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UCC25600 8-Pin High-Performance Resonant Mode Controller
1 Features 3 Description

» Variable switching frequency control

* Programmable minimum switching frequency with
4% accuracy (3% accuracy at temperature range:
—20°C to 105°C)

* Programmable maximum switching frequency

* Programmable dead time for best efficiency

*  Programmable soft-start time

» Easy ON and OFF control

» Overcurrent Pprotection

» Overtemperature protection

» Bias voltage UVLO and overvoltage protection

* Integrated gate driver with 0.4-A source and 0.8-A
sink capability

» Operating temperature range: —40°C to 125°C

» SOIC 8-Pin package

2 Applications

* 100W to 1kW power supplies

* LCD, Plasma, and DLP® TVs

* Adaptors, computing, and ATX power supplies
* Home audio systems

* Electronic lighting ballasts

The UCC25600 high performance, resonant mode
controller is designed for dc-to-dc applications
using resonant topologies, especially the LLC half-
bridge resonant converter. This highly integrated
controller implements frequency modulation control
and complete system functions in only an 8-pin
package. Switching to the UCC25600 will greatly
simplify the system design and layout, and improve
time to market, all at a price point lower than
competitive 16-pin device offerings.

The internal oscillator supports the switching
frequencies from 40 kHz to 350 kHz. This high-
accuracy oscillator realizes the minimum switching
frequency limiting with 4% tolerance, allowing the
designer to avoid over-design of the power stage
and, thus, further reducing overall system cost.
The programmable dead time enables zero-voltage
switching with minimum magnetizing current. This
maximizes system efficiency across a variety of
applications. The programmable soft-start timer
maximizes design flexibility demanded by the varied
requirements of end equipment using a half-bridge
topology. By incorporating a 0.4-A source and 0.8-A
sink driving capability, a low cost, reliable gate driver
transformer is a real option.

The UCC25600 delivers complete system protection
functions including overcurrent, UVLO, bias supply
OVP, and overtemperature protection.

Device Information (1)
PACKAGE BODY SIZE (NOM)
SOIC (8) 3.91 mm x 4.90 mm

PART NUMBER
UCC25600

(1)

For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

Figure 5-1. D Package 8-Pin SOIC Top View

Table 5-1. Pin Functions

PIN
NAME NO.

/10 DESCRIPTION

This pin sets the dead time of high-side and low-side switch driving signals. Connect a resistor to
ground. With internal 2.25-V voltage reference, the current flowing through the resistor sets the
DT 1 dead time. To prevent shoot through when this pin is accidentally shorted to ground, the minimum
dead time is set to 120 ns. Any dead time setting less than 120 ns will automatically have 120-ns
dead time.

GD1 8 High-side and low-side switch gate driver. Connect gate driver transformer primary side to these
GD2 5 two pins to drive the half-bridge.

GND 6 — Ground

Overcurrent protection pin. When the voltage on this pin is above 1V, gate driver signals are
actively pulled low. After the voltage falls below 0.6 V, the gate driver signal recovers with
soft-start. When OC pin voltage is above 2 V, the device is latched off. Bringing VCC below the
UVLO level resets the overcurrent latch to off.

oC 3

The current flowing out of this pin sets the frequency of the gate driver signals. Connect the opto-
coupler collector to this pin to control the switching frequency for regulation purposes. Parallel

a resistor to ground to set the minimum current flowing out of the pin and set the minimum
switching frequency. To set the maximum switching frequency limiting, simply series a resistor
with the opto-coupler transistor. This resistor sets the maximum current flowing out of the pin and
limits the maximum switching frequency.

RT 2 |

Soft-start pin. This pin sets the soft-start time of the system. Connect a capacitor to ground.
Pulling this pin below 1 V will disable the device to allow easy ON/OFF control. The soft-start
function is enabled after all fault conditions, including bias supply OV, UVLO, overcurrent
protection, and overtemperature protection.

