NSR22601-Q1, NSR22602-Q1, NSR22603-Q1
NSR22604-Q1, NSR22605-Q1, NSR22606-Q1

NOVOSENSE Automotive Wide input Non-Synchronous
Boost, SEPIC, Flyback Controller
Product Overview Applications

The NSR2260x-Q1 is an adjustable output non- + Automotive On-board Charger and DC-DC
synchronous controller for switching regulators with low-

side N-channel MOSFET. The device is used peak- * Automotive Traction Inverter
current-mode control with internal slope compensation. * Automotive Start-stop Applications
Itis suitable for topologies requiring a low-side MOSFET, ) . .
such as boost, flyback, SEPIC, etc. * Automotive ADAS Driver Information

* Boost for Audio Amplifiers
The NSR2260x-Q1 has built in features such as

adjustable soft-start, VCC under-voltage lockout,

cycle-by-cycle current limiting, short-circuit hiccup Device Information
protection and thermal shutdown. DFN12 and

HTSSOP14 packages are available. Part Number Package Info

NSR22601-Q1 3.0 mm x 2.0 mm DFN12-WF
Key Features NSR22602-Q1 | 3.0 mm x 2.0 mm DFN12-WF
NSR22603-Q1 | 3.0 mm x 2.0 mm DFN12-WF
NSR22604-Q1 3.0 mm x 2.0 mm DFN12-WF
* Wide 4.5V to 50 V Input Range NSR22605-Q1 | 5.0 mm x 4.4 mm HTSSOP14
* Internal Driver With 1.5-A Peak Current Capability NSR22606-Q1 | 5.0 mm x 4.4 mm HTSSOP 14

* 1V +1.5% Accuracy Feedback Reference

¢ AEC-Q100 Grade 1 Qualified

* Low shutdown current: 1.28 A (typ.) Typical Circuits

* Low quiescent switching current: 323 YA (typ.)

 Peak Current Mode with Internal Slope Compensation & _|J"“_C o J.N CJ;"_DL |H]oM ol s

* Selectable frequency spread spectrum ; pack—fono GA; $
NSR22603-Q1, NSR22604-Q1, NSR22605-Q1, - comp i R e
NSR22606-Q1 LW % : %

* Cycle-by-cycle Current Limit %é o D.THOFFjé Ress
NSR22601-Q1, NSR22603-Q1, NSR22605-Q1 J7 J7 ys =v v

¢ Optional hiccup mode overload protection
NSR22602-Q1, NSR22604-Q1, NSR22606-Q1

Figure 1 Typical Boost application circuits

* Adjustable Soft-start AT SE——
¢ Hiccup disabled during soft start o1 — % " ™"
1 l Ruvr ] l_”_[> ‘.V
¢ Over-voltage Protection L VR Voo | . o
+ Over-temperature Protection S R o e
*  Wettable flank 3.0-mm x 2.0-mm DFN12 package A A i nd
* Lead Type 5.0-mm x 4.4-mm HTSSOP14 package %; S S:
* RoHS-compliant package J7 J7 j—:ss = < as

Figure 2 Typical Flyback application circuits
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NSR2260x-Q1

1. Product Family Table

Selectable spread

Part Number Hiccup Protection Package
spectrum
NSR22601-Q1 N N DFN12-WF
NSR22602-Q1 Y N DFN12-WF
NSR22603-Q1 N Y DFN12-WF
NSR22604-Q1 Y Y DFN12-WF
NSR22605-Q1 N Y HTSSOP14
NSR22606-Q1 Y Y HTSSOP14
2. Pin Configuration and Functions
VN[ G e fuvo
vee| 2 1 | L _|Po
GATE| 3 | P10 [RT
"""" i Thermal @ ==
........ i Pad
PGND 4 P SS
os| 5 Lo |8
comp| e i i 7 |aeno

Figure 2.1 NSR22601-Q1 and NSR22602-Q1 Pin Configuration

PIN NO. SYMBOL FUNCTION

1 VIN Power supply input.

2 VCC Driver supply voltage output. Connect to a bypass 0.47uF to 4.7uF capacitor to GND.

3 GATE Gate driver output. The gate of the external MOSFET should be connected to this pin.

4 PGND Power ground reference for external power circuit.

5 cs Current sense input. Connect this pin to a sense resistor which connected between source
of external power MOSFET and GND.

