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1 System Description

Any uninterruptible power system (UPS) or DC charge pile system makes use of many gate drivers
supporting the main power conversion circuits. Many of the circuits use an interleaved full-bridge LLC,
three-level LLC stage in DC charge piles, single- or three-phase PFC, and single- or three-phase inverter
in UPS systems. As the controlling MCU is referenced to the battery GND, these power stages require
isolation to meet safety requirements, avoid ground loops, and voltage level translation.
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i 1. Reference Diagram for Online UPS

K 1 shows the reference diagram of an online UPS. For a single-phase UPS, the typical requirements for
gate drivers are as follows:

% 1. Gate Driver Requirements

MARKET REQUIREMENT
Isolation needed < 2.5 kVgus
V\y: 10 to 16 V (12- or 15-V bus are common);
Driver power supply ratings Vour: 15V, -8 V;
Pour: 1to 2 W
Isolation transformer for power supply | < 2.5 kVgus

Considering the system requirements indicated in 3 1, an isolated gate driver solution is a key element in
such systems performing high power (few kW) conversion.

The TIDA-01160 design is an attempt to provide protected gate driver solutions for MOSFET and
IGBT/SIC-MOSFETSs gate drives addressing different topologies.

The benefits of this reference design in these applications include:

» Compact form factor gate drive solution
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» Built-in isolated gate driver power supply allows flexibility in routing
» Excellent common-mode transient immunity (CMTI) performance ensuring reliable switching
» Reliability further enhanced by independent undervoltage lockout (UVLO) on the gate drive supplies

» Low propagation delay makes control easier especially at higher switching frequencies
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1.1 Key System Specifications
3+ 2. Key System Specifications
PARAMETER | TEST CONDITIONS MIN NOM [ MAX | UNIT
INPUT CONDITIONS
Input supply voltage (V,y) — 10 12 17 \%
Enable PWM — — 231 3.3 \
PWM threshold (L to H) — — 231 3.3 \%
PWM threshold (H to L) — 0 — 0.99 \%
OUTPUT CONDITIONS
Gate driver supply voltage input side (V¢ ) — 3 3.3 — \%
G_ate driver positive supply voltage output This output is configurable 14 15 16 vV
side (Vec2)
G_ate driver negative supply voltage output This output is configurable 9 _8 7 vV
side (Vee,)
Source current Cionp = 100 nF, f = 20 kHz, — 10 — A
Sink current Gate resistors: 1.1 Q — 10 — A
Propagation delay — — 125 130 ns
Gate driver power supply efficiency Viy =12V, load = 70 mA — 75 — %
SYSTEM CHARACTERISTICS
Common-mode transient immunity (CMTI) — 100 — — kVius
Operating ambient — -10 25 55 °C
Board size Length x Breadth x Height 33 x23x10 mm
4 BT UPS HIEASAS I KR il Ka 2 U IR sl 275 seit ZHCU226-June 2017
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2 System Overview

2.1 Block Diagram
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2. Block Diagram of TIDA-01160

K] 2 shows the high-level block diagram of circuit. The main parts of this design are synchronous step-
down converter (LM25017) and isolated gate driver (UCC5320S).

The TIDA-01160 board consists of two main circuit blocks: the isolated gate driver (UCC5320S) and the
isolated gate driver power supply (LM25017 and transformer) for the gate drive. The primary side of the
driver is powered from the 3.3-V power supply and the secondary side is powered from a 23-V isolated
power supply. These voltages are derived from isolated Fly-Buck design with synchronous step-down
(buck) converter (LM25017). The 23-V high-side supply voltage is configurable using external Zener diode
network. Currently the outputs are set to 15 V and -8 V through a Zener network.
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2.2

221

2.2.2

Highlighted Products

This TIDA-01160 reference design features the following devices, which were selected based on their
specifications and appropriateness for this Tl Design. The key features of the highlighted products are
mentioned as follows. For more information on each of these devices, see their respective product folders
at www.Tl.com or click on the links for the product folders on the %4 on the first page of this design
guide.

UCC5320S

The UCC53x0 is a family of compact, single-channel, isolated IGBT, SiC, and MOSFET gate drivers with
superior isolation ratings and variants for pinout configuration and drive strength.

The UCC53x0 is available in an 8-pin SOIC (D) package. This package has a creepage and clearance of
4 mm and can support isolation voltage up to 3 kVgys, Which is good for applications where basic isolation
is needed.

The UCC53x0S option provides a split output that can be used to control the rise and fall times of the
driver. The UCC53x0M option connects the gate of the transistor to an internal clamp to prevent false
turnon caused by Miller current. The UCC53x0E option has its UVLO2 referenced to GND2, which
facilitates bipolar supplies. The input side operates from a single 3- to 15-V supply. The output side allows
for a supply range from 13.2- to 33-V supply

Unlike an optocoupler, the UCC53x0 family has lower part-to-part skew, lower propagation delay, higher
operating temperature, and higher CMTI. Device operation is specified over an ambient temperature range
from —55°C to 125°C ambient.

LM25017

For a buck converter to operate in Fly-Buck configuration, the converter has to meet certain criteria. For
the Fly-Buck, the primary current flows reversely from output to input during Off time. This negative current
will be blocked by the diode in the non-sync buck, which chokes the energy delivery to the secondary. As
a result, the isolated output voltage will collapse. Therefore, a non-synchronous buck cannot be used. For
some sync-buck converter ICs, the low-side FET is turned off, if negative current is detected in order to
have light-load efficiency. In such cases the FET emulates the diode behavior, making such buck
converters not suitable for the Fly-Buck configuration.

Also, not all control schemes are fit for the Fly-Buck. As the primary side current in off-time is different
from a normal buck, a current-mode control relying on low-side FET current or valley current sensing will
not work for the Fly-Buck.

Finally, to incorporate overcurrent and short-circuit protection, a synchronous buck IC that has a current
limit on the high-side switch is a good choice because the current waveform in Fly-Buck converter during
on-time is similar to a normal buck converter. For ICs that have a valley detect control circuit where the
switch current is monitored during the OFF state, the overcurrent may not be detected because the
primary current might never hit the overcurrent limit.

6
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Based on this criteria, the LM25017 is used in this Tl Design as it operates in continuous conduction mode
(CCM) regardless of the output loading. It has constant on-time (COT) control, which is not affected by the
current waveform, and the switching stability is easy to manage in converter design. The COT control is
an easy-to-design control method; it has the duty on-time fixed and the duty off-time adjusted according to
the compared signal between the output feedback ripple and a reference voltage. The advantage of the
COT is that it does not require a loop compensation network, which keeps the circuit simple and has fast

transient response.

The LM25017 device is a 48-V, 650-mA synchronous step-down regulator with integrated high-side and
low-side MOSFETs. The COT control scheme employed in the LM25017 device requires no loop
compensation, provides excellent transient response, and enables very high step-down ratios. A peak
current limit circuit protects against overload conditions. The UVLO circuit allows the input undervoltage
threshold and hysteresis to be independently programmed.
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2.3

23.1

System Design Theory

The TIDA-01160 board consists of two main circuit blocks: the isolated gate driver (UCC5320S) and the
isolated gate driver power supply (LM25017 and transformer) for the gate drive. The primary side of the
driver is powered from the 3.3-V power supply and the secondary side is powered from a 23-V isolated
power supply. These voltages are derived from isolated Fly-Buck design with synchronous step-down
(buck) converter (LM25017). The 23-V high-side supply voltage is split into 15 V and —8 V through a Zener
network.