SS 4

Bias Supply. Connect this pin to a power supply less than 20 V. Parallel a 1-pyF capacitor to

vee ! - ground to filter out noise.
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT
Supply voltage, VCC 22 \Y
Voltage, GD1, GD2 -0.5 VCC + 0.5 \Y
Gate drive current — continuous, GD1, GD2 +25 mA
Current, RT -5 mA
Current, DT -0.7 mA
Lead temperature (10 seconds) 260 °C
Operating junction temperature, T, -40 125 °C
Storage temperature, Tgig -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions . Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") +2000
V(esp) Electrostatic discharge |Charged device model (CDM), per JEDEC specification JESD22-C101, all 4500 v
e +
pins

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VCC input voltage from a low-impedance source 11.5 18.0 \%
RT resistance 1 8.666 kQ
DT resistance 3.3 39 kQ
SS capacitor 0.01 1 uF
6.4 Thermal Information
UCC25600
THERMAL METRIC(") D (SOIC) UNIT
8 PINS

Reua Junction-to-ambient thermal resistance 118.5 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 725 °C/W
Raus Junction-to-board thermal resistance 58.9 °C/W
Wyt Junction-to-top characterization parameter 241 °C/W
Wis Junction-to-board characterization parameter 58.4 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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6.5 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
BIAS SUPPLY (VCC)
VCC current, disabled SS=0V 1 1.5 mA
VCC current, enabled SS=5V,Cgp1 =Cgppa=1nF 25 5 7.5 mA
VCC current, UVLO VCC=9V 100 400 MA
UVLO turn-on threshold Measured at VCC rising 9.9 10.5 111 \Y
Vuvio UVLO turn-off threshold Measured at VCC falling 8.9 9.5 10.1 \%
UVLO hysteresis Measured at VCC 0.7 1 1.3 \%
OVP turn-off threshold Measured at VCC rising 18 20 22 \Y
Vovp OVP turn-on threshold Measured at VCC falling 16 18 20 \Y
OVP hysteresis Measured at VCC 15 2 25 \%
DEAD TIME (DT)
Tor Dead time Rpt = 16.9 kQ 390 420 450 ns
OSCILLATOR
Fowemn ggzmggzswitching frequency at —40:C to 125:0 40.04 41.70 43.36 KHz
, —20°C to 105°C 40.45 41.70 42.95
Kico Switching frequency gain/l (RT) Rrr=4.7kQ, Igr =010 1 mA 60 80 100| Hz/pA
GD1, GD2 on time mismatching -50 50 ns
ivc\)/idtce:hing frequency starting burst SS=5V 300 350 400 KkHz
Fow_pu sl\j\:iéct:mr;gd;requency to come out of SS=5V 280 330 380 KkHz
o —40°C to 125°C 122 142.5 162
Fsw(start) Switching frequency at soft-start " 20°C 10 105°C 125 1425 160 kHz
EXTERNAL DISABLE/SOFT START
Enable threshold Measure at SS rising 1.1 1.2 1.3 \%
Disable threshold Measured at SS falling 0.85 1 1.1 \Y
Disable hysteresis Measured at SS 0.15 0.35 \Y
Disable prop. delay ggazs(‘;;‘ﬁ?ngftwee” S8 (falling) and 250 500 750| ns
Vss=0.5V -225 -175 -125
Iss Source current on ISS pin uA
Vgs =135V -55 -5 -4.5
PEAK CURRENT LIMIT
Vocif Ir_g.\:g 1 overcurrent threshold — V¢ 0.9 1 11 Vv
Voczef I\_/z\ée:iii :g]/ercurrent latch threshold — 18 20 29 v
Vocien) If_zjl\i/s: overcurrent threshold — V¢ 05 06 0.7 v
T4 oc Propagation delay 60 200 500 ns
loc OC bias current Voc=0.8V -200 200 nA
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6.5 Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT

GATE DRIVE

GD1, GD2 output voltage high lep1, lep2 = =20 mA 9 11 \Y

GD1, GD2 on resistance high lep1, lgp2 = =20 mA 12 30 Q

GD1, GD2 output voltage low lep1, lep2 =20 mA 0.08 0.2 \%

GD1, GD2 on resistance low lep1, lep2 =20 mA 4 10 Q

Rise time GDx 1Vto9V,Coap=1nF 18 35

Fall time GDx 9Vto1V,Coap=1nF 12 25 ns

SSEbGDZ output voltage during VCC =6V, lap1, lapz = 1.2 MA 05 175 Vv
THERMAL SHUTDOWN

Thermal shutdown threshold 160 °C

;r;:;?c?lldshutdown recovery 140 oc
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6.6 Typical Characteristics

AtVee =12V, Rrr = 4.7 kQ, Rpt = 16.9 kQ, Vg5 =5V, Voc = 0 V; all voltages are with respect to GND, T; =Ty

= 25°C, unless otherwise noted.

0.9

0.8

0.7
0.6

0.5

0.4

0.3
0.2 OC Open

Ivce - Bias Supply Current - mA

0.1

6 7 8 9 0 11 12 13 14
Vvcce - Bias Supply Voltage -V

Figure 6-1. Bias Supply Current vs Bias Supply
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Figure 6-2. Switching Frequency vs RT Current

Voltage
1000 I
900 |8 ——-40°C
\ —m—25°C
800 \ —4—125°C
o 700
E
£ 600
°
©
8 500
u
[=]

400 \
300
200 \'

100

0
0 100 200 300 400 500 600 700

IDT - DT Current - uA

Figure 6-3. Dead Time vs DT Current

1000

900 A

800

700

600

500

DT - Dead Time -

300 e

200 ——-a0°C ||

100 —2—25°C H
——125°C

0 5 10 15 20 25 30 35 40 45

RDT - DT Resistor - kOhm

Figure 6-4. Dead Time vs DT Resistor

16 ‘ ‘ 1.6
—— Gate Drive
14 Voltage 14
\ —— Gate Drive Sink
12 \ Current 12
> <
@ 10 1 €
S8 \ 08 3
5 6 0.6 5
: 1IYAN i
3 4 } \ 04 8
2 } \\ 0.2
0 \ 0
-2 -0.2
0 100 200 300 400 500 600
Time -ns

Figure 6-5. Gate Drive Falling, VCC =15V

16 0.8

14 0.7

12 / 0.6
> / <
%10 — Gate Drive Voltage | %5 ‘g’
E 8 —— Gate Drive Source | 0.4 3
o /\ Current °
Z 2
a6 0.3 §
e / e
©
G 4 \ 02 &

2 J/ \ 0.1

0 0
-2 0.1
0 200 400 600 800 1000

Time -ns
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7 Detailed Description
7.1 Overview

Due to high power density and high efficiency requirements, LLC topology is employed in many applications.
The LLC resonant converter has many unique characteristics and improvements compared with hard-switch
bridge topology and phase-shift full bridge. For example, LLC has a simple structure, and could achieve primary
MOSFET zero voltage switching (ZVS) and the secondary rectifier zero current switching (ZCS) from no load to
full load.

The UCC25600 device is an LLC-resonant half-bridge controller which integrates built-in, state-of-the-art
efficiency boost features with high-level protection features to provide cost-effective solutions.

7.2 Functional Block Diagram

2.25V
T
- JTSD 20V PN ov
o7 160°C/140°C T ermal 18V 1
1 ShutDown *
Rpr Dead time 182& + UVLO
generator : __ﬂ—
2.5V 7 |vce
%
Feed RT 5
back
\
le > osc — 8 ]cp1
— Vss———p» O
UVLO VCC
2 O
OoC
FAULT 5 |GD2
TSD
y ND
6V ’—| 6|G
5uAl 170uA =
oC
o0 _<i—[3]
Vss _“-_ﬁ
SS 4] I .
7
c » OC_latch _“-+
SS
12VAV \/ - &
[ FAULT
= s a :ﬂ
R Q -
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7.3 Feature Description
7.3.1 Soft Start

During start-up and fault recovery conditions, soft start is always implemented to prevent excessive resonant
tank current and to ensure zero-voltage switching (ZVS). During soft start, the switching frequency is increased.
The soft-start time can be programmed by placing a capacitor from the SS pin to ground.