6 COMP Transconductance amplifier output. Connect to an external compensation network.

7 AGND Analog ground reference for internal bias circuit.

8 FB Feedback voltage input. Connect to an external resistor divider from output to GND to
regulate output voltage.

9 SS Soft start charging current output. Connect this pin to a soft start capacitor.

10 RT Frequency adjust input. Connect to an external resistor to set switching frequency.

1 PG Power good indication pin intern'ally connected to the d'rain of a MOSFET. When used,
connect to an external source with a proper pull-up resistor.

12 UVLO ;J;daesr I\govllt.age lockout input. The part is disabled into non-switching mode when this pin is
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VIN| 1 EL12 UVLO
veel 270 11 PG
GATE[ 3 | | b0 |RT
"""" i Thermal | ‘===
........ Pad PR
GND[ 4 | {9 |ss
cs| 5 s |FB
coMmP| & | {7 |DITHOFF

Figure 2.2 NSR22603-Q1 and NSR22604-Q1 Pin Configuration

PIN NO. SYMBOL FUNCTION

1 VIN Power supply input.

2 VCC Driver supply voltage output. Connect to a bypass 0.47uF to 4.7uF capacitor to GND.

3 GATE Gate driver output. The gate of the external MOSFET should be connected to this pin.

4 GND Ground reference.

5 cs Current sense input. Connect this pin to a sense resistor which connected between source
of external power MOSFET and GND.

6 COMP Transconductance amplifier output. Connect to an external compensation network.
Spread spectrum selection pin. Connect it to GND to enable spread spectrum. Connect it to

7 DITHOFF ; .
the VCC pin to disable spread spectrum.

8 FB Feedback voltage input. Connect to an external resistor divider from output to GND to
regulate output voltage.

9 SS Internal soft-start current source connection. Connect a capacitor from SS to GND.

10 RT Frequency adjust input. Connect to an external resistor to set switching frequency.

1 PG Power good indication pin internally connected to the drain of a MOSFET. When used,
connect to an external source with a proper pull-up resistor.

12 UVLO Under voltage lockout input. The part is disabled into non-switching mode when this pin is

set as low.
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VN [ —1]1© 14 [T ] uvLo
NC I ]2 @ i 13[_] PG
vee T3 12T ] RT
GATE [T 4 Thermal 1M [T ] ss
PGND 115 10 __]FB
AGND [T 6 ‘teeeemmmeemeeeeo 9 [T ]DITHOFF
cs 17 8 [ T__] ComMP
Figure 2.3 NSR22605-Q1 and NSR22606-Q1 Pin Configuration
PIN NO. SYMBOL FUNCTION
1 VIN Power supply input.
2 NC Not internally connected.
3 VCC Driver supply voltage output. Connect to a bypass 0.47uF to 4.7uF capacitor to GND.
4 GATE Gate driver output. The gate of the external MOSFET should be connected to this pin.
5 PGND Power ground reference for external power circuit.
6 AGND Analog ground reference for internal bias circuit.

Current sense input. Connect this pin to a sense resistor which connected between source

7 CcS of external power MOSFET and GND.

8 COMP Transconductance amplifier output. Connect to an external compensation network.
Spread spectrum selection pin. Connect it to GND to enable spread spectrum. Connect it to

9 DITHOFF ) .
the VCC pin to disable spread spectrum.

10 FB Feedback voltage input. Connect to an external resistor divider from output to GND to
regulate output voltage.

1" SS Soft start charging current output. Connect this pin to a soft start capacitor.

12 RT Frequency adjust input. Connect to an external resistor to set switching frequency.

13 PG Power good indication pin internally connected to the drain of a MOSFET. When used,
connect to an external source with a proper pull-up resistor.

14 UVLO Under voltage lockout input. The part is disabled into non-switching mode when this pin is

set as low.
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3. Absolute Maximum Ratings

Description Min Max Unit
VIN to GND -0.3 55 Vv
VCC to GND -0.3 18 or VIN + 0.3 Y
GATE to GND (DC) -0.3 18 Vv
GATE to GND (100ns) -1 Vv
GATE to GND (50ns) -2 Y
CS to GND (DC) -0.3 1 Vv
CS to GND (100ns) -1 Y
CS to GND (20ns) -2 Vv
COMP to GND -0.3 Y
COMP Sink Current 5 mA
DITHOFF to GND -0.3 18 Vv
FB to GNDs -0.3 4 Vv
SS to GND -0.3 3.8 Vv
RT to GND -0.3 3.8 Vv
PG to GND -0.3 18 Vv
PG Sink Current 1 mA
UVLO to GND -0.3 VIN + 0.3 Vv
PGND to AGND -0.3 0.3 Vv
Junction Temperature -40 150 °C
Storage temperature -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
Exposure to conditions on Absolute Maximum Ratings for extended periods may affect device reliability.
(2) All voltage values are with respect to the GND terminal.

