GPM6954

Primary Side Regulator With Built-Iin High Voltage
MOSFET

General Description

GPM6954 is primary side regulator (PSR) with built-in high
voltage MOSFET. It adopts PFM technology and provides
accurate constant voltage, constant current (CV/CC) control ‘
loop for high average efficiency and reliability.

Using GPM6954 for system design, few peripheral components
are needed. The design eliminates the Opto-coupler,
secondary control circuit, and the loop compensation circuit DIP-8-300-2 54
which significantly reduces the system cost.

GPM6954 is suitable for 8~12W output power application with
built-in cable drop compensation and peak current

compensation.

Features Applications

e Chargers
e Adapters
e Standby Power Supply

e  Built-in high voltage MOSFET
e  Primary side control

e Low start-up current

e Leading edge blanking

e Cycle by cycle current limiting
e Pulse-Frequency Modulation
e Peak reducing mode

e Overvoltage protection

e Undervoltage lockout

e  Open Loop Protection

e Max. on time protection

e  Over temperature protection
e Cable drop compensation

e  Peak current compensation

Ordering Information

Part No. [Cable drop compensation Package Marking | Material Packing
GPM6954 6% DIP-8-300-2.54(Double-based island) | GPM6954 Pb free Tube
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GPM6954
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Pin Description
Pin No. Pin Name 1/0 Function description

1 GND G Ground

2 Isen I Peak current sense

3 VCC P Power supply

4 FB I Feedback voltage

5 CDC I Cable drop compensation

6,7,8 Drain O Drain of high voltage MOSFET
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Absolute Maximum Ratings (unless otherwise specified, Tamb=25°C)
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Characteristics Symbol Ratings Unit
Supply Voltage Vce -0.3~27 V
Internal Reference Voltage VREFsV -0.3~5.5 \Y%
FB Input Voltage VEs -30~30 V
Other Input Voltage ViN -0.3~5.5 Vv
Input Current N -10~10 mA
Operating Junction Temperature Ty +150 °C
Ambient Temperature Range Tamb -20~ +85 °C
Storage Temperature Range Tstc -40~+125 °C
ESD (HBM) ESD 2500 V
Drain-Source breakdown voltage BVbss 650 V
Gate-Source voltage Vgs +30 Vv
Drain current Ip 2.5 A
Drain pulse current Iom 10 A
Power dissipation Pp 25 W
Single pulsed avalanche energy Eas 135 mJ
Thermal Characteristics
Characteristics Symbol Test conditions Rating Unit
Thermal Resistance, Junction-to-Case Reic 5 °C/IW
Thermal Resistance, Junction-to-Ambient Reia 120 °C/W
Electrical Characteristics of MOSFET (unless otherwise specified, Tamb=25°c)
Characteristics Symbol Test conditions Min. | Typ. | Max. | Unit
MOSFET current ) -- -- 2.5 A
Static Drain-Source On Resistance Rpsiony  [Ves=10V, Ip=1.25A -- 3.8 4.8 Q
Input Capacitance Ciss 220 320 420
Output Capacitance Coss Ves=0V, Vps=25V, f=1MHz 28 40 52 pF
Reverse Transfer Capacitance Crss 0.85 1.25 1.65
Turn On Delay Time taon) 7 10 13
Rise Time tr Vps=0.5Bvpss, Ves=10V, 20 28 36 s
Turn Off Delay Time taqorr)  |ID=2.5A 10 14 18
Fall Time t 12 18 24
Drain-Source breakdown voltage Bvpss  |Ves=0V, Ip=50pA 650 -- -- \
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Electrical Characteristics (unless otherwise specified, Vcc = 18V, Tamb=25°c)

Characteristics | Symbol Test conditions | Min. | Typ. | Max. | Unit
Supply Voltage
Start-up Current Ist Vce =14V, -- 1 3 WA
Static Operating Current Ibb Isen=0, FB=0; 240 300 360 LA
Start Voltage Vst 145 16 175 V
Stop Voltage Vsp 6.4 7.2 8.0 V
Internal Power Supply VREFsV 4.75 5.0 5.25 V
VCC Over Voltage Protection Voltage Vccove 25 26.5 28.2 V
Feedback
Enable Voltage Ven 40 120 200 mV
Open Protection Voltage VBLANK -0.8 -1.1 -1.4 V
Open Protection Delay Time TeLANK 0.8 1.2 1.6 usS
Constant Voltage Threshold Vev 3.90 4.00 4.10 V
FB Over Voltage Protection Voltage VEBOVP 6.2 6.9 7.6 V
Constant Voltage Off Time Limit e 080 | 090 | 100 S
TorEmin 0.6 0.8 1.0 us
Dynamic Parameter
Leading-edge Blanking Time Ties 0.35 0.45 0.55 usS
CV Loop Max. Duty Cycle® Dsmax 49 50 51 %
Protection Recovery Time TprT 13 145 16 mS
Max. On Time Protection Tonmax  |lsen=0V, FB=-2V, 25 35 45 uS
Current Limit
Peak Current Detecting Threshold 1 Vpki1 1.00<CDC<2.00V; 485 500 515 mV
Peak Current Detecting Threshold 2 Vpk2 0.65<CDC<1.45V; 368 380 392 mV
Peak Current Detecting Threshold 3 Vpks 0.40<CDC<1.05V; 270 280 290 mV
Peak Current Detecting Threshold 4 Vpka 0.30<CDC<0.75V; 204 210 216 mV
Peak Current Detecting Threshold 5 Vpks 0<CDC<0.60V; 165 170 175 mV
Compensation
Cable Drop Compensation AFB/FB - 6 -- %
Peak Current Compensation AVpk  |CDC=5V, FB=-10V 40 50 60 mV
OTP
Over Temperature Protection Totp 140 145 150 °C
Over Temperature Hysteresis TotpP hys -- 30 -- °C