Fly-Buck versus Conventional Isolated Power Supply Schemes

Traditionally, designers have used different topologies to generate isolated rails, such as flyback
converters, push-pull drivers with transformers, and so on. The Fly-Buck converter (or isolated buck
converter) is gaining popularity as a low-power isolated bias solution because of its simplicity, ease-of-use,
low BOM cost, and the availability of wide-V, integrated regulators.

The device results in a simpler solution than a flyback converter at lower power levels because of the
integrated FETs and absence of isolated feedback loop. The most compelling solutions have been <5 W,
where tight regulation on the secondary voltage is not required, such as the power supply for gate drivers.

The Fly-Buck converter offers the primary non-isolated buck output at no additional cost. Therefore, it
results in a simpler design for applications where both isolated and non-isolated outputs are required.

The design of the gate driver and Fly-Buck converter are described in the following subsections.
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Isolated Gate Driver Design

3 shows the circuit for the UCC5320S and associated components.
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i 3. Isolated Gate Driver Design

This section goes into the details of the gate driver components dimensioning and power requirements. To
calculate the required gate drive power, the C2M0040120D-Silicon Carbide Power MOSFET 1200 V 60 A
is taken as an example.

2.3.21 Requirements for Gate Driver Power

The power consumed by the gate driver is the sum of the quiescent power consumption of the gate driver
and the power required to supply the required gate charge to the load.

The quiescent power consumption of the gate driver is given using A= 1:
Pauiescent = Vveer *lveer + Vvece *lvee 1)

Substituting the values from the UCC5320 datasheet in A= 1:
Pouiescent = (3.3 V x 1.67 mA) + (23 V x 1.1 mA) = 30.811 mW.

The power required to charge and discharge the load (Ppg,) during each switching cycle is approximately
given by Az 2:

lon Foff

Porv = Qgror x Veea x few x R + R
Fon *IRGoN  Toff +NGOFF @)

Where:

*  Qgror represents the total gate charge of the power transistor switching. For the C2M0040120D-Silicon
Carbide Power MOSFET 1200 V 60 A, Qgror = 115 nC

» If a split rail is used to turn on and off, then V., is going to be equal to difference between the positive
rail to the negative rail. Here V., is 15 — (-8) = 23 V.

» fsw IS the switching frequency at the control input IN+ (for SiC, use fg,, = 60 kHz)
* I, represents the gate driver output resistance in on state
* 1. represents the gate driver output resistance in off state

* Rgon represents the gate resistor in on state
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*  Rgore represents the gate resistor in off state
To see the calculations used to determine Rggy and Rgore,S5€€ 1 2.3.2.5.
Substituting these values in A= 2, Ppgy cOmes out to be 78.7 mw.
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Therefore, the total power consumed by gate driver is given using 2 3:
ProtaL = Pauiescent +Pprv (3)

Prora= 30.811 mW + 78.7 mW = 109.511 mW

2.3.2.2  Primary-Side Gate Driver Voltage

VCC1 and GNDL1 are the supply pins for the input side of the UCC5320S. This voltage (Vee; = 3.3 V) is
generated from Fly-Buck converter (75 2.3.3) . A 0.1-uF capacitor C13 is placed close to the IC power
supply to provide stable and clean power supply to the primary side of the gate driver.

2.3.2.3 Secondary-Side Gate Driver Voltage

VCC2 and GND2 are the supply pins for the output side of the UCC5320S. A positive Ve of typically 15 V
is required to switch the IGBT well into saturation. In this Tl Design, V., is fed with 15 V and GND2 with
—8 V to ensure that IGBT is in full saturation. The secondary-side gate driver voltage is generated from
Fly-Buck converter ( 5 2.3.3) and then split using a 15-V Zener and a 10-kQ resistor to generate 15 V
and -8 V. See 7 2.3.3.6 for more details. Capacitors (C9, C12 = 0.1 pF and C10, C11 = 1 pF) are placed
close to the IC power supply to provide stable and clean power supply to the secondary side of the gate
driver.

2.3.24 PWM Inputs

The device also features a dual-input configuration with two input pins (IN+ and IN-) available to control
the state of the output. The user has the flexibility to drive the device using either a non-inverting input pin
(IN+) or an inverting input pin (IN-). The state of the output pin is dependent on the bias of both the IN+
and IN- pins.

Once an input pin has been chosen for the PWM drive, the other input pin (the unused input pin) must be
properly biased in order to enable the output. The unused input pin can effectively be used to implement
an enable and disable function.

8V

veel
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R12%
0 % 0.1uF
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0.1uFI
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R14 GND1
PWM 11 veet I GND2 |8
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Kl 4. Using Device in Non-Inverting Configuration
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To drive the device in a non-inverting configuration, the PWM control input signal is given to the IN+ pin.
In this case, the unused input pin, IN—, must be biased low (for example, tied to GND) in order to enable
the output. To implement the enable/disable function, the "EN_PWM" signal is given to the IN- pin through
a transistor.

v To ensure that output is enabled only when EN_PWM is high and is disabled otherwise, a
transistor is connected to the IN- pin (see K 4).
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# 3 lists the output states and their inputs:

% 3. Device Logic Table

PULY(ENMEN T 135 (GIVEN TO IN- TEQ(_)TJV(\;”\I-/II A TRANSISTOR) (PIN 3 AND 4 OGIQA\EENNECTOR J2)
High High High
Low High Low
High Low Low
Low Low Low

2.3.2.5  Source and Sink Currents and Gate Resistor Selection (R9, R10)

The gate current can be controlled using an external gate resistor between the driver output and the gate
of the IGBT. The value of the gate resistor determines the peak charge and discharge currents. The
UCC5320S device features a split-output configuration where the gate drive current is sourced through the
OUTH pin and sunk through the OUTL pin. This pin arrangement provides flexibility to apply independent
turnon and turnoff resistors to the OUTH and OUTL pins, respectively without the need for diode. The
value of the gate resistor influences different aspects of the switching process:

» IGBT turnon and turnoff times

» Switching losses

» dv/dt across the IGBT collector to emitter

» di/dt of the IGBT current

Increasing the value of the gate resistor increases the turnon and turnoff times of the IGBT, which in turn
reduces the dv/dt and di/dt, causing reduced EMI. Higher gate resistance also increases switching losses.
Decreasing the gate resistance reduces switching losses but increases EMI.

The source and sink currents play a major role in determining turnon and turnoff delays of the power
transistors. Ideally, the maximum current that can be sourced and sunk into the switching device can be
found as follows:

Rcon

CG CG

GND2 GND2

n Rcorr Rcorr
-8V C) -8V

Toff Toff

i 5. Simplified Model to Calculate Gate Resistors
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2.3.2.5.1 Off to On Transition

In the off-state, the upper plate of the gate capacitance, CG, assumes a steady-state potential of —8 with
respect to GND2. When turning on the power device, OUTH is applied to VOUT that results in a charge
current of lsoyree = (15 V — (=8 V)) / (Rgon + I'on) (s€€ Kl 5). Using Isoyree = 10 A (for 10-A version gate
driver) and solving for Ry provides the necessary resistor value for a desired on-current using Az 4:
Voltage across IGBT gate

ron

Reon =
I source )

In this Tl Design, Rgon= R10 =1.1 Q.

2.3.2.5.2 On to Off Transition

2.3.3

In the on-state, the upper plate of the gate capacitance, CG, assumes a steady-state potential of 15 V with
respect to GND2. When turning off the power device, OUTL is applied to VOUT that results in a charge
current of gy = (15 V — (=8 V)) / (Rgore+o)- See &l 5. Using Igng = 10 A (for 10-A version gate driver)
and solving for Rg provides the necessary resistor value for a desired off-current using A= 5:

Voltage across IGBT gate

Foff

RGorF =
I source (5)

In this Tl Design, Rgore= R9 = 1.1 Q.

