uccC27221
Not Recommended For New Designs UCC27221

{’.’ TeEXAS UCC27222

INSTRUMENTS

SLUS486B — AUGUST 2001 - REVISED JULY 2003

HIGH-EFFICIENCY PREDICTIVE SYNCHRONOUS BUCK DRIVER

FEATURES APPLICATIONS
® Maximizes Efficiency by Minimizing ® Non-Isolated Single or Multi-phased
Body-Diode Conduction and Reverse DC-to-DC Converters for Processor Power,
Recovery Losses General Computer, Telecom and Datacom
® Transparent Synchronous Buck Gate Drive Applications
Operation From the Single Ended PWM Input
peret ng P DESCRIPTION
Signal
® 12-V or 5-V Input Operation The UCC27221 and UCC27222 are high-speed
® 3.3-V Input Operation With Availability of synchronous  buck  drivers for  today’s
12-V Bus Bias high-efficiency, lower-output voltage designs.

Using Predictive Gate Drive™ (PGD) control

° i i .
On-Board 6.5-V Gate Drive Regulator technology, these drivers reduce diode

® 13.3-ATrueDrive ™ Gate Drives for High conduction and reverse recovery losses in the
Current Delivery at MOSFET Miller synchronous  rectifier =~ MOSFET(s). The
Thresholds UCC27221 has an inverted PWM input while the
® Automatically Adjusts for Changing UCC27222 has a non-inverting PWM input.

Operating Conditions _ Predictive Gate Drive™ technology uses control

® Thermally Enhanced 14-Pin PowerPAD ™ loops which are stabilized internally and are
HTSSOP Package Minimizes Board Area and therefore transparent to the user. These loops use
Junction Temperature Rise no external components, so no additional design

is needed to take advantage of the higher

FUNCTIONAL APPLICATION DIAGRAM efficiency of these drivers.

This closed loop feedback system detects
body-diode conduction, and adjusts deadtime
delays to minimize the conduction time interval.
This virtually eliminates body-diode conduction
while adjusting for temperature, load- dependent
delays, and for different MOSFETSs. Precise gate
timing at the nanosecond level reduces the
reverse recovery time of the synchronous rectifier
MOSFET body-diode, reducing reverse recovery
losses seen in the main (high-side) MOSFET. The
lower junction temperature in the low-side
MOSFET increases product reliability. Since the
power dissipation is minimized, a higher switching
frequency can also be used, allowing for smaller
component sizes.

o T ° O The UCC27221 and UCC27222 are offered in the

GND|n GNDouUT thermally enhanced 14-pin PowerPAD™ package
Note: 12-V input system shown. For 5-V input only systems, see Figure 6. with 2°C/W ejc-

VIN

UCC27222

Predictive Gate Drive™ and PowerPAD™ are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright © 2002, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments i
dard warranty. Production p ing does not ily include b
testing of all parameters. TEXAS
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PWP PACKAGE

(TOP VIEW)

N/C CI] 10 14 [T VHI

NC[CI]2 r———113[13JG1

VDD 1 3 | | 12 FT3sw
VLO 1] 4 | | 11 T3 sws
PVLO I 5 | | 10 [ T3 G2s

AGND 16 L———- 9[1TdG2
INCIT] 7 8 [T PGND

N/C - No internal connection

AVAILABLE OPTIONS

PACKAGED DEVICES
PWM INPUT —
TA (IN) PowerPAD
HTSSOP-14 (PWP)
INVERTING UCC27221PWP
-40°C to 105°C
NON-INVERTING UCC27222PWP

1tThe PWP package is available taped and reeled. Add R suffix to device type
(e.g. UCC27221PWPR) to order quantities of 2,000 devices per reel and 90
units per tube.

absolute maximum ratings over operating free-air temperature (unless otherwise noted) T+

Supply voltage range, VDD . ... .. -0.3to 20V
INpUL Voltage, VHI o e 30V

S WY, S S 20V
Supply current, Ipp, including gate drive current ................ . 100 mA
Sink current (peak) pulsed, GL/G2 . ... .. 40A
Source current (peak) pulsed, GLIG2 .. ... ... -4.0A
Analog input, IN ... -3.0Vto Vpp + 0.3V, not to exceed 15V
Power Dissipation at Tp = 25°C (PWP package) .. ... e 3W
Operating junction temperature range, T . ...t -55°C to 115°C
Storage temperature range, Tgtg e e —65°C to 150°C
Lead temperature soldering 1.6 mm (1/16 inch) from case for 10 seconds ....................... 300°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

¥ All voltages are with respect to AGND and PGND. Currents are positive into, negative out of the specified terminal.
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ELECTRICAL CHARACTERISTICS
Vpp = 12-V, 1-uF capacitor from VDD to GND, 1-uF capacitor from VHI to SW, 0.1-uF and 2.2-uF capacitor from PVLO to PGND, PVLO tied to

VLO, Ta =-40°C to 105°C for the UCC2722x, Ta = Tj (unless otherwise noted)

