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General Description
U6116 is a high performance Primary

Side Regulation (PSR) controller with high
precision CV/CC control ideal for charger
applications. The IC can also support
Quasi-Resonant(QR) Buck constant current
topology for LED lighting if SEL pin is short to
GND.In CV mode, U6116 adopts Multi Mode
Control which uses the hybrid of AM
(Amplitude Modulation) mode and

dynamic response.The built-in Cable Drop
Compensation (CDC) function can provide
excellent CV performance.U6116 integrates
functions and protections of Under

(Frequency Modulation) FM mode to improve
system efficiency and reliability.ln CC
mode.the IC uses PFM control with line and
load CC compensation.The IC can achieve
audio noise free operation and optimized

Voltage
Lockout (UVLO), VDD over Voltage
Protection (VDD OVP),Cycle-by-cycle
Current Limiting (OCP), Short Load
Protection (SLP), Gate Clamping,and VDD
Clamping.

Applications
 Battery Chargers for Cellular

Phones
 AC/DC Power Adapter
 LED Drivers

Pin Configuration

Key Features
 Support Flyback and Buck Topology:

Flyback PSR Control (SEL= Floating)
QR-Buck CC Control (SEL= GND)

 Multi Mode PSR Control

 Audio Noise Free Operation for PSR

 Optimized Dynamic Response for PSR

 Low Standby Power <70mW

 ±4% CC and CV Regulation

 Programmable Cable Drop
Compensation： (CDC) in PSR CV Mode

 Built-in AC Line & Load CC Compensation

 Build in Protections:

Package

Short Load Protection (SLP)
On-Chip Thermal Shutdown (OTP)
Cycle-by-Cycle Current Limiting
Leading Edge Blanking (LEB)
Pin Floating Protection

 VDD UVLO OVP & Clamp

 Package (SOT23-6)

Information

TOP VIEW

Pin Number Pin Name Function
1 GND The Ground of the IC

2 GATE Gate Driver for External MOSFET Switch

3 CS Current Sense Input Pin

4 FB System feedback pin which regulates both the output voltage in CV mode and output
current in CC mode based on the flyback voltage of the auxiliary winding

5 SEL Select Buck or Flyback configuration. Leave this pin floating for Flyback PSR control,
while tying to GND for QR-Buck control

6 VDD Power Supply Pin of the Chip
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Typical Application Circuit

(Charger Application)

(LED Lighting Application)
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Block Diagram

Absolute Maximum Ratings (Note 1)

Parameter Value Unit
VDD DC Supply Voltage 34.5 V

VDD DC Clamp Current 10 mA

GATE pin 20 V

CS, SEL voltage range -0.3 to 7 V

FB voltage range -0.7 to 7 V

Package Thermal Resistance (SOT-26) 250 ℃/W

Maximum Junction Temperature 150 ℃

Operating Temperature Range -40 to 85 ℃

Storage Temperature Range -65 to 150 ℃

Lead Temperature (Soldering, 10sec.) 260 ℃

ESD Capability, HBM (Human Body Model) 3 kV

ESD Capability, MM (Machine Model) 250 V
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Electrical Characteristics(ta = 25°c, unless otherwise specified)
Parameter Symbol Test Conditions Min Typ Max Unit

Supply Voltage Section(VDD Pin)

Start-up current into VDD pin lVDD_ST — 2 20 uA

Operation Current IVDD_OP VFB=3V,GATE=0.5nF,
VDD=20V — 1 1.5 mA

Standby Current LVDD_standby — 0.5 1 mA

VDD Under Voltage Lockout Exit VDD_ON 15 16.3 17.5 V

VDD Under Voltage Lockout Enter VDD_OFF 8 9 10 V

VDD OVP Threshold VDD_OVP 28 30 32 V

VDD Zener Clamp Voltage VDD _Clamp I(VDD ) = 7 mA 32.5 34.5 36.5 V

Control Function Section (FB Pin)

Internal Error Amplifier (EA) Reference Input VFB_REF 1.97 2.0 2.03 V

Short Load Protection (SLP) Threshold VFB_SLP — 0.7 — V

Short Load Protection (SLP) Debounce Time TFB_SHORT — 10 — ms

Demagnetization Comparator Threshold VFB_DEM — 25 — mV

Minimum OFF time TOff _min (Note 3) — 2 — us

Maximum OFF time TOff _max — 5 — ms

Maximum Cable Drop compensation current Icable_max — 63 — uA

Current Sense Input Section (CS Pin)

CS Input Leading Edge Blanking Time TLEB — 500 — ns

Current limiting threshold Vcs(max) 490 500 510 mV

Over Current Detection and Control Delav TD_OCP GATE=0.5nF — 100 — ns

GATE Driver Section (GATE Pin) (Note 3)