Once the value of the gate resistors are determined, use 77 2.3.2.1 to calculate the gate driver power to
make sure that it does not exceed the power dissipation rating of the gate driver.

Gate Driver Power Supply (Fly-Buck Converter) Design Using LM25107

An isolated buck converter, also known as a Fly-Buck converter, is created by replacing the output filter
inductor (L1) in a synchronous buck converter with a coupled inductor (X1) or flyback-type transformer,
and rectifying the secondary winding voltage using a diode (D1) and a capacitor (COUT2) as shown in ¥
6 and & 7.

For a buck converter to operate in Fly-Buck configuration, it has to meet certain criteria. For the Fly-Buck,
the primary current flows reversely from output to input during off-time. This negative current is blocked by
the diode in the non-sync buck, which chokes the energy delivery to the secondary. As a result, the
isolated output voltage will collapse. Therefore, a non-synchronous buck cannot be used. For some sync-
buck converter ICs, the low-side FET is turned off if negative current is detected in order to save light-load
efficiency. In such cases, the FET emulates the diode behavior, making such buck converters not suitable
for the Fly-Buck configuration.

Also, not all control schemes are fit for the Fly-Buck. As the primary side current in off-time is different
from a normal buck, a current-mode control relying on low-side FET current or valley current sensing will
not work for the Fly-Buck.

14
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VIN

K 6. Synchronous Buck Converter

Cout2

Vout2

& 7. Isolated Buck Converter (Fly-Buck)
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8 and & 9 show the operating modes in an isolated configuration during TON, when the high-side buck
switch is on, and TOFF, when the low-side switch is on, respectively.

During TON, the current in the secondary winding is zero as the secondary diode is reverse biased. The
current in the primary winding is the same as the magnetizing current (similar to a buck converter

inductor).

VouT2

Cout2

2a) TON (Q1: ON, Q2: OFF)

K 8. Operation During TON (Q1 ON, Q2 OFF)

During TOFF, the current in the secondary winding is decided by the resonant tank formed by Cgq;, the
leakage inductance of the coupled inductor, and Cqr,. The current in the primary winding is the sum of
the magnetizing current (similar to a buck converter inductor current), and the reflected current from the

secondary winding.

VouT2

IL2 Cout2

VIN sw
(]
V
[ |—l- i | |Vours
C
= L=yt =

2b) TOFF (Q1: OFF, Q2: ON)
K 9. Operation During TOFF (Q1 OFF, Q2 ON)

% 4 presents design specifications for TIDA-01160.

% 4. Design Specification for Fly-Buck Converter

PARAMETER VALUE
10to 17 V

33V
23V

Input voltage range (V)

Primary output voltage (Vouri/Veel)
Secondary output voltage (Vour)
Secondary output maximum power 15w
Switching frequency (fsy) 500 kHz

Based on the criteria for Fly-Buck and the design requirements in % 4, the LM25017 is chosen as the
step-down converter.
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The LM25017 device is a 48-V, 650-mA synchronous step-down regulator with integrated high-side and
low-side MOSFETSs that employs COT control scheme. [¥] 10 depicts the implementation of the Fly-Buck

converter with the LM25017.

° +15V

T 3 *
g 1°“F_Lc7 % D2

8 T 15V

D1
1 . K R
2 10k
5 9||@ STPS1150A
GND2
U1
2] c4 4 p -8V

7
BST
. To.mF 10uH
L 4 CMHD4448 TR Cc8 lRs
Ca_T_ 4R5 6 10000pF2gg 1
10uF $118k | R4 4 [j—. vee cs
73.2k 5 R6 50k
8 73 c2 |_"
= 3 1 1uF 2000pF vcet
oot uvVLO R';;l 5 u o1 ec
= 10nF
= GND1 SR1
GND1 b2
C

217.4k LM25017MRX/NOPB

VCC/12V_ o 2 _yn sw

1
Copyright © 2017, Texas Instruments Incorporated

10. Implementation of Fly-Buck Converter With LM25017

2.3.3.1  Duty Cycle Calculations and Frequency Selection

The primary output voltage equation is identical to a buck converter and is given by 2= 6:

T
¢XV|N:DXV|N

V =
VT Ton + Torr

6

Where D is the duty cycle. With the minimum input voltage Vyun = 10 V, the maximum duty cycle is Dyay
= 0.33. Similarly, with the maximum input voltage V\ymax) = 17 V, the minimum duty cycle is Dy, = 0.194.

It is recommended to keep the duty cycle below 40 percent during normal operation. As the isolated
output only has the off-time window to get the transferred energy, it is important to have a healthy
balanced duty cycle.

At maximum input voltage, the maximum switching frequency of LM25017 is restricted by the minimum

Ton @s shown in A3 7:
Duwn  0.194

fsw(MAx) TON(MIN) 100 ns 1.94 MHz o
Resistor Ry, sets the nominal switching frequency based on /23 8.
fow = KVOUTl

x Ron ®

Where K =9 x 107,

Operation at a high switching frequency results in lower efficiency while providing the smallest solution.
For this Tl Design with Vo1, = 3.3 V, 500 kHz was selected, resulting in Rgy = 73.3 kQ. Selecting a
standard value for Rgy = R4 = 73.2 kQ.
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2.3.3.2 Turns Ratio Calculations
The secondary output voltage is given by Az 9:
N2
\% =—xV -V
OUT2 N1 OUT1 F ©)

Where:
e V. is the forward voltage drop of the secondary rectifier diode D1

* N1 and N2 are the number of turns in the primary and secondary windings, respectively
Using the values of Vo, and Vgur, from % 4 and Ve = 0.7 V, N2/N1 is almost equal to 7.

The transformer turns ratio (N1/N2) is taken as 1:7.

2.3.3.3  Primary Inductance Calculations (L1)

A coupled inductor or a flyback-type transformer is required for this topology. Energy is transferred from
primary to secondary when the synchronous switch of the buck is on.

The primary inductance must be greater than Lpg,ay t0 avoid the peak switch current from exceeding the
high-side power switch current limit (I,sc,) . This value is calculated using = 10:

Vouri
Vourt x| 1=——
Vin

L PRI(MIN) = N2
2xfgy x [IHSCL —louti —lout2 * NJ

(10)
The minimum high-side current limit (I,,s¢,) for the LM25017 is peak limited to 0.7 A. If the current in the
buck switch exceeds this limit, the present cycle is immediately terminated, and a non-resettable off-timer
is initiated. Using lysc, = 0.7 A, Viywax) = 17 V, loyr; = 10 mA (primary output current, accounting the gate
driver consumption and other losses), lo,r, = 45 MA (secondary output current) and using other
parameters from 3 4, Loguny= 7.1 HH.

A higher value such as 10 pH is chosen to keep the high-side switch current below the minimum peak
current limit.

Based on L1 = 10 pH, the ripple current (Al) is calculated using Az 11:

Vouri
Vourt x| 1-
ViN

AIL =
Lxfsw (11)

The ripple current (Al) for V\yuax) = 17 V comes out to be 0.532 A.
A transformer from Wurth (750343468Rev02) with 1:7 turns ratio is chosen for this Tl Design.

2.3.34 Peak Current and RMS Current Calculations

The primary positive peak current (I, g, pospk) @and primary negative peak current (I, pg necri) are
calculated using A3( 12 and /A 3\ 13, respectively.