VLO regulator

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vpp =12V, lyvLo =0 mA 6.2 6.5 6.8
Regulator output voltage Vpp =20V, lyvLo =0 mA 6.2 6.5 6.8 \Y;
Vpp=85YV, lyLo =100 mA 6.1 6.5 6.9
Line Regulation Vpp=12Vto 20V 2 10
Load Regulation lvLo =0 mA to 100 mA 15 40 mv
Short-circuit current(1) Vpp =85V 220 mA
Dropout voltage, (VDD at 5% VLO drop) VLO =6.175V, lvLo =100 mA 7.1 7.8 8.5 \%
undervoltage lockout
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Start threshold voltage Measured at VLO 330 382 440
Minimum operating voltage after start 315 370 4.25 \
Hysteresis 0.07 0.12 0.20
bias currents
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V| o bias current at VLO (ON), 5 V applications only | VLO =4.5YV, VDD = no connect 3.6 4.7 5.8
. VDD =85V 5.5 7.1 8.5 mA
VDD bias current fi = 500 kHz, No load on G1/G2 55 10 20
input command (IN)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
High-level input voltage 10V<VDD<20V 3.3 3.6 3.9
Low-level input voltage 10V<VDD<20V 2.2 25 2.8 v
Input bias current Vpp =15V 1 HA
input (SWS)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
High-level input threshold voltage ?BNZS: =5(())_(()) |§/HZ’ fON, G2 maximum, 14 2.0 2.6
fin = 500 kHz, tON, G2 minimum, v
Low-level input threshold voltage G25=0.0V ’ 07 L0 13
fin = 500 kHz, toN, G1 minimum -100 -300 -500 mV
Input bias current SWS=0.0V -09 -12 -15 mA
input (G2S)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
High-level input voltage fS”\\IIVZ f%c_)okcz’ [ON, G2 maximum, 14 2.0 2.6
— \Y
Low-level input voltage fS”\VI\l; =5%(.)OKCZ, fON, G2 minimum, 0.7 1.0 1.3
Input bias current G2S=0V -370 -470 -570 A
NOTE 1: Ensured by design. Not production tested.
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ELECTRICAL CHARACTERISTICS
Vpp = 12-V, 1-uF capacitor from VDD to GND, 1-uF capacitor from VHI to SW, 0.1-uF and 2.2-uF capacitor from PVLO to PGND, PVLO tied to
VLO, Ta = -40°C to 105°C for the UCC2722x, Ta = Tj (unless otherwise noted)

G1 main output

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Sink resistance SW=0V, VHI=6V, IN=0V, Gl= 05V 0.3 0.9 15

Source resistance(2) SW=0V, VHI=6V, IN=65V, Gl=55V 10 25 45 @

Source current(1)(2) SW=0V, VHI=6V, IN=65V, Gl=30V -3 -33

Sink current(1)(2) SW=0V, VHI=6V, IN=0V, Gl=30V 3 33 A

Rise time C =2.2 nF from G1 to SW, Vpp =20V 17 25

Fall time C = 2.2 nF from G1 to SW, Vpp =20 V 17 25| ™
G2 SR output

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Sink resistance(2) PVLO=65V, IN= 65V, Gl= 025V 5 15 30

Source resistance(2) PVLO=65V, IN=0V, G2=6.0V 10 20 35 @

Source current(1)(2) PVLO=65V, IN=0V G2=3.25V -3 -33

Sink current(1)(2) PVLO=65V, IN=65V G2=3.25V 3 3.3 A

Rise time(2) C =2.2 nF from G2 to PGND Vpp =20V 17 25

Fall time C=2.2nFfromG2to PGND Vpp =20V 20 35 ns
deadtime delay

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

tOFF, G2, IN to G2 falling 60 80 100

tOFF, G1, IN to G1 falling 55 80 110

Delay Step Resolution 3.5 4.1 4.7

toN, G1 minimum -15 ns

toN, G1 maximum 48

toN, G2 minimum -21

toON, G2 maximum 38

NOTE 1: Ensured by design. Not production tested.
2: The pullup / pulldown circuits of the drivers are bipolar and MOSFET transistors in parallel. The peak output current rating is the
combined current from the bipolar and MOSFET transistors. The output resistance is the Rbs(on) of the MOSFET transistor when the
voltage on the driver output is less than the saturation voltage of the bipolar transistor.
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Figure 1. Predictive Gate Drive Timing Diagram
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TERMINAL FUNCTIONS