CS Input Leading Edge Blanking Time VG_Clamp VDD=24V — 16 — V

Output Rising Time T_R GATE=0.5nF — 700 — ns

Output Falling Time T_F GATE=0.5nF — 40 — ns

Flyback or Buck Selection Section (SEL Pin)

SEL Pin Floating Voltage VSEL(floating) (Note 3) — 5.7 — V

Internal SEL Pin Pull up Current ISEL (Note 3) — 35 — uA

Over Temperature Protection

Thermal Shutdown TSD (Note 3) 165 ℃

Thermal Recovery TRC (Note 3) 135 ℃

Note:
1.Stresses listed as the above "Maximum Ratings" may cause permanent damage to the device.These are for stress ratings.
Functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the
specifications is not implied. Exposure to maximum rating conditions for extended periods may remain possibility to affect
device reliability.

2.The device is not guaranteed to function outside its operating conditions.
3.Guaranteed by the Design.
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Characterization Plots
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Peration Description
U6116 is a high performance, multi mode, highly

integrated DCM (Discontinuous Conduction Mode)

Primary Side Regulation (PSR) controller. The built-

in high precision CV/CC control with high level

protection features makes it suitable for offline small

power converter applications.

System Start-Up Operation
Before the IC starts to work, it consumes only startup

current (typically 2uA) which allows a large value

startup resistor to be used to minimize the power

loss and the current flowing through the startup

resistor charges the VDD hold-up capacitor from the

high voltage DC bus. When VDD reaches UVLO

turn-on voltage of 16.3V (typical), U6116 begins

switching and the IC operation current is increased

to be 1mA (typical). The hold-up capacitor continues

to supply VDD before the auxiliary winding of the

transformer takes the control of VDD voltage.

Fig.1

Once U6116 enters very low frequency FM

(Frequency Modulation) mode, the operating current

is reduced to be 0.5mA typically, which helps to

reduce the standby power loss.

PSR Constant Voltage Modulation
(PSR-CCM)
In primary side control, the output voltage is sensed on
the auxiliary winding during the transfer of transformer
energy to the secondary. Fig.2 illustrates the CV
sampling signal timing waveform in U6116. As shown
in Fig.2, it is clear that there is a down slope
representing a decreasing total rectifier Vf and its
voltage drop as the secondary current decreases to
zero. To achieve an accurate representation of the
secondary output voltage on the auxiliary winding, the
CV sampling signal blocks the leakage inductance
reset and ringing. When the CV sampling process is
over, the internal sample/hold (S&H) circuit captures
the error signal and amplifies it through the internal
Error Amplifier (EA). The output of EA is sent to the
Primary Side Constant Voltage Modulator (PS-CVM)
for CV control. The internal reference voltage for EA is
trimmed to 2V with high accuracy.
During the CV sampling process, an internal variable
current source is flowing to FB pin for Cable Drop
Compensation (CDC). Thus, there is a step at FB pin in
the transformer demagnetization process, as shown in
Fig.2. Fig.2 also illustrates the equation for

“demagnetization plateau”，where Vo and VF is the

output voltage and diode forward voltage; R1 and R2 is
the resistor divider connected from the auxiliary
winding to FB Pin, Ns and Na are secondary winding
and auxiliary winding respectively.
When system enters over load condition, the output
voltage falls down and the FB sampled voltage should
be lower than 2V internal reference which makes
system enter CC Mode automatically.

Fig.2
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PSR Constant Current Modulation
(PSR-CCM)
Timing information at the FB pin and current

information at the OS pin allow accurate regulation of

the secondary average current. The control law

dictates that as power is increased in CV regulation

and approaching CC regulation the primary peak In

U6116, current is at Ipp(max), as shown in Fig.3.

In the equation above，

N--The turn ratio of primary side winding to secondary
side winding.
Res-- the sensing resistor connected between the
power MOSFET source to

Fig.3
Referring to Fig.3 above, the primary peak current,

transformer turns ratio, secondary demagnetization

time (Tdem), and switching period (Tsw) determines

the secondary average output current lout. Ignoring

leakage inductance effects, the equation for average

output current is shown in Fig.3. When the average

output current lout reaches the regulation reference in

the Primary Side Constant Current Modulator

(PS-CCM) block, the IC operates in pulse frequency

modulation (PFM) mode to control the output current

at any output voltage at or below the voltage

regulation target as long as the auxiliary winding can

keep VDD above the IIVLO turn-off threshold.

In U6116, the ratio between Tdem and Tsw in CC

mode is 1/2. Therefore, the average output current

can be expressed as:

GND.

