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1 INTRODUCTION

1.1 Purpose

The aim of this design guide is to assist the designer through the steps needed to complete a design using
the C2183 power controller. The primary side sensing (PSS) controller is designed to drive an external power
MOSFET switch in a Discontinuous Current Mode (DCM) quasi-resonant flyback converter. The block
diagram for the IC is shown in Figure 1. A generic circuit diagram of a converter is shown in Figure 2 below.
Use this document in conjunction with the C2183 datasheet, which lists the IC parametric values.

The C2183 is a primary sensing switching regulator. It is intended for applications where constant voltage and
current operation is required. An example of such output characteristic is shown in Figure 3.

The guide shows the recommended design flow, with calculations for key components, transformer design,
PCB design guidelines and other performance parameters considerations. MathCad models showing a
design example are referenced to help assist with some calculations. Please consult your CamSemi
representative for more information.

1.2 IC Block Diagram

Voo

[V Regulator |
Voo Regulator

VDD
VbbRreG Voo

VDDRUN VDDSLEEP

Vyr Estimator

Cycle
Timing

T
IFBHTLO Reset Reset
IFBHTSTART Vin signal
FBHTSTAI VP
V\N
VP

(e)
IFBHTHI—] — Over-

Temperature

\ | Protection
FB | CV Voltage
J Control [ |

| ] PFM / PWM [ KGD
Vovp Cable 1 I/ \
Compensation
CC Current
Control e
os —]
W | GND
Vestir—] : v
cs
CS Blanking
oCP
VCSMAX_

Figure 1: IC Block Diagram

Pin descriptions and IC parameters are included in the datasheet.
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1.3 Application Circuit

/YY)
Dbridge Lfilt1 Rht Rpsnub Cpsnub
4+ |Cint  |Cin2 Dpsnub
— = |/I ()
N ]
Vin I
Casnub
Rcsesd
CS GD
Lfilt2
o— +—- AUX

1.4 Typical Parameters

Rcs
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GND
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Figure 2: Typical Application Circuit
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lour
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Figure 3: Output VI Characteristics

Parameter Symbol Range or Value | Units | Comment
Supply voltage Vin 85 - 264 Vac Universal mains
Supply frequency Fin 47 - 63 Hz
Output voltage Voutcv 12+ 5% \Y Constant voltage (CV) mode, at the load
Output current loutce 1+£5% A Constant current (CC) mode
Switching frequency at full load fmax 80 kHz | Determined by the chosen variant
Cable compensation Gceas 8.0 % Determined by the chosen variant
No-load power Pni <150 mW
Average efficiency n >73 % Energy Star test method
Turn-on delay TstARTUP <2 s
Table 1: Typical Parameters
Vour
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2 DESIGN FLOW
2.1 Overview

Define Input Parameters

IC Selection

AC Front End Circuit
Design

Transformer Design

/
.

/
1
|
|
I
|
|
|
|
|

Current Sense Circuit
Design

Output Circuit Design

Vdd and Auxiliary Circuit

Voltage Sense Circuit

4-'4—'4—'4—

Switch Selection

PCB Layout

te

Customer / datasheet
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Switching Frequency;
Cable Comp

Input Resistor; Bulk Cap;
Filter Inductor; Rectifier

‘ Core type; Size; Material ‘

‘ Winding Topology ‘

Calculations: turns,
primary inductance,
peak current etc

Current Sense Resistor ‘

Output Diode; Dummy
Load Resistor; Capacitor

Output Snubber ‘

Primary Clamp ‘

VDD Cap; AUX Cap;
AUX Diode;

Start-up Resistors ‘

No-load operation ‘

Feedback Resistors ‘

‘ Protection Levels ‘

Voltage / current ratings ‘

Function Consideration

‘ EMC Consideration ‘

Thermal Consideration

Testing and

Troubleshooting

J

Drain voltage @
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Frequency vs Load
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Figure 4: Design Flow Process
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2.2 Input Parameters

The following parameters need to be defined for component values to be calculated and performance checks
to be made. These are split into customer defined parameters and assumptions. Datasheet parameters are
also required and can be found in the latest C2183 datasheet. Design example values are given.

Name Symbol Source Design Example | Comments
Minimum Input AC Voltage ViN(MIN) Customer defined 0V
Maximum Input AC Voltage VIiN(MAX) Customer defined 264V
Low Mains Input Voltage VMAINSLO Customer defined 115V
High Mains Input Voltage VMAINSHI Customer defined 230V
Minimum Line Frequency Finginy Customer defined 47 Hz
Output Voltage Voutcv Customer defined 120V
Output Current loutce Customer defined 1.1A loutce at least 5%
loucc(min) | Customer defined 1.0A greater than loutccviny
Converter Efficiency n Customer defined 0.73
Cable Resistance RcasLe Customer defined 0.134 Q
Primary Switch Voltage Rating Vpsmax Customer defined 700V
Primary Switch Derating AVEerT Customer defined 0.1 10% de-rating
Min Core Cross-Sectional Area Aemin Customer defined 23 mm?
Load Step Voltage Undershoot VusHooT Customer defined 41V
Load Step Current Requirement | loapster | Customer defined 05A
Voltage Regulation Tolerance KevroL Assumption 1.05
Current Regulation Tolerance KcetoL Assumption 1.05
CC Design Margin KcTrLToL Assumption 0.15 ;? dalii(:;nt for Kerol
Primary Inductance Tolerance KiptoL Assumption 0.10 +/-10% estimated
Operating Frequency Tolerance KrtoL Assumption 0.10 +/-10% estimated
Input Capacitance Tolerance KeintoL Assumption 0.10 +/-10% estimated
Transformer efficiency NTx Assumption 0.96
No-load efficieincy NNL Assumption 0.80
Transformer resonant frequency frx Assumption 800 kHz
Minimum Input DC Voltage Voemin Assumption 80V Determines VinreamiN
Output Diode Voltage Vbout Assumption 0.3V
Auxiliary Diode Voltage Vbaux Assumption 0.7V
Full-load Core Flux Density BrL Assumption 300 mT Gives starting point
Current Regulation Accuracy Kcs Assumption 1
Output Diode De-rating AVpout Assumption 0.25 25% de-rating
Switch Turn-off Overshoot Vover Assumption 120V
Maximum Switching Frequency fmax Datasheet variant 80 kHz
Cable compensation Kacas Datasheet variant 1.08 8%
Table 2: Input Parameters
Preliminary Page 7 DG-5479-1212
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Ve Vs

/YY) /
Jﬁpsnub

Vour

Rcable

Dbridge Lfilt1

Rpsnub

Vin

Rin
Figure 5: Calculated Voltage Points in Circuit

Based on these parameters the following calculations can be made, which are used in later stages.

Secondary voltage in CV mode: Veoy = Vourey * Keeas) Voot

Secondary power during full-load: Py, = (Vourey * Kacas - Toutee ) + Voou - Toutee)

=)
Primary power during full-load: P, = —F

TX

I:)OUTFL

Input power during full-load: P =

NB power losses in the transformer secondary and primary, the input and output capacitor ESR, the auxiliary
and primary clamp, and the MOSFET switching and conduction losses have not been considered.
2.3 IC Selection

Refer to the datasheet for the list of C2183 variants available.

2.3.1 Operating Switching Frequency (fyax)

The maximum switching frequency is preset in each variant of C2183. For a chosen variant, the switching
frequency is fixed. No external components are required to set the switching frequency.

In general, a lower fyax will ensure better efficiency, but will require a larger transformer size. If the
transformer core size is known due to space or cost considerations then the lowest frequency of fyax
achievable with the selected transformer should be used.

2.3.2 Cable Compensation (GCAB)

The cable compensation is preset for each variant of C2183. For a chosen variant, the cable compensation is
fixed. No external components are required to set the compensation.

To determine the compensation requirement, the following formula may be used.

(Rease — Rep) ™ louree

Gceas =

Rep =0.1
Vourev "

Rrp is an error term caused by the temperature of the output diode changing in sympathy with the output
current. Cable compensation depends on the type of cable, cable length and rated output. From the
calculated cable compensation, choose an IC with the nearest cable compensation.

2.4 Front End Circuit Design

2.4.1 Input Resistor (Rin)

The input resistor, Rin limits the current during power-up and surge. The value of Rin is best found empirically
to keep inrush current < 25 A (peak). Typical Rin selection is 10R. However, the value may need to increase
for surge test consideration.

Preliminary Page 8 DG-5479-1212
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To improve efficiency, a lower resistor value or thermistor may be used instead, but surge protection should
be considered.

2.4.2 Input Capacitors (Cinl and Cin2)

The input capacitors aim to hold the rectified supply voltage above the minimum level that, below which,
would cause the system to go into boundary mode (critical mode).

Where the converter is not required to provide hold-up time, the input capacitance can be calculated from the
equation below or picked from Figure 6. This ensures a minimum input voltage (Vo)) at full load (Pine) and
low mains (Vpcumin). The following equation may be used to calculate the minimum capacitance required:

Cinl+Cin2 > Pive : _ arccod = Vooun
1— Kol )-7Z-Fineving. (2 Vineming© —Voemin ) \/E_\/W(M.N)

Where Kcintol is the estimated tolerance of the input capacitor; Vpcun is the minimum DC level (after the
rectifier) required to ensure the power supply does not go into boundary mode; P\yr_ is calculated from the
maximum output power based on the expected transformer efficiency. These parameters are specified in
section 2.2.

