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1.0 General Description

The G5138P is a high performance AC/DC
power supply controller which uses digital
control technology to build peak current mode
PWM flyback power supplies. The device
operates in quasi-resonant mode to provide
high efficiency along with a number of key
built-in protection features while minimizing
the external component count, simplifying
EMI design and lowering the total bill of
material cost. The -K version can operate at
peak power mode with momentary peak
power higher than the maximum continuous
output power without design cost and size
increase.The G5138P removes the need for
secondary feedback circuit while achieving
excellent line and load regulation. It also
eliminates the need for loop compensation
components while maintaining stability over
all operating conditions. Pulse-by-pulse
waveform analysis allows for a loop response
that is much faster than traditional solutions,
resulting in improved dynamic load response
for both one-time and repetitive load
transients. The built-in power limit function
enables optimized transformer design in
universal off-line applications and allows for a
wide input voltage range. GlobalSemi’s
innovative proprietary technology ensures
that power supplies built with the G5138P can
achieve both highest average active
efficiency and have fast dynamic load
response in a compact form factor in typical
applications.

G5138P Series

Digital Green-Mode Quasi-Resonant
Primary-Side PWM Power Switch

DIGITAL PWM IC

Features

+ No-load power consumption < 75 mW at 230
VAC along with fast dynamic load response

+ Tight constant-voltage and constant-current
regulation across line and load range

+ Peak power mode provides momentary peak
power higher than the maximum continuous
output power without design cost and size
increase (-K version)

¢ Primary-side feedback eliminates opto-
isolators and simplifies design

* Proprietary optimized 90 kHz maximum PWM
switching frequency with quasi-resonant
operation achieves best size, efficiency and
common mode noise

¢+ Adaptive Multi-mode PWM/PFM control
improves efficiency

* No external loop compensation components
required

+ User-configurable 5-level cable drop

¢ Complies with EPA 2.0 energy-efficiency
specifications with ample margin

+ Built-in single-point fault protection features:
output short-circuit protection, output over-
voltage protection, over-current protection ,
current-sense-resistor fault protection .

* G5138PT is based on G5138P, added onchip
OTP only.

+ No audible noise over entire operating range

Applications

o Compact AC/DC adapter/chargers for media
tablets and smart phones

® AC/DC adapters for consumer electroﬁ_sf

0

Global Semiconductor Co., LTD.

1 of 18



G5138P Series
Digital Green-Mode QR Primary-Side PWM Power Switch

2.0 Products Information

2.1 Pin configuration

___________________________________________________________________

CFG

VsEnsE

Isense

e Tun

7 :GND E

6 :DRAlN ;

4 5 :DRAIN ;

Figure2.1: G5138P Series (8 Lead DIP8 Package)

Pin#

Name

1’0o

Description

VCC

Power Input

Power supply for the controller during normal operation.
The controller will start up when VCC reaches 14.0V (typical)
and will shut down when the VCC voltage drops below 6.5 V
(typical). A decoupling capacitor of 0.1 yF or so should be
connected between the VCC pin and GND.

CFG

Analog Input

Used to configure external cable drop compensation (CDC)
at the beginning of start-up except -K version and provide
accurate over-voltage protection during normal operation by
sensing output voltage via auxiliary winding.

VsensE

Analog Input

Sense signal input from auxiliary winding. This provides the
secondary voltage feedback used for output regulation..

Isense

Analog Input

Primary current sense. Used for cycle-by-cycle peak current
control and limit.

5/6

DRAIN

Output

HV MOSFET Drain Pin.The Drain pin is connected to the
primary lead of the transformer

7/8

GND

Ground

Ground.

Rev 2.6
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2.2 Series description

Part Number Version Description
G5138P
G5138PA -Aversion | 650V MOS RDS(ON)=1.5¢
G5138PE -E version | 500V MOS RDS(ON) =19
G5138PT -T version | With OTP Onchip Function
CV Mode Operation and Peak power mode timer =
40ms; no CDC configuration

G5138PK -K version

2.3 Block diagram

VSENSE(NOM)
l Regulator 1 jvce
EMABLE
b Start-up
v
SENSE [33— Conditioning vil L
coc
Configuration |~ | R
DIGITAL Gate P
CORE Driver DRAIN
5

I
! s l 145V F
DAC |
E lpk : {4]'sense

Vipk

Figure2.1 G5138P Functional Block Diagram
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3.0 Absolute Maximum Ratings