TERMINAL /o DESCRIPTION
NAME NO.
AGND 6 _ Analog ground for all internal logic circuitry. AGND and PGND should be tied to the PCB ground plane
with vias.
Gl 13 O High-side gate driver output that swings between SW and VHI.
G2 9 O Low-side gate driver output that swings between PGND and PVLO.
G2s 10 | Used by the predictive deadtime controller for sensing the SR MOSFET gate voltage to set the
appropriate deadtime.
IN 7 | Digital input command pin. A logic high forces on the main switch and forces off the synchronous
rectifier.
PGND 8 - Ground return for the G2 driver. Connect PGND to PCB ground plane with several vias.
PVLO 5 | PVLO supplies the G2 driver. Connect PVLO to VLO and bypass on the PCB.
SW 12 - G1 driver return connection.
Used by the predictive controller to sense SR body-diode conduction. Connect to SR MOSFET drain
SWS 11 |
close to the MOSFET package.
VDD 3 | Input to the internal VLO regulator. Nominal VDD range is from 8.5 V to 20 V. Bypass with at least
0.1 uF of capacitance.
Floating G1 driver supply pin. VHI is fed by an external Schottky diode during the SR MOSFET on-time.
VHI 14 | ; ’
Bypass VHI to SW with an external capacitor.
Output of the VLO regulator and supply input for the logic and control circuitry. Connect VLO to PVLO and
VLO 4 (0]
bypass on the PCB.

SIMPLIFIED BLOCK DIAGRAM

N/C
N/C VLO
I T
VLO
VDD REGULATOR
| PREDICTIVE | 1] SWS
vio [ 4 . n
I _ﬂ' > DELAY |
| 3.82V/3.7V <€— = | conTROLLER |
Lo > < 10| G2s
PVLO PVLO PVLO |
UCC27221 '
|
AGND >
G2
EIZI@ 4|><R 9]

N .

uUCC27222

UDG-01030
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APPLICATION INFORMATION

predictive gate drive technique

The Predictive Gate Drive™ technology utilizes a digital feedback system to detect body-diode conduction, and
then adjusts the deadtime delays to minimize it. This system virtually eliminates the body-diode conduction time
intervals for the synchronous MOSFET, while adjusting for different MOSFETs characteristics, propagation and
load dependent delays. Maximum power stage efficiency is the end result.

Two internal feedback loops in the predictive delay controller continuously adjusts the turn on delays for the two
MOSFET gate drives G1 and G2. As shown in Figure 2, ton g1 and ton, g2 are varied to provide minimum
body-diode conduction in the synchronous rectifier MOSFET Q5. The turn-off delay for both G1 and G2, torr g1
and topg g2 are fixed by propagation delays internal to the device.

The predictive delay controller is implemented using a digital control technique, and the time delays are
therefore discrete. The turn-on delays, ton, g1 and ton, g2, are changed by a single step (typically 3 ns) every
switching cycle. The minimum and maximum turn-on delays for G1 and G2 are specified in the electrical
characteristics table.

ucce7221 :
325V ——————4 -- lOFF,G1,
|
>
IN w i
|
|
|
325V ——____] _- I |
|
UCC37222 w
| loFFG2 toN,G1, | fong2
\ [ \ | |
DR —— e
| | — = —-
| | / 90%!
- ; > | |
|
G1 j = -/- - 10% ! 1
! \
|
! |
|
G2 \ }
|
|

—\ 7 90% /—
\ - >
| _-%- 10%

Figure 2. Predictive Gate Drive Timing Diagram
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APPLICATION INFORMATION

A typical application circuit for systems with 8.5-V to 20-V input is shown in Figure 3.

VIN © P
D1
UCC27222 Ri
N/C T VHI FT W9 =
O e Q1L
N/C T e Gl 13— H L1
[} J
N ———T]voD | 1 SW C1 v
[}
PVLO, 1 G28
c2—=< 1 ----- - Q2
T AGND G2 1
PWM —~Cout
o TN PGND
Input
GND © ® o—l ®—0 GND

|||—0

Figure 3. System Application: 8.5-V to 20-V Input

selection of VHI series resistor R1 (dV/dt Considerations):

The series resistor R1 may be needed to slowdown the turn-on of the main forward switch to limit the dV/dt which
can inadvertently turn on the synchronous rectifier switch. In nominal 12-V input designs, a R1 value of 4-Q to
10-Q can be used depending on the type of MOSFET used and the high-side/low-side MOSFET ratio. In 5-V
or lower input applications however, R1 is not needed.

When the drain-source voltage of a MOSFET quickly rises, inadvertent dV/dt induced turn-on of the device is
possible. This can especially be a problem for input voltages of 12 V or greater. As Q1 rapidly turns on, the
drain-to-source voltage of Q2 rises sharply, resulting in a dV/dt voltage spike appearing on the gate signal of
Q2. If the dV/dt induced voltage spike were to exceed the given threshold voltage, the MOSFET may briefly
turn on when it should otherwise be commanded off. Obviously this undesired event would have a negative
impact on overall efficiency.

Minimizing the dV/dt effect on Q2 can be accomplished by proper MOSFET selection and careful layout
techniques. The details of how to select a MOSFET to minimize dV/dt susceptibility are outlined in SEM-1400,
Topic 2, Appendix A, Section A5. Secondly, the switch node connecting Q1, Q2 and L1 should be laid out as
tight as possible, minimizing any parasitic inductance, which might worsen the dVv/dt problem.