The soft-start pin also serves as an ON/OFF control pin of the device. By actively pulling the SS pin below 1V,
the device is disabled. When the pulldown is removed, SS pin voltage is increased because of internal charging
current. Once the SS pin is above 1.2 V, the device starts to generate a gate-driver signal and enters soft-start
mode. The time sequence of soft start is shown in Figure 7-1.

av

Gate driver

MM AT

Lss_delay t

Figure 7-1. Soft-Start Sequence

To prevent a long delay between the ON command and appearance of a gate driver signal, the SS pin current is
set as two different levels. When the SS pin voltage is below 1.2V, its output current is 175 yA. This high current
could charge the soft-start pin capacitor to 1.2 V in a short period of time, and reduce the time delay. This time
delay can be calculated using following equation:

1.2V

bss deiay = sS
- 175n4
H (1)
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The switching frequency during soft start is determined by both the current flowing out of the RT pin and the
voltage on the SS pin. The switching frequency can be calculated based on the following equation:

1 1

fS:E 6nsx1A4

Ly +|1.81mA— Vs
2.2kQ

+150ns

()

After the SS pin voltage reaches 4 V, the soft-start period is finished and switching frequency becomes the same
as demanded by the RT pin current. The time used to charge the SS pin from 1.2 V to 4 V is defined as soft-start
time and can be calculated as:

287

[SS 5}17 CSS

3)

To ensure reliable operation, the gate drivers restart with GD2 turning high. This prevents uncertainty during
system start up.

7.3.2 Overcurrent Protection

To prevent power stage failure under excessive load current condition, the UCC25600 includes an overcurrent
protection function. With a dedicated OC pin, the power stage is shut down when OC pin voltage is above 1
V. Once the OC pin voltage becomes lower than 0.6 V, the gate driver recovers with a soft start. To enhance
system safety, the UCC25600 latches up the whole system when the OC pin becomes above 2 V. Bring VCC
below the UVLO level to reset the device.

The current can be indirectly sensed through the voltage across the resonant capacitor by using the sensing
network shown in Figure 7-2.

From half bridge

Figure 7-2. Current Sensing for LLC Resonant Converter

The general concept of this sensing method is that the ac voltage across the resonant capacitor is proportional
to load current.

According to the FHA model, peak voltage of the ac component on the resonant capacitor can be calculated as:

1% — i % M
Cr_pk — 0 2
TE f;’l Lﬂ
(4)
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Therefore, the resonant capacitor voltage reaches its maximum value at the minimum switching frequency and
maximum load. According to this equation, the current sensing network components can be calculated. Due to
the nature of FHA, the final circuit parameters need to be verified through actual hardware test.

Table 7-1. Calculated Current Sensing Network Components

NAME FUNCTION DESIGN EQUATION
% 2
R Transfer ac voltage across resonant R = Cr_pk (max)
S capacitor into current source s 2P (max)
' ()
10
Cs Blocking dc voltage on resonant capacitor CS =
R, [ in (6)
RS
Rp Load resistor of the current source Rp = n
VC,; ok (max) @)
10
Cp Filter capacitor Cp = R
pJ min (8)

7.3.3 Gate Driver

The half-bridge resonant converter is controlled by the nearly 50% duty-cycle variable frequency square-wave
voltage. This allows the half bridge to be easily driven by the gate-driver transformer. Compared with a half-
bridge driver device, a gate-driver transformer provides a simple and reliable solution, which:

» Eliminates the need for gate driver power supply

» Enables simplified layout

* Prevents shoot-through due to the transformer coupling
* Requires no latch up

The UCC25600 integrates two-gate drivers with 0.4-A source and 0.8-A sink capability to directly drive the
gate-driver transformer.

