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Highly Integrated
Dual-Mode Active Clamp
PWM Controller

NCP1566

The NCP1566 is a highly integrated dual-mode active—clamp PWM
controller targeting next—generation high—density, high—performance
and small to medium power level isolated dc—dc converters for use in
telecom and datacom industries. It can be configured in either voltage
mode control with input voltage feed—forward or peak current mode
control. Peak current mode control may be implemented with input
voltage feedforward as well. Adjustable adaptive overlap time
optimizes system efficiency based on input voltage and load
conditions.

This controller integrates all the necessary control and protection
functions to implement an isolated active clamp forward or
asymmetric half-bridge converter. It integrates a high—voltage startup
bias regulator. The NCP1566 has a line undervoltage detector,
cycle-by-cycle current limiting, line voltage dependent maximum
duty ratio limit, over voltage protection, and programmable
overtemperature protection using an external thermistor. It also
includes a dual-function FLT/SD pin used for communicating the
presence of a fault but also for shutting down the controller. A
dedicated dual-function synchronization pin eases operations when
associating bricks together.

General Features

® Support Voltage Mode Control and Peak Current Mode Control
® Line Feedforward

® Adaptive Overlap time Control for Improved Efficiency

® Integrated 120-V High Voltage Startup Circuit with Self-Supply
Operation

Line Undervoltage Lockout (UVLO) with Adjustable Hysteresis
Cycle by Cycle Peak Current Limiting

Adjustable Over Power Protection

Overcurrent Protection Based on Average Current

Short Circuit Protection

Programmable Maximum Duty Ratio Clamp

Programmable Soft—Start

External Over—temperature Protection Using a Thermistance
Over Voltage Protection through a dedicated pin

FLT/SD pin Used for Fault reporting and Shutdown Input
Programmable Oscillator with a 1 MHz Maximum Frequency and
Synchronization Capability

5 V/2% Voltage Reference

Main Switch Drive Capability of -2 A /3 A

Active Clamp Switch Drive Capability of -2A /1 A

V¢ Range: from 6.5 Vto 20 V

This is a Pb and Halogen Free Device
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SCALE 2:1

QFN24, 4 x 4, 0.5P
MTNTXG SUFFIX
CASE 485CW

MARKING DIAGRAM

1566
ALYW=

A = Assembly Location
L = Wafer Lot

Y = Year

w = Work Week

= Pb-Free Package

(Note: Microdot may be in either location)

PIN CONNECTIONS

QFN24 (Top View)
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ORDERING INFORMATION

See detailed ordering and shipping information on page 36 of
this data sheet.

Publication Order Number:
NCP1566/D
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Typical Applications

e High-Efficiency Isolated Dc-Dc Converters
® Server Power Supplies

NCP1566

® 24V and 48 V Telecom Systems
® 42 V Automotive Applications
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Figure 1. Typical Application Circuit in Voltage Mode Control
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Figure 2. Typical Application Circuit in Current Mode Control

www.onsemi.com
3



http://www.onsemi.com/

NCP1566

a1
oTP

Delay —VREFNOK
tREF(delay) ¥ . Vin
Enable VCC 2 Istart :
REFA Comparator Iy, 1vee
UVLO : Venable =+ Delay o UVLO Management CClon/off1) ¢ L_I'l
] ; - tenable(delay) -V,
| 5 N CC(off2) Internal > VDD |
I % E VuvLO < Reference : -
| = -
, = oppe R Y—VCCMIN) Clock <« Oscillator —‘g
! Standby |
: Powerup —I q_ = Comparator —VCC(reset) t |
I SWuvio p Delay Reset - IDLMT
= — Duty Ratio
! VSTB:" tSTBY(delay) l % i DMAX 1" ontrol [T
< b=
2| 2
: Thermal 5 ] %
oV Shutdown > | a
| Delay
lTSD l oTpP
! v ovP tOTP(delay)
! ovp
| . | VREFNOK
S lj Clock synchroniza on Centra No_Last_Drive_Pulse SSNOK
ync . Short Circuit
: Logic Latched
|
I L. D Pul g E;]
| ast_Drive_Pulse =
VSCLAMP ! Enabled Z vCC :
[;‘ Q@ - OUTA
W Volt-Second PWM Latch +
| VSCLAMP Clamp Clock—»{S Q [
! |— OUTM Comparator DRVRST. Dominant | |Adaptive
| VSLIMIT Reset Delay IPGND
1L Latch VCC
| = 1.35V _| | Control |
R o L {OUTM
I —||||—|+
1 VDD
! é Vss(disabl : ™0 B |
I isable
SRS + Delay |
|J_|-| . ‘D' tss(delay) > SSNOK No_Last_Drive_Pulse 1
ocp
| OTP :
| uvLO ,
: TsD Delay 1
: i“ Enabled _F: VREENOK Fault Latch M tLatch(delay) []
1L = 595“‘” Latched «{Q S :
& CCNOK Dominant C I'{H |
SSMAX Reset Comparator
: Vin(disable) PWM Latch oﬁ P = :
RAMP [:] 1;|3||5V Comparator —Q R |~ Master Reset %(T:B :
o ¥
| N UVLO TsD I
comp | . ResetDM — SSNOK
DD OUTM aster Reset  yREFNOK
F I—OUTM Standby Latched I
! Restart |
! =) VCCNOK "
I — & g !
I Voo Restart Counter 2 z :
I 68& UVvVLO and Control Logic W I RES
I OUTM =3 Sync Sense — :J_'|
| — — Cycle by Cycle
; = = Master Reset —» Reset I
cs Comparator g IRES(SNK)
LEB ocp Restart < Status s ¢
[:]T YLIM(LEB) + ] A % 3 =
I SWcs Bz A Start a8 3 Restart| =
CSINFO ViLim = Restart
b vimave) g -
g = g Comparator
= Average CSAVG) = — Y g
Current + Short Circuit £ 5
r 2a
2]

o) Emulation oCP % R Counter
< eset
§| Comparator DRVRST Voo
LEB Count |
YLIMSC(LEB) Count ﬂ