4. ESD Ratings

Parameters Value Unit
o Human-body model (HBM), per AEC-Q100-002-RevD +2000 \%
V(ESD) Electrostatic discharge Charged device model (CDM), per AEC-Q100-011-RevB | £750 v

5. Recommended Operating Conditions

Parameters Symbol Min Typ Max Unit
Supply Voltage ViN 4.5 50 Y
VCC Voltage Vvee 4.5 16 Vv
DITHOFF Input VortHorF 0 16 V
UVLO Input Vuvio 0 50 V
FB Input Ves 0 4 V
Switching Frequency Range fsw 100 1000 kHz
Junction Temperature Range Ty -40 125 °C

6. Thermal Information

Parameters Symbol DFN12 HTSSOP14 Unit
IC Junction-to-Air Thermal Resistance | 6ua 64 44 °C/IW
Junction-to-Case Thermal Resistance | 0.c 63 49 °C/IW

The thermal data is based on the JEDEC standard high-K profile, JESD 51-7, four layers board.
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7. Specifications

7.1. Electrical Characteristics
Vin=12V, Rt =19.1 kQ, Ty =-40 °C to 125 °C. Unless otherwise noted, typical value is at T, = 25 °C.

Parameters ‘ Symbol Min ‘ Typ Max ‘ Unit Conditions

Quiescent current (shutdown mode) | Iso 1.28 3.5 A VN=12V,Vuvo=0V
. I VN=12V,Vuio =2V,

Quiescent current (switching) lo_sw 323 550 MA Vs = Vier, RT = 220kQ)

VCC Regulation Vvee NoL 6.59 6.88 7.25 \ Vin=8YV, No load

VCC Regulation Vvce Loap 6.52 \ ViN=8V, lvcc = 35mA

VCC UVLO Threshold Vvee_uvio 3.4 3.865 4.16 \Y VCC rising

VCC UVLO Hysteresis Vvec_uvioHys 0.656 \%

VCC sourcing current limit Ivee oL 35 68 mA Vin=10V, Vvcc =0V

Clock dithering threshold VoitH_R 1.2 1.73 2.3 \%

Clock dithering threshold VoitH_F 0.8 1.18 1.6 V

Clock dithering threshold hysteresis | VoirH_nvs 0.55 \%

Minimum pulse width ton_miIN 106 ns RT =19.1 kQ

Switching frequency fswi 80 97 113 kHz RT =220 kQ, Vin= 4V

Switching frequency fswe 980 1098 1250 kHz RT =19.1 kQ, Vin = 4V

Maximum duty cycle Dwmaxi 80 87 96 % RT =220 kQ, Vin = 4V

Maximum duty cycle Dwmaxz 80 87 96 % RT =19.1 kQ, Vin = 4V

Enable threshold rising VEN R 0.55 0.77 1 \%

Enable threshold falling VeN_F 0.51 0.726 0.95 \%

Enable threshold hysteresis VEN_HYs 0.046 \%

UVLO threshold Vuvio_Rr 1.44 15 1.56 \%

UVLO threshold Vuvio_F 14 1.45 1.51 \Y,

UVLO threshold hysteresis VuvLo_Hys 0.05 \Y

UVLO Source Current luvio 4 5 6 A Vuvio = 1.6V

Soft-start current Iss 8.5 10 11.5 MA

SS pull-down switch RDSON Rss 5.9 Q

CS output bias current IsLope 225 30 37.5 A RT =220 kQ

Current limit threshold voltage Vel 90 100 110 mV

Internal slope compensation VsL 40 mV

Reference voltage VRer 0.985 1 1.015 \%

Transconductance Gm 2.05 mA/NV

VEA maximum output voltage VEeao_H 25 2.8 \%

VEA minimum output voltage VEeao_L 1 1.1 \%

VEA sourcing current leao_src 170 MA
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Parameters ‘ Symbol Min ‘ Typ Max ‘ Unit Conditions

High-state voltage Rpson RorvH_pre (! 2.2 Q

Low-state voltage Roson Rorvi_pre (" 1.1 Q

Undervoltage threshold PoL 87 90 93 o | B falling (reference to
VREF)
FB rising (reference to

0,

Undervoltage threshold PaH 95 % VREF)

PG pull-down switch Rpson Rec 55 Q 1mA sinking

Hiccup waiting period tree_warr 2 64 Cycles

In-hiccup period trep_in @ 32768 Cycles

Hiccup timer reset cycles trep_rst @ 8 Cycles

. o FB rising (reference to

Over-voltage protection threshold Vovp_Rr 106 110 113 % VREF)

Over-Voltage protection threshold Vove_F 105 % FB falling (reference to
VREF)

Thermal shutdown threshold Tsp @ 175 °C

Thermal shutdown hysteresis Tsp_tvs @ 15 °C

™ Not test covered, guaranteed by characterization.