For the LLC resonant converter, it is critical for the gate-driver signal to be precisely symmetrical. Otherwise,
the resonant tank operation will be symmetrical. The load current distribution will be unbalanced for the output
rectifiers, which in turn require the over-design of the power stages and thermal management.

In UCC25600, the gate-driver output is precisely trimmed to have less than 50-ns mismatch. Although the gate-
driver signal is quite symmetrical, it is still recommended to insert the dc blocking capacitor in the gate-driver
transformer primary side to prevent transformer saturation during fast transients.

7.3.4 Overtemperature Protection

UCC25600 continuously senses its junction temperature. When its junction temperature rises above 160°C, the
device will enter overtemperature protection mode with both gate drivers actively pulled low. When junction
temperature drops below 140°C, gate driver restarts with soft start.
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7.4 Device Functional Modes
7.4.1 Burst-Mode Operation

During light load condition, the resonant converter tends to increase its switching frequency and maintain
the output voltage regulation. However, due to ringing caused by the transformer parasitic capacitor and
the rectification-diode-junction capacitors, the energy could be directly transferred to the load through these
capacitors. When this power becomes more than the load requires, the output voltage become higher than
the regulation level. In this case, further increasing the switching frequency will not help the situation because
energy transfer to the load is not through the power stage itself.

To prevent output overvoltage during this condition, the UCC25600 includes the burst-mode operation function.
When the control loop demands switching frequency higher than 350 kHz, the gate driver is disabled and the
power stage stops switching. When the output voltage drops, the control loop begins to demand switching
frequency less than 330 kHz, the gate driver recovers and the power stage begins to deliver power again. This
allows the output voltage to be regulated.

This burst mode can be easily disabled by limiting the maximum switching frequency to less than 350 kHz.
In this way, the control loop will never demand a switching frequency higher than 350 kHz and burst mode
operation will not occur.

7.4.2VvCC

When VCC becomes above 10.5 V, the device is enabled and, after all fault conditions are cleared, the gate
driver starts with soft start. When VCC drops below 9.5V, the device enters the UVLO protection mode and both
gate drivers are actively pulled low. When VCC rises above 20 V, the device enters VCC overvoltage protection
mode and the device is disabled with both gate drivers actively pulled low. The VCC overvoltage protection will
recover with soft start when the VCC voltage returns below 18 V.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The UCC25600 device is a high performance, resonant-mode controller designed for DC/DC applications using
resonant topologies, especially the LLC half-bridge resonant converter.

8.1.1 Principal of Operation

The soft-switching capability, high efficiency, and long holdup time make the LLC resonant converter attractive
for many applications, such as digital TV, ac-to-dc adapters, and computer power supplies. Figure 8-1 shows the
schematic of the LLC resonant converter.

.

L i3
SR Sl

Figure 8-1. LLC Resonant Converter

The LLC resonant converter is based on the series resonant converter (SRC). By using the transformer
magnetizing inductor, zero-voltage switching can be achieved over a wide range of input voltage and load. As
a result of multiple resonances, zero-voltage switching can be maintained even when the switching frequency is
higher or lower than resonant frequency. This simplifies the converter design to avoid the zero-current switching
region which can lead to system damage. The converter achieves the best efficiency when operated close to
its resonant frequency at a nominal input voltage. As the switching frequency is lowered, the voltage gain is
significantly increased. This allows the converter to maintain regulation when the input voltage falls low. These
features make the converter ideally suited to operate from the output of a high-voltage, boost PFC pre-regulator,
allowing it to hold up through brief periods of ac line-voltage dropout.