Vourtt
Vourt x (1 BV
| — Hourq +l oo X+ N
LPRI_POSPEAK OouT1 FlouT2 * g 2xfapy L 12)
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Vour
Vourt x| 1=
| ~ lourt—lors x N2, (D) _ N
LPRI_NEGPEAK OuT1 ~ToUT2 ™ g (1 _ D) 2x fgpy L 13

* I_priposek = 0.591 A
* I pri NEGPK = — 0.74 A

It is important to make sure that |, pg, posp« iS l€ss than 0.7 A (minimum high-side current limit for
LM25017).

The high-side FET and low-side FET RMS currents are calculated as 0.154 A and 0.240 A, respectively
using A 14 and A=\ 15.

2
N2 D 2
lhs Rms = \/DX[IOUTZ Xm} + XAl

12 (14)
| _ |31 X&2+AILXIOUT2XN2+1—DXA|2
LS_RMS 43X (1-D) | OV N1 3xN, 12t (15)
The sum of these currents I, rys, meaning 0.395 A is the primary-side RMS current for the magnetic,
which is calculated using A= 16:
I Rms =lHs rRms +ls rRvs (16)

The inductor saturation current rating must be greater than the calculated peak current. This leaves
margin for transient conditions if the peak inductor current increases above the steady state value. The
RMS or heating current rating must be greater than the calculated RMS current.

2.3.3.5 Secondary Rectifier Diode

During TON, the current in the secondary winding is zero as the secondary diode is reverse biased by a
voltage Vp, given by Az 17:

N2
Vpi =V +(Vin—V X —
D1 ouT2 ( IN OUT1) N1 17)

For a Viyumax = 17 V, a Schottky diode of 150 V, 1 A is selected.

2.3.3.6  Split Scheme of Secondary Output Voltage

The secondary-side output voltage (23 V) is split using a 15-V Zener (D2) and a 10-kQ resistor (R7) as
shown in [&| 11 to generate 15 V and -8 V. With the Zener diode, the 15-V rail can have a stable output
with a tight regulation tolerance, which is important for the turnon speed of high-power IGBTs. For -8 V,
using the resistor provides a larger variation margin, but the negative bias is less critical in terms of the
level of accuracy. The purpose of the negative bias is to prevent a high dv/dt induced false turnon of the
IGBT. As long as the negative bias has low enough potential, it can maintain the secure turnoff of an
IGBT.
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D1 T 15V

2 I:' 10k
Q STPS1150A
GND2
4 -8V
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Copyright © 2017, Texas Instruments Incorporated

K 11. Split Scheme of Secondary Output Voltage

For a practical Fly-Buck design, preload may be needed on the isolated outputs, depending on the load
profile. If running at no load, a voltage spike appears at the switching end of the transformer and pumps
some current through the diode to the output capacitor. Without a load current to discharge the output
capacitor in time, the output voltage could build up much higher than the designated value. Therefore,
some minimum base load current is always needed.

Therefore, the split scheme not only provides the flexibility of setting the positive and negative voltage
levels, but also acts as a preload for isolated output.

The current flowing in resistor R7 can be calculated using /A =\ 18:

_0-(=8)

R7 — 208 mA

10 kQ (18)
The power dissipation across R7 = 0.8 mA x 0.8 mA x 10 kQ = 6.4 mW. The amount of current flowing
through the Zener is also approximately equal to the current flowing in the resistor R7. The peak currents
required for driving IGBT gate will be supplied from the decoupling capacitors. The power dissipation of
the Zener = 15 V x 0.8 mA = 12 mW. The power dissipation capacity of the diode used is 370 mW at
25°C.

2.3.3.7 Feedback Resistors (R1, R3) Selection

The output voltage is set with a resistor divider from the output node, VCCI (see |4 10), to the FB pin of
the LM25017. Tl recommends using 1% tolerance or better divider resistors. Use A3 19 to calculate the
value of resistors:

R
Vourt = 1.225><[ FB2 +1J

FB1 (19)

Standard values are chosen with R, = R1 = 1.69 kQ and Rg; = R3 = 1.00 kQ.

2.3.3.8  Capacitors C3, C6, and C7 Selection

The total input capacitance should be large enough to limit the input voltage ripple to a desired amplitude.
For the input ripple voltage AV, C,y can be calculated using 23\ 20 where loyrax is calculated using 2
= 21:

|
Cp = OUT(MAX)
4 x fgyy x AVjy (20)
| = + N2 x|
ouT (MAX) = louT1 T 17 *louT2 1)
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Choosing a AV, of 50 mV gives a minimum C,, of 3.25 pF. A standard value of 10 pF is selected for
Ci= C3 in this Tl Design. The voltage ratings of the capacitor should be greater than the maximum input
voltage under all conditions.

A simplified waveform for secondary output current (lor,) and the current in the secondary winding is

shown in & 12.

S B PO | ]

ToN(MAX) X louT2

12. Secondary Output Current

The secondary output current (Io,) is sourced by Cq 1, during one time TON. Ignoring the current
transitions time in the secondary winding, the secondary output capacitor ripple voltage can be calculated

using Azl 22:
lout2 XTON(MAX)
Cour2 (22)

Setting Coyr, to be 10 pF and using Toywax) from A3 6, the ripple voltage comes out to be 2.97 mV. A
capacitor with a 10-pyF, 50-V rating is chosen for C7.

AVoyrg =
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13 shows the primary winding current waveform (lI.,). The reflected secondary winding current adds to

the primary winding current. Because of this, the output voltage ripple is not the same as in a non-isolated
buck converter. Because the majority of the load current is drawn from the secondary isolated output, the

primary output voltage ripple is given by 3 23.

ToNMAX) X louT2 X N2/N1

IL1 > > lout2
IS

ToNMAX) X louT2

13. Primary-Side Current

N2
lout2 “N1 ) TON(MAX)

AVoyt = c
ouT1 (23)

Setting a target of AVr; = 50 mV, Coyr, COmMes out to be 4.158 uF.

A capacitor with a 10-pF, 25-V rating is chosen for Cyr; = C6.

2.3.3.9 Ripple Circuit (C1, C5, R6)

The LM25017 device uses COT control in which the on-time is terminated by an on timer and the off-time
is terminated by the feedback voltage (V) falling below the reference voltage (Vger; see ¥ 14).
Therefore, for stable operation, the feedback voltage must decrease monotonically, in phase with the
inductor current during the off-time. Furthermore, this change in feedback voltage (Vgg) during off-time

must be larger than any noise component present at the feedback node. Therefore, the ripple is needed
on the feedback pin.

VIN

GND

v

Ton T Torr A

Constant

FB voltage falls below Vger
triggering next switch-on cycle

14. COT Control Regulation

There are many ways to generate ripple as shown in % 5.

The Type-1 circuit is implemented by adding a resistor in series with the output capacitor. This circuit adds
the ripple that is needed for the regulation. This is a low-cost solution, but it has the undesirable effect of
having some quantity of ripple on the output voltage. The feedback pin voltage is compared to the band
gap voltage of 1.225 V. With a 3.3-V output, there is a 2.7:1 ratio with the resistor divider. The result is
three times the amount of ripple on the actual voltage. Therefore, if the amount of ripple in the feedback
pin is large, then the ripple on the output voltage will be even larger, which may not be desirable.
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The Type-2 circuit is implemented by adding a capacitor across the upper feedback resistor. This circuit
has the effect of producing same ripple on the feedback voltage and output voltage. Therefore, the output
ripple is reduced. The capacitive ripple is not in phase with the inductor current. As a result, the capacitive
ripple does not decrease monotonically during the off-time. The resistive ripple is in phase with the
inductor current and decreases monotonically during the off-time. The resistive ripple must exceed the
capacitive ripple at the output node for stable operation. If this condition is not satisfied unstable switching
behavior is observed in COT converters, with multiple on-time bursts in close succession followed by a
long off-time.