SCP Comparator |t
LEB VILIM(SQ) Short Circuit SWhes ! :%

Comparator

Figure 3. Functional Block Diagram
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Table 1. DETAILED PIN DESCRIPTION

NCP1566

Pin Number

Name

Function

1

RAMP

PWM modulator ramp. In voltage mode an external R-C circuit from Vi, sets the PWM
Ramp slope to implement feedforward. In current mode control, the resistor of the
external R-C circuit connects to REF for ramp compensation

SS

Soft-start control. A 20 pA current source charges the external capacitor connected to
this pin. Duty ratio is limited during startup by comparing the voltage on this pin to a
level-shifted VSCLAMP signal. Under steady state conditions, the SS voltage is
approximately 4.5 V. Once a fault is detected the SS capacitor is discharged and the
controller is disabled

DLMT

Maximum duty ratio limit. A resistor between this pin and AGND sets the maximum duty
ratio of the controller

DT

Dead time control. An external resistor between this pin and AGND sets the overlap
time delay between OUTM and OUTA

RT

Oscillator frequency setting pin. The total external resistance connected between the
RT and AGND pins sets the internal oscillator frequency

AGND

Analog circuit ground reference. All control and timing components that connect to
AGND should have the shortest loop possible to this pin to improve noise immunity. It
should be tied to PGND at the return of the power stage

COMP

Input to the pulse width modulator. An external optocoupler connected between the REF
and COMP pin sources current into an internal current mirror. The maximum duty ratio
is achieved when no current is sourced by the optocoupler. The duty cycle reduces to
zero once the source current exceeds 850 pnA. The internal current mirror improves the
frequency response by reducing the ac voltage across the optocoupler transistor

RES

Restart time control. A capacitor between this pin and AGND set the shutdown delay
and hiccup mode restart delay time. If a restart fault is detected, a pull-up current
source, Ires(src1), typically 20 pA is enabled. If the RES pin voltage, VRes, exceeds
the restart threshold, Vres(th), typically 1V, the controller enters restart mode.
Ires(sre1) is disabled once in restart mode and a second pull up current source,
IrRES(SRC2), typically 5 uA enabled. Iressrez) is disabled once Vygg reaches
VREs(peak), typically 4 V. A pull-down current source, Ires(snk), typically 5 pA, is en-
abled until VRES falls below VRes(valley) typically 2 V. The controller restarts after 32
VRes charge/discharge cycles

OvP

When this pin is biased beyond 1.25 V, all pulses immediately stop and the controller
resumes operations after 32 Vggg charge/discharge cycles

10

(O]

Current sense input. The current sense signal is used for current-mode control,
adaptive dead time control, cycle-by-cycle current limiting, over—current protection and
short circuit protection, etc.

If the CS voltage exceeds the cycle by cycle current limit threshold, V| u, typically 0.45
V, the drive pulse is terminated. Internal leading edge blanking prevents triggering of the
cycle by cycle current limit during normal operation. A short circuit condition exists if
Vs exceeds the short-circuit threshold, V_imsc), typically set to 0.7 V, during two
consecutive clock pulses. By inserting a resistor in series with the sense current
information, it is possible to create a voltage offset proportional to the input voltage and
thus affects the maximum power the converter delivers at high line

11

REF

Precision 5 V reference. Maximum output current is 12 mA. It is required to bypass the
reference with a capacitor. The recommended capacitance ranges between 0.1 to 0.47

uF

12

OTP

Over-temperature protection. A voltage divider containing a NTC connects to this pin

13

VCC

Positive input supply. This pin connects to an external capacitor for energy storage. An
internal current source, lgiart, Supplies current from Vi, to this pin. Once Vg reaches
Vee(on), typically 9.5V, the startup current source is disabled. The current source is
enabled once V¢ falls below Vg oft1), typically 9.4 V, while faults are present. Once
faults are removed and the controller is operating, the startup current source turn-on
threshold is reduced to Vg ofte), typically 7.5 V

14

OUTM

Main switch gate control. OUTM can source 2 A and sink 3 A

15

PGND

Ground connection for OUTM and OUTA. Tie to the power stage return with a short loop

16

OUTA

Active clamp switch gate control. OUTA has an adjustable leading and trailing edge
overlap delay against OUTM. OUTA can source 2 A and sink 1 A

17

FLT/SD

Fault report and shutdown control. This is a dual-function bi—directional pin. This pin is
an open-collector output with a 10 kQ internal pull-up resistance connected to REF

www.onsemi.com
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NCP1566

Table 1. DETAILED PIN DESCRIPTION (continued)