Based on the capacitance chosen, the minimum DC regulation level needs to be chosen to calculate the
transformer turns ratio. When no hold-up time is required, this can be chosen to equal the calculated Vpcu.

MINIMUM INSTANTAINEOUS INPUT VOLTAGE AT LOW MAINS (90V rms)

130

120

110

6 100
Vimin\p, 20x10

vimin(p, 30x107) 99

6
80

Vimin [V]

-9)
Vimin(p, 50x10~9)
)

6

(

(
Vimin(p,40><10

(

( 70

Vimin\p, 60x10 "

60

—— Cblk=20uF 59
—— Cblk=30uF
—— Cblk=40uF 40|
—— Cblk=50uF
—— Cblk=60uF 3

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
P
Input Power [W]

Figure 6: Input Capacitance Based on Input Power and Minimum Input Voltage

The capacitors require a minimum voltage rating of 400 V and at least Cin2 should be of low ESR type.

If the converter is required to provide hold-up time, the input capacitance must be significantly higher and/or
the converter must switch at a much lower voltage. The graph in Figure 7 below could be used to choose the
input filter capacitance so that Tyo p= 10 ms is ensured at full-load and minimum mains. The hold-up time is
checked using the following formula, where V\\reamin is the minimum regulation voltage based on the total
input capacitance, Cin, at full-load power. V\yreamin Must be less than Vpcuin to ensure the hold-up time is
met.

Preliminary Page 9 DG-5479-1212
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2 2 Cin
THOLD = (VDCMIN _VINREGMIN ) 2. P
*TINFL
The same graph could be used to determine the value of V), or if the capacitor size is too large or costly,
could be used to find the necessary value of Vymin).

MINIMUM REQUIRED INPUT VOLTAGE FOR 10 ms HOLD-UP TIME AT 90V MAINS

120

—— Cblk=20uF

—— Chlk=30uF 0

—— Cblk=40uF 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
—— Chblk=50uF p

— Cblk=60uF Input Power [W]

Figure 7: Input Capacitance Based on Input Power and Minimum Input Voltage for 10ms Hold-Up Time

The transformer design must always assume the lowest voltage on Cin for which full output power is required
to meet hold up requirements, no matter what the hold-up input voltage requirement is.

2.4.3 Input Filter (Lfilt)

It is important to be aware of the current and temperature rating of the inductor used to improve differential
mode noise, and ensure that the inductor does not saturate. Non-saturation of the inductor is particularly
important if an LC filter is used (instead of a Pi filter), where high pulse current passes through the inductor at
peak mains voltage. This high pulse current can cause the filter inductor to saturate if not adequately rated,
and result in conducted EMC failures.

The resonant frequency of the inductor needs checked and, if necessary, a damping resistor (e.g. 10k) added
in parallel with the inductor. For some cases, an additional Lfilt2 may be required to help with EMC, which
needs to be found empirically.

2.4.4 Input Rectifier (Dbridge)

Implement the input line rectifier with four discrete diodes or an integrated bridge rectifier depending on the
power requirement, cost and PCB area available for the application. A KBP206G bridge rectifier or four
1N4007 diodes are preferred but any other diodes are suitable with the following characteristics:

e Repetitive reverse maximum voltage rating, Vggrm > 600 V
e Average forward current rating, lray)>=1A

e Surge forward current rating, lrsurce) > 25 A

Preliminary Page 10 DG-5479-1212
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2.5 Transformer Design

The transformer is a key component in the power supply design. The starting point for the transformer design
is not always the same and is dependent on design constraints such as operating frequency or transformer
size. The transformer interacts with nearly all other design considerations. It is therefore difficult to design the
transformer in isolation. These interactions need constant consideration, and the transformer design needs
iterated to accommodate an acceptable compromise throughout the design of the power supply.

2.5.1 Material Selection

The bobbin, core and wire to be used in the transformer affect the overall design so need to be well defined.
They are often dependant on the power supply form factor so usually specified by the customer.

Select a transformer core and find the minimum cross sectional area of the core, Ae (other parameters, such
as volume, may be needed if core loss is to be calculated).
2.5.2 Winding Topology

The preferred winding topology is shown below.

Core Grounding
@ | Shield

‘ Secondary

@ |Auxiliary and Shielding

Primary

Figure 8: Winding Configuration

Placing a single strand wire AUX winding next to the primary winding as shown helps to reduce the leakage
inductance between the primary and auxiliary. This helps to minimize the AUX voltage rise at full-load.

This winding arrangement also reduces the overall primary capacitance, which helps achieve higher
efficiency.

A copper foil shield is used to isolate the primary and secondary windings and to help with EMC.

2.5.3 Transformer Turns Ratio (N)

Ideally, the converter operation should reach boundary mode at the minimum input voltage V\yreamin While
delivering full primary power, Ppg.. Vinreamin iS determined from the low mains allowed by the input
capacitance (Vpcumin), With some margin.

IOUTCC 'Vscv 'VINREGMIN 'VCSMAX '(1_ KCTRLTOL) —2- PPFL 'Vcscc 'VINREGMIN
2- PPFL 'Vscv 'Vcscc

PerL is the full-load power at the primary of the transformer; Vscy is the voltage across the transformer
secondary at full power and minimum output voltage, taking into account the voltage drop across Dout as
calculated in section 2.2. V¢scc and Vesuax are datasheet parameters. Kerrotol builds some design margin
into the current regulation point to take into account tolerances of components and controller parameters.

Nopt =

The maximum transformer turns ratio is limited by the voltage rating of the primary switch Q1:

Preliminary Page 11 DG-5479-1212
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a- AV er ) “Vosuax —Vover ~ \/E Viy (MAX)
Vsev

Vpswmax is the primary switch (FET) voltage rating; Vover is the switch voltage overshoot at turn off; Vyanshi is
the high mains RMS value; and AVggr is the worst-case voltage margin dependent on the de-rating of the
primary switch.

N max =

The lower of the two values (Nopt and Nmax) is chosen. If Nmax < Nopt then N = Nmax and the minimum
input voltage at which the converter is still in regulation at full power is re-calculated. It is better to use Nopt
where possible, but a higher rated MOSFET may be required.

2-N- PPFL 'Vscv 'Vcscc

V =
INREGMIN
2- PPFL 'Vcscc - IOUTCC 'Vscv 'VCSMAX

Note that if Vinreamin iS chosen to be greater than Vpeomin, low mains ripple may be seen at full-load.
Current Sense Resistors (Rcs and Rcsesd)

Based on these calculations, the Rcs resistor can be calculated using the formula:

N 'Vcscc
Rcs = — € . K
ouTtcc

Where N is the calculated turns ratio and K¢s is the current regulation accuracy factor. The CS input limit for
CC operation, Vcscc can be found in the datasheet. loyrcc is the constant current regulation point.

It may be necessary to use multiple resistors to get the required value. Alternatively, the number of primary
turns can be adjusted to allow a standard resistor value to be used. Either way, the output current regulation
point needs to be recalculated.

| _ N -Vesee K
outee ~ T peg cs

For ESD protection, it may be necessary to add a 1k resistor adjacent to the CS pin as Rcsesd.

2.5.4 Transformer Peak Current and Inductance

Using the above values, the following parameters need to be checked. The primary peak current with the
actual Rcs value needs to be calculated.

. VCSMAX ) (1_ KCTRLTOL)
Rcs
The primary inductance is calculated to provide full-load primary power, Ppg_ at the maximum switching
frequency, fMAX-
2 PPFL

2

ek

RN
PK " 'MAX

In no-load operation, it is important that the minimum secondary conduction time, Tgyn is longer than the
feedback blanking time, Trgg_ of the controller as shown below. Tegp, is given in datasheet.

Preliminary Page 12 DG-5479-1212
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Figure 9: FB Blanking Time Waveform

This gives a requirement for the minimum primary inductance.
N -Vgax - RCS T 1
Vcsrqu 4 fo

frx is an estimate of the transformer resonant frequency given in section 2.2, and is a function of the
transformer primary inductance, Lp, the power switch output capacitance, Coss, and the transformer
equivalent parallel capacitance reflected to the primary, Ctx. For a good transformer design, Ctx s ideally an

order of magnitude smaller than Coss. For example, using a Z-winding in the primary would reduce the
transformer capacitance.

I‘PMIN -

1
 2.7-4JL, -(Coss +Ctx)

fo

If Lp < Lpmin by @ small margin, increasing Rcs a small amount would reduce the peak current, lpx and allow
an increase in Lp required for full power. Note however that this will result in higher Vyreemin, in @ reduced
hold-up time and the transformer turns ratio, N would need recalculated to ensure loytcc does not move.

If a different value of Lp is chosen from that calculated, then this will affect the actual Kcrri1oL Value used,

resulting in a different margin allowance. This needs to be recalculated to check the current margin is
sufficient.

2.5.5 Transformer Primary and Secondary Turns

The number of primary and secondary turns then need to be calculated based on the transformer material to
be used. A starting point for the number of primary turns is calculated from the primary inductance so that at

the primary peak current, the core flux density does not exceed the full-load requirement as a rule of thumb.
N. = LP ) IPK
P B, -Aemin

Aemin is the minimum transformer core cross-sectional area. The number of primary turns, Np is increased to

reduce the steady state peak flux density, B to ensure that the core does not saturate during normal
operation.

