NCP1030

Product Preview
Bias Regulator with On
Chip Power Switch

The NCP1030 is a high voltage monolithic switching regulator with
on chip Power Switch and active Start—up Circuits. The NCP1030
integrates all the components necessary for implementing high
efficiency \Voltage—Mode controlled DC-DC converters. It can be
easily configured for either primary or secondary side regulation
applications, such as a low power boost converter or a secondary side
controlled bias regulator. It is designed to operate from a 48 V supply,

typically found in telecommunication systems.

The NCP1030 fixed frequency oscillator is designed to operate up to
1 MHz and is capable of external frequency synchronization,
providing additional design flexibility. A minimum number of
external components are required to set the oscillator frequency, loop
compensation and the line under/over lockout thresholds. The 3% Micro 8 TBD
NCP1030 is available in the space saving S0-8 and Micro 8 packages,

making it a space efficient and cost saving solution.

Features

On Chip High 200 V Power Switch Circuit and Startup Circuit
External Frequency Synchronization up to 1 MHz

Internal Startup Regulator with Auxiliary Winding Override
Trimmed+2% Internal Reference

Line Under/Over Voltage Lockout

Cycle by Cycle Current Limit

Over Temperature Protection

Internal Error Amplifier

Primary or Secondary Regulation

Typical Applications

Secondary Bias Supply for Isolated DC — DC Converters
Stand Alone Low Power DC — DC Converter
Low Power Boost Converter

This document contains information on a product under development. ON Semiconductor
reserves the right to change or discontinue this product without notice.
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Figure 1. NCP1030 Functional Block Diagram

Functional Pin Description

Pin Name Function Description
1 GND Ground Ground reference pin for the circuit.
2 Ct Oscillator Frequency An external capacitor connected to this pin sets the oscillator frequency up to
Selection 1 MHz. The oscillator can be synchronized to a higher frequency by charging or
discharging Cr to trip the internal 2.5 V/3.5 V comparator.

3 VeR Feedback Input The regulated voltage is scaled down to 2.5 V by means of a resistor divider. Regu-
lation is then achieved comparing the scaled regulated voltage to an internal 2.5 V
reference.

4 COMP Error Amplifier Compensation Requires external compensation network between COMP and Vgg pins.

5 ov Line Overvoltage Shutdown Line voltage (Vjn) is scaled down using an external resistor divider such that the OV
voltage reaches 2.5 V when line voltage reaches its maximum voltage.

6 uv Line Undervoltage Shutdown Line voltage is scaled down using an external resistor divider such that the UV volt-
age reaches 2.5 V when line voltage reaches its minimum voltage.

7 Vee Supply Voltage This pin is connected to an external capacitor for energy storage. During Turn—-On,
the startup circuit sources current to initially charge the capacitor connected to this
pin. When the supply voltage reaches Vcc(on), the startup circuit turns off and the
power switch is enabled. An external winding can be used to supply power after
initial startup. Vcc should not exceed 16 V.

8 VDRAIN Power Switch and This pin connects directly to one of the transformer windings. The internal High Volt-

Startup Circuits age Power Switch Circuit is connected between this pin and ground. Also, this pin
internally connects the Power Switch and Startup Circuits.

http://onsemi.com
2




NCP1030

|1 I
Il I A\ I
I I
U |

|

T

Cy Charge
Signal

15%___
[

Comparator

PWM ’y T
I
Output 1

L

|

i

[

PWM Latch [
Output [
[

|

|

P N

Power Switch
Circuit Gate Drive

T

= Output Overload >

| N

1
Tt

Leading Edge
Blanking Output

il

[<———————— Normal PWM Operating Range

Figure 2. Pulse Width Modulation Timing Diagram

VCC(on)

Vee(off)
VCC(reset)

_

|

1
| I

COMP Voltage

Current Limit
p

ropagation Delay

Current Limit
Threshold

oV —— _I ————————— —— 1

I | ||
I |

ISTART | |
| 1

0 mA -
! | | Out of I | |
Regulation I

VDRAIN

0V |=——-
I I
f<— Initial —{~— Normal Operation —>I<—

Power—up

Figure 3. Dynamic Self Supply with Fault Condition Timing Diagram

http://onsemi.com
3

SN E ) P

N

I
Reset — T Normal Operation —>:



NCP1030

MAXIMUM RATINGS (Note 1)

Rating Symbol Value Unit
Power Switch and Startup Circuit Voltage VDRAIN —0.3t0 200 \%
COMP Voltage Range Vcowmp -0.3t05 \Y
All Other Inputs/Outputs Voltage Range Vio -0.3t0 10 \Y,
Vcc Voltage Range Vee -0.3t0 16 \
Operating Junction Temperature T; -40to 125 °C
Storage Temperature Tstg -55to 150 °C
Power Dissipation (T; = 25°C) W
D Suffix, Plastic Package Case 751 TBD
DM Suffix, Plastic Package Case 846A TBD
Thermal Resistance °C/W
D Suffix, Plastic Package Case 751
Junction to Case Reac TBD
Junction to Air, 2.0 Oz. Printed Circuit Copper Clad Roia
0.36 Sqg. Inch TBD
1.0 Sg. Inch TBD
DM Suffix, Plastic Package Case 846A
Junction to Case Roic TBD
Junction to Air, 2.0 Oz. Printed Circuit Copper Clad Roia
0.36 Sqg. Inch TBD
1.0 Sq. Inch TBD

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

A. This device contains ESD protection circuitry and exceeds the following tests:
Pins 1-7: Human Body Model 2000V per MIL-STD-883, Method 3015.
Machine Model Method 100 V.
Pin 8 is connected to the High Voltage Start—up and Power Switch circuits and rated only to the maximum voltage rating of the part, or 200 V.
B. This device contains Latch—up protection and exceeds + XX mA per JEDEC Standard JESD78.

DC ELECTRICAL CHARACTER'STICS (VDRAlN =48 V, VCC =12 V, CT =560 pF, VUV =3 V, VOV =2 V, VFB =23 V, TJ =-40°C
to 125°C, typical values shown are for T; = 25°C unless otherwise noted.)

Characteristics Symbol I Min | Typ | Max | Unit |
START-UP CONTROL
Start—up Circuit Output Current (Vg = Vcomp) ISTART mA
Vee=0V 5.0 TBD TBD
Vee = VCC(on) -0.2V 5.0 TBD TBD
Ve Supply Monitor (Vgg = 2.7 V) \%
Start—Up Threshold Voltage (V¢ Increasing) Vee(on) 9.5 10.0 10.5
Minimum Operating V¢ After Turn—on (V¢ Increasing) Vee(offy 7.0 7.5 8.0
Hysteresis Voltage Vechys) - 25 -
Undervoltage Lockout Threshold Voltage, Vcc Decreasing (Veg = Vcowmp) Vec(reset) TBD 6.5 TBD Y
ERROR AMPLIFIER
Reference Voltage (Vcomp = Vi, Follower Mode) VREF \%
Ty=25°C TBD 2.5 TBD
T;=-40°C to 125°C TBD 25 TBD
Line Regulation (Vcc =7.5Vto 10V, T; = 25°C) REG||NE - 1.0 TBD mV
Input Bias Current (Veg =0V t0 2.7 V) IveB - 0.1 1.0 uA
Comp Source Current (Vcomp =2.5V, VEg =2.3 V) Isrc 50 100 150 uA
Comp Sink Current (Vcomp = 2.5V, Veg = 2.7 V) ISNK 500 - TBD uA
Comp Maximum Voltage (Isrc = 100 uA) Ve(max) 5.0 - -
Comp Minimum Voltage (Isnk = 100 uA, Vgg = 2.7 V) Ve(min) - - 1.0
Open Loop Voltage Gain AvoL - 80 - dB
Gain Bandwidth Product GBW - 1.0 - MHz
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DC ELECTRICAL CHARACTERISTICS (VDRAIN =48V, VCC =12V, CT =560 pF, VUV =3V, Vo\/ =2V, VFB =23V, TJ =-40°C

to 125°C, typical values shown are for Ty = 25°C unless otherwise noted.)