Due to the nature of resonant converter, all the voltages and currents on the resonant components are
approximately sinusoidal. The gain characteristic of the LLC resonant converter is analyzed based on the first
harmonic approximation (FHA), which means all the voltages and currents are treated as a sinusoidal shape with
the frequency the same as the switching frequency.

According to the operation principle of the converter, the LLC resonant converter can be drawn as the equivalent
circuit shown in Figure 8-2.

Vge Lm Re< | Voe

Figure 8-2. LLC Resonant Converter Equivalent Circuit
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In this equivalent circuit, the Vge and V,, are the fundamental harmonics of the voltage generated by the
half-bridge and the voltage on the transformer primary side, respectively. These voltages can be calculated
through Fourier analysis. The load resistor R, is the equivalent resistor of the load, and it can be calculated as:

R = ﬁzan
m ©)

Based on this equivalent circuit, the converter gain at different switching frequencies can be calculated as:

JoL, R,
Vo _ jO‘)Lm + Re
| joL R
VDC / 2 '.] m e - + j(,OL,
JoL +R, joC,
(10)
In this equation Vpc/2 is the equivalent input voltage due to the half-bridge structure.
Table 8-1. Circuit Definition Calculations
RESONANT NORMALIZED
NORMALIZED GAIN FREQUENCY QUALITY FACTOR FREQUENCY INDUCTOR RATIO
4 1 L/C A L,
L TN (L N L SN (S b
be (11) T (12) © (13) 0 (14) " (15)

Following the definitions in Table 8-1, the converter gain at different switching frequencies can be written as:

| L2 |

. ‘[(Ln #1)xfZ 1]+ [ (2 - )xf, x Qg xL, |

(16)

Because of the FHA, this gain equation is an approximation. When the switching frequency moves away from
the resonant frequency, the error becomes larger. However, this equation can be used as a design tool. The final
results need to be verified by the time-based simulation or hardware test.
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From Equation 16, when the switching frequency is equal to the resonant frequency, f, = 1 and converter voltage
gain is equal to 1. Converter gain at different loads and inductor ratio conditions are shown in Figure 8-3 through
Figure 8-6.

2 T J 'ﬁ\
H ‘J \‘
JJ :
M ]
1 /r‘
f/’
.
050 .
'/
4
0 |
0.1 05 . . .
S e
Figure 8-3. M vs fy Figure 8-4. M vs fy
2 T T T 2 T T T
——0,=0.1
—0,=02
——0,=05
— 0, =1
0.=2
— 0.=5
1
1.5 2
I
Figure 8-5. M vs fy Figure 8-6. M vs fy

Based on its theory of operation, the LLC resonant converter is controlled through pulse frequency modulation
(PFM). The output voltage is regulated by adjusting the switching frequency according to the input and output
conditions. Optimal efficiency is achieved at the nominal input voltage by setting the switching frequency close
to the resonant frequency. When the input voltage drops low, the switching frequency is decreased to boost the
gain and maintain regulation.

The UCC25600 resonant half-bridge controller uses variable switching frequency control to adjust the resonant
tank impedance and regulate output voltage. This 8-pin package device integrates the critical functions for
optimizing the system performance while greatly simplifying the design and layout.
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8.1.2 Adjustable Dead Time

Resonant half-bridge converter relies on the resonant tank current at MOSFETSs turn-off to achieve soft switching
and reduce switching loss. Higher turn-off current provides more energy to discharge the junction capacitor,
while it generates more turn-off loss. Smaller turn-off current reduces turn-off loss, but it requires longer time
to discharge MOSFETSs junction capacitors and achieve soft switching. By choosing an appropriate dead time,
turn-off current is minimized while still maintaining zero-voltage switching, and best system performance is
realized.