Quasi Resonant Buck (QR-Buck)
Constant Current Control for LED
Lighting
If SEL pin is short to GND, U6116 will works in
Quasi-Resonant Buck mode. In QR-Buck mode, the IC
keeps CS peak current constant and starts new PWM
cycle with valley switching. Therefore, high precision CC
and high conversion efficiency can be achieved
simultaneously. The average output current is given by:

To meet the tight requirement of averaged system
efficiency and no load power consumption, a hybrid of
frequency modulation (FM) and amplitude modulation
(AM) is adopted in U6116 which is shown in the Fig 4.
Around the full load, the system operates in FM mode.
When normal to light load conditions, the IC operates in
FM+AM mode to achieve excellent regulation and high
efficiency. When the system is near zero loading, the IC
operates in FM again for standby power reduction. In
this way, the no-load consumption can be less than

Multi Mode Control in CV Mode

70mW.

Fig.4
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Programmable Cable Drop
Compensation (CDC) in CV Mode
In smart phone charger application, the battery is

always connected to the adapter with a cable wire

which can cause several percentages of voltage drop

on the actual battery voltage. In U6116, an offset

voltage is generated at FB pin by an internal current

source (modulated by CDC block, as shown in Fig.5)

flowing into the resistor divider. The current is

proportional to the switching period, thus, it is

inversely proportional to the output power Pout.

Therefore, the drop due the cable loss can be

compensated. As the load decreases from full loading

to zero loading, the offset voltage at FB pin will

increase. By adjusting the resistance of R1 and R2 (as

shown in Fig.), the cable loss compensation can be

programmed. The percentage of maximum

compensation is given by：

For example, R1=3 KΩ , R2=18KΩ , The percentage

of maximum compensation is given by:

Fig.5

Optimized Dynamic Response for
PSR
In U6116, the dynamic response performance is
optimized to meet USB charge requirements.

Audio Noise Free Operation for PSR

Short Load Protection

As mentioned above, the multi-mode CV control with a
hybrid of FM and AM provides frequency modulation. An
internal current source flowing to CS pin realizes CS
peak voltage modulation. In U6116, the optimized
combination of frequency modulation and CS peak
voltage modulation algorithm can provide audio noise
free operation from full loading to zero loading.

(SLP)
In U6116, the output is sampled on FB pin and then
compared with a threshold of IIVP (0.7V typically) after
an internal blanking time (10ms typical).
In U6116, when sensed FB voltage is below 0.7V, the IC
will enter into Short Load Protection (SLP) mode, in
which the IC will enter into auto recovery protection
mode.

VDD Over Voltage Protection (OVP)
and Zener Clamp
When VDD voltage is higher than 30V (typical), the IC
will stop switching. This will cause VDD fall down to be
lower than VDD_OFF (typical 9V) and then the system
will restart up again. An internal 34.5V (typical) zener
clamp is integrated to prevent the IC from damage.

On Chip Thermal Shutdown (OTP)
When the IC temperature is over 165 °C, the IC shuts
down. Only when the IC temperature drops to 135 °C, IC
will restart.

Pin Floating Protection
In U6116, if pin floating situation occurs, the IC is
designed to have no damage to system.

Soft Totem-Pole Gate Driver
U6116 has a soft totem-pole gate driver with optimized
EMI performance.
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Package Dimension

SOT23-6

Symbol
Dimensions In Millimeters Dimensions In Inches
Min Max Min Max

A 0.900 1.200 0.035 0.047

A1 0.000 0.150 0.000 0.006

A2 0.900 1.100 0.035 0.043

b 0.300 0.500 0.012 0.020

c 0.100 0.200 0.004 0.008

D 2.800 3.020 0.110 0.119

E 1.500 1.700 0.059 0.067

E1 2.600 3.000 0.102 0.118

e 0.950 (BSC) 0.037 (BSC)

e1 1.800 2.000 0.071 0.079

L 0.300 0.600 0.012 0.024

e 0° 8° 0° 8°
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1.版本记录

       

3.联系我们
浙江宇力微新能源科技有限公司

2.免责声明

浙江宇力微新能源科技有限公司保留对本文档的更改和解释权力，不另行通知!  客户在下单前

应获取我司最新版本资料，并验证相关信息是否最新和完整。量产方案需使用方自行验证并自

担所有批量风险责任。未经我司授权，该文件不得私自复制和修改。产品不断提升，以追求高

品质、稳定性强、可靠性高、环保、节能、高效为目标，我司将竭诚为客户提供性价比高的系

统开发方案、技术支持等更优秀的服务。

版权所有 浙江宇力微新能源科技有限公司/绍兴宇力半导体有限公司
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电话：0575-85087896（研发部）

传真：0575-88125157

E-mail: htw@uni-semic.com

无锡地址:江苏省无锡市锡山区先锋中路6号中国电子(无锡)数字芯城1#综合楼503室

电  话 : 0510-85297939

E-mail: zh@uni-semic.com

深圳地址:深圳市宝安区西乡街道南昌社区宝源路泳辉国际商务大厦410

 电 话 ：0755-84510976

E-mail: htw@uni-semic.com

DATE REV. DESCRIPTION

2018/04/19 1.0 First Release

2021/11/10 1.1 Layout adjustment
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