The Type-3 circuit artificially generates the desired ripple information and feeds it to the controller. The
capacitor Cr integrates the current through Rr, which is proportional to the voltage across it. This is the
same voltage that appears across the inductor. The coupling capacitor Cac couples the ramping voltage
into the feedback pin. This approach does not require a resistor for the ripple on the output voltage, and
result in a very low output ripple.

# 5. Ripple Configuration

TYPE 1 TYPE 2 TYPE 3
LOWEST COST CONFIGURATION REDUCED RIPPLE CONFIGURATION MINIMUM RIPPLE CONFIGURATION

Vourt Vout

ToFB To FB

GND

The Type-3 ripple circuit is required for the Fly-Buck topology. Type-1 and Type-2 ripple circuits use series
resistance and the triangular inductor ripple current to generate ripple at Vo r; and the FB pin. The primary
ripple current of a Fly-Buck is the combination or primary and reflected secondary currents as shown in
13. In the Fly-Buck topology, Type-1 and Type-2 ripple circuits suffer from large jitter as the reflected load
current affects the feedback ripple.

The ripple circuit uses R, (R6), C, (C5), and the switch node (SW) voltage to generate a triangular ramp
(Kl 15). The ripple current does this by integrating the voltage across the inductor and coupling the
resulting AC signal to the FB pin through capacitor Cac (C1).
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For a COT converter to be stable, the injected in-phase ripple must be larger than the capacitive ripple on
Couri- The feedback ripple component values are calculated as follows:

* C, (C5): The impedance of the integrator capacitor should be small compared to the feedback divider
impedance at the desired switching frequency. The impedance of the feedback network is the parallel
combination of Ry||R; (see Az 24). A value of C5 = 2200 pF is chosen.

Ri+Rj3 1
C > X
R1 X R 3 2 X T X fSW
* R, (R6): Because V,y — Vo, is very large compared to the ripple voltage being produced, consider R6
as being a current source. The current is simply (Viy — Vourd) / R

(24)

A charging capacitor obeys the following: I/C = dv/dt. For V,,, based on the operation frequency and
duty cycle, the on-time can be calculated, this is the dt. The dv term is the minimum required ripple,
and C, is as calculated previously. A minimum of 25-mV ripple voltage at the feedback pin (FB) is
required for the LM25017 device. Therefore, Rr is calculated using /= 25:

R (VIN —Vours )X Ton
=

C r X Vripple (25)

The calculated value for R, should be < 106 kQ. This value provides the minimum ripple for stable
operation. A smaller resistance should be selected to allow for variations in Ty, Cour, and other
components. For this Tl Design, R6 = 49.9 kQ is selected.

» Cac (C1): The AC coupling capacitor should be at least three to four times larger than the integrator
capacitor (C,). A value of C1 = 10 nF.
2.3.3.10 V.. and Bootstrap Capacitor
A 1-puF capacitor of 16 V or higher rating is recommended for the V. regulator bypass capacitor (C2).

A good value for the BST pin bootstrap capacitor (C4) is 0.1-uF with a 16-V or higher rating.

2.3.3.11 UVLO Resistors (R2, R5)
UVLO resistors set the UVLO threshold and hysteresis according to A 26 and A=\ 27:

R
V)N (UVLO, rising) = 1.225 x| =22 11
RUV’I

(26)
Vin(Hys) = lhys X Ruve (27)
Where:

* s =20 pA, typical

For a UVLO hysteresis of about 2.5 V and UVLO rising threshold around 10 V, R, (R2) of 17.4 kQ and
Ryuvz (R5) of 118 kQ are selected for this Tl Design.
2.3.3.12 RCD Snubber Design (R8, C8, D3)

An RCD snubber is placed across the secondary side diode (D1) to reduce the ringing when the diode is
off.

ZHCU226—June 2017 HEHF UPS FLEAS #8017 KB, FIEE. 78 2RI s) 2% B it 25

TIDUCVO — http://www-s.ti.com/sc/techlit/TIDUCVO
JitAL © 2017, Texas Instruments Incorporated



http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUCV0.pdf

Hardware, Testing Requirements, and Test Results

13 TEXAS
INSTRUMENTS

www.ti.com.cn

3 Hardware, Testing Requirements, and Test Results

This section explains the top and bottom views of the PCB for the TIDA-01160, showing all the different
sections. This section also explains the power supply requirement and connectors used to connect the

external world.

3.1 Required Hardware

3.1.1 TIDA-01160 PCB Overview

16 and | 17 show the top and bottom view of the TIDA-01160 PCB, respectively.

\s\()r]:
o B &

& 16. Top View of TIDA-01160

3.1.2 Connectors

3
Gy

Y]

i

K1t

Kl 17. Bottom View of TIDA-01160

% 6 shows the connectors used on the TIDA-01160 PCB and their purposes.

% 6. Connectors

CONNECTOR PIN NO PIN NAME PURPOSE

1 VCC/12 vV Input pin to LM25017
2 GND1 Input ground

- 3 EN_PWM Enable PWM
4 PWM PWM input
1 GND2 Secondary-side ground

I 2 GND2 Secondary-side ground
3 Gate Input to gate terminal of power switch
4 Gate Input to gate terminal of power switch

26 BT UPS RIS SRR il W 2 SO IR 50 27 it
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3.2 Testing and Results

3.21 Test Setup

To test the TIDA-01160 board, a half-bridge power stage is used. A top-level representation of the test
setup for the half-bridge is shown in [§] 18.

1 —
— c2 [ M1
TIDA-01160 t
L1
- |
M2
TIDA-01160 4
Cc2000™
Piccolo™
LaunchPad™

Copyright © 2017, Texas Instruments Incorporated

18. Test Setup (Half-Bridge) for TIDA-01160

The TIDA-01160 design is connected to the half-bridge power stage, comprising of SiC FET M1, M2, the
inductor L1 and capacitors C1 and C2. One TIDA-01160 board is used as a high-side gate driver and
connected to M1, while the other TIDA-01160 board is used as a low-side gate driver and connected to
M2. The C2000™ Piccolo™ LaunchPad™ is used to generate PWM and EN_PWM signals for driving the
half-bridge power stage.

3.2.2 Test Equipment

To validate the board, gather the following equipment:

» DC source: 0- to 400-V DC, 2.5 A rated

* DC source: 0 to 30 V, 500 mA

» Four-channel digital oscilloscope

e Current probe: 0 to 30 A, 50 MHz

« Electronic or resistive load capable of working up to 400 V, 2.5 A

» C2000 LaunchPad or other source for generating PWM and EN_PWM signals
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3.2.3 Test Conditions
e Input: The half-bridge power stage needs to be powered from the 0- to 400-V DC power stage. The
0- to 30-V power source is used as the auxiliary power supply to power the TIDA-01160 board.
» Output: The output of the half-bridge power stage is connected to the electronic or resistive load. The
load must be capable of varying from 0 to 2.5 A.
» Signal: For the half-bridge stage, set the appropriate dead time between the PWM signals of the high
side and low side. Connect EN_PWM to the pin 3 of J1.
3.2.4 Test Procedure
1. Set the 0- to 30-V auxiliary supply to 12 V with a current limit of 500 mA and connect it to J1 pin 1
(VCC/12 V) and pin 2 (GND1) of the TIDA-01160 board.
2. Connect the PWM generated from the C2000 LaunchPad or any other source to J1 pin 4 (PWM) of the
TIDA-01160 board.
3. Connect 3.3 V from the C2000 LaunchPad or any other source to J1 pin 3 (EN_PWM) of the
TIDA-01160 board.
4. Connect the 0- to 400-V DC power supply to the half-bridge converter input.
5. Connect the electronic or resistive load to the half-bridge converter output.
6. Power up the 0- to 400-V DC power supply to 100 V.
7. Slowly increase the electronic or resistive load to about 100 mA.
8. Increase the 0- to 400-V DC power supply to 400 V.
9. Increase the electronic or resistive load to about 1 A.