Parameter Symbol Value Units

Drain Voltage (off state) VbraN -0.3 to Vdss \Y,
Continuous Drain Current at Tc=25C I ppC) 4 A
Continuous Drain Current at Tc=25°C, -A version I bpC) 6 A
Continuous Drain Current at Tc=25C, -E version I bpC) 6 A
Continuous Drain Current at Tc=100°C Ipipc) 2.5 A
Continuous Drain Current at Tc=100°C, -A version Ipipc) 3 A
Continuous Drain Current at Tc=100°C, -E version Ippc) 3.5 A
Pulsed Drain Current note1 IDM(pluse) 16 A
Pulsed Drain Current note1, -A version IDM(pluse) 20 A
Pulsed Drain Current note1, -E version IDM(pluse) 22 A
DC supply voltage range (pin 1, Ipp = 20mA max) Vee -0.3t025.0 \Y,
Continuous DC supply current at VCC pin

(VCC = 15 V) y Ipp 20 mA
CFG(Pin 2, Icre < 20mA) -0.8104.0 \Y
VsENsE input (Pin 3, IvEnse < 10mA) -0.7t04.0 V
Isense input (Pin 4) -0.3t0 4.0 V
Maximum junction temperature Tumax 150 T
Operating junction temperature TiopT -40 to 150 T
Storage temperature Tste —65 to 150 c
I;::;jntde;nperature during IR reflow for < 15 T 260 0
Thermal resistance junction-to-ambient B.a 75 T
ESD rating per JEDEC JESD22-A114 2,000 \Y
Latch-up test per JEDEC 78 +100 mA

Note1: Repetitive Rating: Pulse width limited by maximum junction temperature

Rev 2.6
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4.0 Typical Application

The G5138P contains a controller for a flyback circuit.

L|O
N|C

= & L -[ ! nl =
1. ] :"é: T % wrea
=" 5 L]
zj——_ s 3 | d : I T 0 RTN
< 4 1, 1
1 1
— AAA el LI
" j 8 Yyy T 1 | 1
< : | :
A |-
[ (|
(. :
|
U1 ][
p—4—7|vec GND [ offl |
- | }
3 I 2| oFG GND [T L "7
u 3|Vsense DRAIN [5] g
4] lsense DRAIN[5}
RGDD |
Figure4.1 G5138P Typical Application Circuit
5.0 Electrical Characteristics
(TA=25"C,VCC=12V, unless otherwise noted)
Symbol Parameter Test Conditions Min | Typ | Max | Unit
VCC SECTION (Pin1)
Maximum operating
VCCum voltage (Note 2) i i i 20 v
VCCsr) Start-up threshold VCC rising 13.0 | 14.0 | 15.0 Vv
Under-voltage lockout .
VCCuw) threshold VCC falling 6.2 6.5 6.8 \%
VCCrLs) Latch release threshold VCC falling 4.2 4.5 4.8 \%
lingsT) Start-up current VCC =12V - 7.8 - uA
lcca Quiescent current CL=330pF,Vsense=1.5V - 3.5 - mA
www.globalsemi-group.com 5 of 18



G5138P Series
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Symbol | Parameter ‘ Test Conditions | Min | Typ ‘ Max ‘Unit
Vsense SECTION (Pin 3)

Ivs Input leakage current Vsense =2 V - - 1 UuA

Vsensenom) | Nominal voltage threshold | TA=25°C, negative edge 1.521 | 1.536 | 1.551 \Y,

Vsense-based output OVP
Vsensgmax) | threshold with no CDC TA=25°C, negative edge - 1.838 - \%
compensation (Note 1)

Isense SECTION (Pin4)

Voce Over-current threshold - 1.1 1.15 1.19 \Y
ISENSE regulation upper | ) )
VIPK(HIGH) limit (Note 2) 1.0 \%
ISENSE regulation lower
VipK(Low) limit (Note 2) - - 0.23 - \%

CFG Section (Pin3)

OVP shutdown threshold
VsD-TH(R) (rising edge) - 0.96 1.015 1.07 \Y

Resistance between CFG
Q
RcFe and GND 9.5 k

MOSFET SECTION

Mosfet Drain-Source
BVdss Breakdown Voltage 650 v

Static drain to source on

Rdson . 1 Q
resistance
Rdson Static dralrl to source on _Aversion 15 0
resistance
Mosfet Drain-Source .
BVdss Breakdown Voltage -E version 500 \
Rdson Static dralrl to source on -E version 1 0
resistance
Frequency SECTION
faw Switching frequency >50% load 90 kHz
faw Switching frequency >50% load, -A version 80 kHz