In UCC25600, dead time can be adjusted through a single resistor from the DT pin to ground. With internal
2.25-V voltage reference, the current flow through the resistor sets the dead time.

t, =20ns+ R, x24ns / kQ (17)

To prevent shoot through when the DT pin accidentally connects to ground, a minimum 120-ns dead time is
inserted into the 2 gate driver outputs. Any dead-time setting less than 120 ns will be limited to 120 ns.
8.1.3 Oscillator

With variable switching frequency control, UCC25600 relies on the internal oscillator to vary the switching
frequency. The oscillator is controlled by the current flowing out of the RT pin. Except during soft start, the
relationship between the gate signal frequency and the current flowing out of the RT pin can be represented as:

1 1
Js "2 6nsx14

~ 1, x83Hz/nA
+150ns

Because the switching frequency is proportional to the current, by limiting the maximum and minimum current
flowing out of the RT pin, the minimum and maximum switching frequency of the converter could be easily
limited. As shown in Figure 8-7, putting a resistor from the RT pin to ground limits the minimum current and
putting a resistor in series with the opto-coupler limits the maximum current.

UCC25600

Maximum
frequency limiting

R1 RT
%A%

\\: M|n|mqm_ ) R2
frequency limiting

=

Figure 8-7. Maximum and Minimum Frequency Setting for UCC25600

Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 17
Product Folder Links: UCC25600


https://www.ti.com
https://www.ti.com/product/UCC25600
https://www.ti.com/lit/pdf/SLUS846
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUS846D&partnum=UCC25600
https://www.ti.com/product/ucc25600?qgpn=ucc25600

13 TEXAS
UCC25600 INSTRUMENTS

SLUS846D — SEPTEMBER 2008 — REVISED AUGUST 2024 www.ti.com

The frequency limiting resistor can be calculated based on following equations.

6ns
fmax — 1
> —150ns
fmax (1 9)

6ns
fmin — 1
27_ —150ns
fm[n (20)

Rl RZ
(21)

f min
; R
? (22)

8.2 Typical Application

This design example describes the HPA341 EVM design and outlines the design steps required to design a
300-W LLC resonant half-bridge converter, which provides a regulated output voltage nominally at 12 V at
maximum 300 W of load power, with reinforced isolation of AC-DC off-line applications between the primary and
the secondary, operating from a DC source of 390 V.

™1
.
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Figure 8-8. Typical Application Schematic
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8.2.1 Design Requirements

Table 8-2. Design Requirements

DESIGN PARAMETER TARGET VALUE
Output voltage 12V
Rated output power 300 W
Input DC voltage range 375V to 405V
Typical efficiency at full load 91%
Switching frequency 85 kHz to 350 kHz
Resonant frequency 130 kHz

8.2.2 Detailed Design Procedure

1. Resonant inductor (Lr), resonant capacitor (Cr), and Lm of half-bridge LLC
a. Turns ratio of Main transformer:

n = Np/Ns = 16.5 (23)
b. Maximum resonant gain required:
M_max = 110% x n x (2 x Vout)/(Vin_min) = 110% x 16.5 x (2 x 12 V)/375 V = 1.17 (24)

c. Choose Ln and Q. The Ln range is typically selected from 3 to 9. Choose Q based on the curves below,
where the peak gain must be higher than or equal to the maximum resonant gain required. Based on the
below curves, Q selects 0.45.

Ln=Lm/Lr=5 (25)
Q=./(Lr/Cr)/Req=0.45 (26)

Figure 8-9. Peak Gain vs Q
d. Calculate equivalent primary resistance:

Req = (8 x n2 x Vout2)/(112 x Pout) = (8 x 4.62 x 122)/(112 x 300) = 108.6Q (27)

e. SelectCr:

Cr = 24nF (28)
Copyright © 2024 Texas Instruments Incorporated Submit Document Feedback 19

Product Folder Links: UCC25600


https://www.ti.com
https://www.ti.com/product/UCC25600
https://www.ti.com/lit/pdf/SLUS846
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUS846D&partnum=UCC25600
https://www.ti.com/product/ucc25600?qgpn=ucc25600

13 TEXAS

UCC25600 INSTRUMENTS
SLUS846D — SEPTEMBER 2008 — REVISED AUGUST 2024 www.ti.com

f. Calculate Lr:
1

fr=———
2 x~JLrx Cr (29)

g. Combine the above two equations:

Lr =55 pH (30)

h. Calculate Lm:

Lm=1LnxLr=275puH (31)
2. Calculate Rdt. In the UCC25600, dead time can be adjusted through a single resistor from DT pin to ground.