Pin Number

Name

Function

18

REFA

Internally connected to REF

19

UvLO

Input voltage undervoltage detector. The input voltage is scaled down and sampled by
means of a resistor divider. The controller enters standby mode once the UVLO voltage,
VyvLo, exceeds the standby threshold, VsTgy, typically 0.4 V. The controller enters
shutdown mode if Vyyo falls below VgTgy by the shutdown hysteresis level. The
controller is enabled once Vyy o exceeds the enable threshold, Vgnaple, typically 1.25
V. Hysteresis is provided by an internal pull-down current source, lyyo, typically 20
uA. The current source is disabled once the controller is enabled

20

SYNC

This bi-directional pin is used to synchronize the controller or synchronize another
controller driven by this pin

21

NC

No connect (creepage distance)

22

Vin

High voltage startup circuit input. Connect the input line voltage directly to this pin to
enable the internal startup regulator. A constant current source supplies current from
this pin to the capacitor connected to the VCC pin, eliminating the need for a startup
resistor. The minimum charge current is 40 mA. The operating voltage range of the
startup circuit is 13 V to 120 V

23

NC

No connect (creepage distance)

24

VSCLAMP

Volt-second clamp. An external R-C divider from the input line generates a voltage
ramp. This ramp is compared to a voltage reference, Vg T, typically 1.5 V. The OUTM
pulse is terminated once the ramp voltage exceeds Vg v, thus limiting the maximum
volt-second product of the main transformer. In voltage mode, VSCLAMP and RAMP
pins can be tied together to share one external R-C circuit

Table 2. MAXIMUM RATINGS

Symbol Value Unit
High Voltage Startup Circuit Input Voltage — Continuous operation (Note 1) VN -0.3t0 120 \%
High Voltage Startup Circuit Input Current IIN 70 mA
UVLO Input Voltage VuvLo -0.3to Ve Vv
OTP Input Voltage Vorp -0.3t0 7 \Y
Ramp Input Voltage VRamp -0.3to7 \Y
OVP Input Voltage Vovp -0.3t0 7 \Y
Sync Input Voltage Vsync -0.3t07 \Y
Ramp Peak Input Current IRamp 1 A
VSClamp Input Voltage VscLamP -0.3t07 \Y
VSClamp Input Current IscLaMP 0.5 mA
RT Input Voltage VRT -0.3t07 \Y
RT Input Current IRT 2 mA
COMP Input Voltage Vcomp -0.3t05.5 \Y
COMP Input Current lcomp 1 mA
Reference Input Voltage VREr -03to7 \Y
Reference Input Current IREF 20 mA
Supply Input Voltage Veemax) -0.3t0 20 \Y
Supply Input Current lccmax) 70 mA
Main Driver Maximum Voltage Voutm -0.3to Ve
Main Driver Maximum Current louTm(SRC) 2 A

louTMm(SNK) 3

Active Clamp Driver Maximum Voltage VouTa -0.3to Ve \%

www.onsemi.com
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Table 2. MAXIMUM RATINGS (continued)

Rating Symbol Value Unit

Active Clamp Driver Maximum Current louTA(SRO) 2 A
lOUTA(SNK) 1

Current Sense Input Voltage Vcs -0.3t07 \Y
Current Sense Peak Input Current Ics 0.5 A
Soft-Start Input Voltage Vss -0.3t07 \Y
Restart Input Voltage VREs -03to7 \%
Restart Peak Input Current IRes 0.1 A
FLT/SD Input Voltage VELT/SD -03t07 \Y
FLT/SD Peak Input Current IFLT/SD 0.1 A
Deadtime Input Voltage Vpr -03to7 \%
Maximum Duty Ratio Control Input Voltage Vot -03to7 \%
Maximum Duty Ratio Control Input Current IoLmT 2 mA
Maximum Operating Junction Temperature Ty -40to 150 °C
Storage Temperature Range Tstg —60 to 150 °C
Lead Temperature (Soldering, 10 s) TL(MAX) 300 °C
Moisture Sensitivity Level MSL 1 -
Power Dissipation (TA = 25°C, 1 Oz Cu (35 um), 0.155 Sq Inch (100 mm2) Pp mwW
Printed Circuit Copper Clad (Note 3) 760
MNTXG Suffix, Plastic Package (QFN-24)
Thermal Resistance, Junction to Ambient 1 Oz Cu (35 um) 2-Layer 100 mm2 ReJa °C/W
Printed Circuit Copper Clad (Note 3)
MNTXG Suffix, Plastic Package (QFN-24) 131
Thermal Resistance, Junction to Case 2 Oz Cu (70 um) 2-Layer 100 mm?2 Roda °C/W

Printed Circuit Copper Clad (Note 3)
MNTXG Suffix, Plastic Package (QFN-24)

115
Junction to Top Psi (y) 1 Oz Cu (35 um) 2-Layer 100 mm? WouT °C/W
Printed Circuit Copper Clad (Note 3)
MNTXG Suffix, Plastic Package (QFN-24) 22
Junction to Board Psi (y), 1 Oz Cu (35 um) 2-Layer 100 mm? YoJB °C/W
Printed Circuit Copper Clad (Note 3)
MNTXG Suffix, Plastic Package (QFN-24) 5.4
ESD Capability \Y
Human Body Model per JEDEC Standard JESD22-A114F 2000
Charge Device Model per JEDEC Standard JESD22-C101F 1500

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

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

2. As specified for a JEDEC EIA/JESD 51.3 conductivity test. Test conditions were under natural convection of zero air flow.

