nF, Ryin_Ton = Rmin_TorrF = 5 kQ
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Figure 70. IC Power Consumption as a Function of Frequency for
Cprv = 10 nF, Rpmin_Ton = Rmin_ToFF = 5 kQ
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= Specific Device Code
= Assembly Location

= Wafer Lot

= Year

= Work Week

. = Pb-Free Package

(Note: Microdot may be in either location)
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SOLDERING FOOTPRINT*
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OUTLINE
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DIMENSIONS: MILLIMETERS

*This information is generic. Please refer to
device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “ =”,
may or may not be present.

*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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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 @

-Y- 1 _|:|_|§_I_
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—C N x45°~>‘
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HI—“«— O 0.10 (0.004) rM \,/Jf

D J

Ea

»ZER-(T|DOO|L(>

| 025 0010® [ 2] YO| X®]

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

DOCUMENT NUMBER:
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