If the dV/dt induced voltage spike is still present on the gate Q2, a 4W to 10W value of R1 is recommended to
minimize the possibility of inadvertently turning on Q2. The addition of R1 slows the turn-on of Q1, limiting the
dV/dt rate appearing on the drain-to-source of Q2. Slowing down the turn-on of Q1 will result in slightly higher
switching loss for that device only, but the efficiency gained by preventing dV/dt turn-on of Q2 will far outweigh
the negligible effect of adding R1.

When Q2 is optimally selected for dV/dt robustness and careful attention is paid to the PCB layout of the switch
node, R1 may not be needed at all, and can therefore be replaced with a 0-Q jumper to maintain high efficiency.
The goal of the designer should not be to completely eliminate the dV/dt turn-on spike but to assure that the
maximum amplitude is less than the MOSFET gate-to-source turn-on threshold voltage under all operating
conditions.
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APPLICATION INFORMATION

selection of bypass capacitor C1

Bypass capacitors should be selected based upon allowable ripple voltage, usually expressed as a percent of
the regulated power supply rail to be bypassed. In all of the UCC27222 application circuits shown herein, C1
provides the bypass for the main (high-side) gate driver. Every time Q1 is switched on, a packet of charge is
removed from C1 to charge Q1's gate to approximately 6.0 V. The charge delivered to the gate of Q1 can be
found in the manufacturer’s datasheet curves. An example of a gate charge curve is shown in Figure 4.

GATE-TO-SOURCE VOLTAGE
Vs
TOTAL GATE CHARGE

d

o]

31nC

Vis - Gate-to-Source Voltage - V

0 10 20 30 40
Q6 — Total Gate Charge - nC

Figure 4.

As shown in Figure 4, 31 nC of gate charge is required in order for Q1’s gate to be charged to 6.0 V, relative
to its source. The minimum bypass capacitor value can be found using the following calculation:

Qg
k x (VHI -V

Clyin = )
sw (1)

where k is the percent ripple on C1, Qg is the total gate charge required to drive the gate of Q1 from zero to
the final value of (VHI-VSW). In this example gate charge curve, the value of the quantity (VHI-VSW) is taken
to be 6.0 V. This value represents the nominal VLO regulator output voltage minus the forward voltage drop of
the external Schottky diode, D1. For the MOSFET with the gate charge described in Figure 4, the minimum
capacitance required to maintain a 3% peak-to-peak ripple voltage can be calculated to be 172 nF, so a 180-nF

or a 220-nF capacitor could be used. The maximum peak-to-peak C1 ripple must be kept below 0.4 V for proper
operation.
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APPLICATION INFORMATION

selection of MOSFETs

The peak current rating of a driver imposes a limit on the maximum gate charge of the external power MOSFET
driven by it. The limit is based on the amount of time needed to deliver or remove the required charge to achieve
the desired switching speed during turn-on and turn-off of the external transistor. Hence, there are the families
of gate driver circuits with different current ratings.

To demonstrate this, assume a constant time interval for the switching transition and a fixed gate drive
amplitude. A larger MOSFET with more gate charge will require higher current capability from the driver to
turn-on or turn-off the device in the same amount of time. Accordingly, there is a practical upper limit on gate
charge which can be driven by the UCC27222 family of drivers. Considering the current capability of the
TrueDrive™ output stage and the available dynamic range (delay adjust range) of the Predictive Gate Drive™
circuitry, this limit is approximately 120 nC of gate charge.

Some higher current applications require several MOSFETs to be connected parallel and driven by the same
gate drive signal. If their combined gate charge exceeds 120 nC, the rise and fall times of the gate drive signals
will extend and limit the delay adjust range of the PGD circuit in the UCC27222. This may limit the benefits of
the PGD technology under certain operating conditions.

Note that there are additional considerations in the gate drive circuit design which influence the maximum gate
charge of the external MOSFETs. The most significant of these is the operating frequency which, together with
the amount of gate charge, will define the power dissipation in the driver. The allowable power dissipation is a
function of the maximum junction and operating temperatures, thermal and reliability considerations.

selection of bypass capacitor C2

C2 supplies the peak current required to turn on the Q2 synchronous rectifier MOSFET, as well as the peak
current to charge the C1 capacitor through the bootstrap diode. Since the synchronous MOSFET is turned on
with 0 V across its drain-to-source, there is no Miller, or gate-to-drain charge. Therefore the synchronous
MOSFET gate can be modeled as a simple linear capacitance. The value of this capacitance can be found from
the datasheet’s gate charge curve. Referring to Figure 5, the slope of the curve past the Miller plateau indicates
the equivalent gate capacitance. Because the Y-axis is described in volts, the capacitance is actually the inverse
of the slope of the curve. For example, the curve in Figure 4 has a slope of approximately 2 V / 12 nC over the
gate charge range of 10 nC to 40 nC. The equivalent capacitance is 12 nC /2 V = 6 nF. With the equivalent
capacitance, the minimum bypass capacitor value can be calculated as:

C2\,n = @
MIN K )

where

® Cg( is the equivalent gate capacitance,

® ks the voltage ripple on C2, expressed as a percentage

For a peak-to-peak ripple of 3%, the minimum C2 capacitor value is calculated to be 200 nF. A 220-nF capacitor
would be used in this case.
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APPLICATION INFORMATION

regulator current and power dissipation

The regulator current can be calculated from the dc or average current required by the two gate drivers. This
current can be expressed as:

lege = Fay X (CEQ x VLO + QG) 3)

Assuming all the power dissipation is internal to the device, and the internal bias current is negligible, the power
dissipated by the device is:

Pois = Faw X (Cgo X VLO + Qg) x VDD @

For a 500-kHz design, using MOSFETs with the gate charge characteristics shown in Figure 4 for both Q1 and
Q2, the average regulator current would be 35 mA, and, when operated from a 12-V input rail, the resulting
power dissipation is calculated to be 420 mW.

systems using 3.3-V or 5-V power input and 12-V gate drive

Input

GND

Figure 5 shows a schematic for systems where the power bus inputis 5V and 12 V is available for powering
the gate drives. This system provides the 6.5-V gate drive to both MOSFETs, while the power stage operates
off the 3.3-V or 5-V bus.

+3.3V o ®
or +5V D1
N N/C T O UCC27222 VHI
CIN ™~
N/C I f———— Gl
}
+12V O 1] voD | I SW v
- c_ti vio | | sws ouTt
PvLO! | G2s
o —— e, PN Y oe2
PWM o T IN PGND
O GND

|||—o

Figure 5. System Application: 3.3-V or 5-V Power Input with 12 V Available for Gate Drive

Note that the series resistor R1 may be needed to slowdown the turn-on of the main forward switch to limit the

dV/dt which can inadvertently turn on the synchronous rectifier switch. The dV/dt considerations and the
selection of R1 are discussed in the previous section.
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APPLICATION INFORMATION

systems with 5-V input only

+5V

PWM
Input

GND

The circuit pictured in Figure 6 starts up from a 5-V input bus and provides a 6.5-V gate drive to the power
MOSFETSs. This circuit uses a charge pump consisting of D3, D4 and C3 to effectively double the input voltage
and apply this to the input of the linear regulator. The regulator then regulates the doubled input voltage to the
6.5-V nominal for VLO.

D3
<i D4 l
o ‘ol
D1
<l —c3
e D2V, NC| @ UCC27222
CINA~
N/C 1] .
T vbD : N
VLO : ouT
“T PVLO|
e ’—:: AGND
O T 1IN
o—=e *—o @——O GND

|||—o

Figure 6. System Application: 5-V-Only Power Input with 6.5-V Gate Drive Using Charge Pump Circuit
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APPLICATION INFORMATION

selecting D 2, D3, and D4

Selection of suitable diodes is based upon the conducted peak and average currents. D2 simply provides a path
to charge C2 at converter power-up. Virtually any one of the common BAT54 series of Schottky diodes can be
used. To select D3 and D4, the peak currents of these two diodes need to be taken into account. First, the
average current flowing in both D3 and D4 is the same as the regulator current described in equation (3). The
peak currents in D3 and D4 are described as:

| _ _REG
D3PK 1-D (5)
| _ IREG
D4PK D (6)

For most UCC27222 applications, the duty cycle is much less than 50%, and the peak current in D3 is quite
reasonable. However, the peak current in D4 is quite high. This high peak current requires using a diode with
a higher current rating for D4.

To maintain a reasonable charge pump efficiency, BAT54-type diodes can be used for applications where the
peak currents are below approximately 40 mA. For applications where the peak current is greater than 40 mA,
a 350-mA or 500-mA diode should be used. A typical 350-mA diode is SD103CW, SOD-123 package,
manufactured by Diodes Inc. A typical 500-mA diode is the ZHCS500, SOT-23 package, available from Zetex
Inc.

selection of the flying capacitor C3

The flying capacitor is subjected to large peak currents, and to keep the peak-to-peak ripple voltage low, this
capacitor has to be larger than C1 and C2. Selection of C3 should be done based on allowable peak-to-peak
ripple on C3:

IREG
Fow X K X (VIN = Vi)

C3uin =
(7)

where IgRgg is the regulator output current, Fgyy is the switching frequency, k is the percent ripple on C3, and
VEp2 is the forward drop of D3.

selection of bypass capacitor C4

The bypass capacitor C4 needs to be sized to take the peak current from the charge pump diode D4. The
capacitor is sized based on allowable ripple voltage:

lgee X (1 — D)
xkx@xvm—v

C =
MIN =

SW FD3 VFD4) 8)

where Vgp3 and Vepy are the forward voltages of D3 and D4 and k is the percent ripple allowed on C4.