@ Not test covered, guaranteed by design.
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8. Detailed Description

8.1. Overview

The NSR2260x-Q1 is an adjustable output non-synchronous controller for switching regulators with low-side N-channel
MOSFET. The device is applied with peak current mode control with internal slope compensation. It is suitable for use
in topologies requiring a low-side MOSFET, such as boost, flyback, SEPIC, etc.

The NSR2260x-Q1 has built in features such under-voltage lockout, cycle-by-cycle current limiting, short—circuit hiccup
protection and thermal shutdown. The device is also optimized for EMC performance with internal spread-spectrum.
DFN12 and HTSSOP14 packages are available.

8.2. Block Diagram

RT
— VIN
DITHOFF [
1 vCC
Control
uvo[ & S| proner GATE
R
PGND
ss £
ss[_

CcomP [ ] -+
FB -

Vsc
0)
Protocton
vav | VSENSE
transfer

Figure 8.1 Block Diagram

8.3. Feature Description
8.3.1. Supply Voltage

The NSR2260x-Q1 series have a recommended input voltage up to 50V. When in low-voltage condition, the device
integrates an under-voltage lock-out function to shut down the device when the VCC voltage falls below an internal
threshold (Vvcc_uvio). This function ensures a proper supply voltage for internal circuits. There is also a lock-out threshold
hysteresis (Vvcc_uvionys) during under-voltage shutdown and re-start to avoid noise trigger for a well-designed system.

8.3.2. Quiescent Current

When pull UVLO pin low the device is on shutdown mode, VIN pin draws a low current (Isp) with the result that power
consumption is low in device. When the device is out of shutdown, VIN pin draws a higher current as internal circuits
start to work without switching on driver output. When light-load condition, the efficiency is lower as internal driver works
to charge and discharge external MOSFETSs. Total VIN current is the sum of quiescent current and the average GATE
output current. Knowing the operating frequency and the MOSFET gate charge (Qg), average OUT current can be
calculated from below equation:

Igare = Qg X fow (1
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8.3.3. VCC Regulator

An internal VCC regulator converts VIN voltage to a typical 6.88V as the voltage rail for internal circuits and gate driver
output when on both stand-by and run mode. A capacitor is needed in VCC pin with the value from 1 pF to 4.7 yF. VCC
pin can also be supplied by an external bias between the typical 6.88V and Vin(within absolutemaximum rating) to get a
higher gate driver output voltage of high state. This connection helps reduce internal power dissipation with an additional
transformer winding for VCC.

8.3.4. Frequency Timing
8.3.4.1. Minimum On-time and Maximum Duty

In typical peak-current mode control, on-time period is terminated when CS pin voltage is higher than a certain voltage
determined by close loop. To avoid any false triggering caused by spikes when turn-on transient, a blanking time is built
which actually blocks the turn-off signal when normal operation. As a result, this blanking time act as a minimum on-time
(ton_min) function. During minimum on-time, cycle-by-cycle current limit is disabled.

The NSR2260x-Q1 has a maximum duty (Dwmax) restriction in case short current happens in power MOSFET which may
cause damage when start-up.

8.3.4.2. Switching Frequency Setting

The switching frequency can be set by a resistor connecting from RT pin to GND with a typical range from 100kHz to
1000kHz. The below equation can be used to get the resistor:

_2.21x10"° (2)

R, - 955

fSW

8.3.5. Enable and UVLO

When UVLO pin voltage is between enable threshold (Ven) and the UVLO threshold (Vuvio) for more than EN start-up
deglitch time (~2.5us), then after a EN start-up delay (~95us) the device enters stand-by mode. In standby mode, there
is no switching at the GATE output but VCC regulator are operational.

When UVLO pin voltage is above UVLO threshold (Vuvo) and VCC pin voltage is above VCC UVLO Threshold
(Vvee_uvio), the device enters run mode. A soft-start sequence starts with the entry of run mode.