_ LP'IPK
N, - Aemin

The number of secondary turns is then calculated to provide the required transformer turns ratio N. Ideally the
number of secondary turns would fit into one layer on the bobbin.
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The actual turns ratio must be re-calculated after Np and Ng are rounded up to the next integer number.

Using these values, the following parameters need to be recalculated and checked:

2-Pog *Vegee - N -Res
e Rcs, Lp, actual Vswax used by controller: Vogyaacr = ——— 28

LP ’ fMAX ’ IOUTCC
¢ lource, Vinreomin @and Ipk

L,V
= P___CSMAX during transient and start-up to check core does not saturate

N, - Aemin- Rcs

® BMAx

e Tsun > TresL Where Tgy, =

i. V inreomin (VCSMIN louree - Le
N Mourev +Voou)

Based on the calculated results above and the known transformer material, the core gap is calculated.

+ tCSOFF ]

N .VINREGMIN 'Vcscc

2.5.6 Basic Tolerance Analysis

Many components within the circuit vary depending on manufacture, voltage and temperature. To consider all
these would take a worst-case scenario that is unlikely to occur often, i.e. the sum of the worst tolerance of all
components. However, it is important to consider some tolerance to ensure that the circuit will deliver the
minimum required power.

A simple check is to take the expected tolerance of the primary inductance, K proL, Which is usually one of the
worst spreads, and switching frequency tolerance, Kero., and check the worst-case can deliver the required
power.

Primary power available including Lp and fyax tolerances:

2
1 Vv
PorL = 2 (1= Kipron) - (1= Kol ) - Lp - fuax (—CF:';;\X j

Secondary power: Py, = Pory 771y

I:)SFL

Achievable output current: | ;cc (MiN) =
outev * Kecas +Voou)

2.5.7 Auxiliary Turns (Np)

It is important to check that Vayx does not go too high in no-load. If it goes too high, the no-load power and
low load efficiency are affected. To determine the minimum number of auxiliary turns required, the voltage on
the transformer, V5 needs calculated. NB it may be necessary to add an extra resistor in the AUX path as
shown below and described in section 2.7. The resistor is to help prevent any issues due to ESD.
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VAUXNL
AVAUX
CS GD
Vaux
Raesd
AUX I—
IC

vbDD FBI—1

10n

GND

Figure 10: Auxiliary Circuit with Extra Components

The voltage drop across the diode and resistor is Vraesdpaux- 1he minimum IC AUX pin voltage, VauxLow, and

the AUX pin voltage peak-to-peak amplitude (AVauxprm) are from the datasheet. The maximum voltage seen
during no-load by the transformeris V,y, =Vauow T AV auxeem + Vraesdpaux - SO the minimum number of

AUX turns is calculated.

VANL

AN N
VOUTCV + VDOut

N avin =
Based on these calculations, N, can be chosen. Once the number of auxiliary turns is chosen, the AUX
voltage should be recalculated to confirm that the voltage drop, AVayx is still appropriate.
When the primary switch turns on, sufficient current is drawn to cause Vayx to dip. A 10 nF capacitor added to
the controller AUX pin prevents this. If the AUX pin reaches VayxsiLeep, the controller enters into a new cycle.
2.5.8 Feedback Winding
Typically, there are no constraints to the number of turns of the sense winding, Ng. Often for simplicity, the
AUX winding could be used as the feedback winding.
2.5.9 Primary and Secondary RMS Currents

The maximum continuous RMS current through the primary and secondary winding can be calculated using
the average value of the input voltage at minimum mains and full power V\yavmin-

| =1 312 fMAX'LP | — 312 /N'fMAX'LP
PRMSMAX — 'PK SRMSMAX — 'PK
3'VINAVMIN 3'Vscv

Alternatively, the maximum primary RMS current for 90V mains could be obtained from the graph below for
known values of the input bulk capacitance and input power.
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Figure 11: Maximum Primary RMS Current at 90 V 50 Hz

The values of lprusmax and Isrusmax could be used to calculate the diameter of a single strand copper wire for
the primary and the secondary winding based on the current density. If the calculated wire diameter is greater
than three times the copper skin depth at fyax, then a larger diameter wire or multi-filar winding should be
considered. The copper skin depth for a frequency f at 100°C in mm is:

5o 0.071

Jr
In a comprehensive design, the skin effect and the proximity effect of all spectral components of the primary
and secondary current should be considered when appointing the transformer windings.

In a typical case, the secondary will be a single layer winding made out of triple insulated wire and the
proximity effect could be ignored when calculating the equivalent wire diameter. Often the size of transformer
core (bobbin) is determined out of cost considerations. More over the required wire insulation often takes a
significant part of the window allocated to the secondary winding. Consequently, the number of secondary
turns calculated do not fit in a single layer. In such a case, if a larger core is not an option, then the above
calculations must be redone using the number of secondary turns that can fit in a single layer.

2.6 Output Circuit

2.6.1 Output Diode (Dout)

The output diode must withstand continuous operation under overload conditions and reverse voltage at peak
input voltage. For efficiency reasons, Schottky diodes are better for output voltages (Voytcy) up to 12 V.
Above this, fast epitaxial diodes are more suitable.

To calculate the minimum recommended reverse voltage, Vrry rating required for the diode, use the following
formula. This includes a AVp de-rating factor.

Ns
Vrrm = [Voyrey *(L+Gepg) + (\/E*VIN(MAX) *m]] 11— AVpey)

A diode with a larger maximum current is better for thermals and efficiency because it generally has a lower
voltage drop. A rule of thumb is to use a current rating 2-5 times larger than the output current. Some diode
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datasheets provide power loss information; otherwise, empirically the diode needs to be checked for power
loss to ensure all performance requirements are met.

2.6.2 Output Resistor (Rout)

The dummy resistor value is calculated to ensure that the power transferred to the output each switching
cycle is dissipated within that cycle, so that the output voltage does not lift. To ensure good regulation,
sufficient power must be available to be sensed at the output, i.e. secondary current should conduct longer
than the auxiliary current to ensure correct measurement. To ensure this, it is recommended that Ppypmy =
Pant + Pumarcin, Where Puarcgin iS approximately 1-3 mW.

vV 2
Rout = —UT
DUMMY

PanL Uuses the average voltage on the AUX calculated when selecting the number of AUX turns (2.5.7), and
the assumptions about margin stated in the section describing the AUX capacitor selection (2.7.2) along with
various datasheet parameters.

_ (Z'VANL _AVAUXPFM +0-6)

PANL - 2 | AUXNL

A larger value resistance can be used to reduce the no-load power, but will allow output voltage lift at no-load.

2.6.3 Output Capacitor (Cout)
Output capacitors are usually constrained by the following:

e Ensuring the capacitor value is big enough to limit the initial drop in output voltage before the
controller circuit responds to meet the load step undershoot requirements.

e Ensuring that the ESR of the capacitor is suitable for ripple requirements.

e Ensuring that losses in the ESR of the output capacitor are low for better efficiency.

2.6.4 Output Snubber

A secondary snubber is recommended for applications > 3 W, to achieve EMC compliance as shown in
Figure 12 but will affect efficiency. The optimum values for Rssnub and Cssnub are found by
experimentation. Increase the value of Cssnub to improve EMC margin. Decrease Cssnub to improve margin
on no-load power and efficiency.

Starting point values for Rssnub and Cssnub are given by the equations:

125

Cssnub = ——nF

ouTCcv

2

V
Rssnub = —°urev

2.6.5 Primary Clamp

To reduce the peak drain voltage further, a primary snubber may be added as shown below. Rpsnub1,
Dpsnub, Rpsunb2, and Cpsnub form a simple diode clamping snubber.
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I Rpsnub1 Rssnub
Cpsnub Cssnub
Dpsnub ™ N
e LA
I Dout
: : + | Cout
Rpsnub2 I —_
N 1
D Il
1
1

Figure 12: Primary Clamp and Secondary Snubber Components

Cpsnub can be in the range of 220 pF to 1000 pF with a 500 V rating.

A GF1M diode is recommended for Dpsnub; alternatively, faster diodes such as HER107, FR107, or S1TML
may be used. Using a slower diode is good for radiated emissions, but can corrupt voltage regulation.

Rpsnub1 can be chosen in the range of 100 kQ to 1 MQ. The exact value chosen is a trade-off between
efficiency and peak drain voltage.

Rpsnub2 can be chosen in the range of 22 Q to 1 kQ. The exact value chosen is a trade-off between peak
collector voltage and RF emissions compliance.

No-load performance needs to be checked as these components affect performance.

2.7 VDD and Auxiliary Circuit Design

The C2183 is implemented in a technology that allows input voltages up to Vauxmax. The controller allows the
AUX capacitor to be charged to Vayxrun before attempting to start, resulting in more energy being available to
power the controller when starting up with a capacitive load.

2.7.1 VDD Capacitor (Cdd)

The C2183 uses a series regulator in order to provide the low voltage Vpp supply needed to power the low
voltage section of the controller. This reduces power dissipated in the controller when it is operating at full
power. The Cdd capacitor is present only to de-couple the Vpp supply and ensure a clean supply for the low
voltage section of the chip as shown in Figure 13.