12
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APPLICATION INFORMATION

synchronous rectification and predictive delay

In a normal buck converter, when the main switch turns off, current is flowing to the load in the inductor. This
current cannot be stopped immediately without using infinite voltage. For the current path to flow and maintain
voltage levels at a safe level, a rectifier or catch device is used. This device can be either a conventional diode,
or it can be a controlled active device if a control signal is available to drive it. The UCC27222 provides a signal
to drive an N-channel MOSFET as a rectifier. This control signal is carefully coordinated with the drive signal
for the main switch so that there is minimum delay from the time that the rectifier MOSFET turns off and the main
switch turns on, and minimum delay from when the main switch turns off and the rectifier MOSFET turns on.
This scheme, Predictive Gate Drive™ delay, uses information from the current switching cycle to adjust the
delays that are to be used in the next cycle. Figure 7 shows the switch-node voltage waveform for a
synchronously rectified buck converter. lllustrated are the relative effects of a fixed-delay drive scheme
(constant, pre-set delays for the turnoff to turn on intervals), an adaptive delay drive scheme (variable delays
based upon voltages sensed on the current switching cycle) and the predictive delay drive scheme.

Note that the longer the time spent in body-diode conduction during the rectifier conduction period, the lower
the efficiency. Also, not described in Figure 7 is the fact that the predictive delay circuit can prevent the body
diode from becoming forward biased at all while at the same time avoiding cross conduction or shoot through.
This results in a significant power savings when the main MOSFET turns on, and minimizes reverse recovery
loss in the body diode of the rectifier MOSFET.

The power dissipation on the main (forward) MOSFET is reduced as well, although that savings is not as
significant as the savings in the rectifier MOSFET.

During reverse recovery the body diode is still forward biased, thus the reverse recovery current goes through
the forward MOSFET while the drain—source voltage is still high, causing additional switching losses. Without
PGD during this switching transition, Vds = Vin and Ids = lload + Irr in the main MOSFET. With PGD however,
Vds =Vin and Ids = lload. The reduction in current accounts for additional power savings in the main MOSFET.

- —
08 T

Channel Conduction

N\

i

! |
Body Diode Conduction i i

| |

! I

T— Fixed Delay Qr ‘
Adaptive Delay————

Predictive Delay

UDG-02175

Figure 7. Switch Node Waveforms for Synchronous Buck Converter
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comparison between predictive and adaptive gate drive techniques

The first synchronous rectifier controllers had a fixed turn-on delay between the two gate drivers. The advantage
of this well-known technique is its simplicity. The drawbacks include the need to make the delay times long
enough to cover the entire application of the device and the temperature and lot-to-lot variation of the time delay.
Since the body-diode of the synchronous rectifier conducts during this deadtime, the efficiency of this technique
varies with different MOSFETs, ambient temperature, and with the lot-to-lot variation of the deadtime delay.

To combat the variability of the internal time delays, second generation controllers used state information from
the power stage to control the turn-on of the two gate drivers. This technique is usually referred to as adaptive
gate drive technique and is pictured in Figure 8.
& Vv
T ™

ON ON
) I
||

OFF o |

$—© Vour

< v UDG-01031

Figure 8. Adaptive Gate Drive Technique

The main advantage of the adaptive technique is the on-the-fly delay adjustment for different MOSFETs and
temperature-variable time delays. The disadvantages include the body-diode conduction time intervals caused
by delays in the cross-coupling loops and the inability to compensate for the delay to charge the MOSFET gates
to the threshold levels. Additionally, it is difficult to determine whether the synchronous MOSFET channel is off
by solely monitoring the SR MOSFET gate voltage. Some devices actually add a programmable delay between
the turn-off of the synchronous rectifier and the turn-on of the main MOSFET via an external capacitor. This
added delay directly affects the power stage efficiency through additional body-diode conduction losses. Since
these losses are centralized in the synchronous MOSFET, the stress and temperature rise in this component
becomes a major design headache.

The third-generation predictive control technique is different from the adaptive technique in that it uses
information from the previous switching cycle to set the deadtime for the current cycle. The adaptive technique
on the other hand uses the current state information to set the delay times. The inherent feedback loop
propagation delays cause body-diode conduction.
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adaptive vs. predictive waveforms

Figures 9 through 11 illustrate the adaptive (left) vs. predictive (right) switching waveforms. Key comparison
regions are denoted with (A), (B), (C), (D), and (E) for the adaptive control waveforms and (A", (B"), (C’), (D),
and (E") for the predictive control waveforms. Figures 10 and 11 are close-ups of each transition edge.

At (A), the propagation delay from sensing the synchronous rectifier gate going low to the high-side gate going
high results in approximately 60 ns of body-diode conduction shown at (B). With the predictive drive, as soon
as the body-diode conduction of the SR MOSFET (B) is sensed, the high-side turn-on delay is adjusted to
minimize the body-diode conduction time (B’).