3. V) is the exception.

www.onsemi.com
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Table 3. ELECTRICAL CHARACTERISTICS
(Crer = 0.1 uF, Vi, =48V, Vyyio =2V, Vee = 10V, Vs = 0.25 V, Rpuwt = 49.9 kQ, Rpt = 100 kQ, Rt = 15.4 kQ, for typical values T,
=25 °C, for min/max values, T is — 40 °C to 125 °C, unless otherwise noted)

Characteristics Conditions Symbol Min Typ Max | Unit |
STARTUP AND SUPPLY CIRCUITS
Supply Voltage \Y
Upper Regulation Level Ve increasing Vcc(on) 9.1 9.5 9.9
Lower Regulation While Ve decreasing Vee(ofth) 9.0 9.4 9.8
Disabled
Lower Regulation While Enabled Ve decreasing Vec(of2) 73 7.5 7.7
Minimum Operating Voltage Ve decreasing VGCMIN) 6.2 6.5 6.8
Reset Voltage Ve decreasing Vecreset) 6.1 6.4 6.7
Startup Delay Delay from Vgon) to Enable tdelay(start) 30 - 125 us
Delay in turning start-up source Vee > Ve off) tvee(off2) 3 10 us
off
Delay in turning start-up Vee < Vec(offo) tvee(on2) 15 30 us
source on
Startup Current Vee = Vecon) — 0.2V, Istart 40 55 - mA
in =
Startup Circuit Off-State Vin =120V Iin(off) — - 100 A
Leakage Current
Minimum Startup Voltage Istart = 15 MA, Vin(MIN) - - 15 \Y
Vce = Vecon) — 02V
Supply Current mA
Disabled mode current UVLO below 0.4 V lcct - 2
Standby Vec=10V,Vyyo=1V lcc2 - - 2
No Switching Vec =10V, Igomp = 850 A lccs - - 4
Operating Current f =200 kHz, lcca - - 5
Coutm = Couta = open
REFERENCE
Reference Voltage IRep = 0 MA VRer 4.9 5.0 5.1 \%
Load Regulation Irep = 0to 10 MA VREF (load-reg) 4.85 5.00 5.15 Vv
Step Load Response IRep = 5t0 10 MA, VREE (step-reg) 4.85 5.00 5.15 \%
di/d; = 100 mA / us
Source Current VRep =4.75V IREF(MAX) 12 - - mA
Minimum Decoupling CREF(range) 0.1 - - uF
Capacitance
Reference Undervoltage VREF increasing VREF(UVLO) 4.5 4.75 \Y
Threshold
Reference Undervoltage VRef decreasing VREF(HYS) 200 mV
Hysteresis
LINE VOLTAGE UVLO
Standby Decreasing VyvLo decreasing VsTBY 0.2 0.3 0.4
Enable Threshold VyvLo increasing Venable 1.23 1.25 1.27
Disable Filter Delay VuvLo = Venable — 400 mV tenable(delay2) 0.5 - 1 us
Pull-Down Current in Standby VuvLo = Venable — 0.1V ISTBY 18 20 22 ]J,A
Mode VsHDN < VuvLo < Venable
Pull-Down Resistor while IgTgy Vyvio =125V RuvLo 22.4 32.0 41.6 kQ
is Disabled

www.onsemi.com
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NCP1566

Table 3. ELECTRICAL CHARACTERISTICS (continued)
(Crep=0.1uF, Vi, =48V, Vyyio=2V,Vgc =10V, Vgs = 0.25 V, Rp T = 49.9 kQ, Rpt = 100 kQ, Rt = 15.4 kQ, for typical values T
= 25 °C, for min/max values, T, is — 40 °C to 125 °C, unless otherwise noted)

Characteristics Conditions Symbol Min Typ Max | Unit |

MAIN GATE DRIVE

Rise Time (10-90%) from 10 to 90% of VouTm, toutM(rise) - 8.8 17.6 ns
COUTM =2.2nF

Fall Time (90-10%) 90 to 10% of VouTtm, touTmall) - 6.0 12 ns
COUTM =22nF

Current Capability A

S.Oti(rce Voutm =4V louTm(SRC) 2 -

n Voutm=4V,Vcc =75V, IOUTM(SNK) 3 -

Icomp = 850 pA

High State Voltage Offset Vee - Voutms Vec =8 Y, VouTMm(offset) - — 0.2 \Y
Coutm =2.2nF

Low Stage Voltage Vuvo=1V VOUTM(lOW) - - 0.2 \Y

ACTIVE CLAMP GATE DRIVE

Rise Time (10-90%) from 10 to 90% of Vouyta, touTA(rise) - 8.8 17.6 ns
Couta=2.2nF

Fall Time (90-10%) 90 to 10% of Voura, touTA(fall) - 17.6 35.2 ns
Couta=2.2nF

Current Capability A

S_oukrce Vouta =4V louTA(SRO) 2 -

in Vouta=4V,Vec =75V lOUTA(SNK) 1 -

High State Voltage Offset Vee - Vouta, Vec =8V, VouTA(offset) - - 0.2 \Y
COUTA =22nF

