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This design is a 25-W, multiple output, auxiliary power
supply designed for use in power converters targeted
for server, telecom, and industrial system applications.
This solution is a multiple output flyback converter
implemented using the UCC28700 to provide constant-
voltage (CV) and constant-current (CC) output
regulation and uses quasi-resonant valley-switching to
achieve higher efficiency. The design is compact and
affordable due to minimal component count with all the
necessary built-in protections such as output
overcurrent and output short circuit. Hardware is
designed and tested to pass EFT requirements and
aids to meet low power efficiency performance of the
Department of Energy (DoE) Level VI standards.
Additionally, the design has a built-in eFuse for fault
isolation on the 12-V main rail without affecting any
other output.

Design Resources

Design Features

High Average Efficiency of 83.8% at 400-V DC and
87.2% at 165-V DC to Meet DoE Level VI and EU
CoC Tier-2 Energy Efficiency Norms

Peak Efficiency of ~86% at 400-V DC and ~88% at
165-V DC at Full Load

Low Standby Power (< 100 mW) to Help Meet No-
Load Condition Limits of Multiple Energy Norms
(DoE Level VI and EU CoC Tier-2)

Wide Input Voltage Range From 120-V to 425-V
DC to Power Universal Input AC-DC Converters

Multiple Outputs: —7.2, 5, and 12 V and Isolated 6,
7.2,11, and 12 V to Address All System Rails in
One Unit

Robust Supply Protected for Input Brownout,
Output Overcurrent, Short-Circuit, and Output
Overvoltage Conditions

Compact Form-Factor (35 mm x 60 mm) to
Achieve High-Power Density Solutions

Featured Applications

TIDA-00706 Design Folder
UCC28700 Product Folder
TPS259241 Product Folder
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2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

1 Key System Specifications

Table 1. Key System Specifications

PARAMETER TEST CONDITIONS | MIN [ NOM | MmAX | UNIT
INPUT CONDITIONS
Input voltage (Vinoc) - 120 325 425| VDC
No load power (Py,) Vinoc =400 V, loyr =0 A - 0.1 - W
Brownout voltage (Vin_uvio) - - 70 - \%
OUTPUT CONDITIONS
Output voltage 1 (non-isolated) - 114 12 12.6 \%
Output current 1 - - - 15 A
Output voltage 2 (non-isolated) - 4.8 5 5.6 \%
Output current 2 - - - 0.2 A
Output voltage 3 (non-isolated) - -7.8 -7.2 -7 \%
Output current 3 - - - 0.05 A
Output voltage 4 (isolated) - 12 125 135 \%
Output current 4 - - - 0.2 A
Output voltage 5 (isolated) - 6.8 7 7.8 \%
Output current 5 - - - 0.05 A
Output voltage 6 (isolated) - 7 7.2 7.5 \%
Output current 6 - - - 0.1 A
Output voltage 7 (isolated) - 10.5 11 11.8 \%
Output current 7 - - - 0.2 A
12V -0.2 - 0.2
5V -0.2 - 0.2
7.2V -0.2 - 0.2
Line regulation CTNf:u1”2|8i7 0425y De | 12VISO 02 1 02 w
6 V_ISO -15 - 15
7.2V_ISO -0.2 - 0.2
11 V_ISO -1 - 1
12V -0.4 - 0.4
5V -0.9 - 0.9
7.2V -0.6 - 0.6
Load regulation I\_/g“;dl:zfé})z)tfo‘llzosd;/{) pe 12 V_ISO -0.5 - 05| %
6 V_ISO -1 - 1
7.2V_ISO -2 - 2
11 V_ISO -0.5 - 0.5
12V - - 500
5V - - 600
7.2V - - 500
Output voltage ripple At full load 12 V_ISO - - 500| mVv
6 V_ISO - - 500
7.2V_ISO - - 500
11 V_ISO - - 400
Output power - - 25 27 W
Primary to secondary insulation - - 3.75 - kv
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Key System Specifications

Table 2. System Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Efficiency (n) ;{m E) ;/(E'OM lour = 25%, 50%, 75%, and 100% 80.7 _| 881 %
Output overvoltage
Input undervoltage
Protections Overcurrent
Short-circuit and power limit
Open loop protection
Operating ambient Open frame —-40 ‘ 25 ’ 60 °C
EFT - As per IEC 61000-4-4 -
Dimensions Length x Breadth x Height 35 x 60 x 17 mm
TIDUBK6A—May 2016—Revised July 2016 25-W, 88% Efficiency, Multiple Isolated Output, Auxiliary Supply Reference 3
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System Description

High-power converters used in server, telecom, and industrial systems need auxiliary power supplies to
support house-keeping needs of the power supply unit (PSU). An auxiliary power supply is commonly
used to power the internal control electronics and voltage and current feedback sensing electronics of the
PSU. It is an isolated DC-DC converter generating multiple isolated outputs to power primary and
secondary side control devices. The typical usage of auxiliary power supply is shown in Figure 1. The
number of isolated rails needed vary from simple two outputs to as high as six to seven outputs based on
the isolated current sense circuitry, isolated intra-communication, intra-communication between
subsystems of the PSU, and isolated external communication between multiple PSUs.

The auxiliary power supplies are independent isolated DC-DC converters as power converters have an
EMI filter, a diode-bridge rectifier, and a bulk capacitor present in the system, generating a rectified DC
bus. These supplies operate over a wide input range from 100-V to 450-V DC and keep system
electronics powered under all conditions to detect faults such as undervoltage, overvoltage, and
overcurrent. Typically, auxiliary power supplies generate multiple outputs delivering a power from

5 to 30 W; based on the configuration of the power supply, such as high wattage, > 12 W is needed to
power internal fans.

These supplies need to have very low standby power to meet the stringent norms such as the Department
of Energy (DoE) and Code of Conduct (CoC). In addition, these need to have high efficiency from 10%
load to 100% loads, ensuring low system power loss under all operating conditions.

90-V10 270-V AC | e Filter + PEC DC-DC AMA
Rectifier > converter ‘ ‘

\ 4

Primary side T aZt
——> Current

output -
sensing

Aucxiliary power »Microcontroller
supply
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Figure 1. Typical Block Diagram of Server, Telecom, and Industrial Power Supply

This reference design is a 25-W auxiliary power supply, designed specifically to meet very low standby
power needs of < 100 mW, high efficiency of > 80% for a wide load range from 20% to 100%, and over
entire input operating voltage range. This reference design is a simple, low component, low cost primary
side regulated (PSR) flyback converter implemented using the device UCC28700 that regulates constant-
voltage (CV) and constant-current (CC) output and uses quasi-resonant valley switching for higher
efficiency. The design operates over wide input range of 120-V to 425-V DC, delivering a total power of
25 W from seven outputs (12 V,5V, -7.2V, 11 V_ISO, 7.2 V_ISO, 6 V_ISO, and 12 V_IS0O).