8.3.6. Soft Start

When the device is powered, internal reference voltage is started from 0V, an internal soft-start current source (lss) turns
on when VCC voltage is above VCC UVLO threshold (Vvcc_uvio). The soft-start current source charges an external
capacitor connected between SS pin and GND pin. The internal reference tracks on the voltage on soft-start capacitor
when it's lower than feedback reference voltage (Vrer). The SS pin is pulled down to ground by an internal switch when
the VCC is less than VCC UVLO threshold, the UVLO is less than the UVLO threshold, during hiccup mode off-time or
thermal shutdown.

Soft-start time is calculated by

8.3.7. Current Sense

Cycle-by-cycle current limit is built to limit MOSFET current when normal work. As out of blanking time, the driver output
is off once the voltage on CS pin is higher than current limit threshold voltage (Vci). When next cycle comes driver
regularly outputs high and current limit continues working.

In peak current mode control, when duty cycle is higher than 50%, an internal slope compensation is needed to avoid
sub-harmonic oscillation. There are fixed and programmable slope compensation designed to prevent the oscillation at
high duty cycle. For fixed slope compensation an Internal ramp increases linearly from 0V to a fix level (VsL). For
programmable slope compensation, a saw-tooth current (source output bias current, IsLore) flows out of the CS pin.
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A RC low-pass filter is recommended on CS pin to GND to avoid unwanted spike when MOSFET switching especially
on Flyback topology. The Rr and Cr values can be calculated:

1-D (4)

sw

3% Ry X Cp <

8.3.8. Error Amplifier

The device has a trans-conductance error amplifier from FB pin to COMP pin. The internal trans-conductance error
amplifier provides symmetrical sourcing and sinking capability during normal operation. A typical Type 2 loop
compensation network with Rcomp, Ccomp, and optional Chr loop compensation components is recommended connect
COMP pin and GND to configure the error amplifier gain and phase characteristics to achieve a stable loop response.

The COMP pin features internal clamps. The maximum COMP clamp limits the maximum COMP pin voltage below its
absolute maximum rating even in shutdown. The minimum COMP clamp limits the minimum COMP pin voltage in order
to start switching as soon as possible during no load to heavy load transition. The minimum COMP clamp is disabled
when FB is connected to ground in Flyback topology.

8.3.9. Gate Driver

Peak output current capability of NSR2260x-Q1 is up to 1.5A. High level driving voltage has a high-state voltage drop
from VCC voltage while low level voltage has and low-state voltage bouncing from GND. There is a VCC sourcing current
(Ivec_cv) limit which limits average driving current:

Qeavce X fsw < 35mA ()

An internal 1-MQ resistor is connected between GATE and PGND to prevent a false turn on during shutdown. A small
resistor is recommend connected between Gate and Source of external MOSFET to prevent a false-turn-on in high dV/dt
conditions.

8.3.10. Power Good

PG pin is an open-drain output. When used, connect it to an external voltage source with a proper pull-up resistor. when
the FB pin voltage is greater than the feedback undervoltage threshold, the VCC is greater than the VCC UVLO threshold
and the UVLO is greater than the EN threshold, the internal MOSFET is in off-state and PG pin is set as high. There is
a PG deglitch time(~22us) to prevents any false pull-down of the internal MOSFET due to transients.

8.3.11. Hiccup Protection (NSR22602-Q1, NSR22604-Q1 and NSR22606-Q1 Only)

Hiccup protection is integrated to protect device from overload or short conditions. When the hiccup mode fault timer
detects 64 cycles of current limiting the device to stop switching and SS is pulled down. The device keeps in switching-
off state for 32768 cycles and then tries to start. The 64-cycles hiccup mode fault timer is reset if 8 consecutive switching
cycles occur without exceeding the current limit threshold.

8.3.12. Thermal Shutdown

The device is protected from junction temperature higher than thermal shutdown threshold (Tsp). When the junction
temperature falls below the thermal shutdown trigger point minus the hysteresis (Tsb_nvs), the output turns on again.
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9. Typical Application

NSR2260x-Q1 series are designed for boost, flyback, SEPIC and other switching DC-DC topologies suitable for peak
current mode control with low-side switches.