The minimum recommended value for Cdd is 0.47uF, type X7R and rated for 25V operation. This needs to be
checked once Caux has been finalised. In addition, a 10nF capacitor in parallel with the Cdd may be required
for minimizing noise generated by the on-chip clock and meeting radiated EMC.

Daux
N AUX VDD
L1 Series Regulator
® Caux 10n Cdd 10n
Auxiliary
Winding GND
Figure 13: Series Regulator Arrangement
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2.7.2 Auxiliary Capacitor (Caux)

The C2183 includes a pulse frequency modulator (PFM) stage that, in conjunction with the Caux, determines
the switching frequency at no-load.

During no-load operation, the peak-to-peak voltage amplitude on the AUX pin must be less than AV ayxprm. SO
to make sure that under all conditions and due to all component tolerances, the datasheet limit is not
exceeded Caux is calculated using AVayxprm— 0.6 = 1 V to allow margin. Based on the calculated Caux,
round up to the nearest standard value.

I AUXNL

(AVAUXPFM _0-6)' fMIN

The energy per cycle needs to be calculated to determine the minimum frequency that will be seen at no-load
operation. The peak primary current is known from the current sense resistor value so the energy per cycle
delivered can be calculated. The energy used in the primary clamp can be approximated. So the energy
delivered to the secondary side (Es + E,) is the difference between these.

V, 1 1
PK — % ECYCLE = E LP ’ IPK 2 ECLAMP = E'Cpanb ) [N '(VOUTCV +VDout)]2

Es + EA = ECYCLE - ECLAMP

Caux =

The auxiliary and secondary power during no-load can be calculated to determine the total power during no-
load. No-load efficiency is assumed in section 2.2.
2

P — (2 Ve — AV auxeem +0.6) N - Voui
ANL — 2 AUXNL TsNL —

_ Pone + Pant
Rout A\ -

From this, the minimum frequency can be calculated. With the required no-load frequency, fuyn, the value of
the capacitor is determined.

_ I:)SANL
MIN —
Es +E,

In the controller, the low voltage and high voltage parts have different start-up levels. Vpp tracks Vayx as
shown in the diagram below. The ramp rate of each voltage is dependent on the appropriate capacitor. So by
changing the capacitance, the start-up points for AUX and VDD vary. Ideally, the relationship between Cdd
and Caux values can be described by 0.5 < Cdd / Caux < 2. If the ratio is too low, there could be start-up
issues. If the ratio is too high, Vaux could go above the specified maximum limit.

VauxrRuN

Vaux

Voores Vop

VAUXSLEEP

tINIT

off | Sleep Initialise Run Sleep fooff

Figure 14: AUX and VDD Waveforms
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A 25V capacitor should be used to allow the AUX voltage its full range. X5R or X7R capacitors are good
because the capacitance value is less variable over voltage.

Once Caux is chosen, the AUX voltage ramp needs to be checked to ensure it is within range over
temperature and process tolerance as specified by AVayxpru-

|
AV — AUXNL
A Caux-

2.7.3 Start-up Resistor (Rht)

The controller remains asleep until Caux is charged to Vayxrun. The start-up time for the circuit depends on
the Rht current available to charge Caux and power the IC via the AUX pin. The IC current required is given
by lauxsLeep in the datasheet. An approximation of the required circuit current can be given as below. In
reality, Irnt reduces with time because the voltage across the resistor decreases as Vayx rises. Therefore, the
capacitor charging current also reduces with time. So the answer is slightly higher than reality.

| _ Caux 'VAUXRUN I
Rht — T AUXSLEEP

STARTUP
The longest start-up time will be at minimum input mains, Viywminy.- This allows an approxmate value for Rht to

be calculated.

Rht = VIN(MIN)
Rht

Once a standard resistor value is chosen, the actual IC start-up time can be recalculated. Note that this does
not include the time taken for the output to reach its target level, which is only milliseconds, where the start-up
time is usually in the order of seconds.

There is a trade-off between start-up time and no-load power, dependent on the Rht value; increase the
resistor value to lower no-load power but increase start-up time. Enough current must be available for both
the IC to power up and Caux to charge.

The voltage rating of the resistor(s) must be able to withstand the maximum input voltage. To reduce the
BOM count, it is possible to use one resistor with a higher voltage rating.

2.7.4 No-load Power and Undershoot Considerations

The minimum frequency is critical to the no-load power and undershoot requirements so it is important to
check that the AUX capacitor value chosen still allows these requirements to be met.

There is a compromise between switching losses and visibility of output voltage. To keep no-load power low,
the no-load switching frequency should be kept low. For undershoot considerations, the switching frequency
under no-load or light loads should be high so that when a load transient from no-load occurs, the controller
will respond quickly. Worst case the controller will wait a whole switching cycle; the slower the frequency, the
longer the switching cycle, the longer the response, the more the output voltage will drop as shown below.

VOUT

Initial drop
VecagLe due

to cable /

Further drop Veyc e due to
controller delay AT

Figure 15: Voltage Drop During Load Step From No-load
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The initial drop in the voltage due to the cable is calculated from Vi ug e = Reapie * | Loapster Where lLoapsTer

is the load step requirement and Rcag.e is the cable resistance. This is then used to work out the voltage
margin available when considering the allowed undershoot voltage Vysnoor. To allow for component
variations a tolerance of V¢ is included. A reasonable value for V1o would be 0.2 V.

VMARGIN :VOUTCV _VCABLE _VUSHOOT _VTOL

The minimum frequency allowable to meet the undershoot requirement, fynusroor is then calculated. This
should be less than the minimum frequency, fyn calculated above to ensure the voltage stays above Vysnoor-

I LOADSTEP

MIN

The total no-load power is calculated as follows, including a margin, Py.marain t0 @account for tolerances.

PNL = I:)SNL + I:)ANL + I:)CLAMP + I:)SWNL + PNLMARGIN + I:)NLHT

The switching no-load power, Psw. is calculated from the estimated capacitances of the transformer, Ctx and
primary switch, Coss as previously discussed in section 2.5.4.

Pown. = 1/2-(Coss + Ctx) - (\/EVMAINSHI )2 : fMIN

The start-up resistor power loss, Py.yT, is also calculated at high mains, Vyansni, as this will be worst case.

P — (\/EVMAINSHI ) ’
NLHT Rht

The above calculations assume the output capacitor has very low ESR (e.g. 20mQ or so), therefore the
voltage drop due to the ESR is negligible.

The delay in response by the controller could be longer than the switching period of no-load frequency
because, typically, the controller needs to see a minimum of 0.4 V output voltage error before starting to
correct. So if the initial voltage change is less than 0.4V, the controller may not notice until there is further
voltage drop. Therefore it is possible, at the worst case, the overall undershoot is larger than that calculated
above, hence it is important to allow extra margin.

2.7.5 Auxiliary Supply Diode (Daux)

The following table lists some recommended AUX diodes.

Type Trr (NS) Vrrm (V) Vep (V) @ Ir (A)
1N4148 4 75 1.0 0.15
1N4933 50 50 1.0 1.0
SF11G 35 50 1.0 2.0
UF4001 50 50 1.0 2.0
BYV27-50 25 50 1.0 2.0
UG1A 25 50 1.0 3.0
ES1A 35 50 1.0 3.0
STTH1R02 15 200 1.0 3.0

Table 3: Recommended AUX Diodes

The voltage rating of the diode needs to be checked against the maximum auxiliary voltage based on the
number of chosen auxiliary turns and the capability of the IC, so that Vrgm > Vpauxmax)-
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NA
VDaux(MAX) = \/E‘VlN(MAX) N +VAUX(MAX)
P

If considering a Schottky diode, some have large leakage at high temperature, so start-up across temperature

should be checked if a Schottky diode is used. Remember that the voltage across the auxiliary diode will
affect the calculation of the AUX capacitor.

2.7.6  Auxiliary ESD Resistor (Raesd)

To ensure that ESD events do not affect the controller circuit, it is recommended that a resistor be placed in
the AUX pin path. This should not exceed 47R.

2.7.7 Auxiliary Snubber (Rasnub and Casnub)

The auxiliary snubber helps the circuit meet EMC requirements. The recommended range for Casnub is
between 47 pF and 2.2 nF. The recommended starting value for Rasnub is 47R. The no-load performance
should be checked once the values have been found empirically to meet EMC.

2.7.8 Capacitive Load Pull-Up Considerations

There is a trade-off between the capacitive load pull-up capability, start-up time, no-load power and the
application circuit functioning correctly. This section considers the implications on the circuit required to
accommodate these performance factors.

To ensure that the circuit can pull-up the capacitive load (Cload) at start-up we need to consider the capability
of the application based on the Caux value. Caux controls the time allowed for Cload to be pulled up, based
on the voltage drop allowable before the IC goes to sleep (Vauxrun — VauxsLeep), se€e Figure 14, and the
current drawn by the IC (Iauxrun)-

_ Caux - (VAUXRUN _VAUXSLEEP)
AUX —

I AUXRUN

In this time, the output voltage should be pulled above Vshutpn, the hiccup point as shown in Figure 3 to
ensure normal run operation is achieved.