Characteristics Symbol | Min | Typ | Max | Unit |
LINE OV/UV LIMITER
Undervoltage Lockout (Vg = Vcomp)
Voltage Threshold (Vi Increasing) Vyv 2.4 25 2.6 Y
Voltage Hysteresis Vuv(hys) 0.100 | 0.150 0.200 \%
Input Bias Current luv - 0.1 1.0 A
Overvoltage Lockout (Vg = Vcomp)
Voltage Threshold (Vj, Increasing) Vov 2.4 25 2.6 Y
Voltage Hysteresis Vov(hys) 0.100 | 0.150 0.200 \%
Input Bias Current lov - 0.1 1.0 A
OSCILLATOR
Frequency (Ct = 560 pF) fosc1 kHz
T;=25°C 285 300 315
Ty =-40°C to 125°C TBD TBD TBD
Frequency (Ct = 100 pF) fosc2 kHz
Ty=25°C TBD 1000 TBD
Ty =-40°C to 125°C TBD TBD TBD
Externally Synchronized Frequency (Note 2) fsyne fosc - TBD kHz
PWM COMPARATOR
PWM Duty Cycle (Maximum) DCmax TBD 75 TBD %
PWM Ramp \%
Peak Vrpk - 35 -
Valley Vrvly - 25 -
POWER SWITCH CIRCUIT
Power Switch Circuit On—State Resistance (Ip = 100 mA) Rps(on) Q
Ty=25°C - 6 TBD
Ty=125°C - TBD 10
Power Switch Circuit and Startup Circuit Breakdown Voltage V(BR)DS Y
(Ip =100 uA, T3 =25°C) 200 - -
Power Switch Circuit and Startup Circuit Off-State Leakage Current Ips(off) uA
(VDRAlN =200 V, VUV =2.0 V)
Ty=25°C - TBD 50
Ty=125°C - TBD TBD
Switching Characteristics (Vps = TBD, R = TBD) ns
Rise Time tr - 50 -
Fall Time tf - 50 -
CURRENT LIMIT AND OVER TEMPERATURE PROTECTION
Current Limit Threshold (T; = 25°C, di/dt = X) ILim TBD 0.5 TBD A
Propagation Delay, Current Limit Threshold to Power Switch Circuit Output tpLH ns
R_ = TBD (Leading Edge Blanking plus Current Limit Delay) - 100 TBD
Thermal Protection (Note 3) °C
Shutdown Threshold (T; Increasing) TSHDN 125 150 -
Hysteresis Thys - 25 -
TOTAL DEVICE
Power Supply Current After UV Turn—On mA
Power Switch Enabled lcc1 1.0 TBD 2.0
Power Switch Disabled
Non—Fault condition (Vgg = 2.7 V) lcc2 - 15 2.0
Fault Condition (VFB =2.7V,Vyy=2.0 V) lcca - 0.7 1.0

2. Oscillator frequency can be externally synchronized to the maximum frequency of the device.

3. Guaranteed by design only.
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OPERATING DESCRIPTION

Introduction Error Amplifier

The NCP1030 is a miniature, monolithic Voltage—Mode  The internal error amplifier compares the scaled output
switchingregulator designed to operate from a 48 V supply, signal to an internal 2.5 V reference connected to its hon—
commonlyfound in telecommunication systems. It is a fixed inverting input.The feedback pin (¥) connects directly to
frequency regulator optimized for operation up to 1 MHz. the error amplifier inverting input. The output of the error
The NCP1030 incorporates in a single IC all the active amplifier is available for frequency compensation and
power, control logic and protection circuitry required to connection taghe PWM comparator through the COMP pin.
implement, with a minimum of external components, The error amplifier input bias current is less thamAl
several switching regulator applications, such as aover the operating range. The output source and sink
secondary side bias, low boost converter or secondary sideurrents are typically 100A and 500uA, respectively.
regulator. This device is available in the space saving S0-8

and Micro 8 packages, making it a space efficient and cost-in€ Under/Over Voltage _
saving solution. The NCP1030 incorporates line undervoltage (UV) and