Thermal CHARACTERISTICS (For G5138PT)

Thermal shutdown o
Tsp Threshold 140 C
Tsor Thermal shutdown 110 C
recovery
Notes:

Note 1: The Vsense-based output OVP threshold depends on the CDC setup, see Section 7.10 for more
details.
Note 2: These parameters are not 100% tested, guaranteed by design and characterization.

Note 3: Operating frequency varies based on the load conditions
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6. Typical Performance Characteristics
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Figure 6.1 VCC UVLO vs. Temperature
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Figure 6.3 Switching Frequency vs. Temperature

9.0

6.0
—
/

/

30 //
0.0 20 40 6.0 80 10.0 12.0 14.0
Vee (V)

Vi Supply Start-up Current (pA)

Figure 6.5 VCC vs. VCC Supply Start-up Current

Notes:

Ve Start-up Threshold (V)

Internal Reference Voltage (V)
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Figure 6.2 Start-Up Threshold vs. Temperature
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Figure 6.4 Internal Reference vs. Temperature

105

104

103

102

101

100

99

98

97

96

95
-50 -25

0 25 50 75 100 125 150
Ambient Temperature (°C)

Figure 6.6 Isp vs. Temperature

Note1: Operating frequency varies based on the load conditions, see Section 7.6 for more details.
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7. Theory of Operation

The G5138P is a digital power switch which uses a new, proprietary primary-side control
technology to eliminate the opto-isolated feedback and secondary regulation circuits
required in traditional designs. This results in a low-cost solution for low power AC/DC
adapters. The core PWM processor uses fixed-frequency Discontinuous Conduction Mode
(DCM) operation at higher power levels and switches to variable frequency operation at
light loads to maximize efficiency. The -K version can operate at peak power mode which
provides momentary peak power higher than the maximum continuous output power
without design cost and size increase. Furthermore, GlobalSemi’s digital control
technology enables fast dynamic response, tight output regulation, and full featured circuit
protection with primary-side control.

Referring to the block diagram in Figure 2.1, the G5138P operates in peak current mode
control. The digital logic control block generates the switching on-time and off-time
information based on the output voltage and current feedback signal and provides
commands to dynamically control the external MOSFET gate voltage. The Isense is an
analog input configured to sense the primary current in a voltage form. In order to achieve
the peak current mode control and cycle-by-cycle current limit, the Vipk sets the threshold
for the Isense to compare with, and it varies in the range of 0.23 V (typical) to 1.00 V (typical)
under different line and load conditions. The system loop is automatically compensated
internally by a digital error amplifier. Adequate system phase margin and gain margin are
guaranteed by design and no external analog components are required for loop
compensation. The G5138P uses an advanced digital control algorithm to reduce system
design time and increase reliability.

Furthermore, accurate secondary constant current operation is achieved without the need
for any secondary-side sense and control circuits.

The G5138P uses adaptive Multi-mode PWM/PFM control to dynamically change the
MOSFET switching frequency for efficiency,EMI,and power consumption optimization. In
addition, it achieves unique MOSFET quasi-resonant switching to further improve
efficiency and reduce EMI. Built-in single-point fault protection features include over-
voltage protection (OVP), output short-circuit protection (SCP), over-current protection
(OCP), and Isense fault detection.

GlobalSemi’s digital control scheme is specifically designed to address the challenges and
trade-offs of power conversion design.This innovative technology is ideal for balancing
new regulatory requirements for green mode operation with more practical design
considerations such as lowest possible cost, smallest size and high performance output

control.
G’
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7.1 Start-up and Soft-start

When the VCC bypass capacitor is charged to a voltage higher than the start-up threshold
VCCsT), the ENABLE signal becomes active and the G5138P begins to perform initial OTP
check, followed by CDC configuration. Afterwards, the G5138P commences soft-start
function. During this start-up process an adaptive soft-start control algorithm is applied,
where the initial output pulses will be small and gradually get larger until the full pulse width
is achieved. The peak current is limited cycle by cycle by the Ireak comparator.If at any
time the VCC voltage drops below under-voltage lockout (UVLO) threshold VCC ) then
the G5138P goes to shutdown. At this time ENABLE signal becomes low and the VCC
capacitor begins to charge up again towards the start-up threshold to initiate a new soft-
start process.