Cload -Vgyyrpy

touLioe = (l | )
outcc ~— 'ouTtce

This gives a ratio of Cload to Caux for the known application and datasheet parameters as below, which
gives the load capacitance pull-up possible based on the chosen Caux.

Cload — (VAUXRUN _VAUXSLEEP)' (IOUTCC B IOUTCP)
Caux I AUXRUN VSHUTDN

Load pull-up:

To accommodate the largest pull-up load, Caux can be increased, but other application parameters need to
be accounted for. For example, Caux controls the minimum frequency, which is required to be low to ensure
no-load power performance. This gives a maximum value for Caux, based on the current drawn by the IC
during no-load (lauxn) @nd the minimum AUX voltage drop achievable with some margin (AVayxpem*2).

l |
No-load: Caux(max) = AUXNL AUXNL
P~ AV o Fan .(AVAUXPFM(MIN) '2)

Caux also influences the start-up time of the application. The minimum current flowing through Rht will be at
low input mains for the given Rht value.
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| _ VIN(MIN)
Rht(MIN) — Rht

The charging current through the start-up resistor(s) will vary during start-up (as the capacitor charges) so to
find the maximum capacitor which allows the start-up time (Tstartup) t0 be achieved, the minimum start-up
current (Irngviny — lauxsieer) is considered to charge the capacitor to the voltage required to enter normal
operation (Vauxrun)- This takes into account the current required by the IC. Note that there will be variations
due to process, temperature and voltage on these parameters, so it is advisable to allow some margin on the
start-up time to ensure it is achieved across production.

(I Rht(MIN) — IAUXSLEEP)'TSTARTUP

Start-Up: Caux(max) = y
AUXRUN

It can be seen that the value of Caux needs to be a trade-off to achieve load pull-up, no-load power and start-
up while ensuring the application circuit conforms to the IC datasheet. If sufficient no-load power margin is
available, it may be possible to adjust Rht to give more start-up headroom. Any changes made to Rht or Caux
need to be checked with previous calculations made.

To help pull-up a larger load, it is possible to move the hiccup point (Vsyuton) further down the CC chimney.
This would allow a larger capacitive load to be pulled up for a given Caux. This may be achievable by one of
the following, although these have side effects that need to be monitored.

e Ensuring good coupling between the primary and auxiliary windings in the transformer
¢ Orincreasing the auxiliary snubber
Increasing the AUX snubber will affect the no-load and light load efficiency.

Improving the primary-auxiliary coupling will result in Vaux going higher at full-load and transients. To ensure
correct operation of the IC, this must be kept below Vauxrunmax)- This could be achieved by making the
primary clamp circuit weaker (e.g. Cpsnub = 220 pF and Rpsnub1 = 470 kQ) and placing a Zener diode in the
auxiliary circuit as shown below. The extra diode (or diode and capacitor) are required to ensure that a
leakage path is not created by the Zener, which could prevent the circuit from starting up.

Daux Daux
Raesd Raesd L1
AUX C K 5 A+ N
_l1on | caux ii 1 10n | Caux
GND | T -1 GND |7 T _

Figure 16: Zener Diode in Auxiliary Clamp Circuit

The chosen Zener must have the correct voltage and power rating for the circuit. The energy generated by
the Zener should be checked, particularly over temperature. The effect of these changes needs to be
checked across other performance factors, particularly radiated and conducted emissions.
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2.8 Voltage Sense Circuits

2.8.1 Voltage Feedback

The C2183 has the voltage feedback signal (scaled via resistors divider) fed to the FB pin directly. When the
sense winding voltage is negative, the controller drives sufficient current out of the FB pin to keep the pin
voltage at ground (GND) potential. The current will depend on the value of Rfb1 and the amplitude of the
negative voltage on the sense winding. The resulting FB pin voltage and current waveforms are shown in
blue and green respectively below.

Irs \I\ Ve

[ RIVAV)

o portlly

/"
; /.nn‘
...,

’

:o
S
¢

Vsense.Rfb2/Rfb1

Figure 17: FB Pin Waveforms

The controller determines the sense voltage level by measuring the FB pin current sourced during the primary
switch on-time. The relationship between the current and the input capacitor voltage depends on the primary
to sense turns ratio and the value of Rfb1. The controller applies three different thresholds to the FB pin
source current during CHARGE. These thresholds are defined in the datasheet.

The highest level, IrgqHi, alerts the controller to excessive bulk capacitor voltage, for example during a surge
event. The controller responds by reducing the power delivered to the output in an attempt to limit the peak
voltage across the primary switch.

The lowest level, IrgyTL0, alerts the controller to the bulk capacitor voltage being too low to sustain normal
operation. (Or it may indicate that the FB pin is not connected to the sense winding due to a fault.) When the
threshold is triggered, drive to the primary switch is disabled so Vayx decreases. When it falls to VauxLow, the
controller requests a new switching cycle but this is negated by the low mains condition. Therefore, the
voltage continues to fall to VauxsLeep, the controller goes to sleep and the start-up switch is turned on to
initiate a restart cycle.

If the input bulk capacitors are sufficiently charged, the AUX voltage rises. If the AUX voltage rises to Vayxruns
the controller wakes up, turns the start-up switch off and issues one probe pulse to measure the bulk
capacitor voltage and determine if it is high enough to start. If it is above the minimum start-up mains voltage
(Ir > lreHTsTART), then the controller restarts. If the bulk capacitor voltage is below the minimum voltage, the
drive to the primary switch is disabled and the process repeats.

2.8.2 Feedback Resistor 1 (Rfb1) — Input Over Voltage Protection

In most charger applications, the maximum bulk capacitor voltage will provide the most important limitation.
Therefore, the value of Rfb1 (top resistor) should be calculated to ensure that the controller operates in over
voltage protection (OVP) mode when the bulk capacitor voltage exceeds Vg kmax. Mains input OVP is
triggered if the current sourced from the FB pin, during the on-time exceeds legyth.

bel — [VBULKMAX . N F J

legure NP
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Where Np is the number of primary turns and N is sense winding turns. For most universal mains charger
applications, VgyLkmax = \/2.V.N(MAX) + 15% margin (50V), around 425 V.

The tolerances of Rfb1 and Rfb2 affect output voltage regulation and mains estimation so should typically be
chosen to be 1% or better.

2.8.3 Input Voltage Start Threshold (Brown-in)
Once Rfb1 is decided, the input voltage start threshold can be calculated.

In Initialise mode, the controller issues a single low energy switching cycle in order to measure the applied
mains voltage level. If the level detected by this low energy probe cycle, is below Vyansstart then the IC will
not start. It will pause, while Vayx discharges below Vauxsieep, then it will begin a new power-up cycle and
repeat the process. Once the mains voltage exceeds Vyansstart, the converter will power-up normally.
VuainssTarT €an be determined from the Rfb1 resistor value using:

-1 N
L errsanr - Rfbl. —

V =—
MAINSSTART 2 N,

2.8.4 Input Under-Voltage Protection ((Brown-out)

From Rfb1 value, the input under voltage protection threshold can be calculated. In Run mode, if the input
rectified DC voltage reduces to Vpcgrn, the control circuitry will stop driving the primary switch, Vayx will
reduce to VauxsLeep and the IC will enter sleep mode.

N

Voesrn = lrenmio - Rfb1-—F
F

2.8.5 Feedback Resistor 2 (Rfb2) - To Set Output Voltage

With the value of Rfb1 selected, the value of Rfb2 (bottom resistor) can be selected to set the output voltage
as below:

RFOL-Vgpeq
N

VOUTCV ) _VFBREG
N S

Rfb2 =

Where Ngis the secondary winding turns, Ng is sense winding turns (auxiliary winding turns if it is combined).
The FB regulation level Vegreg can be found in the datasheet.
2.9 Switch Selection

The chosen primary switch (MOSFET) must have a gate threshold of less than 4 V and be rated as follows:
Voltage Rating: Vs yaxy = N -Vgey +\/E-V,N(MAX) +Vover

Current Rating: 15 = 1,
The gate capacitance needs to be low enough to ensure the switch turns on properly. In the order of < 1 nF.

The power switch output capacitance, Coss, needs to be considered as discussed in the calculation of Lp
(2.5.4). The higher the Coss, the more impact it will have on low load efficiency, so should be minimised if
possible.
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2.10 PCB Layout
Good layout practice helps with:
e Achieving low EMI
e Thermal optimization
o Design for manufacture
Some simple, good practices and guidelines for routing are:
o Make track widths appropriate for current to be carried
e Space tracks according to voltage difference between them
o Keep tracks as short as possible.
e Prioritize critical paths: highest first (high current, high frequency, high voltage)
o Keep thin tracks away from board edge

e Route tracks to centre of a connecting pad

2.10.1 Functional Considerations

Current loops (signal paths and ground returns) that carry fast edges are a potential source of radiated EMI.
The faster and larger the current fluctuations, the higher the radiated EMI power will be. Also the larger the
area enclosed by the loop, the higher the level of EMI. The latter is where good PCB design can help, and
poor design can cause a real problem. The key is to keep current loops small and run out/return tracks close
together. Doing so keeps the loop area and radiated emissions down.

The following are the critical current loops in a CamSemi primary side sensing application.

2.10.1.1 Critical Connections

The tracks between the VDD and GND pins of the IC, and the decoupling capacitor must be as short as
possible to avoid poor performance; shown in pink below.