Notel: CV Loop Duty Cycle, the ratio is secondary on time in the whole period, is defined as Ds, Dsmax=0.5.
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Start-up current vs. Temperature Start-up voltage vs. Temperature
35 16.2
3.0 16.0
&\ <) .
2 25 2
+— (]
S 20 g 158
5 ©
o >
5 15 S 156
5 10 IS
n n 154
0.5
0 15.2
-40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)
Shutdown voltage vs. Temperature CV threshold value vs. Temperature
7.2 4.050
S 70 >
< o 4.000
S 3
£ 68 £
= 3 3.950
; <
g 66 @
ye <
=} =1
Z 64 5 3.900
6.2 3.850
40 -20 0 20 40 60 80 100 120 -40 -20 0 20 40 60 80 100 120
Temperature (°C) Temperature (°C)

Functional Description

The GPM6954 is a controller designed for off-line SMPS. It features built-in cable drop compensation and peak current
compensation. CV/CC output is obtained through output voltage/current controlled by detecting feedback voltage of auxiliary
winding and peak current of primary winding.

The whole operating period consists of peak current detection and feedback voltage detection.

When the MOSFET is on, the primary current is detected by a sense resistor and the voltage at pin FB is negative, the load is
powered by an output capacitor and the output voltage Vo decreases. When the primary current exceeds the limit, the MOSFET
is off and voltage at pin FB is detected. The output capacitor and load are powered by a secondary current and Vo increases.
The MOSFET is on again after the CV/CC control open conditions are satisfied at the same time. And then, it comes to peak
current detecting again.

1. Start-up and under voltage lockout

After power on, the capacitor connected to pin V¢ is charged by high voltage DC bus via start resistor and the circuit starts to
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work if voltage at V¢ is 16V. The circuit is powered by a start resistor and an auxiliary winding during normal operation. The
whole control circuit enters undervoltage lockout if V¢ is decreased to 7.2V, the capacitor connected to pin V¢ is charged
through the start resistor and the IC only restarts when Vcc=16V.

2. Peak current detection

When driving voltage is high, the MOSFET is on and the linearly increased primary current is detected by the sense resistor.
When this current increases to the threshold value (peak value), the MOSFET is off.
There is a burr when MOSFET is on, and MOSFET will be off by error if its voltage is up to the threshold value Vg for the peak
current. So the leading edge blanking time T gg=0.45us is set to avoid this error.
The system load is detected according to the voltage on pin CDC. Following increases in the system load:

0<CDC<0.60V, peak current threshold Vpks=170mV;

0.30<CDC<0.75V, peak current threshold Vpg,=210mV;

0.40<CDC<1.05V, peak current threshold Vpg3=280mV;

0.65<CDC<1.45V, peak current threshold Vpx,=380mV;

1.00<CDC<2.00V, peak current threshold Vpk;=500mV;
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3. Peak current compensation

The detected peak current value will increase following the input AC voltage due to the off delay. And the output current is
deeply affected by the peak current, hence the voltage regulation is worse without peak current compensation.

GPM6954 uses the negative feedback voltage on pin FB to detect AC input voltage and then generates a CC source, which is
superimposed on the peak current sense pin ISEN to make the peak current constant under different input voltages, which will
improve the regulation rate of output current.

4. Feedback Voltage Detection
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When the MOSFET is off, the voltage at pin FB is positive and voltage is sensed at 2/3 duration of this positive voltage, this
sensed voltage is used to generate off time Torr Of CV loop circuit after compared with V¢, amplified and held. Then CV output
is available.

Torr1, Torr2 and Toyare counted at the same time which indicates durations of positive FB voltage, FB damping oscillation and
FB negative voltage respectively. Positive FB voltage indicates there is current delivered to the secondary side of transformer,
while negative and FB damping oscillation indicate there is no current delivered to the secondary side of transformer.