Low Stage Voltage Vuvio=1V VouTA(ow) - — 0.2 Vv

CURRENT SENSE

Average Current Limit Threshold ViLIM(ave) 288 300 312 mV

Average Current Limit Leading YLIMAVE(LEB) 23 30 37 ns

Edge Blanking Duration

Average Current Limit HLIMAVE(delay) - 40 - ns

Propagation Delay

Cycle by Cycle Current Limit Vium 432 450 468 mV

Threshold

Over Current Timer when Vi m tovLD 150 180 ms

is reached

Current Sourced by CS low line Over Power Protection CSovpL 0 uA

current—Vyy o=14V
Current Sourced by CS high line Over Power Protection CSovpPH 90 100 110 A
current —Vyy 0 =28V

Cycle by Cycle Current Limit tiLim(LEB) 42 55 68 ns

Leading Edge Blanking Duration

Cycle by Cycle Current Limit Step Vs 10 0.7 V to OUTM tiLIM(delay) - 40 56 ns

Propagation Delay falling edge, dV/dt = 20 V/us

Short Circuit Current Limit ViLimesc) 679 700 721 mV

Threshold

Short Circuit Current Limit tlLlMSC(LEB) 23 30 37 ns

Leading Edge Blanking Duration

Short-Circuit Current Limit Step Vgs t0 0.9 V to OUTM tiLiMsc(delay) - 40 56 ns

Propagation Delay falling edge, dV/dt = 10 V/us

Short Circuit Counter Step Vg to ViLmescy + 0.2V niLIMsc - 2 - -

www.onsemi.com
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Table 3. ELECTRICAL CHARACTERISTICS (continued)
(Crep=0.1uF, Vi, =48V, Vyyio=2V,Vgc =10V, Vgs = 0.25 V, Rp T = 49.9 kQ, Rpt = 100 kQ, Rt = 15.4 kQ, for typical values T
= 25 °C, for min/max values, T, is — 40 °C to 125 °C, unless otherwise noted)

Characteristics Conditions Symbol Min Typ Max | Unit |
CURRENT SENSE
Discharge Switch On Resistance VscLamp =2V, Rcsswitch(on) - - 35 Q
Vgs = 100 mV
OVERTEMPERATURE PROTECTION (OTP)
Overtemperature Detection VoTp increasing VoTp(TH) 1.23 1.25 1.27 \%
Threshold
Overtemperature Detection Votp = VoTp(TH) — 20 mV toTP(delay) 10 20 30 us
Delay
Pull-up Current in OTP Mode Vortp = VorpH) + 0.1V loTp 18 20 22 A
OVERVOLTAGE PROTECTION (OVP)
Overvoltage Detection Threshold Vovp increasing VovpH) 1.23 1.25 1.27 \Y
Time Constant to Confirmation tovp(TH) 0 us
Hysteresis current Active when OVP is lHys 18 20 22 uA
acknowledged
SOFT-START
Soft-Start Charge Current Vgs=15Vto3V Iss 18 20 22 UA
Soft-Start Onset Threshold Vs offset) 1.35 \
Clamp Voltage Vss(clamp) 0.85 \Y
Discharge Switch On Resistance Vgg = 100 mV Rssswitch(on) - - 30 Q
Disable Threshold Vgs decreasing Vssdisable) 0.4 0.5 0.6 Vv
RESTART
Restart Delay Threshold VREgs increasing VRES(TH) 0.96 1.00 1.04 \Y
Peak Voltage Vgs > ViLmave VRES(peak) 3.8 4.0 4.2
VREgs increasing
Valley Voltage Vcs > ViLIvAvE VRESvalley) 1.9 2.0 2.1 \
VRes decreasing
Discharge Current Ves < VILIMAVE IRES(SNK) 4 5 6 uA
VRes = 100 mV
Charge Current Vgs > VILIMAVE: IRES(SRC1) 18 20 22 A
VRes = VRES(valley) — 50 mV 4 5 6
Ves > ViLmave IRES(SRC2)
VRESs = VRES(valley) + 50 mV
Restart Counter Vortp > VoTpr(TH) NRES 32
Discharge Voltage VRES(DIS) 50 100 150 mV
Discharge Switch On Resistance VRes = 200 mV RESswitch(on) — - 110 Q
FAULT REPORT AND REMOTE SHUTDOWN
Enable Threshold VELT/sD = increasing VELT(enable) 1.37 1.45 1.53 \Y
Fault Threshold VFLT/sp = decreasing VtaultFLT/SD 1.23 1.25 1.27 \Y
Internal Pull-Up Resistor VET/sp =3V REaULT/SD 8.5 10.0 11.5 kQ
Discharge Switch On Resistance VET/sp =3V RFAULTswitch(on) - - 120 Q
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Table 3. ELECTRICAL CHARACTERISTICS (continued)
(Crep=0.1uF, Vi, =48V, Vyyio=2V,Vgc =10V, Vgs = 0.25 V, Rp T = 49.9 kQ, Rpt = 100 kQ, Rt = 15.4 kQ, for typical values T
= 25 °C, for min/max values, T, is — 40 °C to 125 °C, unless otherwise noted)