Vegism

Vee

ENABLE —I

Initial (=]

OTP Check | Configuration Soft-Start -

Figure 7.1: Start-up Sequencing Diagram

7.2 Understanding Primary Feedback

Figure 7.2 illustrates a simplified flyback converter. When the switch Q1 conducts during
ton(t), the current ig(t) is directly drawn from rectified sinusoid vg4(t). The energy Eq(t) is
stored in the magnetizing inductance Lu.The rectifying diode D1 is reverse biased and the
load current lo is supplied by secondary capacitor Co. When Q1 turns off, D1 conducts
and the stored energy Eq(t) is delivered to the output.

fi"n.(v ¥ ig(t) N:1 Id(l’) VO
— —_— ) — | —
L
2 D1 o s
J_ ~~ G CO :Elfo
velt) ' =
Vin(t) : . Vaux
B ' ¥ Vaux

Tgm) Ja Q1

Figure 7.2: Simplified Flyback Converter
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In order to tightly regulate the output voltage, the information about the output voltage and
load current need to be accurately sensed. In the DCM flyback converter, this information
can be read via the auxiliary winding or the primary magnetizing inductance (Lwm). During
the Q1 on-time, the load current is supplied from the output filter capacitor Co. The voltage
across Lw is vg(t), assuming the voltage dropped across Q1 is zero. The current in Q1
ramps up linearly at a rate of:

di, (1) _v,(1) (7.1)

dt L,

At the end of on-time, the current has ramped up to:

) v (t)xt

iy et (@) =gL—ON (7.2)

M
This current represents a stored energy of:
L .
E, =i, (@) (7.3)

£ 2

When Q1 turns off at to, ig(t) in Lm forces a reversal of polarities on all windings. Ignoring
the communication-time caused by the leakage inductance Lk at the instant of turn-off t,,
the primary current transfers to the secondary at a peak amplitude of:

(/0= 3551, 0 7.4

N

Assuming the secondary winding is master, and the auxiliary winding is slave,

Naux
(:)V e £
AUX 0
Ng

Vaux

Naux
@VAL'X =-VinX—
Np

Figure 7.3: Auxiliary Voltage Waveforms
The auxiliary voltage is given by:

N
Vi =25, +AV) (7.5)
NS
and reflects the output voltage as shown in Figure 7.3. G‘g
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The voltage at the load differs from the secondary voltage by a diode drop and IR losses.
Thus, if the secondary voltage is always read at a constant secondary current, the
difference between the output voltage and the secondary voltage will be a fixed AV.
Furthermore, if the voltage can be read when the secondary current is small, AV will also
be small. With the G5138P, AV can be ignored.

The real-time waveform analyzer in the G5138P reads this information cycle by cycle. The
part then generates a feedback voltage Vrs. The Vrg signal precisely represents the output
voltage under most conditions and is used to regulate the output voltage.

7.3 Constant Voltage Operation

After soft-start has been completed, the digital control block measures the output
conditions. It determines output power levels and adjusts the control system according to
a light load or heavy load. If this is in the normal range, the device operates in the Constant
Voltage (CV) mode, and changes the pulse width (Ton) and off time (Torr) in order to meet
the output voltage regulation requirements.

If no voltage is detected on Vsense it is assumed that the auxiliary winding of the
transformer is either open or shorted and the G5138P shuts down.

7.4 Constant Current Operation or Peak power mode operation (-K version)

The constant current (CC) mode is useful in battery charging applications.During this mode
of operation the G5138P will regulate the output current at a constant level regardless of
the output voltage, while avoiding continuous conduction mode.

To achieve this regulation the G5138P senses the load current indirectly through the
primary current. The primary current is detected by the Isense pin through a resistor from
the MOSFET source to ground.

The G5138P also provides a product option to disable the CC mode operation. If the power
supply enters into the CC mode during normal operation, this product option will shut down
the power supply. This feature serves as an over-load protection and can be used in certain
adapter applications.