This Tl Design meets the key challenges of the auxiliary power supply to provide safe and reliable power
while delivering high performance with low power consumption and low bill-of-material (BOM) cost.
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Figure 2. Block Diagram of 25-W Auxiliary Power Supply
3.1 Highlighted Products and Key Advantages
This section highlights the key features for selecting the devices for this reference design. Find the
complete details of the highlighted devices in their respective product datasheets.
3.11 UCC28700 CV-CC Controller With PSR
The UCC28700 flyback power supply controller provides CV and CC output regulation without the use of
an optical coupler. The device processes information from the primary power switch and an auxiliary
flyback winding for precise control of output voltage and current. Its low start-up current, dynamically
controlled operating states, and a tailored modulation profile support very low standby power without
sacrificing start-up time or output transient response. Control algorithms in the UCC28700 allow operating
efficiencies to meet or exceed applicable standards. The output drive interfaces to a MOSFET power
switch. Discontinuous conduction mode (DCM) with valley switching reduces switching losses. Modulating
the switching frequency and primary current peak amplitude (FM and AM) keeps the conversion efficiency
high across the entire load and line ranges. The controller has a maximum switching frequency of 130 kHz
and always maintains control of the peak-primary current in the transformer. Protection features help keep
primary and secondary component stresses in check. Key features that make this device unique are:
* <30-mW no-load power for five-star rating
* PSR eliminates optocoupler
» 15% voltage and current regulation
* 130-kHz maximum switching frequency enables high-power density designs
e Quasi-resonant (QR) valley-switching operation for highest overall efficiency
» Wide VDD range allows small bias capacitor
» Clamped gate drive output for MOSFET
» Protection functions: overvoltage, low-line, and overcurrent
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3.1.2

TPS259241 12-V eFuse With Overvoltage Protection and Blocking FET Control

The TPS259241 eFuse is a highly integrated circuit protection and power management solution in a tiny
package. The device uses few external components and provide multiple protection modes. The
TPS259241 is a robust defense against overloads, shorts circuits, voltage surges, excessive inrush
current, and reverse current.

The current limit level can be set with a single external resistor. Overvoltage events are limited by internal
clamping circuits to a safe fixed maximum with no external components required.

Key features that make this device unique are:

Voperating = 4.5 10 13.8 V, Vigsuax = 20 V
Integrated 28-mQ pass MOSFET

Fixed 15-V overvoltage clamp

1- to 5-A adjustable I+

+8% It accuracy at 3.7 A

Reverse current blocking support
Programmable OUT slew rate, UVLO

Built-in thermal shutdown

Safe during single-point failure test (UL60950)
Small footprint: 10L (3%x3-mm) VSON
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4.1

4.2

System Design Theory

This reference design provides 25 W of continuous power over a wide DC input range from 120-V to
425-V DC. The design has a flyback power stage implemented using the UCC28700 QR PSR CC-CV
flyback controller to deliver seven outputs, three outputs referred to the primary ground of the transformer,
and four completely isolated outputs. In total, there are four isolated grounds. The system efficiency is
around 88% with a 165-V DC input and around 86% with a 400-V DC input under full load conditions. In
addition, several protections are embedded into this design, which includes input under voltage protection
and output short-circuit protection.

Overall, the main focus of this design is to achieve high efficiency and very low standby power to meet
80Plus (Titanium) standard for server PSU, DoE Level VI, and EU CoC Tier-2 norms in compact form-
factor to address high power density converters.

QR Flyback Converter With PSR

Flyback converters provide a cost effective solution for DC-DC conversion needs. They are widely used
for DC-DC converters up to 150 W. There are three modes of operation, namely discontinuous mode
(DCM), QR mode, and continuous conduction mode (CCM). For lower power applications, DCM or QR
mode is preferred as they have reduced power losses and optimal peak currents in low power
applications. As the output wattage increases, the CCM becomes more efficient due to the reduced peak
and RMS currents.

Flyback converters designed with PSR flyback controllers eliminate the use of conventional optocoupler-
based feedback. The PSR flyback controllers sense the voltage feedback through auxiliary winding and
current feedback through current sense resistor used in series with switching FET. In addition PSR flyback
controllers provide wide range of protections and accurate limiting of both current and power. The
UCC28700 controller has PSR feedback eliminating opto-feedback, thus reducing the component count.

Flyback Circuit Component Design

The UCC28700 is a flyback power supply controller that provides accurate CV and CC regulation with
primary-side feedback, eliminating the need for optocoupler feedback circuits. The controller operates in
DCM with valley switching to minimize switching losses. The modulation scheme is a combination of
frequency and primary peak current modulation to provide high conversation efficiency across the load
range.

This design guide illustrates the process and component selection for this design. All design calculations
are available in "TIDA-00706_Design_Calculator" (TIDCBW1).
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42.1 Design Goal Parameters

Table 3 lists the design goal parameters for this design. These parameters are used in further calculations
to select components.

Table 3. Design Goal Parameters

PARAMETER | wmN | TYP | MAX | UNIT

INPUT
Vi Input voltage | 120.0 3250 4250 VDC
OUTPUT
Vour 1 Output voltage (non-isolated) 114 12.0 12.6 VDC
lout 1 Output current (non-isolated) - 15 - A
Vour 2 Output voltage (non-isolated) 4.8 5.0 5.6 vDC
lout 2 Output current (non-isolated) - 0.2 - A
Vour 3 Output voltage (non-isolated) -7.8 -7.2 -7.0 vDC
lour 3 Output current (non-isolated) - 0.05 - A
Vour 4 Output voltage (isolated) 12.0 12,5 135 vDC
lour 4 Output current (isolated) - 0.2 - A
Vour s Output voltage (isolated) 6.8 7.0 7.8 vDC
lour 5 Output current (isolated) - 0.05 - A
Vour 6 Output voltage (isolated) 7.0 7.2 7.5 vDC
lou 6 Output current (isolated) - 0.1 - A
Vour 7 Output voltage (isolated) 10.5 11.0 11.8 vDC
lout 7 Output current (isolated) - 0.2 - vDC
Pour Output power - 25.0 - w

Line regulation (165-V to 400-V DC) - - <2% -

Load regulation (10% to 100% load) - - <2% -
Fuax Maximum desired switching frequency - - 120.0 kHz
n Targeted efficiency - 86% - -

As stated in Table 3, 12-V/1.5-A winding is the main winding that has been used for feedback and the
design of transformer parameters.
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Transformer Parameter Calculations: Turns Ratio, Primary Inductance, and Peak Primary
Current

The target maximum switching frequency at full-load, the minimum input capacitor bulk voltage, and the
estimated DCM QR time determine the maximum primary-to-secondary turns-ratio of the transformer.

Initially determine the maximum available duty cycle and secondary conduction time based on target
switching frequency and DCM resonant time. For DCM resonant time, assume 500 kHz if there is no
estimate from previous designs. To limit the operation to transition mode, the period required from the end
of secondary current conduction to the first valley of the Vg voltage is ¥ of the DCM resonant period, or
1 ps assuming a 500-kHz resonant frequency. Dy, can be determined using Equation 1.

Tr
Dumax =1- > x Fuax |~ Dmacee
(1)
where
e Ty is the estimated period of the LC resonant frequency at the switch node

e DM,scc is defined as the secondary-diode conduction duty cycle during CC operation and is fixed
internally by the UCC28700 at 0.425.

Tr=2ys
Dyax =1-120 kHz x % —-0.425 =0.455

To make sure the operation of the flyback converter is always in DCM, the value chosen for Dy,,x for
further calculation must be lesser than 0.455. For this design, the value used for Dy, is 0.445.