Characteristics Conditions Symbol Min Typ Max | Unit |
OSCILLATOR
Operating Frequency Range frange 100 - 1000 kHz
Oscillator Frequency kHz
tp ~100 ns Rt = 42.2 kQ, RpT = 69.8 kQ, fosct 186 200 214
tp =75ns Rt = 13 kQ, RpT = 52.3 k2, fosce 558 600 642
RDLMT =17 kQ
SYNCHRONIZATION
Sync Pin Input Voltage to “1” Acknowledged high level VsyncH 2.8 3 3.4 \
level
Sync Pin Input Voltage to “0” Acknowledged low level VsyncL 1.4 1.6 1.8 \
level
Sync Input Pulse Width Minimum input width for tsynicw 50 ns
proper sync operation
Sync Pullup Current - IsyncPU 0.45 0.6 0.75 mA
Sync Pulldown Current - lsyncPD 1.4 1.6 1.8 mA
Sync Permanent Pulldown lsyncPPD 26 32 38 uA
Current
Sync Output Width Output Pulse Width tsyncow 130 180 230 ns
Sync to Output Delay Rising edge of sync pulse to tsyncdel 32 50 ns
OUTM rising edge
MAXIMUM DUTY RATIO
Maximum Duty Ratio Internal spec is +/- 3%, %
Vuyvio=14V DmaX1a) 76.5 80.5 84.5
f =200 kHz Rt = 15.4 kQ, RpT = 69.8 kQ, D(mAx2a) 47.8 50.3 52.8
RpLmT = 75 kQ
Ry = 42.2 kQ, RpT = 69.8 kQ,
RpLmT = 47.5 kQ
f =600 kHz Rt = 4.02 kQ, RpT = 52.3 kO, Dmax1b) 76.2 80.2 84.2
RpLmT = 26.1 kQ D(maxab) 46.8 49.3 51.8
Rt =13 kQ, Rpt = 52.3 kQ,
RpLmT = 16.9 kQ
Minimum Duty Ratio lcomp = 850 pA Dmin - — 0 %
VOLT-SECOND CLAMP
Volt Second Limit Voltage lcomp = 0 UA Vsumim 1.44 1.50 1.56 \%
Threshold
Volt-Second Propagation Delay Step VscLamp to 2V to tyscLAMP 40 60 ns
OUTM falling edge,
dV/dt = 10 V/us
VSCLAMP Switch On VSCLAMP =100 mV RVSCLAMF’SWitCh( - - 45 Q
Resistance on)
VSCLAMP Input Leakage VSCLAMF’ =14V IVSCLAMP(Ieak) - - 100 nA
Current
OVERLAP TIME DELAY
Overlap Delay Range (Note 4) tD(range) 20 - 500 ns
Overlap Delay from OUTA to Rpt =52.3kQ, Vcg=0.4V tpa 84 112 140 ns
OUTM rising Edges RpT = 52.3 k2, Vgg = 50 mV top 104 138 174
RpT = 69.8 kQ, Vog = 0.4 V te 112 150 187
RpT = 69.8 kQ, VCS =50 mV tbg 139 185 231
RpT = 274 kQ, Vgg = 0.4 V tpe 440 587 734
RpT1 = 274 kQ, Vg = 50 mV tpf 545 727 909
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Table 3. ELECTRICAL CHARACTERISTICS (continued)
(Crep=0.1uF, Vi, =48V, Vyyio=2V,Vgc =10V, Vgs = 0.25 V, Rp T = 49.9 kQ, Rpt = 100 kQ, Rt = 15.4 kQ, for typical values T
= 25 °C, for min/max values, T, is — 40 °C to 125 °C, unless otherwise noted)

Characteristics Conditions Symbol Min Typ Max | Unit |

RAMP

PWM Propagation Delay Step Vramp to 2 V to OUTM tpwMm 40 60 ns

falling edge, dV/dt = 10 V/us

PWM Offset Voltage VPwM(offset) 1.35 \Y
Discharge Switch On Resistance VRamp = 100 mV RaMPswitch(on) - - 25 Q
RAMP Input Leakage Current Veamp = 1.8V IRAMP (leak) - - 100 nA
THERMAL SHUTDOWN

Thermal Shutdown Temperature increasing 150 165 - °C
Thermal Shutdown Hysteresis Temperature decreasing TSHDN(HYS) — 20 - °C

4. Guaranteed by Design.
5. Guaranteed by Design. Not Tested.
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Veeon) Vec(oFrF2)
9.82 7.66
9.72 7.61
9.62 7.56
9.52 7.51
>

9.42 7.46
9.32 7.41
9.22 7.36
9.12 7.31
9.02 7.26

-45 -20 5 30 55 80 105 130 -45 -20 5 30 55 80 105 130

Junction Temperature (°C) Junction Temperature (°C)
Veemin) Vce(RESET)
6,74 6.64
6.64 6.54
6.54 6.44
>

6.44 6.34
6.34 6.24
6.24 6.14
6.14 6.04

-45 -20 5 30 55 80 105 130 -45 -20 5 30 55 80 105 130

Junction Temperature (°C) Junction Temperature (°C)
IsTART

—44
-49
-54
-59
-64
-69
-74
-79
-84

-45 -20 5 30 55 80 105 130

Junction Temperature (°C)
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mA

mA

Icc1 (UVLO =0 V)

0.8

0.3

-0.2

3.6
3.1
2.6
21
1.6

0.6
0.1
-0.4

NCP1566

lcc2 Vuvo=1V)

1.8

1.3

mA

0.8

0.3

-20 5 30 55 80

Junction Temperature °C

Iccs (Icomp = 850 pA)

130 -45

5

30 55

80

Junction Temperature °C

lcca (200 kHz No Load)