1 I Continuous CV Peak Power mode
VNOM CV_mode yNoy | iede Operation gl_geration
g g |
& o ) i
£ =] £ !
° g 3 i
= o = |
+ o L :
2, 2 !
= 5 |
IS S !
1
1
1
!
1
ocrz >
Output Current lout o Output Current
Figure 7.4: Power Envelope G_n,-
“
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Momentary peak power is desired for applications such as network devices, which require
higher peak power beyond normal continuous CV mode operations for short periods of
time. The power supply has a continuous output power range, on which the thermal design
is based. However, for a short period of time, the -K version can operate at a peak power
mode to allow the power supply to provide output power up to the maximum peak power
level. This allows the power supply to be compact in size without over designing the
components and board size for thermal considerations.While operating in the CV mode to
regulate the output voltage to the desirable value, the -K version estimates the output
power and current in real time. The peak power mode is for power supply working at CV
mode with output current between two OCP limits: OCP1 and OCP2, as shown in Figure
7.4. OCP2 is the maximum current limit determined by the transformer turns ratio and
current sense resistor, given by

1N

where N is the transformer primary to secondary side winding turns ratio, RCS is the
current sense resistor, and nX is the transformer conversion effciency. OCP1 is set by a
certain percentage of OCP2. If the output current is below OCP1, the power supply can
operate continuously at the CV mode. In case of a momentary heavy loading condition, if
it is determined that the output current is over OCP1, a peak power mode timer is initiated,
and the power supply can operate at the peak power mode for a short period of time,
usually in tens of miliseconds, determined by the peak power mode timer duration

set in product options. If this kind of heavy loading lasts longer than the peak power mode
timer duration, the -K version detects a fault condition and shuts down. In addition, OCP2
provides a tight limit on the maximum output current under various conditions. In case of
an abnormally heavy loading, output low impedance or output short, the -K version limits
the output current to the OCP2 level and then shuts down the power supply if the peak
power mode timer expires.

7.5 Multi-Mode PWM/PFM Control and Quasi-Resonant Switching

The G5138P uses a proprietary adaptive Multi-mode PWM /PFM control to dramatically
improve the light-load efficiency and thus the overall average efficiency.

During the constant voltage (CV) operation, the G5138P normally operates in a pulse-
width-modulation (PWM) mode during heavy load conditions. In the PWM mode, the
switching frequency keeps around constant. As the output load lout is reduced, the on-
time Ton is decreased, and the controller adaptively transitions to a pulse-frequency-
modulation (PFM) mode. During the PFM mode, the MOSFET is turned on for a set
duration under a given instantaneous rectified AC input voltage, but its off time is
modulated by the load current. With a decreasing load current, the off time increases and
thus the switching frequency decreases.

G’
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When the switching frequency approaches to human ear audio band, the G5138P
Transitions to a second level of PWM mode, namely Deep PWM mode (DPWM). During
the DPWM mode, the switching frequency keeps around 25 kHz in order to avoid audible
noise. As the load current is further reduced, the G5138P transitions to a second level of
PFM mode, namely Deep PFM mode (DPFM), which can reduce the switching frequency
to a very low level. Although the switching frequency drops across the audible frequency
range during the DPFM mode, the output current in the power converter has reduced to
an insignificant level in the DPWM mode before transitioning to the DPFM mode. Therefore,
the power converter practically produces no audible noise, while achieving high efficiency
across varying load conditions.

As the load current reduces to very low or no-load condition, the G5138P transitions from
the DPFM to the third level of PWM mode, namely Deep-Deep PWM mode (DDPWM),
where the switching frequency is fixed at around 1.8 kHz. The G5138P also incorporates
a unique proprietary quasi-resonant switching scheme that achieves valley-mode turn on
for every PWM/PFM switching cycle, during all PFM and PWM modes and in both CV

and CC operations.This unique feature greatly reduces the switching loss and dv/dt across
the entire operating range of the power supply.Due to the nature of quasi-resonant
switching, the actual switching frequency can vary slightly cycle by cycle, providing the
additional benefit of reducing EMI. Together these innovative digital control architecture
and algorithms enable the G5138P to achieve highest overall efficiency and lowest EMI,
without causing audible noise over entire operating range.

7.6 Variable Frequency Operation Mode

At each of the switching cycles, the falling edge of Vsense will be checked. If the falling
edge of Vsense is not detected, the off-time will be extended until the falling edge of Vsense
is detected. The maximum allowed transformer reset time is 110 ys. When the
transformer reset time reaches 110 us, the G5138P shuts off.