When Dy is known, the maximum primary-to-secondary turns ratio is determined with Equation 2. The
total voltage on the secondary winding must be determined, which is the sum of Vg, Vi, and Vgcge.

Dmax x VDC(min)

Nps(max) =
)" B yrcoc (Vocv + Ve +Vocac) @)
where

*  Vqcge is the additional voltage drop of post filter inductor and any other target cable-compensation
voltage added to Vo, (provided by an external adjustment circuit applied to the shunt regulator). Set
this variable equal to 0 V if not used.

0.445 x120 V

N - = 10.05
PS(Max) = 0.425 x (12 V + 0.5 V)

With this value of N,g, the reflected voltage is:

However, the desired value of reflected voltage must not exceed 100 V to keep Vs of MOSFET within
safe limits for wide input range such as 425-V DC. Thus, the chosen value of N, is 8 for this design. The
transformer turns ratio selected affects the MOSFET V5 and secondary rectifier reverse voltage, so
review these variables before moving forward.

The UCC28700 controller requires a minimum on time of the MOSFET (T oymin)) @nd minimum secondary
rectifier conduction time (Tpyagmin) iN the high line and minimum load condition. The selection of Fyay, Lp,
and Rcs affects the minimum Toyming @Nd Tomacmin-

Determine the secondary rectifier and MOSFET voltage stress with Equation 4 and Equation 5.

\%
IN(max)
Vrev = —— + Yocv + Vocae
PS 4)

For the MOSFET Vg voltage stress, include an estimated leakage inductance voltage spike (V ).

Vosek = Vingnax) + (Voov + Vocsc + Ve )x Nps + Vik 5)
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Equation 6 determines if Toyminy €Xceeds the minimum To, target of 300 ns. Equation 7 verifies that
Tomacminy €Xceeds the minimum Ty target of 1.1 ps.

Tontmm) = Lp y Ipp(max) % VcsT(min)
VIN(max) VCST(max) (6)
T o TON(min) XVIN(max)
DMAG(min) Npg X (VOCV + VF) .

To determine the optimum turns ratio (Npg), design iterations are generally necessary to optimize and
evaluate system-level performance trade-offs and parameters mentioned in Equation 4 to Equation 7. The
design spreadsheet (TIDCBW1) provides easy way to perform the iterations and arrive at optimum value
for NPS.

When the optimum turns ratio (Nps) is determined from a detailed transformer design, use this ratio for the
following parameters.

The UCC28700 controller CC regulation is achieved by maintaining a maximum D,,,q duty cycle of 0.425
at the maximum primary current setting. The transformer turns ratio and CC regulating voltage determine
the current sense resistor for a target output current as seen in Equation 8.

R.. _ Vocr *Nps
cs = T X M XFMR
occ (8)

where

* Vg is the CC regulating level given as 0.319 V in the UCC28700 datasheet (SLUSB41)

e locc IS the converter output CC target, which is around 2 A for this design

* nNyewmr IS the estimated efficiency of transformer

Since a small portion of the energy stored in the transformer does not transfer to the output, a transformer
efficiency term is included in Equation 8. This efficiency number includes the core and winding losses, the
leakage-inductance ratio, and a bias-power-to-maximum-output-power ratio. For example, an overall-

transformer efficiency of 0.9 is a good estimate based on 3.5% leakage inductance, 5% core and winding
loss, and 0.5% bias power. Adjust these estimates as appropriate based on each specific application.

R _0319Vx8x09 .
cs - 2x2A o

Standard value of current sense resistor selected is R.g = 0.6 Q; A parallel resistor to R.g is added in the
schematic to adjust its value easily.

To calculate primary inductance, first determine the primary peak current of the transformer using
Equation 10. The peak primary current must not exceed the maximum allowed limit calculated by
Equation 9.
Vestmax) 0775V
'Pp(max)= R =080 =129 A
cs : (9)

PPOO™) X Vinmim * Drmax 086 x 120 V x 0.455

=1.065 A

(10)

The actual value of primary peak current chosen for the transformer design is 1.06 A, which is clear by the
design spreadsheet.

Calculate the primary transformer inductance using the standard energy storage equation for flyback
transformers. The primary current, maximum switching frequency, output voltage, and transformer power
losses are included in Equation 11.

~ 2x(Voov +V +Vocse Jloce  2x(12V +0.5V +0V)x2

Lp 3 5 =412.035 pH
The actual primary inductance selected is L, = 410 pH.
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4.2.3

This design uses the main 12-V/5-A rail for feedback and the same winding also serves the purpose of
auxiliary winding. Therefore, it is not necessary to calculate the auxiliary winding transformer turns ratio
(Nns) separately. The value of Npg, (= 8) is used for any calculation involving auxiliary winding transformer
turns ratio.

Transformer Parameter Calculations: Primary and Secondary RMS Currents
The transformer primary RMS current (logys) is calculated using Equation 12.

D vax 0.445
I =1 =106 Ax,[—— =0.408 A
PRMS = 'PP(nom) * \/ 3 “\ 3 (12)

Calculate the transformer secondary peak currents and RMS currents using Equation 13 and Equation 14,
respectively.

2x Poyr

lspk1i=g——~ —
Vout1 * Dumac (13)

| = lgpyq X /_D MAG
SRMS1 — 'SPK1
3 (14)

For the 12-V/16-W output, the value of secondary peak and RMS currents are:
2x8

| - __%*°% _7058A
SPKT ™ 12 % 0.425

0.42

(¢,

For the 5-V/1-W output, the value of secondary peak and RMS currents are:
2x1

| -2 _0941A
SPK2 = 5,0.425

0.42

(¢)]

ISRMSZ = 0941 X = 0354 A

For the —7.2-V/0.36-W output, the value of secondary peak and RMS currents are:

| _ 2x0.36
SPK3 ™ 7 2x0.425

0.42

=0.235 A

a

=0.0886 A

For the 12-V/2.4-W output, the value of secondary peak and RMS currents are:

2x24

| - _£Xet _0.941A
SPK4 ™ 12 % 0.425

0.42

(@)

=0.354 A

ISRMS4 = 0941 X

For the 6-V/0.3-W output, the value of secondary peak and RMS currents are:
2x0.3

I =———=0.235A
SPKS ™6 x 0.425
0.425
Isruss = 0.235 x || === = 0.0886 A
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4.2.5

For the 7.2-V/0.72-W output, the value of secondary peak and RMS currents are:

2x0.72
| =X _0471A
SPK6 = 7 21 0.425

For the 11-V/2.2-W output, the value of secondary peak and RMS currents are:

2x22

| = _£X%% _0.0941A
SPK7 = 11x 0.425

ISRMS7 = 0941 X % = 0354 A

Based on these calculations, a Wirth Elektronik transformer was designed for this application, part
number 750343154, which has the following specifications:

e Npsi = 8; Npg, = 18.67; Npgz = 14; Npgs = 8; Npgs = 14; Npgg = 14; Npg; = 9.33
e L,=410 pH
* L =7uH (primary leakage inductance)

Main Switching Power MOSFET Selection

The drain-to-source RMS current, Ips rys, through the switching FET is same as the transformer primary
RMS current as calculated earlier using Equation 12. Select a MOSFET with five times the lps gus
calculated.

The maximum voltage across the FET can be estimated using Equation 5. Considering a de-rating of
25%, the voltage rating of the MOSFET must be 650-V DC.