With an internal 2.25-V voltage reference, the current flow through the resistor sets the dead time.

td = 20ns + Rdt x 24ns/kQ (32)

where

+ td=300ns

+ Rdt=11.7 kQ
3. Calculate Cgs. Refer to Soft Start for more details.

tss =25 ms (33)

tss = 2.8 V/5 uA x Css (34)

Css = 44.6 nF (3%5)
4. A 47nF capacitor is selected. Calculate RT1 and RT2. Refer to Oscillator for more details. RT1 and RT2

are used to limit maximum switching frequency and minimum switching frequency. RT1 and RT2 can be

calculated based on following equations:

Ifmax = 6 ns/(1/2fmax - 150 ns) (36)

[fmin = 6 ns/(1/2fmin - 150 ns) (37)

Ifmax = 2.5 V(1/RT1 + 1/RT2) (38)

Ifmin = 2.5 V/RT2 (39)
5. Combine the four equations above:

RT1=511Q (40)

RT2 = 2.37 kQ (41)
6. Calculate Rs, Cs, Rp, and Cp. Refer to Overcurrent Protection for more details.

Rs = 300 kQ (42)

Cs =22 pF (43)

Rp = 4.99 kQ (44)

Cp=14F (45)
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8.2.3 Application Curves
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Figure 8-10. Typical Output Voltage Turn On (TP15)
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Figure 8-11. Full System Loop Compensation
(TP19 and TP21)
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Figure 8-12. Typical Soft-Start Waveform
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Figure 8-13. Typical Resonant Tank Current and
Resonant Capacitor Voltage
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9 Power Supply Recommendations

The VCC power terminal for the device requires the direct placement of low-ESR noise-decoupling capacitance
from the VCC terminal to the GND terminal. Ceramic capacitors with stable dielectric characteristics over
temperature are recommended, such as X7R or better. Depending on the operating temperature range of the
application, X5R may be acceptable, but the drop in capacitance value at high temperature and with applied
DC-bias may not be tolerable. Avoid dielectrics with poor temperature stability.

The recommended decoupling capacitor is a 1-uF 0805-sized 50-V X7R capacitor, ideally with (but not essential)
a second, smaller, parallel 100-nF 0603-sized 50-V X7R capacitor. Higher voltage-rated parts can also be used.
The use of 25-V rated parts is not recommended, due to reduction in effective capacitance value with applied DC
bias.

10 Layout
10.1 Layout Guidelines
A four-layer layout is recommended.

A 1-yF ceramic decoupling capacitor is recommended, to be placed as close as possible between the VCC
terminal and GND, and tracked directly to both terminals.

Place Cgs, RDT, Rp, Cp, RT1, and RT2 as close as possible to the UCC25600.
Connect a regulated bias supply to the VCC pin.
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10.2 Layout Example

{ 2
N GND2 GND2

1
GND2
GND2

Figure 10-1. Board Layout Example
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11 Device and Documentation Support
11.1 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

11.2 Trademarks

TI E2E™ is a trademark of Texas Instruments.

DLP® is a registered trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.3 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

12 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

UCC25600D Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 25600
UCC25600D.Z Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 25600
UCC25600DR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25600

UCC25600DR.Z Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25600
UCC25600DRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25600

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
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A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
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Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
UCC25600DR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

UCC25600DR SOIC D 8 2500 356.0 356.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
UCC25600D D SOIC 8 75 506.6 8 3940 4.32
UCC25600D.Z D SOIC 8 75 506.6 8 3940 4.32
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT
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4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A
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¥ 1
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SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI’'s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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