7.7 Internal Loop Compensation

The G5138P incorporates an internal Digital Error Amplifier with no requirement for
external loop compensation. For a typical power supply design, the loop stability is
guaranteed to provide at least 45 degrees of phase margin and -20 dB of gain margin.

7.8 Voltage Protection Features

The secondary maximum output DC voltage is limited by the G5138P. When the Vsense
signal exceeds the output OVP threshold at point 1 indicated in Figure 7.3 the G5138P

shuts down. G_;
=
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Although there is no pin available to directly sense the input voltage, the G5138P uses an
innovative proprietary digital control method to detect and analyze the switch ON time,
which provides real-time indirect sensing and monitoring of the magnitude and shape of
the DC bulk capacitor voltage. This enables the G5138P to determine and distinguish
various conditions of the AC input voltage such as brown-out, brown-in and unplug, and
to take appropriate actions. When the AC input voltage drops to below normal operation
range and the power supply input is still connected to the AC source, the G5138P initiates
brown-out protection and shuts down the power supply adaptively according to

the power supply load condition. Meanwhile, a brown-in input voltage threshold is set with
hysteresis. In the case of the power supply input being unplugged or disconnected

from the AC source, the G5138P continues to control the switching actions to discharge
the DC bulk capacitor voltage to a safe level before shutting down the power supply. Also,
the G5138P monitors the voltage on the VCC pin, and the IC shuts down immediately
when the voltage on this pin is below the UVLO threshold.

When any of these faults are met the IC remains biased to discharge the VCC supply.
Once VCC drops below UVLO threshold, the controller resets itself and then initiates a

new soft-start cycle. The controller continues attempting start-up until the fault condition is
removed. For the latched OVP version, the controller can only start-up when the fault is
removed and input is unplugged to allow VCC to drop 2.0 V below UVLO threshold.

7.9 PCL, OCP and SRS Protection

Peak-current limit (PCL), over-current protection (OCP) or FastOCP and sense-resistor -
short protection (SRSP) are features built-in to the G5138P.With the Isense pin the G5138P
is able to monitor the peak primary current.This allows for cycle-by-cycle peak current
control and limit.When the peak primary current multiplied by the Isense resistor is greater
than 1.15 V,over-current is detected and the IC will immediately turn off the gate driver
until the next cycle.The output driver will send out a switching pulse in the next cycle, and
the switching pulse will continue if the OCP threshold is not reached; or, the switching
pulse will turn off again if the OCP threshold is reached.If the OCP occurs for several
consecutive switching cycles, the G5138P shuts down.

If the Isense resistor is shorted there is a potential danger that over-current condition may
not be detected. Thus, the IC is designed to detect this sense-resistor-short fault after start-
up and shut down immediately.The VCC will be discharged since the IC remains biased.
Once VCC drops below the UVLO threshold, the controller resets itself and then initiates
a new soft-start cycle. The controller continues attempting to startup, but does not fully
start-up until the fault condition is removed.
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7.10 CDC Configuration

The G5138P incorporates an innovative approach to allow users to configure cable drop
compensation (CDC) externally.This configuration is only performed once.It is completed
after the initial OTP check but before the soft-start commences. During the CDC
configuration, the internal digital control block senses the external resistance value
between the CFG pin and ground, and then sets a corresponding CDC level to allow the
device to compensate for IR drop in the secondary circuitry during normal operation.

Figure 4.1 shows a simple circuit to set CDC level by connecting a resistor, Rcpc, from the
CFG pin to ground. The G5138P provides five levels of CDC configurations: 0, 75 mV, 150
mV, 300 mV, and 450 mV. Table 7.1 below shows the resistance range for each of the five
CDC levels. In practice, it is recommended to select resistance in the middle of the range
wherever possible.

The “Cable Comp” specified in Table 7.1 refers to the voltage increment at PCB end from
no-load to full-load conditions in the CV mode, with the assumption that the secondary
diode voltage drop can be ignored at the point when the secondary voltage is sensed. Also,
the “Cable Comp” is specified based on the nominal output voltage of 5 V. For different
output voltage, the actual voltage increment needs to be scaled accordingly. For
example,for 12V,the corresponding five levels of CDC configurations would be: 0,180mV,
360mV, 720mV, and 1080 mV.