AOTF7S65L MOSFET of 650 V and 7 A at 25°C is selected for current design because of its very low
Coss and Q.

Calculate the recommended clamping voltage on drain with Equation 15.
Vprain_cramp = 0.95 x Vpg — (VIN(max) +Npg x (Vocv +VE +Vocsc )) (15)

Vprain_cLamp = 0.95 x 650 V — (425 V + 8 x (12.5 V))= 925 V

Rectifying Diode Selection

Calculate the secondary output diode reverse voltage or blocking voltage needed (Vpiope sLocking) USING
Equation 16. -

\Y
IN(max)
VbiobE _BLOCKING = New +Vour_ove + Vocec + Vr
PS (16)
For 12-V and 12-V_ISO output rails, calculate the blocking voltage for diode as follows:
425V

Vbiobe_BLOCKING = 5 +12V+0V +0.5=65.625V

For —7.2-V and 7.2-V_ISO output rails, calculate the blocking voltage for diode as follows:

Blocking voltages of the rectifier diode for 5V, 11 V_ISO, and 6 V_ISO are also calculated in a similar
way. The calculated values of the reverse blocking voltage are 28.27 V for a 5-V output, 57.052 V for an
11-V_ISO output, and 36.86 V for a 6-V_ISO output.

12
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4.2.6

4.2.7

A 100-V, 12-A, TO-277 package Schottky diode was used for the 12-V/1.5-A rail while a 100-V, 2-A
Schottky diode was chosen for all the other six outputs. A high current rated and cost optimized diode is
selected to minimize the forward drop of diode and hence reduce power loss.

Select Output Capacitors

For this design, the output capacitor (C7) was selected to have a 1% ripple of all the outputs with an
operating frequency of 120 kHz. Calculate the value of the output capacitors for all seven outputs using
Equation 17 and Equation 18.

IOUT

Coux ®»+—
T fx VRiPPLE a7
lcoutx_Rms = \/G RMSx)2 - QOUTX)Z (18)

120 kHz x 0.12 V

2 2
lcoutt_Rus = \/(2.656) - (15 = 2193 A

c . 02A
OUT2 ™ 120 kHz x 0.05 V

lcout2_RMs = \/(0.354)2 ~ (0.2 =0.292 A

The same equations are used to calculate the value of the output capacitor for other output rails, and the
calculated values are:
* Courzs >>5.79 uF, lcoyrs rus = 0.073 A * Coure >> 11.57 pF , lcoyrs rws = 0.146 A

* Cours >> 13.88 uF , lcoyrs rus = 0.292 A * Cours >> 15.152 uF , leours rus = 0.292 A

* Cours >>6.94 uF | lcours rus = 0.073 A
A 470-pF, 25-V capacitor is used for the 12-V/1.5-A output rail. A 100-pF, 25-V capacitor is used for
5-V/0.2-A, 12-V/0.2-A, 7.2-V/0.1-A, and 11-V/0.2-A output rails. A 47-uF, 25-V capacitor is used for
—7.2-VI0.05-A and 6-V/0.05-A output rails.

A higher value of capacitance or a low ESR capacitor is recommended to achieve the reduced ripple.

- 33.33 uF

Capacitance on VDD Pin

The capacitance on VDD needs to supply the device operating current until the output of the converter
reaches the target minimum operating voltage in CC regulation.

The total output current available to the load and to charge the output capacitors is the CC regulation
target.

With a startup resistance (Rqg) 0f 3 MQ and a desired startup time (dt.,pp) Of 5 S, calculate the C,pp Using
Equation 19.

VIN(min) dt cvpp

CVDD :[ R

- START] x

STR DD(on) (19)

where
IstarT IS the startup bias supply current = 1.5 pA (UCC28700 datasheet [SLUSB41])
*  Vppen) IS the UVLO turn-on voltage threshold = 21 V (UCC28700 datasheet [SLUSB41])

100 5
CVDD Z(m— 15 “AJX §= 758 UF

The chosen value of the C,5, capacitor is 10 uF to ensure the turn-on is even at full load.
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4.2.8

VS Resistor Divider and Line Compensation Resistor

The VS divider resistors determine the output voltage regulation point of the flyback converter. Also, the
high-side divider resistor (Rg,) determines the line voltage at which the controller enables continuous DRV
operation. Rg; is initially determined based on transformer auxiliary-to-primary turns ratio and desired input
voltage operating threshold as seen by Equation 20.

VIN(run)
Rs1=

Npa x IVSL(run) (20)
where
*  Viywn is the converter input startup (run) voltage = 100-V DC

* lysieun IS the run-threshold for the current pulled out of the VS pin during the MOSFET on-time = 220
pA (UCC28700 datasheet [SLUSB41])

* Np, is the transformer primary-to-auxiliary turns ratio

100

g=—— =56.82kQ
8 x 220 pA

The actual value used for Rg, is 56.2 kQ. The low-side VS pin resistor is selected based on desired VO
regulation voltage as seen by Equation 21.

Rs1xVysr
Nas * (Vocv +VE)-Vvsr (21)

RSZ =

where
* Vg is the CV regulating level at the VS input = 4.05 (UCC28700 datasheet [SLUSB41])

* N,s is the transformer auxiliary-to-secondary turns ratio = 1 (Since the main 12-V/1.5-A secondary itself
is used as auxiliary)

* Vo is the regulated output voltage of the converter
» V. is the secondary rectifier diode forward voltage drop at near-zero current
56.2 kQ x 4.05

= = 26.93kQ
1x(12V+0.5V)—- 4.05

Rso

The actual value used for Rg, is 25.5 kQ.

This design can maintain tight CC regulation over the input line by using the line compensation feature.
The line compensation resistor (R, ) value is determined by current flowing in Rg, and the expected gate
drive and MOSFET turn-off delay.

Calculate the drain-to-source rise time of the MOSFET using Equation 22.

Q 9
TR = 2 X
IpRv (22)
where
* Q, of MOSFET used is 9.2 nC and Ipg, is 0.35 A
9.2nC
Tg =2 x =52.57 ns
14 25-W, 88% Efficiency, Multiple Isolated Output, Auxiliary Supply Reference TIDUBK6A—May 2016—Revised July 2016
Design for AC-DC Power Supply Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBK6A
http://www.ti.com/lit/pdf/SLUSB41
http://www.ti.com/lit/pdf/SLUSB41

13 TEXAS
INSTRUMENTS

www.ti.com System Design Theory

Assuming a 50-ns internal delay in the controller, calculate the value of R, using Equation 23.
Kic x Rg1 xRgg x Tp xNpap

Ric Lp (23)
where

e K¢ is a current scaling constant = 25 A/A (UCC28700 datasheet [SLUSB41])

* Rgsis the current-sense resistor value = 0.6 Q (Calculated earlier)

» T, is the current-sense delay including MOSFET turn-off delay;
add ~50 ns to MOSFET delay = 52.57 ns + 50 ns = 102.57 ns
25x56.2 kQ2x0.6 Qx102.57 nsx 8