The NCP1030 includes a powerful set of features OVervoltage (OV) shutdown circuits. The UV and OV
including over temperature protection, cycle by cycle thresholds are 2.5 V. A fault is present if the UV is below

current limiting, line under/over voltage lockout with 22V orif the OV voltage is above 2.5 V.

hysteresis, and regulator output under voltage lockout with 1he UV/OV circuits can be biased using an external
hysteresis, providing full protection during fault conditions, Tesistor divider from the input line as shown in Figure 6.
A description of each of the functional blocks is given below, Vin

and the representative block diagram is shown in Figure 2.

Ve Limiter and Undervoltage Lockout Ry
The NCP1030 contains an internal 200 V start—up *

regulator that eliminates the need for external start—up Ra

components. In addition, this regulator increases the Vov  +

efficiency of the supply as it uses no power when in the Vov$ R3

normal mode of operation, but instead uses power supplied
by an auxiliary winding.

The start-up regulator consists of a constant current Figure 6. UV/OV resistor divider from the input line
source that supplies current from the input ling)16 the
capacitor on the ¥c pin. The start—up current is typically
5 mA. Once the ¥c voltage reaches 10 V during initial
power up, the start—up circuit is disabled and the Power
SwitchCircuit is enabled if no faults are present. During this
self-bias mode, power to the NCP1030 is supplied by thepggillator
Vcc capacitor. The start-up regulator turns ON again once The NCP1030 oscillator is designed to operate up to
Vcc reaches 7.5 V. This “7.5-10" mode of operation is 1 MHz and its frequency is set by the external timing
known as Dynamic Self Supply (DSS). capacitor (§) connected on the1Qpin. The oscillator has

If Vcc falls below 7.5 V after initial power—up, the device two modes of operation, free running and synchronized
enters ae—start mode. While in the re—start mode, the Power (sync).

The resistor divider must be sized to enable the controller
once \f, is within the required operating range. When a UV
or UV fault is present, switching is not allowed and the
COMP voltage is kept low.

Switch Circuit is disabled andg¢ is allowed to discharge  \while in free running mode, an internal current source
to 6.5 V. At that time, the start-up regulator turns ON again sequentiallycharges and dischargesg @enerating a voltage
to charge the ¥c capacitor. ramp between 2.5 V and 3.5 V. Under normal operating

The Vcc pin can be biased above 7.5 V using an auxiliary conditions the charge4fl and discharge £) currents are
winding once switching is allowed. This will keep the typically 200pA and 600uA, respectively. However, if an
start-up regulator from turning ON, thus reducing power yv fault is present,jland b are both reduced by a factor of
consumption. 2.5 to reduce power consumption. The charge:discharge

The external ¥c capacitor must be sized such that the cyrrent ratio of 1:3 dischargesr@n 25 % of the charge
self-bias will maintain a ¥c voltage greater than 7.5 V period. As the Power Switch is disabled whilg &
during initial start-up. discharging, a maximum duty cycle of 75% is assured.

The start-up circuit is rated at a maximum of 200 V. If the |f the operating frequency (f) is knowny @ calculated
device operates in the DSS mode, power dissipation shouldsing the equation below.