105

130

4.5

3.5

25

mA

1.5

-20 5 30 55 80

Junction Temperature °C

130 -45

5

30 55

80

Junction Temperature °C

105

130
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mV

ns

NCP1566

VRer
5.08
5.03
s I
4.98
4.93
4.88
-45  -20 5 30 55 80 105 130
Junction Temperature °C
Vium, AVE
310.6
305.6
300.6
295.6
290.6
285.6
-45  -20 5 30 55 80 105 130
Junction Temperature °C
tiLim(DELAY)
49.9
39.9
29.9
19.9
9.9
-0.1
-45  -20 5 30 55 80 105 130

Junction Temperature °C

mA

mV

ns

IREF(Max) Vref =475V

28.2

26.2

24.2

222

20.2

18.2

16.2

14.2

122

10.2

30 55 80 105

Junction Temperature °C

ViLm

130

463.4

458.4

453.4

448.4

443.4

438.4

433.4

428.4

30 55 80 105

Junction Temperature °C

tium_LEs

130

64.4

59.4

54.4

49.4

a4.4

39.4

30 55 80 105

Junction Temperature °C

130
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ViLmsc

NCP1566

719.8

714.8

709.8

704.8

699.8

mV

694.8
689.8

684.8

679.8

674.8

5 30 55 80

Junction Temperature °C

lotp

105

130

21.6

211

20.6

20.1

uA

19.6

191

18.6

18.1

17.6

5 30 55 80

Junction Temperature °C

Fosc2

105

130

604

594

584

T
L 574

564

554

544

30 55 80

Junction Temperature °C

105

130

nS

kHz

%

tiLmsc(peLAY)

49.9

39.9

29.9

19.9

9.9

-0.1

5 30 55 80 105

Junction Temperature °C

Fosc1

130

216

211

206

201

196

191

186

181

176

5 30 55 80 105

Junction Temperature °C

Dmax1a(200 kHz)

130

83.7

82.7

81.7

80.7

79.7

78.7

77.7

76.7

75.7

5 30 55 80 105

Junction Temperature °C

130
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Dmax2a(200 kHz) Dmax1b(600 kHz)
52.3 83.4
82.4
51.3
81.4
80.4
© 50.3 <
79.4
49.3 78.4
77.4
48.3
76.4
47.3 75.4
-45 -20 5 30 55 80 105 130 -45 -20 5 30 55 80 105 130
Junction Temperature °C Junction Temperature °C
Dmax2p(600 kHz) VSLimit
51.3 1.548
1.528
50.3
1.508
49.3
° - 1.488
48.3
1.468
473 1.448
46.3 1.428
-45 -20 5 30 55 80 105 130 -45 -20 5 30 55 80 105 130
Junction Temperature °C Junction Temperature °C
CS,
CSOVP, LL OVP, HL
0.8 108
0.3 103
< o3 — T |
-0. < 98
07 93
-1.2 88
-45  -20 5 30 55 80 105 130 45 -20 5 30 55 80 105 130

Junction Temperature °C

Junction Temperature °C
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Introduction
The NCP1566 is a highly—integrated dual-mode active
clamp PWM controller targeting next—generation
high—density, high—performance and small to medium
power level isolated dc—dc converters for use in telecom and
datacom applications. Operating up to 1 MHz, the part can
be configured in either voltage mode control with input
voltage feedforward or peak-current mode control. An
adjustable adaptive overlap time between the main power
and the active clamp MOSFETSs optimizes system efficiency
based on load conditions enabling higher efficiency and
greater power density solutions.
This controller integrates all the necessary control and
protection functions to implement an isolated active—clamp
forward or asymmetric half-bridge converter with
synchronous rectification. It integrates a high—voltage
startup bias regulator directly connected to the dc input up
to 120 V. The NCP1566 protection features include:
® A line undervoltage detector to stop operation in case
the input rail collapses below a programmable level
® A two-threshold cycle-by—cycle current limit which
allows to detect short circuit situations but also
overload conditions on the dc—dc converter output

® A line voltage—dependent maximum duty ratio limit to
safely operate the forward transformer

® A programmable over temperature protection using an
external NTC sensor

® An over voltage protection (OVP) input in case of
voltage runaway

® An over power protection (OPP) scheme which reduces
the available power at high line

® An adjustable re—start time to force an auto—-recovery
hiccup mode in presence of the above faults

The part includes a dedicated pin FLT/SD for signaling the
presence of a fault condition. The pin can be used as an input
to shutdown the controller using an external signal. The
controller also features an adjustable restart time.

High-Voltage Startup Circuit

The NCP1566 integrates a high voltage startup circuit
accessible by the Vn pin. The startup circuit is rated up to
a maximum voltage of 120 V. The startup regulator consists
of a constant current source that supplies current from a
high-voltage rail to the capacitor on the V¢ pin (CV ().
The startup circuit current (Igiar) is 40 mA minimum. The
internal high voltage startup circuit eliminates the need for
external startup components. In addition, this regulator
reduces no-load power and increases the system efficiency
as it uses negligible power in the normal operation mode.