The tracks between the FB resistors and GND pins must be as short as possible to avoid poor performance;
shown in red below. The impedance driving the FB pin is quite high. As a result, the FB pin waveform can
easily be distorted by parasitic capacitive coupling from the primary switch. When laying out the PCB, it is
important to minimise stray capacitance between the switch and FB node. This can be achieved by placing
the Rfb1 and Rfb2 resistors adjacent to the FB pin.

The tracks between the MOSFET gate and the GD pin of the IC must be as short as possible to avoid poor
performance; shown in orange below.

The tracks between the transformer and MOSEFT drain must be as short as possible and the total area as
small as possible to avoid poor performance; shown in green below.

Preliminary Page 26 DG-5479-1212
© Cambridge Semiconductor Ltd 2012 Confidential 17-Dec-2012



44 C2183
A | 4

. Design Guide
CamSemi
Cssnub Rssnub
2228 Vi ’_LI \gi
Dbridge Lfilt1 Rht Rpsnub Jipsnub * [%LIHL
+_[Cout Rout
oy L0 T
O-
V\N

Rcsesd Rasnub
~oonl PP les e ’—H—:»—‘
Daux
Raesd
o— 13— AuxJ—: K]
[] VDD FB

Cad _| Caux [ ] Rfb2

[¢]
Iy
®»
>
c
o

Figure 18: Critical Functional Layout Connections

2.10.1.2 Current Sense Resistor

The current sense resistor programs the power supply giving it the required rated current. The connection
should be as small as possible and the track width as thick as possible. The current sense resistance is small
and any track resistance will affect the operation of the power supply. The current sense path and resistors

are marked in pink below.
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Figure 19: Current Sense Path Layout

2.10.2 EMC Considerations

2.10.2.1 Primary Current Path

The primary current loop must be kept as small as possible; shown in pink below.
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Figure 20: Primary Current Path Layout

2.10.2.2 Auxiliary Decoupling Path

The auxiliary power rail needs tightly decoupled to reduce any EMI resulting from the switching action of the
MOSFET; shown in pink below.
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Figure 21: Auxiliary Decoupling Path Layout

2.10.2.3 Output Current Path

The output current path is where current from the output diode is smoothed by an output electrolytic capacitor
to make a DC output and to reduce EMI. It is important that the path from diode to capacitor is as short as
possible; shown in pink below.
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2.10.3 Thermal Considerations

Thermal management in enclosed power supplies can be very challenging, particularly in low-cost plug-top
adapters/chargers. PCBs are generally single sided and do not have much copper to conduct heat away from
hot spots. In a sealed plastic enclosure, there is no airflow so poor air circulation. The limited options for
dispersing heat from particularly hot components are:

e Add all available PCB copper

o Keep components that get hot away from other components

e Use of 20z copper boards and if possible double sided boards.
Thermal controls for two components in the C2183 design that can get particularly hot are covered in the
following sections.
2.10.3.1 Primary Switch

The switching MOSFET switches through the primary winding of the transformer. To help keep the
temperature down:

o Make pads as large as possible
o Make connections to pads as wide as possible to conduct heat away

These methods have little or no cost penalties. Another way to increase the copper at the MOSFET is by
increasing the copper thickness, but this will carry a cost penalty. The switch is close to the transformer
because of EMC and space requirements, but it is also a source of heat. This means a balance is required
between having it further away for thermal reasons and close for EMC reasons.

It is also good practice to have some distance between the switching transistor and the nearest electrolytic
bulk capacitor(s) to prevent the MOSFET from heating up the capacitor and hence shortening its life.

Note, using an IPAK MOSFET as the switching device is acceptable for applications up to about 4 W, above
this:

e Use alarger MOSFET package (e.g. TO220) or

e Use a heat sink
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2.10.3.2 Output Diode

The output diode can dissipate significant power due to the forward voltage drop and conducted output
current, so consider the following when placing the diode:

1. Mounting the diode flat on the board:

a. Keep the copper area of the cathode connection to transformer small

b. Make the copper area of the anode connection as large as possible
2. Mounting the diode vertically:

a. Put the diode body on the transformer side of the connection

b. Keep the copper area small

c. Make the opposite connection as large as possible in terms of copper area.
3. Using a surface mount diode:

a. Provide a large copper area below and around the diode

2.10.4 Surge/ESD/EFT Considerations
The following components can be considered to help support surge / ESD / EFT requirements:

e Include spark gaps in the design to allow the events to bypass critical components and check ESD
event takes place in the spark gap rather than any other place as shown below.

Figure 23: Check ESD Event Causes Spark in Spark Gap

e FB: Use a 0805 size for the top FB resistor component

e AUX: use a 47R resistor in series with the auxiliary circuit

e CS: place a 1k resistor between the CS resistor and CS pin

¢ Rin: use the recommended value 10R surge resistor for 2kV SURGE

e TX: Place two layers of tape around the flux band, if a flux band wire is used to ground the core
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3 TROUBLESHOOTING

Here are a few steps to troubleshoot if the PSU does not work:
1. Ensure all winding directions in the transformer are correct

2. Measure the resistance between the following IC nodes. If the resistances measured are lower than
expected, please resolve any issue before continuing to the next step.

e Pin 1 to ground: Very high resistance should be seen

e Pin 2 to Ground: Very high resistance should be seen

e Pin 3 to Ground: Approximate resistance equal to parallel combination of feedback resistors
¢ Pin 4 to Ground: Very high resistance should be seen.

e Pin 5 to Ground: Approximate resistor value connected at CS pin (1k + Cs Resistor)

e Pin 8 to Ground: Very high resistance should be seen

3. Apply 40— 50V at the input, and monitor the AUX and FB pin waveforms. The waveforms should
behave as shown in Figure 24.
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Figure 24: FB (blue) and AUX (pink) Pins When Input Mains = 40 - 50 V

4. Apply 120 — 150 V at the input and measure the FB signal. The controller provides a signal to
indicate the cause of any shutdown event by driving the FB pin with a pulsed waveform of a
particular duty cycle. The table below provides a list of the possible causes of a shutdown event and
the resulting FB waveform duty cycle. If multiple faults occur at the same time then the duty cycle
codes are added together. For example, if both Low Mains and OVP are detected as the causes of a
shutdown event, then the FB signal duty cycle will be 0.5 + 0.25 = 0.75. Note the 50% duty cycle
signal in Figure 24 as the controller detected a low input mains during the first switching pulse.
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Shutdown Cause FB Duty Cycle

Mains voltage low or missing fb signal 0.5

Output Over-Voltage Detected (>1.2xVFgrec) 0.25

LIGBT De-saturated so LIGBT has turned OFF before peak current detected, 0.125

or missing CS pin signal

Controller maximum junction temperature exceeded (OTL) 0.06125
Preliminary Page 32 DG-5479-1212

© Cambridge Semiconductor Ltd 2012 Confidential 17-Dec-2012



W

I'-q ¥
€l

C2183

Design Guide

4 DESIGN EXAMPLE

Name Symbol Source Design Example | Comments
CamSemi IC IC Calculated C2183PX2-C
Input Resistor Rin Assumption 3R3
Input Capacitors Cin1 + Cin2 Calculated 12 + 4.7 uF Sg‘é?\-ﬂﬁ\znfhzcckzd
Input Inductors Lfilt1 Assumption 220u
Lfilt2 Assumption NF
Input Rectifier Dbridge Assumption MBS6
Current Sense Resistor Rcs Calculated 0.46 Common resistor value
CS ESD Protection Rcsesd Assumption 1k
Primary Turns Np Calculated 64
Secondary Turns Ns Calculated 4
Primary Inductance Lp Calculated 700 uH
Auxiliary Turns Na Calculated 7 =Ng
Dout Assumption HSR5100
Output Circuit Rout Calculated 18k
Cout Assumption 1000 uF 25V
Output Snubber Cssnub Calculated NF
Rssnub Calculated NF
Rpsnub1 Assumption 100k
Primary Snubber Cpsnub Assumption 470 pF
Dpsnub Assumption GF1M
Rpsnub2 Assumption 100R
VDD Capacitor Cdd Assumption 470 nF
AUX Capacitor Caux Calculated 4.7 uF
AUX Diode Daux Calculated 1N4148
Auxiliary Snubber Casnub Assumption NF
Rasnub Assumption NF
AUX ESD Proteection Raesd Assumption 10R
Start-up Resistors Rht Calculated 1.5M
Feedback Resistors Rfb1 Calculated 560R + 8k2
Rfb2 Calculated 2k4
Primary Switch Q1 Calculated UTC4N60L
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5 IC DESCRIPTION

5.1 Flyback Topology

The following diagrams show the flyback topology circuit and typical waveforms.