10. Capture the switching waveforms in the oscilloscope.

28
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This section shows the test results for the TIDA-01160 design. To see the test conditions and procedure,

3.3 Test Results
see 15 3.2.4.
3.3.1 CMTI Waveforms

This section shows the CMTI test results. The CMTI test is important to characterize the immunity of the
gate driver when it experiences high dv/dt transients. In a half-bridge gate driver, the switching node

experiences high dv/dt, which can then couple to the gate driver’s input pins and distort the PWM signal.
Hence, it is important to have a high dv/dt immunity.

For this test, the PWM and EN_PWM inputs (Pin 3 and Pin 4 of J1) were tied to VCC, and a transient
pulse was applied across the two grounds with the test port. During the test, the slew rate of the transient
was increased and change in the output state was observed.

AxX 5.000900 ns

@ Stop . 1.25 GSa/s || High Res | Wm—f‘\—'i 277 MHz C | w ﬂ
ECE I [2 B
70 | 0 )
o
k4
®
-
i
7
=
o
=
z
[]
o
in
I
-
-250 ns 200 ns =150 ns =100 ns 50.0 s 00s 50.0 s 100 ns 150 ns 200 ns 250 ns
@ [so.0ns/ |[o0s ®T o
..... 4
Measurement ] Current | Mean | Min [ x1 -3.892000 ns Y2 74476V
Slew rate(3) 9999262 GV/s 113.0940 GV/s 75.04507 GV/'s b v 1108900 ns AY 556013V

LAY 199.964 MHz
Y1 -ZBL53TV

K 19. CMTI 100-kV/ps Pass

In & 19, the yellow trace is the CMTI pulse applied and the green trace is the gate drive output. The
output does not go low even when a CMTI pulse of > 100 kV/us is applied.
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3.3.2 Propagation Delay Waveforms

20 and & 21 show the turnon and turnoff propagation delays measured for the gate driver. A
propagation delay of 125 ns is seen. This propagation delay also takes into account the RC filter
connected at the input PWM pin.

v Green trace: PWM input 2 V/div; Blue trace: Gate driver output 10 V/div

GATE-DRIVER-QUTPUT

R T e sbil o oh

Timebase  -81ng

50.0 ns/div

-4.8ns
X2= 116.0ns 1/a¥= 828 MHz

1
]
L A VLAYl e
I
1

" A, shaa i, "

R RT e e 1
I
I
|

|
|
|
|
|
|
I

100 nsfdiv] Auto 220V
250kS 250GS/s]Edge  Negative
Hi=  48ns &= 1256ns
K2= 1304 ns 1A= T7.96 MHz

K 21. Gate Driver Propagation Delay (Falling)
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3.3.3 Source and Sink Current

22 through K| 24 show the source and sink currents delivered directly by the UCC53xx (10-A version).
The test was conducted for a 100-nF load at 20-kHz switching frequency and 1.1-Q gate resistors for both
turnon and turnoff. The gate drive source current reaches 10 A and sink current is 10 A.

E: Blue trace: Gate driver output 10 V/div; Pink trace: Gate current 5 A/div

- c “
GATE-DRIVER_OUTPUT
GATE-DRIVER_OUTPUT

12

32

/

|

GATE-DRIVER_CLRRENT J GATE-DRIVER_CURRENT
@

-
Tigger  EED) Tigger  EOED)
10.0 Vidiv) 1.00 psidiv] Aut 10,0 Vidiy, 1,00 psidiv| Auto 22v|
2010V ofst L 2010V ofst 260ks 2.6 GSis)Edge  Negativel

250kS  2508/5 Ed;a Nanzalzlv:
& 22. Gate Driver Output—Source Current i 23. Gate Driver Output—Sink Current

GATE-DRIVER_CURRENT

4
Tigoer R

10,0 Vrdiy| 5.00 psidiv| Auto 22V

20,10V ofet 125k3 2.6 G8is|Edge  Negative

24. Source and Sink Current
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3.34 Gate Driver Switching Waveforms

The gate driver was connected to a half-bridge power stage and the switching waveforms were observed.
For a detailed test setup, see 5 3.2.1.

The test conditions include:

* N-channel SiC power MOSFET: Cree/Wolfspeed C2M0040120D-ND

* Rgony 1.10Q

* Reory 1.1Q

* Internal resistance: 1.8 Q

» Gate charge (Qg ): 115nC

* Input capacitance C,s5: 1893 pF

25, &l 26, and ¥ 27 show the switching node waveforms of the high-side gate driver. For these figures,

the red waveform is the gate to source voltage, the blue waveform is the drain-to-source voltage for the
high-side driven MOSFET, and the pink waveform is the half-bridge inductor current.

DIVBS_HSl— iy
[ INDUCTOR _CURRENT

VDS _HS

F) 100V @ 100V & 400 2.5065/s O/
(4]

+v-49.93000ps 1M points 8.20V .
Value Mean Min Max Std Dey 19 Mar 2017
& Frequency 59.74kHz 8.259M 59.72k 1.0006 58.30M 09:16:44
@D CyclerMS 302¥ ---- ---- -—-- —

K 25. High-Side Switching Waveform

[ memns e A A \\

| ﬁ.
M l',lf

: [ INOUCTOR _CURRENT
hW |
DS is ‘ | @vests
THvud_n s

yuo_my' 4 Lag

F) 100V [ ][400ns‘ 250685 @/ l ‘ 100v @ 00V & |20 250685 @/
‘ @

(4] Gv-40.93000p  Mpoints 820V Whv- (309600 IMpaints 8.0V
K 26. High-Side Switching Waveform K 27. High-Side Switching Waveform
(Zoomed, Turnon) (Zoomed, Turnoff)
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3.35 UVLO Protection Test

28 and & 29 show the undervoltage lockout for the input power supply of the gate driver. The output

PWM starts only when the input power supply of the gate driver reaches a threshold as defined in the
UCC5320 datasheet. There is no spurious behavior at startup

VE: Yellow trace: 3.3-V rail 5 V/div ; Blue trace: Gate driver output 10 V/div; Green trace: PWM
from controller 5 V/div.

PAM_NPUT
e e L L L L L L L T L LLLLY

VM INPUT
P BB e AR e e Al MR e e e WA AR Nn el

woun vour

«
t GATE DRIVER_OF
GATE_DRIVER_OF
1= l ‘ =]

5.00 Vidiv 10.0 Vidiv]

0.00V offset) -19.60 V ofst

28. Gate Driver Input-Side UVLO During

K 29. Gate Driver Input-Side UVLO (Zoomed) During
Power ON

Power ON

30 and ¥ 31 show the undervoltage lockout for output power supply of the gate driver. The output

PWM starts only when the power supply of the gate driver reaches a threshold as defined in the UCC5320
datasheet. There is no spurious behavior at startup.