The startup circuit is configured to operate in the
so—called Dynamic Self-Supply (DSS) mode in certain
conditions. In this DSS mode, V. hiccups between two
levels (9.5 and 9.4 V typically) and self supplies the IC in
lack of auxiliary supply. This mode can be briefly entered at
startup (fault clearance delay) but it is mainly activated in a

fault state or in lack of auxiliary V. in this mode, as no
external supply is present, the DSS block permanently
maintains the controller supply until the auxiliary V. comes
back. This is the case for instance in deep DCM mode when
the part skips cycle. Vcc can no longer be maintained
(pulses are too narrow) and Vc collapses until it hits 7.5 V.
At this point, the DSS takes over.

It is important to realize that the average current absorbed
from the high—voltage rail Vyy in DSS mode is roughly the
average current IsTARTUP, AVG Self—supplying the chip. As
such, the power dissipated by the chip in DSS mode is Vy
x IstarRTUP, AVvG and can be quite high for high input
voltages. For this reason, it is not advised to enter in DSS
mode when the circuit operates at its maximum current
consumption. That being said, if the DSS mode is
temporarily entered while the controller skips cycles (in a
no-load situation), this is fine as long as the junction
temperature remains within the data—sheet upper limit.
Please make sure power dissipation in this mode always
respects the maximum power dissipation capability of the
controller. If the controller is supposed to operate along its
entire input voltage range, DSS mode operation must be
prevented.

A typical startup sequence commences with the charge of
the V¢ capacitor up to the startup threshold Vcc(ony, 9.5 V
typically. When Vcc crosses 7.5 V, the reference pin
delivers its 5 V nominal voltage.

Once this threshold is reached, the current source turns off
and the part starts its own internal initialization: it resets all
registers, charges the soft—start capacitor above 0.5 V, makes
sure all the fault inputs are cleared (FLT/SD is high, the Over
Temperature Protection (OTP) input is low and the input
voltage sensed by the UVLO input is within acceptable
limits). As the Vc capacitor is alone to supply the controller
during this startup time, the level across its terminals falls
and eventually reaches Vc(off1), typically 9.4 V, especially
if some faults are still present at startup. At this point, the
current source turns back on until V¢ reaches Vccon)
again: a hiccup takes place and lasts until the part is ready to
switch, i.e. all faults are cleared. Once internal flags are
ready, an extra delay is added, tyejay(star), efore the part is
actually enabled and switches. After the enable signal has
been asserted, the Vcc UVLO level drops to Voc(off2),
typically 7.5V

During the initialization sequence, the main power
MOSFET is not switching, OUTM is low. On the opposite,
to allow the immediate availability of the low-side
P—channel active clamp switch, its dedicated output OUTA
is raised to Vo when the 9.5V threshold is reached. This is
to allow the pre—charge of the P-channel charge pump
capacitor and makes it ready for operation.

While the part is enabled, the voltage on the soft—start (SS)
capacitor is slowly rising up and when it crosses the internal
1.35 V offset, OUTM starts to produce low duty ratio pulses,
driving the forward converter main power MOSFET. Please
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note that while the internal enable flag is not asserted (during
the initialization sequence or during a fault), the voltage on
the SS pin is clamped to 0.85 V, naturally putting the part in
ready—-to—pulse mode whenever enable gets asserted.

At the end of the initialization sequence, the controller
stops the high—voltage startup source and V. drops as the
auxiliary voltage did not build up yet. Before reaching the
lower regulation threshold, Vc(ofi2), typically 7.5 'V, the
auxiliary winding must have appeared to take over the
controller supply. You will size the V¢ capacitor in that
way. If for any reason the auxiliary winding did not build up
before V¢ reaches 7.5V, the current source turns back on
again to maintain the controller supply in a kind of
non-regulated hysteretic mode. In this DSS mode, the
current capability is 40 mA at minimum and you have to
make sure the internal IC consumption (including driving

current) is well below 40 mA. During this mode, the average
current absorbed by the Vin pin is roughly the average
current consumed by the part. Care must be taken to ensure
that a low current is absorbed while in the upper input
voltage range. Failure to respect this fact will damage the
controller by thermal runaway.

In case an accidental overload of the DSS would occur
(you consume too much on the V. pin and the DSS cannot
maintain Vcc), the voltage would drop to Vcominy
typically 6.5 V. In this mode, the reference voltage is turned
off and the part restarts after a start—up sequence. When V¢
crosses 7.5 V again, the reference voltage is turned back on.
A typical successful start—up sequence appears in Figure 4
while it fails in Figure 5 as the current absorbed from the V.
is too high. In this case, the part restarts again for another
attempt.

Vee
A éll cg-fa(r’ed
osv | F nabed
94V - N
=11V [
B.5V 4= - - e oo
*—>
PWM
pulses
Vss A
4v -
1.35 V-
05V

Figure 4. A Typical Startup Sequence in which the Auxiliary Voltage Builds Up in Time
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Vee
N\ -
Aux winding Too much
does not build-up current for
SVl i DSs
9.4V \l/
75V f---m-fmmm e >
6.5V :
' PWM UVLOPWM PWM PWM
ulses ulses
P stops P stops
» t
Vss Internal reset
A Fault cleared
4V 4 [ U P = = == = = = = =
SS reset SS reset
13V f----"-"-"="="=-"="="-"="“/[~="-"="=-7“-~““["--"“=“--“----~“*/~-~--------|---=---
L B R e T e e e
(0 312 e s e A /4 N SR I > t

Figure 5. In this Figure, the Auxiliary Voltage did not Build Up in Time, Aborting the Startup Sequence

Vee
A - L
Aux winding Aux winding
95V | does n