R ¢ = = 1.687 kQ
LC 410 pH

To have better regulation and improvement in efficiency, a capacitor of 1 nF is connected to the current
sense pin. To avoid a high time constant of the RC circuit at the current sense pin, the selected value of
R, c is smaller than the calculated value. With experimental results, the chosen value for R . is 220 Q.
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4.3 eFuse Component Selection
4.3.1 Vi
This pin is the input voltage to the device. Place a ceramic bypass capacitor close to the device from V,
to GND to alleviate bus transients. The recommended operating voltage range is 4.5 to 13.8 V.
4.3.2 dvidT
A capacitor can be connected to this pin to GND to control the slew rate of the output voltage at power-on.
The dV/dT pin can be left floating to obtain a predetermined slew rate (minimum Tg,4) On the output. The
slew rate at startup is determined by Equation 24:
dVour _ lavat % GAIN qyg1
dr Cavar +Cint (24)
where
o lgvar is the dV/T charging current = 220 nA (TPS259241 datasheet [SLVSCU9])
o Cyr =70 pF (TPS259241 datasheet [SLVSCU9])
*  GAINgyyqr is dV/dT to OUT gain = 4.85 (TPS259241 datasheet [SLVSCU9])
With a desired output slew rate of 1 kV/s, the value of C, 4 is calculated as:
c B lgvar * GAIN gyt
dvdT = — VINT
dVour
dT
220 nA x 4.85
Cc =| ———""" |- 70 pF =997 pF
avr 1000 V /s ] P P
This design uses a standard 1000-pF capacitor.
4.3.3 Current Limiting Resistor
The eFuse continuously monitors the load current and keeps it limited to the value programmed by R, .
After the start-up event and during normal operation, the current limit is set to I,, (overload current limit).
With a desired overcurrent limited to 2 A, the value of R, is calculated with Equation 25.
| -0.7 -0.
Rim = =M— = 2-0 75 = 43.33 kQ
3x10” 3x10” (25)
This design uses a standard 43.2-kQ resistor to limit current.
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5 Getting Started Hardware

5.1 Test Equipment Needed to Validate Board

» DC source: 0- to 450-V rated

» Digital oscilloscope

* 6 % digit multi-meter (x3)

» Electronic or resistive load (seven numbers)

5.2 Test Conditions

Input voltage range
The DC source must be capable of varying between a Vo of 100-V to 450-V DC. Set the input current
limitto 1 A.

Output

Connect an electronic load capable of 20 V to all the outputs. The load must be variable and capable of 2
A for Vgour; and 0.3 A for all other outputs. A rheostat or resistive decade box can also be used in place of

an electronic load.

5.3 Test Procedure

1. Connect the DC source at the input terminals (Pin-1 and Pin-3 of connector J1) of the reference board

with Pin-1 being the ground reference.
2. Connect the following output terminals:
* Connector J3 details:
(@) Pin-1,2 for 12 V/1.5 A with Pin-1 = 12 V and Pin-2 = PGND
(b) Pin-3,2 for —7.2 V/0.05 A with Pin-3 = —7.2 V and Pin-2 = PGND
(c) Pin-4,2 for 5 V/0.2 A with Pin-4 = 12 V and Pin-2 = PGND
e Connector J2 details:
(a) Pin-1,2 for 11 V_IS0O/0.2 A with Pin-2 = 11 V and Pin-1 = SGND2
(b) Pin-4,5 for 7.2 V_ISO/0.1 A with Pin-5 =7.2 V and Pin-4 = SGND1
(c) Pin-7,8 for 12 V_IS0/0.2 A with Pin-8 = 12 V and Pin-7 = PGND2
(d) Pin-9,10 for 6 V_ISO/0.05 A with Pin-10 = 6 V and Pin-9 = PGND3
Set and maintain a minimum load of about 10 mA.
Gradually increase the input voltage from 0 V to a turn-on voltage of 120 V.
Turn on the load to draw current from the output terminals of the converter.
Observe the startup conditions and smooth switching waveforms.

S
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6 Test Results

The test results are divided into multiple sections that cover the steady state performance measurements, functional performance waveforms and
test data, transient performance waveforms, thermal measurements, and surge measurements.

6.1 Performance Data
6.1.1 Efficiency and Regulation With Load Variation
Table 4 shows the efficiency and regulation performance data at a 165-V DC input.

Table 4. Efficiency and Regulation at 165-V DC Input

% % % % % % % PWR
LOAD IINDC PINDC vOUTl IOUTl VDUTZ lDUTZ VOUTS IOUTS VOUT4 IOUTA VOUTS IOUTS VOUTG IOUTG VOUT7 IOUT7 POUT EFF REG REG REG REG REG REG REG LOSS
% | @ W | ™A ®M e M @AM @ ®» @ ® @ W @A W | e | G| JEC | JEC | REC | BEC | REG | R 0
ouT1 ouT2 ouT3 0ouT4 ouTs ouTe ouT7
0 0.00 | 0.033 14.31 - 9.14 -| 7.070 —-| 13.33 - 8.94 —-| 13.91 - 7.57 - 0.00 0.0 - - - - - - - 0.03

10 0.02| 3.140| 1258 0.15 7.20 0.00 | 5.023 0.02 | 10.67 0.02 7.44| 0.011| 1265| 0.021 7.06 0.01 2.62 835 | -0.04 0.41 0.12 | -0.08 150| -0.08| -0.20 0.52
25 0.05| 7.549| 1257 0.37 7.18 0.01| 5.008 0.05| 10.66 0.05 745| 0.025| 12.64| 0.052 7.06 0.01 6.48 858 | -0.12 0.13| -0.18| -0.18 163| -0.16| -0.20 1.07
50 0.09 | 14.949 | 1257 0.75 7.13 0.02 | 4.995 0.10 | 10.66 0.10 7.22| 0.049| 1264| 0.105 7.07 0.03| 13.03 872| -012| -057| -044| -0.18| -150| -0.16| -0.05 1.92
75 0.14 | 22.391 | 12.59 113 7.16 0.04 | 5.020 0.15| 10.68 0.15 7.25| 0.070| 12.67| 0.158 7.08 0.04 | 19.59 87.5 0.07| -0.13 0.06 0.04 | -1.08 0.07 0.12 2.80
100 0.18 | 29.613 | 12.61 1.50 7.18 0.05| 5.040 0.19| 10.72 0.20 7.29| 0.092| 1270 0.210 7.10 0.06 | 26.09 88.1 0.20 0.16 0.45 0.40| -0.55 0.32 0.33 3.53

Table 5 shows the efficiency and regulation performance data at a 250-V DC input.