To calculate the amount of cable compensation needed, take the resistance of the cable
and connector and multiply by the maximum output current.
For each of the CDC levels, the internal Vsense-based OVP thresholds are different. Table
7.1 also lists the typical OVP thresholds for each CDC level.

Table7.1 Recommended resistance range and corresponding CDC levels for 5V output

CDC Level 1 2 3 4 5
ReocRange (kQ) | 0-270 | 35-47 | 6.00-800 | 13.00-18.00 NC
Cable Comp 0 75 150 300 450
(mV)
V -
sense-based OVP | o9 1.861 1.884 1.930 1.976
Threshold

7.11 External CFG-Based Accurate OVP

In the G5138P, the CFG pin can also be used to provide the external over-voltage
protection (OVP) besides fulfilling the CDC configuration. This external CFG-based OVP
serves as a supplemental or extra protection in addition to the Vsense-based OVP. The
circuit implementation can be found in Figure 7.5, where two resistors Ru and Rd form an
-
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voltage divider to sense output voltage via auxiliary winding, with the tapping point
connected to the CFG pin. During the CDC configuration the G5138P does not send out

any drive signal at OUTPUT pin, and the switch Q1 remains in off-state. The resistors R1
and R2 are essentially connected in parallel since the bias winding is virtually shorted.
Consequently, the paralleled resistance of Ru and Rd sets the CDC level. Meanwhile,
during normal operation, the CFG pin reflects output voltage in real-time, in the similar
fashion as the Vsense does at point 1 in Figure 7.3. The ratio of Ru to Rd sets the external
OVP threshold.

The resistance values for the resistor divider, can be derived as follows.
First, for the given CDC level, the paralleled resistance of R1 and R2 should be within the
range listed in Table 7.1:

B R, xR,
R, +R,

(7.8)

CDC

Second, during normal operation the voltage divider, R1 and R2, sets the desired OVP
threshold:

1" AUX RZ
— 222 \xV X >V 7.9
[ NSEC J OoVP (Rz R1 SD-TH (R) ( )

where NAUX is the number of turns for the bias winding, Nsec is the number of turns for
the secondary winding, Vovr is the desired OVP tripping point, and Vsp.tH(r) is the internal
comparator threshold (1.015 V typically) for OVP detection. The combination of Equations

(9.6) and (9.7) leads to
R1 — (NAUX ]X RCDC x VOVP
N e Vso-ricr)

R
R, = [—lj X Repe (7.10)
R, — RCDC

_ . _ Re*Rcrg .
Ry =R Rq = Gt (7.41)

It is recommended the Rcpc value is taken as the median value of the resistance range as
given in Table7.1, and Ru and Rd can then be readily derived from Equation (7.9).

It should be noted when the CFG pin is used to provide external OVP, an additional
constraint will be applied to the resistance range given in Table7.1. Since for the OVP
configuration in Figure 7.5, a large negative voltage may occur to the auxiliary winding (VGj

!
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in Figure 7.5) during the switch on-time, which can cause a negative current flowing out of
the CFG pin. Care needs to be taken to ensure Ru and Rd are large enough, so that the
resulting negative current is less than the maximum allowed current, specified in Section
3.0.
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Figure 7.5: Typical Application Circuit with CDC,0OVP
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8. Package Information

DIP8 PACKAGE

8-Pin Plastic DIP

RN
| B
)]

[0, —_L

T

Dimension in Millimeters Dimensions in Inches
Symbol ; .
Min Max Min Max
A 3.710 5.334 0.146 0.210
A1 0.381 - 0.015 -
A2 2.921 4.953 0.115 0.195
B 0.350 0.650 0.014 0.026
B1 1.524(BSC) 0.06(BSC)
C 0.200 0.360 0.008 0.014
D 9.000 10.160 0.354 0.400
E 6.096 7.112 0.240 0.280
E1 7.320 8.255 0.288 0.325
e 2.540(BSC) 0.1(BSC)
L 2.921 3.810 0.115 0.150
E2 7.620 10.920 0.300 0.430

Data and specifications subject to change without notice.

This product has been designed and qualified for Industrial Level and Lead-Free.

Qualification Standards can be found on GS's Web site.
Global Semiconductor HEADQUARTERS:

Scotia Centre,4th Floor,P.O.Box 2804,George Town,Grand Cayman KY1-1112,Cayman

Visit us at www.globalsemi-group.com for sales contact information.
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