At (A"), the high side gate-to-source voltage is increasing while the synchronous rectifier gate-to-source voltage
is decreasing. A natural result of the precise timing of the high-side MOSFET turn-on is shown at (C) and (C’).
The overshoot and ringing for the predictive drive (C") has much smaller amplitude than the adaptive drive (C)
due a reduction in reverse recovery in the SR MOSFET body diode. This reduction in reverse recovery is only
possible with the extremely precise gate timing used in the predictive drive technique.

At (D), the propagation delay from the synchronous rectifier drain-to-source voltage falling to the gate-to-source
voltage rising causes the body diode of the SR MOSFET to conduct for approximately 60 ns (E). When the
predictive drive is enabled (D’), the inherent delay is eliminated and virtually no body-diode conduction is shown
at (B").

N ST | D SPS— —
) {A ! MW\ S Complementary B A
D / Gate Drive ’\ \
@ O Waveforms @ _J @
Lp&—wmww / 2V/div Mo S
v T W
©)
© ©
1 M"\NW
VDS of SR \
MOSFET =
@) ® Switch =
2V /div e
Adaptive Drive Predictive Drive
100 ns / div 100 ns / div

Figure 9. Adaptive vs. Predictive Switching Waveforms
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Figure 10. Close-Up: Turn-Off of Synchronous Rectifier Switch to Turn-On of Main Switch
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Figure 11. Close-Up: Turn-Off of Main Switch to Turn-On of Synchronous Rectifier Switch

efficiency comparison

Figures 12 through 15 show a series of efficiency measurements taken at two output voltages (0.9 V and 1.8
V) and two switching frequencies (250 kHz and 500 kHz) for both predictive and adaptive delay techniques.

The efficiency gain using the predictive technique is 1% for a Vo level of 1.8 V and at a switching frequency
of 250 kHz (Figure 12). Figures 13 and 14 show the efficiency gain approximately doubles when Vo is lowered
by a factor of two (to 0.9 V), or when the switching frequency is doubled to 500 kHz. With both doubled frequency
and one-half of the output voltage, the efficiency gain of predictive technology is about 4% over the adaptive
technology (Figure 15). Therefore, as the switching frequency increases and output voltages are lowered, the
efficiency gains are higher. This results in lower operational temperatures for increased reliability as well as
smaller size designs for increased frequencies.
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LAYOUT CONSIDERATIONS

packaging

The UCC27221/2 are only available in TI's thermally enhanced 14-pin PowerPad™ package. This package
offers exceptional thermal impedance with a junction-to-case rating of 2°C/W. Shown as the crosshatched
region in Figure 16, PowerPad™ includes an exposed leadframe die pad located on the bottom side of the
package. Exposed pad dimensions for the PowerPad™ TSSOP 14-pin package are 69 mils x 56 mils (1.8 mm
x 1.4 mm). However, the exposed pad tolerances can be + 41/ - 2 mils (+ 1.05 /- .05 mm) due to position and
mold flow variation. Effectively removing the heat from the PowerPAD™ package requires a thermal land area,
shown as the shaded gray region in Figure 16, designed into the PCB directly beneath the package. A minimum
thermal land area of 5 mm by 3.4 mm is recommended as illustrated in Figure 16. Any tolerance variances of
the exposed PowerPad™ falls well within the thermal land area when the recommended minimum land area
is included on the printed circuit board. In addition, a 2-by-3 array of 13-mil thermal vias is required within the
exposed PowerPad™ area, as shown in Figure 16. If additional heat sinking capability is required, larger 25-mil
vias can be added to the thermal land area.

i 3.4mm : Required Vias on PowerPad Area
0.65mm \ (0.1339") | 2 x 3 Array
(0.02567) ! ————— 0.33mm
: L : ! (13 mily dia Vias
T - Q_ S I
Expos'ead d 5.0mm
owerPa .
1.8mm (0.069") (0.1968)
S S,
R I Q O S R . A
R o :
0.3mm he1-05MM _| l l
” ' (0.0413” ! ! !
(0.0118") ( ) \ \ Optional Vias on Thermal Land Area
Exposed =~ —! -~ 0.635mm
PowerPad (25 mil) dia Vias

1.4mm (0.056")

Figure 16. TSSOP-14PWP Package Outline and Minimum PowerPAD ™ PCB Thermal Land
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REFERENCE DESIGN AND EVALUATION MODULE

A reference design is discussed in, 12 V to 1.8 V, 20-A High Efficiency Synchronous Buck Converter Using the
UCC27222 with Predictive Gate Drive ™, Tl Literature Number SLUU140 and accompanying evaluation module
(EVM) SLUP192. The design highlights UCC27222 and its Predictive Gate Drive™ synchronous buck operation
using a simple single ended PWM controller. The schematic is shown in Figure 17.
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Figure 17. Typical Application Diagram
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TYPICAL CHARACTERISTICS
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RELATED PRODUCTS
PART GATE
NUMBER DESCRIPTION DRIVE PACKAGE
TPS2830/1 Fast synchronous buck MOSFET drivers with dead-time control +24A PowerPAD™ HTSSOP-14, SOIC-14
TPS2832/3 Fast synchronous buck MOSFET drivers with dead-time control +24A SOIC-8
TPS2834/5 Synchronous buck MOSFET drivers with dead-time control +24A PowerPAD™ HTSSOP-14, SOIC-14
TPS2836/7 Synchronous buck MOSFET drivers with dead-time control +24A SOIC-8
TPS2838/9 Synchronous buck MOSFET drivers with drive regulator +4A PowerPAD ™ HTSSOP-16
TPS2848/9 Synchronous buck MOSFET drivers with drive regulator +4 A PowerPAD™ HTSSOP-14
TPS40000/1/2/3 | Low input voltage mode synchronous buck controller with predictive +1A PowerPAD ™ MSOP-10
gate drive
REFERENCES