Table 5. Efficiency and Regulation at 250-V DC Input

% % % % % % % PWR
LOAD IINDC PINDC VOUTl IOUTl VOUTZ IOUTZ VOUT3 IOUT3 VOUT4 IOUT4 VOUTS IOUTS VOUTS lOUTS VOUT7 IOUT7 POUT EFF REG REG REG REG REG REG REG LOSS
L O I 7 S S ) O O - O - O - O -V O B -V B () O O Bl Il Il Il ol sl
ouT1 ouT2 ouT3 ouT4 ouTs ouTe ouT7 (W)
0 0.00 0.04 14.53 - 9.330 - 7.390 - 13.34 - 8.94 - 13.97 - 7.57 - 0.00 0.0 - - - - - - - 0.04

10 0.01 323 | 1257| 0.151| 7.150| 0.005| 5.014| 0.020| 10.66| 0.019 7.25| 0.010| 1267 | 0.021 7.04 | 0.006 2.61 809 | -012| -029| -0.06| -0.11| -1.15| -0.08| -0.51 0.62
25 0.03 7.70| 1256 | 0.374| 7.190| 0.012| 5.003| 0.047| 10.65| 0.048 749 | 0.025| 12.65| 0.052 7.07| 0.014 6.48 84.2| -0.20 0.27| -0.28| -0.21 213| -0.24| -0.08 1.22

50 0.06 | 15.13| 1258| 0.753| 7.140| 0.025| 4.995| 0.097 | 10.66| 0.097 7.28| 0.049| 1266 | 0.105 7.06 | 0.027| 13.04 86.2| -0.04| -043| -044| -011| -074| -0.16| -0.23 2.08
75 0.09| 22.64| 1260| 1.127| 7.165| 0.036| 5.020| 0.148| 10.68| 0.148 7.31| 0.071| 1269| 0.158 7.08 | 0.043| 19.61 86.6 0.14| -0.08 0.06 0.07 | -0.33 0.09 0.06 3.02
100 0.12| 30.03| 1263 | 1501| 7.196| 0.048| 5.040| 0.194| 10.71| 0.196 7.34| 0.093| 12.73| 0.212 7.13| 0.057| 26.17 87.1 0.36 0.35 0.45 0.36 0.08 0.39 0.76 3.86
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Table 6 shows the efficiency and regulation performance data at a 325-V DC input.

Table 6. Efficiency and Regulation at 325-V DC Input

% % % % % % % PWR
LOO/':D II(V\A))C FZI\I)IVD)C V(O\L/J)Tl I?X‘Sl V(O\L/J)'I’Z I?XSZ VOUT3 I(()x‘;a V(O\L/J)'I’A I?X‘;d VOUT5 IC()X‘SS VOUTS IC(JX‘;S VOUT7 I?K;7 F’OUT I?O'/:D'): 55;;1 \F/QOEU?Z \scifz sii \’7;?5 \I}jf; \F;cii L((\)NS)S
0 0.00 0.05 14.73 - 9.41 —-| 7.480 - 13.34 - 8.94 —| 13.950 - 7.57 - 0.00 0.0 - - - - - - - 0.05
10 0.01 3.36 12.56 0.151 7.13 0.005 5.006 0.019 10.65 0.019 7.19 0.010 | 12.664 0.021 7.03 0.006 2.61 7.7 -0.20 -0.57 -0.22 -0.22 -1.78 -0.12 -0.94 0.75
25 0.02 7.85 1256 | 0.375 7.14| 0.012| 4.996 | 0.050 10.65 | 0.049 7.30| 0.025| 12.650 | 0.052 7.05| 0.014 6.50 828 | -020| -043| -042| -022| -027| -0.23| -0.66 1.35
50 0.05 15.39 1257 | 0.753 7.15| 0.025| 4.991| 0.097 10.67 0.097 7.37 0.050 | 12.660 | 0.106 7.08| 0.028| 13.06 848 | -012| -0.29| -052| -0.04 068| -0.15| -0.24 2.33
75 0.07 2291 12.59 1.127 7.17 0.036 5.011 0.148 10.69 0.148 7.36 0.071 | 12.684 0.158 7.12 0.044 19.60 85.5 0.01 -0.01 -0.12 0.15 0.55 0.03 0.33 3.31
100 0.09 | 30.42 12.61 1.500 7.19| 0.050| 5.040| 0.190 10.71 0.200 7.38| 0.090 | 12.740 | 0.220 7.20| 0.060 | 26.27 86.4 0.22 0.33 0.35 0.34 0.82 0.48 151 4.15
Table 7 shows the efficiency and regulation performance data at a 400-V DC input.
Table 7. Efficiency and Regulation at 400-V DC Input
% % % % % % % PWR
LOO/'SD II(NAD)C P(I\I)IVD)C V(O\?)Tl IC()X‘Sl V(O\L/J;’Z I?X'SZ VOUT3 I?X‘SH V(C{L/J)TA I?X‘;A VOUTS I?X‘;S VOUTG I?X‘;G VOUT7 I?K‘Y POUT I?OZ'): 55]?1 SOEU?Z 55)?3 sii 55]?5 \?OEU?E soEui LE\)NS)S
0 0.00 0.08 14.81 - 9.26 -| 7.660 -| 13.34 - 8.94 — | 13.960 - 7.57 - 0.00 0.0 - - - - - - - 0.08
10 0.01 3.51 12.56 0.151 7.11 0.005 5.005 0.019 10.65 0.019 7.12 0.010 | 12.657 0.021 7.03 0.006 2.61 74.2 -0.20 -0.85 -0.24 -0.23 -2.55 -0.22 -0.57 0.91
25 0.02 8.07 1257 | 0.375 7.12| 0.012| 4.995| 0.050 10.66 0.049 7.16 | 0.024 | 12.679 | 0.053 7.04| 0.014 6.52 80.7| -0.12| -0.71| -044| -0.13| -2.00| -0.05| -0.42 1.56
50 0.04 | 15.65 1258 | 0.753 7.15| 0.025| 4.989| 0.096 10.68 0.097 7.38| 0.050 | 12.690 | 0.106 7.08| 0.028| 13.08 836 | -0.04| -029| -0.56 0.05 1.01 0.04 0.14 2.57
75 0.06 23.18 12.60 1.128 7.17 0.036 5.010 0.147 10.69 0.148 7.39 0.071 | 12.702 0.159 7.09 0.043 19.64 84.7 0.10 -0.01 -0.18 0.16 1.16 0.13 0.28 3.54
100 0.08 | 30.33 12.61 1.500 7.19| 0.050| 5.030| 0.190 10.69 0.200 7.48 | 0.100 | 12.700 | 0.210 7.11| 0.060| 26.12 86.1 0.20 0.30 0.26 0.15 2.38 0.10 0.57 4.20
Table 8 shows the line regulation of all outputs over the input voltage range for full load.
Table 8. Line Regulation at Full Load
Vivwur ™) | Vours ) | Vourz ) | Vours ) | Vours V) | Vours V) | Vours (V) | Vours (V) | “oREG | % REG 1 S0REG | SbREG | BHREG | SHREG | 9 REG
ouT1 ouT2 ouT3 ouT4 OouTs ouTe ouT7
165 12.61 7.182 5.04 10.72 7.29 12.701 7.097 —0.044 -0.125 0.074 0.124 -1.119 -0.128 -0.535
250 12.63 7.196 5.04 10.71 7.34 12.730 7.130 0.115 0.070 0.074 0.021 -0.441 0.100 -0.073
325 12.61 7.194 5.04 10.71 7.38 12.740 7.204 -0.028 0.042 -0.025 0.021 0.102 0.179 0.961
400 12.61 7.192 5.03 10.69 7.48 12.698 7.110 —0.044 0.014 -0.124 -0.166 1.458 -0.151 -0.353
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6.1.2 Standby Power

The standby power was noted at multiple DC input voltages with no load on the output DC bus. The
results are shown in Table 9:

Table 9. No Load Power Across the Input

Vinoe (VDC) linoc (MA) Pinpc (MW)
165 0.20 33.00
250 0.16 39.50
325 0.16 52.33
400 0.20 80.00

6.2 Performance Curves

6.2.1 Efficiency With Load Variation
Figure 3 shows the measured efficiency of the system with DC input voltage variation.