Vht Np Ns Is » I |_
4>

Vp Vs

D) "

o \+

Figure 25: Flyback Topology and Waveforms

When using primary side sensing, the auxiliary winding contains output voltage information. A voltage divider
placed directly across the AUX winding provides visibility of critical waveform features to allow accurate
voltage measurement, including Vyr, the flyback voltage, period and resonant valleys.
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Figure 26: CamSemi Primary Side Sensing Topology and Waveform

Rcs| __ICaux Rfb2
GND —_1

|
|
|
|
|
|
|
|
DRV———————— \or | :
Daux Q VsV
A F
% | U h
AUX : /\
|
|
|
|
|
|
|
1

5.2 Current and Voltage Regulation

The CamSemi controller regulation is peak current and switching frequency controlled, rather than duty cycle
controlled. This allows a faster control loop, makes it independent of mains, ensures discontinuous mode
operation and by limiting the peak current, avoids transformer saturation.
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Figure 27: Current and Voltage Regulation Block Diagram

5.2.1 Output Voltage Measurement

Constant voltage regulation is achieved by sensing the voltage at the FB input, which is connected to the
auxiliary or feedback winding. The waveform on the transformer feedback and secondary windings are
identical, except for scaling by the turns ratio, Ne/Ns. The output voltage is only observable on the feedback
winding during the flyback time, tpcharce. When secondary current, s flows, the voltage drops across the
diode and winding resistance cause an inaccuracy. Accurate voltage is measured when the secondary
current falls to zero, coincident with zero flux in the transformer, because the voltage drop over the secondary
circuit diminishes. This occurs at the ‘Knee Point’ and is the optimum time to get an accurate measurement of
output voltage.

Knee point

Tangent
’/

t CHARGE
B e ——

cramee | | i

DCHARGE [

Figure 28: Voltage Detection Waveforms

To determine the knee point, various slope measurements are used as shown in Figure 29. In (a) the slope
(dv/dt) is determined by the output current and circuit resistance, and is known based on given the power
rating. In (b) the slope is determined by the resonant frequency of transformer, which is known and controlled
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based on the transformer design. By selecting an on-chip reference slope (c) between these two slopes, it is
possible to sample accurately the output voltage. The last slope detected before the FB waveform crosses 0
V will be the knee point.

The controller detects the slope and a sample and hold circuit is triggered at the knee point, tsamp. FB
blanking is used to ignore the noise due to leakage inductance ringing.

~ (a) (b) (c)

Figure 29: Tangent Detection Waveforms

The output voltage has the following relationship to the FB voltage based on the transformer and Rfb
potential divider circuit (neglecting the output diode voltage).

N Rfbl+ Rfb2 N
Vour Ve, Ve "Rp2 W,
F F

The application circuit is designed so that the FB resistors chosen allow the output voltage to be at its target
value when the FB voltage is at Vegree-

Rfbl+ Rfb2 N
VOUTCV :VFBREG : Rfb2 ) N 2
F

Internally Vg is compared to Vegreg @and a control voltage, Vcrricy is used to represent the power demand for
the voltage loop.

5.2.1.1 FB Blanking

The oscillations due to the transformer at switch turn-off can cause false measurement triggers when the
output voltage is low. The final slope detected before the FB signal crosses 0 V is taken as the knee point.
When the output voltage is low, the transformer oscillations can cause the FB signal to cross 0 V before the
full discharge phase is completed. This would result in a higher voltage knee point being detected.

tbcHARGE

| freeL |

|
|
| |
|
l“! N Ny

| U\i N \L
l |
FB crossing 0V would

cause false knee point
detection without blanking

Figure 30: FB Blanking Time

To avoid false measurements, a blanking time is included to prevent any 0 V triggering. This time is set
internally to the controller but takes into consideration the following:
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¢ Maximum switching frequency, which determines the transformer design and hence transformer
resonance oscillation profile

e  CS input minimum threshold, Vcsmin, Which determines the minimum on-time, hence minimum
DCHARGE time, tbcHARGE-

The FB blanking time, trgg., Needs to be shorter than the minimum tpcpyarce t0 €nsure good regulation, but
needs to be long enough to ensure no false triggering due to transformer oscillations at turn-off.

5.2.2 Output Current Estimator

Current is monitored on the primary side via a current sense resistor, Rcs, providing a good measurement of
the average primary current, <lp>, and hence an estimate of the output current. The output current in terms of
peak secondary side current, Ispk), is given below; T is the switching period. The timings tciarce and tocrarce
are available from FB waveform as shown Figure 28.

_ 11 _ tDCHARGE -

IOUT —?E IS(PK) 'tDCHARGE - oT S(PK)

Since the flux and energy are conserved in the transformer, this can be transferred to the primary side; N is
the transformer primary-to-secondary turns ratio; lppk) is the peak primary current during the CHARGE
period.

_ tDCHARGE

lour oT -N- IP(PK)

The average primary current can be expressed in terms of the peak primary current:

<| p> — tCHARGE . Ip(pK)

2T
Giving a relationship between the output current and average primary current as:

t
_ DCHARGE
I out — N < I P>
CHARGE

Primary current generates a voltage across the current sense resistor, Rcs. The negative-going voltage is
sensed by the CS input. The average primary current is equivalent to the average voltage seen on the CS
pin, <Vcs>.

_ <VCS > _ tDCHARGE <VCS>
<l >=27C8 7 o |, = N -DCHARGE A7cs/

Rcs tepance  RCS

The application circuit is designed so that the CS resistor chosen allows the output current to be at its target
value when the primary side estimated output current is equal to Vcscc/Rcs.

& Vosce
N Rcs

I outce —

t
Internally the estimated output current, taken from —2CHARGE ./

t csee » 1s compared to Vesee and a control
CHARGE

voltage, Vcrrice is used to represent the power demand for the current loop.

5.2.3 Regulation

Both the current estimator and voltage measurement loops continuously determine whether more power is
demanded. A minimum function on the control voltages is used to allow one of the loops to win.
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Figure 31: CV / CC Loop Minimum Function

For both voltage and current loops, the measured or estimated value is compared to the target and a control
voltage is produced to indicate whether power is demanded. Depending on which loop wins, the associated
control voltage, Vcrre is used to determine the peak current (via PWM) and switching frequency (via PFM).
They follow the characteristics of the plots shown below.

Vauxtrr (fsw) Vestrr (Ipk)

Vesmax
K

L e / ¢ KETRLTOL

VCSMAXACT

V MIN
. fNL CS
MIN
< H 1 i > V
VeTRunL VerrerL VetrLwax) CTRL

Figure 32: Switching Frequency and Peak Current Control

5.2.3.1 Peak Current Control

When the CS voltage exceeds a (negative) threshold (Vcstrr) set by the control circuitry, the primary switch
is turned off. The CS voltage threshold (Vcstrr) varies from Vesuin to Veswax during normal operation
depending on the internal power demand signal Vc1r. from the CC or CV control loops.
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Figure 33: CS and FB Waveforms

During application design, the maximum CS threshold is chosen to run at a margin less than Vcgyax by
allowing a tolerance of Kcrri oL t0 give Vesuwaxact @s shown in Figure 32. This results in the maximum control
voltage during full-load, Vcrrir, being lower than the maximum possible control voltage Verr ax)- This
headroom allows the peak current to be increased during transients to speed up recovery and to allow for
component tolerances in production.

5.2.3.1.1 CS (Storage Time) Compensation

The switch does not turn off immediately so extra power would be delivered during the time that it takes the
switch to turn off, tstore. The controller can see the difference between the requested turn off time and the
actual turn off time using the CS pin voltage, so internally compensates by reducing Vcsthr SO that the peak
current adjusts to the required value. The loop providing CS compensation is fast compared to the control
loop.

Figure 34: CS Compensation

5.2.3.1.2 CSFiller

The CS waveform is integrated to estimate the peak current, and is compared to the target threshold Vestr
to determine when the switch should be turned off. To avoid false triggering during the initial turn-on spike,
this period is blanked for a fixed time of tcsg as shown in Figure 35,

When running at low loads, a short on-time is required. To avoid missing the required turn-off point due to the
blanking, the controller has a CS filler, which estimates the slope of the current during the blanking time as
shown below. This prevents the peak current from being too high at low loads.
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Figure 35: CS Filler

5.2.3.2 Switching Frequency Control

A pulse frequency modulator (PFM) using Vaux determines the switching frequency based on the control
voltage, VcrrL signal as shown in Figure 36. During the idle period (after CHARGE and DISCHARGE are
completed), Vaux is allowed to fall a maximum of AVayxerw. If the power demand is high, Verry is high, so
Vaux triggers a new cycle before falling the full AVauxprm range, hence the switching frequency is controlled.
The maximum switching frequency is internally limited depending on the variant chosen.

VAUXTHR

A

Increasing

VauxseT Vera,

VauxseT - AVaux VoeZ - - _

Vauxset = AVauxprm Lo fsy
fmax fae fuin

Figure 36: PFM Characteristics

The maximum Vayx value is set by the transformer auxiliary-to-secondary turns ratio in the application circuit
design to be Vauxser (ignoring output diode voltage drop). The maximum drop on Vayx during no-load
operation, AV, x, is determined by the value of Caux and the no-load operating frequency, fy.. As the load is
increased, the amplitude of the AUX voltage ripple reduces, hence increasing the switching frequency.

N I
VA — A V AV — AUXNL
UXSET ouTCvV AUX
N Caux- f,

Note that the minimum switching frequency may not equal the no-load switching frequency. This allows
headroom during a load step.
5.2.3.2.1 Auxiliary Control For No-Load

Using the PFM described above, the minimum frequency can be set by designing the application circuit using
Caux, the auxiliary-to-secondary turns ratio and taking into account the current consumed by the control
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circuitry. The design of the PFM ensures a gradual transition from the time dependent control voltage to a
fixed minimum value required to maintain correct IC operation, which benefits no-load power behaviour.