b_e (_:ont_rolled to avoid exceeding the maximum power (200 yA) - (0.75)
dissipation of the controller. Crt = —av-®m
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Other factors such as operating frequency, comparatorCurrent Limit Comparator and Power Switch Circuit
delay and temperature variations affect the calculated C  The NCP1030 monolithically integrates a 200 V Power
value. Figure X shows the measured frequency variation vsSwitch Circuit with control logic circuitry. The Power
timing capacitor. Switch Circuit is designed to directly drive the converter
The NCP1030 is capable of synchronization to a higher transformerThe characteristics of the Power Switch Circuit
frequency. The oscillator frequency should be set no moreare well known. Therefore, the gate drive is tailored to
that25% below the target sync frequency. In sync mode, thecontrol switching transitions and help limit electromagnetic
voltage on the € pin needs to be driven above 3.5 V to interference (EMI). The Power Switch Circuit is capable of
trigger the internal comparator and complete the C switching 200 V with a nominal peak drain current of
charging period. This can be done pulsing thep as 0.5 Amps.
shown below. The Power Switch Circuit incorporates SENSEEET
technology to monitor the drain current. A sense voltage is
Sync Pulse 25VI35V generated bgriving a sense elementgRysg with a current
Comparator proportional to the drain current. The sense voltage is
compared to an internal reference voltage on the
35V ——— — L non—invertingnput of the Current Limit Comparator. If the
sense voltage exceeds the reference level, the comparator
resets the PWM Latch and switching is terminated until the
next cycle.
Each time the Power Switch Circuit turns ON, a narrow
voltagespike appears acrosgise. The spike is due to the
RE;ﬁ?ng Sync Mode ——> Power Switch Circuit gate to source capacitance,
Mode transformer interwinding capacitance, and output rectifier
_ o recovery time. This spike can cause a premagset of the
Figure 7. External Frequency Synchronization PWM Latch. A Leading Edge Blanking (LEB) Circuit
masks the current signal until the Power Switch Circuit
Once the sync pulse is removed, thevBltage needsto  tyrn—on transition is complete.
closely match the voltage prior to applying the pulse. If not,  The current limit propagation delay time is typically 100
the charge:discharge ratio will deviate from the 1:3 ratio, nanoseconds. This time is measured from when an over
and the preset maximum duty cycle limit (75%) will change cyrrent fault appears at the Power Switch Circuit drain, to

T1 (f)

accordingly. the start of the turn—off transition. Propagation delay must
PWM Comparator and Latch be fact_or in the transformer design to avoid transformer
saturation.

The Pulse Width Modulator (PWM) Comparator converts
the DC error signal into a duty cycle by comparing the DC Thermal Shutdown

error signal to the € Ramp. The output of the PWM Internal Thermal Shutdown circuitry is provided to

Comparator goes high, thus disabling the Power Switch, protect the integrated circuit in the event the maximum

when the DC error signal exceeds theRamp as shownin  junction temperature is exceeded. When activated, typically

Figure 2. at 150C, the Power Switch Circuit is disabled. Once the
The G Charge Signal out of the 2.5 V/3.5 V Comparator jynction temperature falls below 125, the NCP1030 is

is filtered through a One Shot Pulse Generator to set thegjowed to resume normal operation. This feature is

PWM Latch and enable switching at the beginning of eachprovided to prevent catastrophic failures from accidental

period. Switching is allowed while the error signal is above geyice overheating. It is not intended to be used as a
the G- Ramp and a current limit fault is not present. If the C  gypstitute for proper heatsinking.

Ramp does not exceed the DC error signal or a current limit
fault is detected, the Power Switch Circuit is disabled once
the Gr Charge Signal goes low. Therefore, the maximum

duty cycle is limited by the duration offCharge Signal.
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.

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.

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: MILLIMETER.

3. DIMENSION A DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH,
PROTRUSIONS OR GATE BURRS SHALL NOT
EXCEED 0.15 (0.006) PER SIDE.

4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
PROTRUSION SHALL NOT EXCEED 0.25 (0.010)
PER SIDE.

MILLIMETERS INCHES
| DIM[ MIN | MAX | MIN [ mAX
A | 290 | 310 [ 0114 | 0122
B | 290 | 310 | 0114 | 0.122
c | —— | 110 -—— [0043
D | 025] 0400010 | 0.016

G 0.65 BSC 0.026 BSC
H | 005 015 | 0.002 [ 0.006
J | 013 [ 0.23 [ 0.005 | 0.009
K | 475 | 505 | 0187 | 0.199
L | 040 | 070 | 0016 | 0.028
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The product described herein (NCP1030) may be covered by one or more U.S. patents. There may be other patents pending.
SENSEFET is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and ..." are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.
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