100%
95%
90%
& ———%
c
g 85% — -
80% i
’ /
/ &= 165-V DC
75% <-4 250-V DC
v 325-V DC
¥-¥ 400-V DC
70%
0 5 10 15 20 25 30
Output Wattage (W)
Figure 3. Efficiency versus Output Power
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6.2.2

Load Regulation in CV and CC Modes

Figure 4 shows the measured load regulation of the 12-V /
1.5-A output:

1%
0.8%
0.6%
0.4%
§ 02% /
s =
g 0
=
g -0.2%|— ;
-0.4%
== 165-V DC
-0.6% 4~ 250-V DC
-0.8% 325-V DC
¥-¥ 400-V DC
1%
0 05 1 15 2

Load Current (A)

Figure 4. 12-V Output Voltage Variation With
Load Current in CV Mode

Figure 6 shows the measured load regulation of the 11-V_ISO /

0.2-A output:
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Figure 6. 11-V_ISO Output Voltage Variation
With Load Current in CV Mode

0.25

Figure 5 shows the measured load regulation of the 5-V /

0.2-A output:
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0.6%
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0 0.05 0.1 0.15 0.2 0.25
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Figure 5. 5-V Output Voltage Variation With
Load Current in CV Mode

Figure 7 shows the measured load regulation of the 12-V_ISO /

0.2-A output:
1%
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0.6%
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Figure 7. 12-V_|SO Output Voltage Variation
With Load Current in CV Mode
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6.3 Functional Waveforms

6.3.1 Flyback MOSFET Switching Node Waveforms

Waveforms at the flyback switching (SW) node were observed along with the MOSFET current for 165-V
and 400-V DC under full load conditions.

Figure 8 and Figure 9 show the SW node waveform along with MOSFET current for a 165-V DC input and
a 400-V DC input, respectively, with all the rails loaded fully.

NOTE: Red trace: Drain voltage, 200 V/div; Green trace: Drain current, 2 A/div

D
(Trigger  GAES)
2.00 Afdiv| 5.00 psfdiv] Stop 192V
-5.900 A ofst] 125k8 25 GSis|Edge  Positive)

|
2.00 Aldiv|
-5.640 A ofst]

Figure 8. SW Node Waveform and MOSFET Current at Figure 9. SW Node Waveform and MOSFET Current at
Vo = 165-V DC, Full Load Vo = 400-V DC, Full Load
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6.3.2 Output Rectifier Diode Voltage (V) Waveforms

Waveforms at all the secondary output rectifier diodes were observed along at a 400-V DC input under full
load conditions. The maximum voltage across the diodes is well within their breakdown voltage limit.
Figure 10, Figure 11, Figure 12, and Figure 13 show the voltage waveforms at the 12-V, 5-V, 11-V_ISO,
and 12-V_ISO output rectifier diodes, respectively.

NOTE: Red trace: Drain-to-source voltage, 10 V/div;

base 1475679 TiggerEAEA)
5.00 psidiv] Stop 400 mv|
125 kS 2.5 6S/s | Edge Positive) <

base  -147.609 (Trigger _GAGD)
5.00 ps/div|Stop 400 my|
125k3 2.5 GS/s|Edge Positive,

Figure 10. Output Rectifier Diode for 12-V Output (Vp,) Figure 11. Output Rectifier Diode for 5-V Output (Vp,)
Waveform at V,pc = 400-V DC, Full Load Waveform at V. = 400-V DC, Full Load

w

5.00 psidiv| Stop. 400 mv|
125kS 2.5 GS/s)Edge  Positive]

Figure 12. Output Rectifier Diode for 11-V_ISO Output Figure 13. Output Rectifier Diode for 12-V_ISO Output
(Vp3) Waveform at V,,c = 400-V DC, Full Load (Vps) Waveform at V,,c = 400-V DC, Full Load
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6.3.3 Output Ripple
For the following figures, a ripple is observed at all outputs at full load for 400-V DC input.

The peak—to-peak ripple voltage is around 500 mV. Figure 14, Figure 15, Figure 16, and Figure 17 show
the ripple for 12-V, 5-V, 11-V_ISO, and 12-V_ISO outputs at 400-V DC input, respectively.

I e
c2f o2
— - - .

400 my|
250kS 2.5 GS/s]Edge  Positive]

10.0 psfdivfStop 400 mv| figger  GAGH)
250kS 2.5 GS/s|Edge _Positivel 10.0 psfdiv] Stop

Figure 14. 12-V Output Voltage Ripple at V,pc = 400-V Figure 15. 5-V Output Voltage Ripple at V. = 400-V DC
DC and Full Load and Full Load

J?
v
S
e
d
4?
-
e
.
-
-

imebase 0.0 pg [Trigger  GAEE)|

10.0 psidiv] Stop 380 my|
250kS  25GSis]Edge  Positive)

Figure 16. 11-V_ISO Output Voltage Ripple at V,p,c = 400- Figure 17. 12-V_ISO Output Voltage Ripple at V5 = 400-
VDC and Full Load V DC and Full Load
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6.4 Transient Waveforms

6.4.1 Turn-On Characteristics

The output turn-on of all the outputs was observed with a resistive load. Figure 18 and Figure 19 show the
turn-on waveforms for the 12-V rail at 165-V DC and 400-V DC input voltages, full load, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 1 A/div

Tigger imebase 0.0rmg (Trigger
5.00msidv|Stop 1104 5,00 Vidiv 5.00msfdv|Stop 1104
500 mV ofsf 500ks 10 MSjs|Edge  Positive

5.00 Vidiv,

500 mV ofst] 500 kS 10 MS/s)Edge  Positive]

Figure 18. Output Turn-on Waveform for 12-V Output at Figure 19. Output Turn-on Waveform for 12-V Output at
165-V DC Input 400-V DC Input

Figure 20 and Figure 21 show the turn-on waveforms for the 5-V rail at 165-V DC and 400-V DC input
voltages, full load, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 0.1 A/div

~ %
T

100 mA/div| 100 mA/div|
-305.00 mA] -305.00 mA|

Figure 20. Output Turn-on Waveform for 5-V Output at Figure 21. Output Turn-on Waveform for 5-V Output at
165-V DC Input 400-V DC Input
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Figure 22 and Figure 23 show the turn-on waveforms for the 11-V_ISO rail at 165-V DC and 400-V DC
input voltages, full load, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 0.1 A/div

firehase 0.00rms (Trigger

5.00 Vidiv| 2.00m: 122 mA|
500 mV ofst}

5.00 Vidiv

500 mV ofst}

Figure 22. Output Turn-on Waveform for 11-V_ISO Figure 23. Output Turn-on Waveform for 11-V_ISO
Output at 165-V DC Input Output at 400-V DC Input

Figure 24 and Figure 25 show the turn-on waveforms for the 12-V_ISO rail at 165-V DC and 400-V DC
input voltages, full load, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 0.1 A/div

imebase 0.00mg|
5.00 Vidiv| 2.00 ms/div] Stop 122 mA| 5.00 Vidiv|
500 mV ofsi S MSis)Edge  Positive) 500 mV ofst]

Figure 24. Output Turn-on Waveform for 12-V_ISO Figure 25. Output Turn-on Waveform for 12-V_ISO
Output at 165-V DC Input Output at 400-V DC Input
26 25-W, 88% Efficiency, Multiple Isolated Output, Auxiliary Supply Reference TIDUBK6A—May 2016—Revised July 2016
Design for AC-DC Power Supply Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBK6A

13 TEXAS
INSTRUMENTS

www.ti.com

Test Results

6.4.2 Transient Load Response

Load transient performance was observed for all the loads with the load switched at a 0.2-m wire length.
The load transient was observed for output switch on from 10% to 100% and output switch off from 100%

to 10% load.