Vauxmax)
VauxseT

VauxLow

VAUXSLEEP

Figure 37: Auxiliary Voltage During No-Load

The PFM responds to relative movements in AUX voltage so the absolute level of Vayx is not critical.
Therefore, it should be possible to achieve low levels of no-load power over a wide range of Vayxser levels,
which means the secondary-auxiliary turns ratio is less critical. Although it should be remembered that the
level of no-load power will increase with AUX voltage because the power consumed by the IC rises linearly
with AUX voltage, so it is still important to keep Vaux low.

When Vux falls below Vaux ow, the controller requests a new cycle. This feature is for precaution and should
not occur during steady-state operation. The controller will go to sleep if Vaux falls below Vayxsieep. The
maximum AUX voltage, Vauxmax) is defined by the maximum voltage that the controller can handle on the
AUX pin.

5.2.3.2.2 Cable Compensation

Cable compensation is fixed per variant. Based on the chosen level of cable compensation, the controller
alters the voltage control signal produced during the comparison of Vg to Vegres, thus making the necessary
adjustment to compensate for the output voltage drop across the cable.

5.2.3.2.3 Quasi-Resonant Switching

The primary switch is only turned on when the voltage across it rings down to a minimum (voltage-valley,
quasi-resonant switching). The effect of this is to reduce losses in the switch at turn-on. It also helps reduce
EMI.

5.2.3.2.4 Duty Cycle Control

The full-load duty cycle is set by the primary-to-secondary turns ratio of the transformer. For a universal
mains input power supply, full-load duty cycle is typically chosen to be 50% at the minimum (including ripple)
of the rectified mains voltage (typically 80 V).

5.2.3.2.5 Frequency Dither and Edge Rate Control

The controller includes two additional features to reduce emissions and ease EMC compliance:

o Deliberate modulation of the switching frequency reduces measured levels of both quasi peak and
average conducted emissions;

e Transition (edge) rate control of the primary switch driver reduces the rate of change of voltage on
the primary switch during turn-on and hence reduces emissions.
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5.3 Start-up

The controller begins in Sleep mode. When mains input voltage (V\n) is applied, current flows through to the
AUX node. Some of this current is consumed by the IC circuits as lauxsLeep; the remainder charges capacitors
Caux and Cdd.

Although the datasheet shows the IC starting based on the Vayx, the internal circuits actually start based on
the Vpp supply. Vpp is a level shifted version of Vayx suitable for powering the lower power internal circuits.
This makes the ratio of Caux to Cdd important. These should be scaled so that Vpp waking up the IC at
Vppovp is around the time Vaux reaches Vauxrun- At this point, the IC changes to Initialise mode. Current
consumption increases to Iayxrun While internal circuits are enabled.

Vauxser

VauxruN

Vaux
Vboovp
Vbores / Voo v
VauxsLeer
""""" Vbouvp
off | Sleep Initialise Run Sleep | Off

Figure 38: VDD and AUX During Start-up

When Vpp reaches Vppovp, a short drive pulse is output, during which time the voltage at FB is held at GND
potential by current sourced from the FB pin. The current required to clamp the FB waveform to GND
potential during the on-time of the primary switch depends on the rectified mains input voltage, the primary to
feedback (or auxiliary if used for feedback) turns ratio, and resistor Rfb1. Analysis of this current enables the
IC control circuit to compare the rectified mains input voltage with thresholds for allowing or preventing the
next stage of power-up. The current flowing through (or voltage dropped across) Rfb1 is compared to internal
thresholds to determine if the circuit is good to start.

If the input voltage is too low (Igg < IrgHrsTarT), the IC will not issue further drive pulses, the AUX voltage will
discharge to VauxsLeep, at the same time Vpp discharges to Vppuvp, and the power-up sequence will repeat.

/\ y
VFBHTLO 0
VFBHTSTART

VFBHTHI

Figure 39: FB HT Reference Points

If the mains input voltage is high enough (Irg > IrgnrsTarT), the IC will enter Run mode, further drive pulses will
be output and Vpp will be regulated to Vppreg. To achieve smooth power-up (monotonic rise in Voyr), Caux
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and Cdd must be large enough to power the control circuitry (during Initialise mode and the first few cycles of
Run mode), until sufficient power is provided by the transformer auxiliary winding.

5.4 Protection Features

5.4.1 Input Under-Voltage Protection

Mains input under-voltage protection is triggered if the current sourced from the FB pin during the on-time is
less than IggyTL0 (ShOwn as Vegyrio in Figure 39). This causes the control circuitry to stop issuing primary
switch drive pulses, Vaux reduces to Vauxsieep and the controller enters Sleep mode.

As described in the Troubleshooting section, this fault can be confirmed by monitoring the FB pin.

5.4.2 Input Over-Voltage Protection

Mains input over-voltage protection (OVP) is triggered if the current sourced from the FB pin during the on-
time exceeds lggyrri (Shown as Vegyry in Figure 39). The value of Rfb1 is chosen to ensure the mains input
over-voltage protection is triggered when the mains rises above the desired threshold voltage (Vyainsti)-

When triggered, the input OVP circuit reduces the target CV output voltage by 40%. This results in the
reflected voltage on the primary being reduced and protecting the primary switch. In most applications, this
will result in the output power being reduced too which also reduces the stress on the switch.

5.4.3 Output Over-Voltage Protection
The on-time of the primary switch is reduced if the output voltage tends to Voyrovp. The value depends on the
set output voltage (Voutcv) and the FB OVP ratio:

VOUTOVP = VOUTCV 'GFBOVP

As described in the Troubleshooting section, this fault can be confirmed by monitoring the FB pin.

5.4.4 Primary Switch Over Current Protection

The primary switch is turned off if the switch current as sensed by the CS input exceeds the effective
threshold Vesocperr, subject to the minimum on-time Tonwin- The effective threshold Vesocperr depends on a
threshold Vcsocp predefined by the controller, the CS signal rate of rise (dV¢s/dt), which is dependant on the
application design, and the CS pin turn-off response time tcsorr. This gives pulse by pulse over current
protection of the primary switch.

. dVes
Vesocperr = Vesocp (MiN) + (T'tCSOFFJ

Also, if the controller sees the FB signal cross 0 V before the CS signal has reached Vcsthr, @s shown in
Figure 40, the primary switch will be turned off early. This protects the switch if the cause is switch (de-
)saturation or another type of single fault on the PCB.
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FB crosses 0V before CS
reaches VcsThr

Figure 40: Switch Turn-off Before CS Threshold Reached

FB

As described in the Troubleshooting section, this fault can be confirmed by monitoring the FB pin.

5.45 Over-Temperature Protection

The on-chip over-temperature protection (sometimes referred to as over-temperature lockout, OTL) is
triggered if the junction temperature exceeds the threshold, Tsy. This causes the controller to shut down. To
prevent possible damage to the PCB, there is hysteresis to prevent restart until the temperature reduces to
(Tsh = TshrysT)-

As described in the Troubleshooting section, this fault can be confirmed by monitoring the FB pin.
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DESIGN GUIDE STATUS

Application design information and specifications provided in this Design Guide (e.g., circuit schematics,
board layouts and custom wound component drawings) have not been fully developed for production and
have not been subjected to safety or EMC approvals testing. Hence, design information contained herein
should not be used for production without further development, verification, validation, approvals and
certification appropriate for the intended application.

This Design Guide contains information relating to use of an IC product whose specification is subject to
change without notice. Therefore, please always refer to the most current version of this document and the
relevant IC product datasheet, available from your CamSemi representative or at www.camsemi.com.

CONTACT DETAILS

Cambridge Semiconductor Ltd
St Andrew’s House

St Andrew’s Road

Cambridge CB4 1DL

United Kingdom

Phone: +44 (0)1223 446450
Fax: +44 (0)1223 446451
Email: sales.enquiries@camsemi.com
Web: www.camsemi.com

DISCLAIMER

The product information provided herein is believed to be accurate and is provided on an “as is” basis. Cambridge Semiconductor Ltd
(CamSemi) assumes no responsibility or liability for the direct or indirect consequences of use of the information in respect of any
infringement of patents or other rights of third parties. Cambridge Semiconductor Ltd does not grant any licence under its patent or
intellectual property rights or the rights of other parties.

Any application circuits described herein are for illustrative purposes only. In respect of any application of the product described herein
Cambridge Semiconductor Ltd expressly disclaims all warranties of any kind, whether express or implied, including, but not limited to, the
implied warranties of merchantability, fithess for a particular purpose and non-infringement of third party rights. No advice or information,
whether oral or written, obtained from Cambridge Semiconductor Ltd shall create any warranty of any kind. Cambridge Semiconductor
Ltd shall not be liable for any direct, indirect, incidental, special, consequential or exemplary damages, howsoever caused including but
not limited to, damages for loss of profits, goodwill, use, data or other intangible losses.

The products and circuits described herein are subject to the usage conditions and end application exclusions as outlined in Cambridge
Semiconductor Ltd Terms and Conditions of Sale which can be found at www.camsemi.com/legal .

Cambridge Semiconductor Ltd reserves the right to change specifications without notice. To obtain the most current product information
available visit www.camsemi.com or contact us at the address shown above.
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