9.1. Boost Converter
9.1.1. Typical Circuits

O

P ’_O
v e, Cuee |_D'-°UT Dour voUT
l <:R -
SRuvr

OuUT
VIN VCC ||_< Qu
GATE A
5&/\/" UvLO
uvB CS

comp SRs

- of 3
——Chur RT
C

FB

© 2 Rur
é 47 GND DITHOFF SS :;RFBB
>
J7 J7 icss i

Figure 9.1 Typical Boost Converter Connection with NSR2260x-Q1

>
b3 Resr
b3

9.1.2. Loop Stability Analysis and Design

A Boost converter is a typical closed-loop control system which can be described as below flow chart:

R(s)—>PD—»  G(s) > C(s)

H(s) [&—

Figure 9.2 Closed-loop Control Flow Chart

Where G(s) can be considered as the transfer function of power stage while H(s) is the compensation section. As loop
stability performance of small signal is directly determined by closed-loop transfer function expressed as below:

G 6
Gerosen(s) = TTCHE) G((ss))H(s) ©)

The most straightforward method to check response caused by certain distributing is calculation with closed-loop transfer
function from s-domain to time-domain. Frequency stability criterion is a more simple way which is equivalent to Nyquist
stability criterion. The frequency stability criterion checks gain and phase curves versus frequency, which is commonly
called Bode plot of open-loop transfer function

Gopen(s) = G(s)H(s) (7)

9.1.2.1. Transfer Function and Pole-zero Location of Power Stage

In a Boost converter with peak-current-mode control and an operational transconductance amplifier (OTA) as major
control component, power stage transfer function can be derived as below:

(l_ﬁ)(ﬂwssra) ®)

2
(1+i)-<1+ S48 2)
wp QNwN @y

G(s) = Ay

Where:
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A = RLoAD (9)
ve Re.|2Y0OUT, RLoADVIN® 05434
s |27y P O
N fsw-LouTVout

SN

Sa is voltage slope of internal compensation:

Sa=Vsy* fow (10)

Shn is voltage slope between current sense resistor when inductor current rises:

W
Sy = Ry IN (11)
Lout
The angular frequency of pole from main power is:
2 V|N3 (1 +5_A) (12)
_ Rionp fsw-Lout Vout® SN
Cour

In a closed current-loop power stage transfer function, there is a pair of complex-conjugate pole at half the switching
frequency with the below Qn values:

Wy =T - fsw (13)

_ 1 (14)
! [z (- Duty) - (1 +j—:) 03]

Q

When output capacitor has a equivalent series resistance (ESR), there is a zero lays at below angular frequency:

1 (15)

W =0
ESR Cour - Rgsr
There is also a right half plane zero (RHPZ) in a current-loop Boost:

_ Rio4p - (1 — Duty)? (16)

Lout

R

9.1.2.2. Transfer Function and Pole-zero Location of Compensation Stage

For transfer function of compensation section it can be expressed when Cc >> Chr and output resistance of amplifier >>
Re:

17
142 (17)
H(S)= Rrss *Gea Reo . Dcompz
Rege + Resr (1+ S j_(l+ S J
@compp1 Dcompp2
Where:
1 (18)
Weompz = p—
c " Lc
1 (19)
@Wcompp1 = m
c
1 (20)
Wcompp2 = Re - Cor
c

9.1.2.3. Loop Stability Analysis
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From above equations, any change of some components could cause significant changes to loop stability. In a typically
designed boost converter, when component changed, the influential changes on loop stability is summary in below table:

Component Changes Influence on Transfer Function Typical Influence on Bode Plot
Increase Lout Lower wp Lower phase margin
Increase Cout Lower wp Lower bandwidth
Increase ESR of Cour Lower wesr Earlier boost on phase at high frequency
Increase Rs Lower Avc Lower bandwidth
Lower wcompz Earlier boost on gain and phase at low frequency
Increase Rc . . .
Lower wcompr2 Earlier drop on gain and phase at high frequency
Lower Weonpz Earlier boost on gain and phase at low frequency
Increase Cc Earlier drop on gain and phase at medium
Lower wcompp1
frequency
Increase Chr Lower wcompr2 Earlier drop on gain and phase at high frequency

9.2. Flyback Converter
9.2.1. Typical Circuits

P O
Dour2 VOUT2
+
oUT2

Cuv 9 VIN
- )
\ UVLO

Ruve

> COMP
Re

——Cur RT
Ce 2 Rer
GND DITHOFF SS

I

Figure 9.3 Typical Flyback Converter Connection with NSR2260x-Q1
9.2.2. Loop Stability Analysis and Design
9.2.2.1. Transfer Function and Pole-zero Location of Power Stage

In a CCM Flyback converter with peak-current-mode control and an operational transconductance amplifier (OTA) as
major control component, when feedback signal come from resistance divider of auxiliary winding output which share
common ground with primary winding, the power stage transfer function can be derived as below:
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Where:

A= Np - Ripap ) 1 (22)
ve — —
Ns-Rs  CZBWE. (14 234) 4 oM, +1
N

tL

tL is a time constant determined by power stage components and working condition:

ZIVS2 ) LPRI ) fSW (23)
IVP2 : RLOAD

t, =

Mr is voltage transition ratio from primary input voltage to secondary output voltage:

Np - Vour (24)
MR -
Ns - Viy
Sa is voltage slope of internal compensation:
Sa=Vs, - fow (25)

S is voltage slope between current sense resistor when MOSFET is ON and primary current rises:

Vin 26
Sw = s Lpri )
The angular frequency of pole from main power is:
_ 3
2 (14 234) + Duty +1 (27)
wp = —= N
F Rioap - Cout

In a CCM Flyback converter with PCM control, there is a high-frequency pole from primary inductance and Slope
compensation:

N
(VIN + N_z. VOUT) ‘Rg - fSW (28)
Sa - Ler

w; =

When output capacitor has a equivalent series resistance (ESR), there is a zero lays at below angular frequency:

1 (29)

WESR = 75—
SR ™ Cout - Rusr
There is also a right half plane zero (RHPZ) in a current-loop Flyback:

_Ripap-(1— Duty)? - N, (30)
B Duty - Lpg; - Ny?

Wpr

9.2.2.2. Transfer Function and Pole-zero Location of Compensation Stage

For transfer function of compensation section it can be expressed when Cc >> Chr and output resistance of amplifier >>
Rc:
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31
1+—° (31)
H(S): Ress *Gen Reso . Dcompz
Ress +Resr (1+ S J'(l_" S J
Dcompp1 Dcompp2
Where:
1 (32)
Wcompz = R - Ce
o1 (33)
COMPP1 — H— ~
Reno - Cec
1 (34)

WCOMPP2 = 5~
Re - Cur

9.2.2.3. Loop Stability Analysis

From above equations, any change of some components could cause significant changes to loop stability. In a typically
designed CCM flyback converter, when component changed, the influential changes on loop stability is summary in
below table:

Component Changes Influence on Transfer Function Typical Influence on Bode Plot
Increase Lpri Lower we, Lowe wL Lower phase margin
Increase Cout Lower wp Lower bandwidth
Increase ESR of Cout Lower wesr Earlier boost on phase at high frequency
Increase Rs Lower Avc Lower bandwidth

Lower wcompz Earlier boost on gain and phase at low frequency
Increase Rc . . .

Lower wcompr2 Earlier drop on gain and phase at high frequency

Lower weonps Earlier boost on gain and phase at low frequency
Increase Cc L Earlier drop on gain and phase at medium

ower Wcomprp1 f
requency

Increase Chr Lower wcomprz Earlier drop on gain and phase at high frequency
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10. Package Information

10.1. DFN12
10.1.1. Tape and Reel

E: PO:
1752010 4,00+0.10

f—

P1:

P2:
4.00%0,10 2.00%0.05

P

]
N

8.00+0.20
20,05

F:
3.

€T

] [
AR R R

AO:

5SMAX

1 1] [ 2] B L
B

P
Y N Y i f 1.05+0.05

1. 10 sprocket hole pitch cumulative tolerance +0.20.
2. Carrier camber is within 1 mm in 250 mm.
3. Material : Black Conductive Polystyrene Alloy.
4. All dimensions meet EIA-481 requirements.

5. Thickness : 0.25+0.05mm.

6. Packing length per 17" reel : 500 Meters.

7. Surface resistivity :10™~ 101%2/5(1

10.1.2. Mechanical Data

D1
2.20+0.05 @1,00MIN

D | _-R0O.2MAX
o

+l

°
10.2540.05

TN

i ROHS ¢
W | 8.00£0.20
A0 | 220£0.05
B0 3.17=0.05
KO | 1.05£0.05
Exposed Pad Dt
[ [#e==@[Cc[AE] Eg\gsm
12 ° !
e
11 ‘
E 10 © J
g -t -
’ '
: "eg
1
L [
!
:t: el 1 (12x)
BOTTOM VIEW
VIEW M-M