Figure 26 and Figure 27 depict the transient load response for a 12-V output at a 400-V DC input with a
load transient from 0.15 to 1.5 A and from 1.5 to 0.15 A, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 1 A/div

5.00 Vidiv|
500 mV ofst}

Figure 26. 12-V Output Voltage Waveform, Load
Transient From 0.15to 1.5 A

imebase 0.00 mg (Trigger  EIEH)]
5.00 Vidiv, 1.00 msidiv] Stop 980 mA|
500 mV ofst] 500 kS 50 MSis]Edge  Negative

Figure 27. 12-V Output Voltage Waveform, Load
Transient From 1.5to 0.15 A

Figure 28 and Figure 29 depict the transient load response for a 5-V output at a 400-V DC input with a
load transient from 0.02 to 0.2 A and from 0.2 to 0.02 A, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 0.1 A/div

imebase 0.00m¢g (Trigger  CED)|
1.00 msidiv] Stop mA|
50 MSfs)Edge  Positive]

Figure 28. 5-V Output Voltage Waveform, Load Transient
From 0.02to 0.2 A

500 kS

Timebase 0.00 mg| (Trigger

1.00 msidiv] Stop 98 mA|

500 kS 50 MS/s Edge  Positive

Figure 29. 5-V Output Voltage Waveform, Load Transient
From 0.2 to 0.02 A
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Figure 30 and Figure 31 depict the transient load response for a 11-V_1SO output at a 400-V DC input
with a load transient from 0.02 to 0.2 A and from 0.2 to 0.02 A, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 0.1 A/div

[\ S
--
100 maA/div| 1.00 msfdiv| Stop. EER 100 mA/div| 1.00 m/div] Stop. 98 mA|
-305.00 mA| 500 kS 50 MS/s)Edge  Positive] -305.00 mA] 500 kS 50 MS/s|Edge  Positive]
Figure 30. 11-V Output Voltage Waveform, Load Figure 31. 11-V Output Voltage Waveform, Load
Transient From 0.02 to 0.2 A Transient From 0.2 to 0.02 A

Figure 32 and Figure 33 depict the transient load response for a 12-V_ISO output at a 400-V DC input
with a load transient from 0.02 to 0.2 A and from 0.2 to 0.02 A, respectively.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 0.1 A/div

(Timebase 0.00 s (Trigger GG
100 mAfdiy 1.00msfdiv|Stop 98 mA|
-305.00 maf 500ks 50 MSis|Edge  Positivel

100 mA/div|
-305.00 mA]

Figure 32. 12-V Output Voltage Waveform, Load Figure 33. 12-V Output Voltage Waveform, Load
Transient From 0.02to 0.2 A Transient From 0.2 to 0.02 A
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6.4.3 Short Circuit Response

A short was applied and removed to observe the output turn-off and auto-recovery cycle. When the short

is applied, the converter shuts down and goes into hiccup mode; when the short is removed, the converter
recovers back to normal operation. Figure 34 shows the short-circuit output current and voltage waveform,
which shows the hiccup mode with the short applied and the converter's recovery with the short removed.

NOTE: Red trace: Output voltage, 5 V/div; Green trace: Output current, 5 A/div

imebase  -2.00 5 (Triguer  (AGH)
5.00 Afdiv, Rall 1.00 sfdiv| Stop 5.00V
-14.85 A ofst

500 kS 50 kSis)Edge  Negative

Figure 34. Response During Short-Circuit and Auto-Recovery When Short is Removed
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6.5 Thermal Measurements

Thermal images are plotted at room temperature (25°C) with a closed enclosure, 100LFM fan cooling, 20
cm from the board, and after keeping the board continuously switched on for 30 minutes before capturing

the image.

Figure 35 shows the thermal image with an input voltage of 400-V DC, all rails full loaded, and a 25-W

output power.

Figure 35. Top Side Thermal Image at 400-V DC Input

Table 10. Highlighted Image Markers

NAME TEMPERATURE
Ambient 26°C
Flyback FET (Q1) 46.2°C
Transformer (T1) 61.6°C

o
o
3

S NERESEAALAESRLEE

The temperatures are well contained to low values and have higher margins from the respective junction

temperatures of the devices.
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7 Design Files
7.1 Schematics

To download the schematics, see the design files at TIDA-00706.
7.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-00706.
7.3 PCB Layout Recommendations

A careful PCB layout is critical and extremely important in a fast-switching circuit involving magnetics to

provide appropriate device operation and design robustness.

7.3.1 Power Stage Specific Guidelines

Follow these key guidelines for routing power stage components:

* Minimize the loop area and trace length of the power path circuits, which contain high frequency
switching currents. This helps to reduce EMI and improve converter overall performance.

» Keep the switch node as short as possible. A short and optimal trace width helps to reduce induced
ringing caused by parasitic inductance.

» Keep traces with high dV/dt potential and high di/dt capability away from or shielded from sensitive
signal traces with adequate clearance and ground shielding.

» For each power supply stage, keep power ground and control ground separate. Tie them together (if
they are electrically connected) in one point near DC input return or output return of the given stage
correspondingly.

» Place protection devices such as TVS, snubbers, capacitors, or diodes physically close to the device
they are intended to protect, and route them with short traces to reduce inductance.

» Choose the width of PCB traces based on acceptable temperature rise at the rated current as per
IPC2152 as well as acceptable DC and AC impedances. Also, the traces should withstand the fault
currents (such as short circuit current) before the activation of electronic protection such as fuse or
circuit breaker.

» Determine the distances between various traces of the circuit according to the requirements of
applicable standards. For this design, follow the UL 60950-1 safety standard to maintain the creepage
and clearance from live line to neutral line and to safety ground as defined in the Tables 2K through 2N
of this standard.

« Adapt thermal management to fit the end-equipment requirements.

» Place bulk input capacitors close to the transformer and to the ground.

7.3.2 Controller Specific Guidelines

Follow these key guidelines for routing controller components and signal circuits:

» Place VS resistors as close to VS pin as possible.

» For the VDD decoupling capacitor, put multiple vias in parallel from the VDD capacitor to the ground
plane and from the ground plane to the GND pin. Put as many vias in parallel as possible.

» Place current sense components as close to CS pin as possible.

» See the placement and routing guidelines and layout example presented in the UCC28700 datasheet
(SLUSBA41).

7.3.3 Layout Prints

To download the layer plots, see the design files at TIDA-00706.
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7.4  Altium Project
To download the Altium project files, see the design files at TIDA-00706.
7.5 Gerber Files
To download the Gerber files, see the design files at TIDA-00706.
7.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00706.
7.7 Design Calculator Spreadsheet
To download the design spreadsheet calculator for this reference design, please see the link at TIDA-
00706.
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Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
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INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-
INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.
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