E: CH1: 15-V rail; CH2: Gate driver output; CH3: PWM from controller; CH4: —8-V rail

Y Y

0 ] | ]
|;u'nu|uummnu|||nmmnmm-.nu|nmlmunnlunuuuuunmi o s e U -

(b}

2] ’i
Pwh_INPUTL OV EN LU L NN OV VOOV DPweveur. el o oy el v S ol o i e e

2

D5y

[2){GATE_DRIVER_QUTPUT

k‘)

v

ATE DRIVER fJUTFU
o

Di-av B
! 10.0V @ 0oy l[so,ous' 1.2568/s e/ l
@ wov o oy 400ps 250MS/s e/ L (4] W+v208.00004s 1M points 3.00V X
(4] W+v1.805600ms 1M points 3.00V . |
& 30. Gate Driver Output-Side UVLO During K 31. Gate Driver Output-Side UVLO During
Power ON Power ON (Zoomed)
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Fly-Buck Switching Node and Primary Current Waveforms

32 shows the switch node (SW) waveform and primary side inductor current for the 12-V input at full
load.

E: Green trace: Switch node voltage, 5 V/div; Pink trace: Primary current, 500 mA/div

- "Mhl o .”r‘lhl _‘Nm _
—\ | | ”

a —
500 mA/div 1.00 psidiv|Auto 935V
-990 mA ofst

250k8 250GS/s]Edge  Positive
i 32. SW Node and Primary Current Waveform at V,, = 12 V at Full Load
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3.3.7 Rectifier and Secondary Current Waveforms

33 shows the voltage across diode D1 (V-D1) and secondary current for the 12-V input at full load.

vE: Blue trace: Diode (D1) voltage, 50 V/div; Pink trace: Secondary current, 100 mA/div

SECONDARY CURRENT

:ﬁh f\«_,’mi - . TT [\,,,Jml -

|

f

50.0 Vidiv 1.00 psidiv| Auto -14.0V)
152.0 V ofst

250kS8 25GSis]Edge Negative

K 33. Voltage Across Diode D1 and Secondary Current at 12-V Input at Full Load
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3.3.8 Start-Up and Shutdown (Relative to V)

34 shows the start-up waveforms relative to input of the step-down converter. The output is observed
only when the input signal crosses the set UVLO threshold. & 35 shows the shutdown waveforms relative
to input. The output decays down when the input signal falls below the set UVLO threshold.

VE: Red trace: Input voltage, VCC/12 V; Blue trace: Non-isolated voltage, 3.3 V, 1 V/div

:uuu Dc‘u Toase  -400ms Trigger (: CC
1.00 Vigv 100msidv Stop 180V
505.0mv 25MS  25MSs Edge Positve

K 34. Start-up Relative to V,

- —C

leasure. PifreqiC2) 5

e -

ok 'Y

B edotw @) 3] Timebase 202ms Trigger i CC
100 Vidv 100 mskdv Skop 180\
565.0mV 25MS  25MSk Edge Negatw

35. Shutdown Relative to V,,
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3.3.9 Output Ripple

36 shows the ripple on the 3.3-V non-isolated output at a 12-V input at full load. A ripple voltage of 70
mVpk-pk is seen.

37 shows the ripple on the 23-V isolated output at a 12-V input at full load. A ripple voltage of
118 mVpk-pk is seen

¥E: Yellow trace: Output ripple, 100 mV/div; Green trace: Switching node, 10 V/div; Blue trace:
Diode (D1) voltage, 100 V/div

2

0 0 W i W

H H H i

i [

Measure P1:pkpk(C1) P2--- P3:--- P4:--- PE:- - PB:-- - Measure P1ipkpk(C1) P2--- P3--- P4:--- PS: -~ PG - -
value 70 my valug 118 my

imebase  300n3

36. Non-Isolated Output 3.3 V (Ripple) K 37. Isolated Output 23 V (Ripple)
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3.3.10 Overcurrent and Short-Circuit Protection Test

The LM25017 device contains an intelligent current limit off-timer. If the current in the buck switch exceeds
the current limit threshold, the present cycle is immediately terminated, and a non-resetable off-timer is
initiated.

¥ 38 and & 39 show the waveforms under short-circuit condition.

E: Yellow trace: 3.3-V non-isolated rail, 5 V/div; Blue trace: 23-V isolated rail, 20 V/div; Pink
trace: Output current, 200 mA/div; Green trace: Switching node, 5 V/div.

A

K 38. Short-Circuit Application and Recovery at 12 V,, K 39. Switching Node Waveform During Short-Circuit
(Applied From Full Load, Recovered Into Full Load) Condition

40 shows the waveforms under overcurrent conditions.

100 mAdiv 20.0 Vidiy)
=200.0 mA) 0,00V offs et

i 40. Overcurrent Application and Recovery at 12 V,
(Applied From Full Load, Recovered Into Full Load)
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3.3.11

Performance Data

3.3.11.1 Efficiency and Regulation at 12-V Input

7 shows the efficiency and regulation performance data at a 12-V inpuit.

3 7. Efficiency and Regulation at 12-V Input

LOAD (%) |y (mA) Vours (V) Vourz (V) lourz (MA) P (W) Pour W) | EFFICIENCY (%) | RECULATION | REGULATION
out1 (%) Vour (%)

0 18.452 3.3497 24.630 0.0268 0.2214 0.0007 0.3162 —-0.5256 11.2818
10 29.356 3.3473 23.367 5.8950 0.3523 0.1377 39.0860 —0.5969 5.5754
20 43.659 3.3479 22.924 12.8330 0.5239 0.2942 56.1558 -0.5791 3.5739
30 61.349 3.3527 22.638 20.7700 0.7362 0.4702 63.8685 -0.4365 2.2817
40 78.984 3.3591 22.462 28.2500 0.9478 0.6346 66.9551 —0.2465 1.4865
50 92.365 3.3620 22.329 34.0530 1.1084 0.7604 68.6034 -0.1604 0.8856
60 107.967 3.3656 22.184 40.6520 1.2956 0.9018 69.6048 —0.0535 0.2304
70 121.610 3.3698 22.063 48.3580 1.4593 1.0669 73.1104 0.0713 —-0.3163
80 136.610 3.3732 21.937 55.3210 1.6393 1.2136 74.0316 0.1722 -0.8856
90 152.960 3.3765 21.811 62.9180 1.8355 1.3723 74.7644 0.2702 —1.4548

100 169.360 3.3803 21.640 70.5300 2.0323 1.5263 75.1021 0.3831 —2.2274
105 173.880 3.3816 21.580 72.6240 2.0866 1.5672 75.1078 0.4217 —2.4986
140 240.750 3.4042 20.502 103.5120 2.8890 2.1222 73.4579 1.0928 —7.3691

ZHCU226—-June 2017
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3.3.11.2 Efficiency and Regulation at 10-V Input

%% 8 shows the efficiency and regulation performance data at a 10-V input.