&} [0} //|vbb[G — []ccc]C]
. =T
= c
N I SEATING PLANE
+ R ——
M
1 12
* |
PIN1 CORNER
2 11
3 10
— — E] I [ —
4 9
5 8
6 7
ﬁ .
iy ; M
o (Bl 7op viEW N A
A 3
DESCRIPTION SYMBOL MILUIMETER
Mn_| Nom | MAX SIDE VIEW
ToTAL THICKNESS & | om | om | om
| STAND OFF Al 0.00 — 0.05
MOLD THICKNESS A2 0.50 055 0.60
L/F THICKNESS A3 0.203 REF
I I ECEECEECE
ooy size
[ TR CEET
EaDPricn . Gso8sC
[ v [ om [ ox [ ow
LEaD LEnGTH T on [ ov | om
= T [ oss | 1o | 1os
EP SIZE
[ B 2w | e | 2m
TP cuTwio s oo | oo | o
TP CUT REGHT R oo | ow | on
L£AD E0GD 1O PRG EDGE H oz
TOLERANCE OF FORM AND FOSITION
GEOMIETRIC TOLERANCE o
MOLD FLATNESS oo 010 NOTES
LEAD COPLANARITY ccc 0.08
LEAD POSITION OFFSET ddd 010 1.0 COPLANARITY APPLIES TO LEADS, CORNER LEADS AND DIE
[EXPOSED PAD OFFSET eee 0.10 ATTACH PAD.
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10.2. HTSSOP14
10.2.1. Tape and Reel

po_|PLT

-r — P2 — o

Reel Sl E Bl E 1
o © o Diameter [ [ £ 171
= | W _Q1_E_Qz & | N ‘ e | 1
Q3 Q4 I
| 1
\Q Q =l

-

« AO .
'“}Lj r . .
| , =t User Direction of Feed
T T ,Reel Width(W1)
| o

Reel Reel PIN1
Diameter Width(W1) Quadrant

330 12.4 12.0 6.85 5.45 2.0 4.0 8.0 1.6 0.35 Q1
Note:

1. All dimensions are nominal.
2. The picture is only for reference. Please make the object as the standard.
3. Unit: mm.

10.2.2. Mechanical Data

MMON DIMENSIONS
MEASURE=MILLIMETER)

(UNITS

SYMBOL MIN NOM MAX
A - - 1.20

Lo

)

\| BASE METAL b- o1

WITH PLATING h K
\14

K

SECTION B-B

NOTES

1. ALL DIMENSIONS REFER TO JEDEC STANC
DO NOT INCLUDE MOLD FLASH OR PRC
2. 'D1" AND 'E2' ARE VARIABLES DEPENDING ON DIE PAD SIZES.
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11. Order Information

Orderable Part ‘ SPQ ‘ MPQ Package Type Pins | Operating Temp Device Marking
NSR22601-Q1DBAR 3000 | 3000 DFN12-WF -40 to 125°C 3 R22601
NSR22602-Q1DBAR 3000 | 3000 DFN12-WF -40 to 125°C 3 R22602
NSR22603-Q1DBAR 3000 | 3000 DFN12-WF -40 to 125°C 3 R22603
NSR22604-Q1DBAR 3000 | 3000 DFN12-WF -40 to 125°C 3 R22604
NSR22605-Q1HTSKR 4000 | 4000 HTSSOP14 -40 to 125°C 3 5286%5()
o NSR
NSR22606-Q1HTSKR 4000 | 4000 HTSSOP14 -40 to 125°C 3 22606Q
12. Revision History
Revision Description Date
1.0 Initial version 2025/11
11 Change VEen_r,Ven_F and IsLore range in 7.1 Electrical Characteristics. 2025/12
) Correct reel width in 10.2.1 Tape and Reel.
Rearrange the title number of figures.
Delete parameter Reaoin 7.1 Electrical Characteristics.
1.2 Add more annotation in 7.1 Electrical Characteristics. 2026/05
Correct HTSSOP14 package parameter E2 in 10.2.2 Mechanical Data.
Add more information in 11. Order Information.
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IMPORTANT NOTICE

The information given in this document (the “Document”) shall in no event be regarded as any warranty or authorization
of, express or implied, including but not limited to accuracy, completeness, merchantability, fithess for a particular purpose
or infringement of any third party’s intellectual property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE'’s products and applications, and for the
safety thereof. Users shall comply with all laws, regulations and requirements related to NOVOSENSE'’s products and
applications, although information or support related to any application may still be provided by NOVOSENSE.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with NOVOSENSE'’s
products. NOVOSENSE reserves the rights to make corrections, modifications, enhancements, improvements or other
changes to the products and services provided without notice. NOVOSENSE authorizes users to use this Document
exclusively for the development of relevant applications or systems designed to integrate NOVOSENSE'’s products. No
license to any intellectual property rights of NOVOSENSE is granted by implication or otherwise. Using this Document for
any other purpose, or any unauthorized reproduction or display of this Document is strictly prohibited. In no event shall
NOVOSENSE be liable for any claims, damages, costs, losses or liabilities arising out of or in connection with this
Document or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE (www.novosns.com).

Suzhou Novosense Microelectronics Co., Ltd
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