The duty factor is expressed as:

TOFFl TOFFl :

S T +Tom+Toy T

Output current, also the average current in secondary winding:
| _ISD'TOFFl_nDsl .
ou — - K’
2T 2

Isp—peak current in secondary winding, lpk—ypeak current in primary winding, n—turns ratio of primary/secondary windings.

Hence, with constant peak current, when Ds=Dsmax=0.50 (this value is determined by internal circuit), the circuit enters constant-
current mode and output current is kept constant.
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5. Cable drop compensation

In the actual design, the cable voltage drop Vcag should be taken into consideration:

Vp is almost constant with different currents, so we focus on the cable voltage drop Vcag that is proportional to output current,
which is needed to be compensated to get better voltage regulation.

According to the output current calculation formula, under the condition that the peak current is constant, the duty cycle Dg can
stand for the load of output current:

The duty cycle is almost 0 before compensation and the CV threshold value is 4.0V; the duty cycle with full load is 0.5 after
compensation and the CV threshold value is 4.24V. The cable drop compensation efficient is 6% for GPM6954.

6. Over voltage protection for FB

The output is shutdown if voltage at FB exceeds the threshold Vegovp=6.9V and this state is kept for 14.5ms, then the driver
restarts.
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7. Open loop protection

When power MOS is on, if FB negative voltage is higher than -1.1V, the loop is open; and the open-loop protection acts if there
is no change after 1.2us delay; the drive is shutdown and restarts after 14.5ms.

8. Max. on time protection

When pin ISEN is floating, the peak current can’t be detected, while system maybe damaged by actual abnormal peak current.
Max. on time is needed. When Tonmax=35US, it enters max. on time protection and the drive is shutdown, it restarts after keeping
this for 14.5ms.

9. VCC over voltage protection

VCC is active when VCC voltage is higher than 26.5V, the drive is shut down and it restarts after keeping for 14.5ms.

10. Over Temperature Protection

If the circuit is over temperature, the output is shut down to prevent the circuit from damage. The hysteresis of over temperature
protection is used to avoid frequently change between normal and protection modes. The over protection threshold value is
145°C and hysteresis value is about 30°C. Hence, the circuit is only normal when the temperature is 115°C below.

11.PFM frequency setting

PFM frequency range is determined by the on time Ton and constant-voltage loop off time Toge. When off time is Torpmax, the circuit
works with a minimum operating frequency value; when off time is Torrmin, the circuit works with a maximum operating frequency value.

1
According to the formula: Py =V, -1y = ZLmIFK ?.fs-n

Where, Lm = primary inductance, lpox = peak current in primary side, fs = operating frequency, n = efficiency.

2V, -l
Hence, fg =—2°-°
LmIFK ‘n
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Typical Application Circuit
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Note: The circuit and parameters are for reference only; please set the parameters of the real application circuit based on the real test.
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\/ \, CAUTION A
ELECTROSTATIC
\'J SENSITIVE DEVICE = \

DO NOT OPEN OR HANDLE
EXPECT AT A STATIC-FREE
WORKSTATION

MOS Devices Operation Notes:

Electrostatic charges may exist in many things. Please take the following preventive measures to prevent effectively the MOS electric circuit as a result
of the damage which is caused by discharge:

[ The operator must put on wrist strap which should be earthed to against electrostatic.

[ Equipment cases should be grounded.

L] All tools used during assembly, including soldering tools and solder baths, must be grounded.

°

MOS devices should be packed in antistatic/conductive containers for transportation.

Disclaimer:
The information furnished in this data sheet is believed to be accurate and reliable. However, no responsibility is assumed by Golden Gate Integrated

Circuits (GGIC) for its use. GGIC reserves the right to change circuitry and specifications at any time without notification to the customer.

. Golden Gate Integrated Circuits reserves the right to make changes to the information herein for the improvement of the design and
performance without further notice! Customers should obtain the latest relevant information before placing orders and should verify that
such information is complete and current.

. All semiconductor products malfunction or fail with some probability under special conditions. When using Golden Gate Integrated Circuits
products in system design or complete machine manufacturing, it is the responsibility of the buyer to comply with the safety standards
strictly and take essential measures to avoid situations in which a malfunction or failure of such Golden Gate Integrated Circuits products
could cause loss of body injury or damage to property.

. Golden Gate Integrated Circuits (GGIC) Products are not designed or authorized for use as components in life support appliances, devices
or systems where malfunction of a product can reasonably be expected to result in personal injury. Life support devices or systems are
devices or systems that (a) are intended for surgical implant into the body or (b) support or sustain life, and whose failure to perform can be
reasonably expected to result in a significant injury to the user. A Purchaser's use or sale of GGIC Products for use in life support
appliances, devices or systems is a Purchaser's own risk and Purchaser agrees to fully indemnify GGIC for any damages resulting from
such use or sale.
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