3 8. Efficiency and Regulation at 10-V Input

LOAD (%) I (MA) Vour: (V) Vourz (V) lour2 (MA) P (W) Pour (W) EFFI%(:)/IENCY RE\?OleLlA(;I/;I)O N RE\Z LUJTLZAE;)I)O N
0 17.247 3.3433 24.221 0.02640 0.1725 0.0064 3.7075 —0.7382 10.6607
10 30.278 3.3424 23.171 5.8458 0.3028 0.1355 44.7365 —0.7649 5.8635
20 47.594 3.3448 22.781 12.7550 0.4759 0.2906 61.0522 —0.6936 4.0816
30 68.935 3.3511 22.506 20.6510 0.6894 0.4648 67.4217 —0.5066 2.8252
40 89.568 3.3568 22.309 28.0640 0.8957 0.6261 69.8999 -0.3374 1.9252
50 110.088 3.3617 22.089 35.3010 1.1009 0.7798 70.8310 -0.1919 0.9200
60 119.920 3.3659 22.028 40.8030 1.1992 0.8988 74.9507 -0.0672 0.6413
70 138.900 3.3701 21.866 47.9380 1.3890 1.0482 75.4652 0.0575 —0.0988
80 156.540 3.3742 21.702 54.7330 1.5654 1.1878 75.8794 0.1793 —-0.8481
90 175.390 3.3790 21.483 61.9730 1.7175 1.3314 77.5159 0.3218 -1.8486
100 198.690 3.3865 21.118 71.0830 1.9869 1.5011 75.5514 0.5444 -3.5163
130 274.750 3.4118 19.864 100.2750 2.7475 1.9919 72.4973 1.2956 —9.2455
146 312.170 3.4234 19.205 114.1790 3.1217 2.1928 70.2440 1.6400 -12.2564
40 iZ/HT UPS RSN, HliE . e SRR 2 it ZHCU226-June 2017
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3.3.11.3 Efficiency and Regulation at 17-V Input

%% 9 shows the efficiency and regulation performance data at a 17-V input.

3 9. Efficiency and Regulation at 17-V Input

LOAD (%) In (mA) Vour, (V) Vour (V) lourz (MA) P (W) Pour W) | EFFICIENCY (3)| REOULAZION | REGULAZION
OuT1 0uT2

0 21.926 3.3603 25.621 0.0278 0.3727 0.0007 0.1911 —0.2749 14.6238

10 29.744 3.3549 23.821 6.0091 0.5056 0.1431 28.3088 —0.4351 6.5709

20 39.968 3.3538 23.249 13.0150 0.6795 0.3026 44,5335 -0.4678 4.0119

30 52.804 3.3554 22.906 21.0150 0.8977 0.4814 53.6245 —0.4203 2.4774

40 65.182 3.3598 22.671 28.5130 1.1081 0.6464 58.3360 -0.2897 1.4260

50 75.137 3.3665 22.538 34.3700 1.2773 0.7746 60.6446 —0.0909 0.8310

60 87.247 3.3699 22.368 41.7520 1.4832 0.9339 62.9658 0.0100 0.0705

70 98.930 3.3726 22.242 48.7500 1.6818 1.0843 64.4721 0.0901 —0.4932

80 110.459 3.3751 22.132 55.8100 1.8778 1.2352 65.7783 0.1643 —0.9854

90 119.830 3.3775 22.036 63.5690 2.0371 1.4008 68.7644 0.2356 -1.4148

100 131.590 3.3797 21.925 71.4650 2.2370 1.5669 70.0424 0.3009 -1.9114

107 134.890 3.3805 21.890 73.7200 2.2931 1.6137 70.3724 0.3246 —2.0680

130 167.050 3.3581 21.021 92.4610 2.8399 1.9436 68.4410 —0.3402 —-5.9558
ZHCU226-June 2017 T UPS FIEARR MR EN, BE. ks ARz 240 41
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3.3.12

3.3.12.1 Efficiency With Output Power

10% — Vn=10V
/ — Vin=12V
— V|N =17V
0
0.0 0.2 0.4 14 1.6
Output Power (W)
K 41. Efficiency versus Output Power
3.3.12.2 Regulation With Output Power
K 42 shows the regulation of the 3.3-V non-isolated output with output power variation.
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0.0 0.2 0.4 14 1.6

Performance Curves

K 41 shows the efficiency curve of the Fly-Buck converter with output power variation.
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42. Non-Isolated Output 3.3-V Regulation With Output Power
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43 shows the regulation of the 23-V isolated output with output power variation.
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K 43. Isolated Output 23-V Regulation With Output Power
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3.3.13 Thermal Measurements

44 and | 45 show the thermal measurements taken at ambient temperature (23.1°C) with a 12-V input
voltage, 56-nF load, and 20-kHz switching frequency after letting the board run for half an hour.

44, Thermal Measurements—Top View

K 45. Thermal Measurements—Bottom View
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# 10. Highlighted Image Markers for [ 44
NAME TEMPERATURE
Gate driver 63.6°C
Transformer 44.7°C
Gate resistors 70.0°C
Zener diode 59.8°C
Snubber resistor 72.5°C
Buck converter IC 42.8°C
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4 Design Files
4.1 Schematics
To download the schematics, see the design files at TIDA-01160.
4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-01160.
4.3 PCB Layout Recommendations
Note that the design contains high voltages. The layout must be done with extreme care.
4.3.1 Fly-Buck Converter Stage Specific Guidelines
The loop consisting of the input capacitor (C3), VIN pin, and GND pin carries switching currents.
Therefore, the input capacitor should be placed close to the IC, directly across VIN and GND pins, and
the connections to these two pins should be direct to minimize the loop area.
Provide sufficient vias for the input capacitor and output capacitor.
The SW node switches rapidly between VIN and GND every cycle and is therefore a possible source
of noise. Minimize the SW node area. Keep the SW trace as physically short and wide as practical to
minimize radiated emissions.
Place the voltage feedback loop away from the high-voltage switching trace, and preferably have a
ground shield.
The trace of the VFB node should be as small as possible to avoid noise coupling.
Place the bootstrap capacitor as close to the IC as possible, and minimize the connecting trace length
and loop area.
4.3.2 Gate Driver Specific Guidelines
Connect the low-ESR and low-ESL capacitors close to the UCC5320S between the VCC1 and GND1
pins and between the VCC2 and VEE2 pins to support high peak currents when turning on the external
power transistor.
A PCB cutout is recommended to ensure good isolation performance between the primary and
secondary side of the UCC5320S. To do this, avoid placing any PCB traces or copper below the
device.
Confine the high peak currents that charge and discharge the transistor gates to a minimal physical
area as this will decrease the loop inductance and minimize noise on the gate terminals of the
transistors. To ensure this, connect the TIDA-01160 board with very short leads to the transistors.
A proper PCB layout can help dissipate heat from the devices to the PCB and minimize junction to board
thermal impedance. See the placement and routing guidelines and layout example in the LM25017 and
UCC5320 datasheets.
4.3.3 Layout Prints
To download the layer plots, see the design files at TIDA-01160.
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4.4 Altium Project

To download the Altium project files, see the design files at TIDA-01160.

4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-01160.

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01160.

5 Related Documentation

1. Texas Instruments, AN-2292 Designing an Isolated Buck (Fly-Buck) Converter, Application Report
(SNVAG74)

2. Texas Instruments, Pick the right turns ratio for a Fly-Buck converter, Editorial Reprint (SLPY004)

3. Xiang Fang, Wei Liu, and Anoop Chadaga, Product How-to: Fly-Buck adds well-regulated isolated
outputs to a buck without optocouplers, EDN Network (http://www.edn.com/design/power-
management/4429791/2/Product-How-to--Fly-Buck-adds-well-regulated-isolated-outputs-to-a-buck-
without-optocouplers-)

4. Robert Kollman, Power Tip 34: Design a simple, isolated bias supply, EE Times
(http://www.eetimes.com/author.asp?doc_id=1278680)

5. Texas Instruments, Design a Flybuck Solution With Optocoupler to Improve Regulation Performance,
Application Report (SNVA727)

6. Texas Instruments, Transient Response versus Ripple — An Analysis of Ripple Injection Techniques
Used in Hysteretic Controllers, Application Report (SLVA653)
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