1. Power Supply Design Seminar SEM-1400 Topic 2: Design and Application Guide for High Speed MOSFET
Gate Drive Circuits, by Laszlo Balogh, Texas Instruments Literature Number SLUP169.

2. Power Supply Design Seminar SEM-1400 Topic 7: Implication of Synchronous Rectifiers in Isolated,
Single-Ended, Forward Converters, by Christopher Bridge, Texas Instruments Literature Number
SLUP175.

3. 12V to 1.8V, 20 A High-Efficiency Synchronous Buck Converter Using UCC27222 With Predictive Gate
Drive ™ Technology, Tl Literature Number SLUU140.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
UCC27222PWP ACTIVE HTSSOP PWP 14 90 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 27222
UCC27222PWPG4 ACTIVE HTSSOP PWP 14 90 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 27222 m
UCC27222PWPR ACTIVE HTSSOP PWP 14 2000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40 to 105 27222

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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 and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
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 OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
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)
UCC27222PWPR HTSSOP| PWP 14 2000 330.0 12.4 6.9 5.6 1.6 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)
UCC27222PWPR HTSSOP PWP 14 2000 350.0 350.0 43.0
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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)
UCC27222PWP PWP HTSSOP 14 90 530 10.2 3600 35
UCC27222PWPG4 PWP HTSSOP 14 90 530 10.2 3600 35
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GENERIC PACKAGE VIEW
PWP 14 PowerPAD TSSOP - 1.2 mm max height

4.4 x 5.0, 0.65 mm pitch PLASTIC SMALL OUTLINE

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
PowerPAD™ TSSOP - 1.2 mm max height

PWP0014K

SMALL OUTLINE PACKAGE

PIN 1 INDEX
AREA

J

C

T [ Jo1@ [clals]

SEE DETAIL A‘> -
(
T

< I; > kj (0.15) TYP
e T

2X (0.6) — 2X (0.4)
THERMAL
PAD NOTE 5 NOTE 5
T 18
S T
— 1  GAGEPLANE
- — 15 — ;
/] Lﬁ ﬁ 1 0°-8 X’
1 14 DETAIL A
L ) TYPICAL
2.6
1.9
4229706/A 06/2023
NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. 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 0.15 mm per side.

. Reference JEDEC registration MO-153.

. Features may differ or may not be present.

(G20 w N
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EXAMPLE BOARD LAYOUT
PWP0014K PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(34
NOTE 9
(2.6)
14X (1.5) SYMM METAL COVERED
¢ BY SOLDER MASK
+ | | ! / 14 —@12)TYP
14X (0.45) 1 { } ! PN ‘
: i ] )
(RO.05) TYP : |
i ® ; NOTE 9
U — + _— —— -
{ (2.59)
- o+ [ [ ]
12X (0.65) !
= T
©
@o2yTYP | | 1 |
VIA (1.1) TYP SEE DETAILS
SOLDER MASK
DEFINED PAD (5.8)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 12X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING‘\ SOLDER MASK\ /  OPENING

EXPOSED METAL

05 ax ]

ALL AROUND

NON-SOLDER MASK
DEFINED

SOLDER MASK DETAILS

0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

4229706/A 06/2023

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.
8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

numbers SLMA0O02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).
9. Size of metal pad may vary due to creepage requirement.

10. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged

or tented.
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EXAMPLE STENCIL DESIGN

PWP0014K PowerPAD™ TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

(2.6)
BASED ON
0.125 THICK
STENCIL

14X (1.5) —ﬁ

14X (o 4) 1

METAL COVERED
/BY SOLDER MASK
wosoe [T ]

e
)

|

T

SYMM ! (2.59)
== N - SR (N N ,+, BASED ON
0.125 THICK
! . ‘ STENCIL

:

|

ﬂ

i

RS VA VN | W Ak

SEE TABLE FOR
DIFFERENT OPENINGS
FOR OTHER STENCIL
THICKNESSES

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 12X

STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 2.91 X 2.90

0.125 2.60 X 2.59 (SHOWN)
0.15 2.37 X 2.36
0.175 2.20 X 2.19

4229706/A 06/2023

NOTES: (continued)

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

design recommendations.

12. 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
TI 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 © 2023, Texas Instruments Incorporated
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