RICHTEK

RT/7273

3-CH, 18V, Synchronous Step-Down Converter

General Description

The RT7273 features three synchronous wide input range
high efficiency Buck converters. The converters are
designed to simplify its application while giving the designer
the option to optimize their usage according to the target
application.

The converters can operate in 5V, 9V or 12V systems
and have integrated power transistors. The output voltage
can be set externally using a resistor divider to any value
between 0.8V and the input supply minus 1V. Each
converter features an enable pin that allows a delayed
start-up for sequencing purposes, a soft-start pin that
allows adjustable soft-start time by choosing the soft-
start capacitor, and a current limit pin (RLIMXx) to adjust
current limit by selecting an external resistor. The COMP
pin allows optimizing transient versus dc accuracy
response with a simple RC compensation.

The switching frequency of the converters can either be
set with an external resistor connected to ROSC pin or
be synchronized to an external clock connected to SYNC
pin if needed. The switching converters are designed to
operate from 300kHz to 2.2MHz. The converters operate
with 180° phase between CH 1 and CH 2, CH 3 (CH 2 and
CH 3 ran in phase) to minimize the input filter requirements.

The RT7273 also features a low power mode enabled by
an external signal, which allows for a reduction on the
input power supplied to the system when the host
processor is in stand-by (low activity) mode.

Features

e Wide Input Supply Voltage Range : 4.5V to 18V

e Output Range : 0.8V to (VIN — 1V)

Fully Integrated Triple-Buck

» Maximum Current 3.5A/2.5A/2.5A

» Continuous Operation 3A/2A/2A

o High Efficiency

Switching Frequency

» 300kHz to 2.2MHz Set by External Resistor

External Synchronization Pin for Oscillator

e External Enable/Sequencing Pins

e Adjustable Cycle-By-Cycle Current Limit Set by
External Resistor

o Soft-Start

e Current Mode Control with Simple Compensation
Circuit

e Power Good Indicator

e Discontinuous Operating Mode at Light Load when
LOWP = High

e ROHS Compliant and Halogen Free

Simplified Application Circuit

VINOTE VINx LX1 VOUT1
VINR 0
— RT7273 FB1 =
o—— ENx L
o———SYNC LX2 VouT2
o———PGOOD T
o———LOWP FB2 =
L | =
I RLIMx LX3 VouTs
- ROSC =X
= % GND FB3
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Applications

Marking Information

o Set Top Boxes RT7273GQW : Product Number
RT7273 YMDNN : Date Code
e Blu-ray DVD
y GQw
* DR YMDNN
e DTV o
e CarAudio/Video

o Security Camera

Ordering Information

RT7273 T
Package Type

QW : WQFN-40L 6x6 (W-Type)
(Exposed Pad-Option 2)

Lead Plating System

G : Green (Halogen Free and Pb Free)

Note :

Richtek products are :
» RoHS compliant and compatible with the current require-

ments of IPC/JEDEC J-STD-020.

» Suitable for use in SnPb or Pb-free soldering processes.

Pin Configurations
(TOP VIEW)

i30] GND
1 vee

1 PVCC

1 PGOOD

{26] GND

i25] LOWP

1 FB2

] comp2
{22] sS2
i21] RLIM2

WQFN-40L 6x6

Functional Pin Description
Pin No. Pin Name Pin Function
Current Limit Setting for CH 3. Connect a resistor from RLIM3 to GND to set
1 RLIM3 oS :
the peak current limit on the output inductor.
Soft-Start Time Setting for CH 3. Connect a capacitor to this pin and GND
2 SS3 : .
for soft-start time setting.
Compensation Node for CH 3. COMP is used to compensate the regulation
3 COMP3 control loop. Connect a series RC network from COMP to GND. In some
cases, an additional capacitor from COMP to GND is required.
FB3 Feedback Voltage Input for CH 3.
5 SYNC Synchronous Clock Input. Connect to GND if not used.
Oscillator Setting. Connect a resistor from ROSC to GND to set the
6 ROSC L
switching frequency.
7 FB1 Feedback Voltage Input for CH 1.
Compensation Node for CH 1. COMP is used to compensate the regulation
8 COMP1 control loop. Connect a series RC network from COMP to GND. In some
cases, an additional capacitor from COMP to GND is required.
Soft-Start Time Setting for CH 1. Connect a capacitor to this pin and GND
9 SS1 : .
for soft-start time setting.
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Pin No. Pin Name Pin Function
Current Limit Setting for CH 1. Connect a resistor from RLIM to GND to set
10 RLIM1 LS .
the peak current limit on the output inductor.
11 EN1 Enable Control Input for CH 1. A low level signal on this pin disables it. If this
pin is left open, a weak internal pull-up to VCC will allow automatic enables.
Bootstrap Supply for High-Side Gate Driver of CH 1. Connect a 0.1uF
12 BOOT1 . . >
ceramic capacitor from this pin to LX1.
Power Input for CH 1 and Connected to High-Side MOSFET Drain. Place a
13 VIN1 , . o
10uF ceramic capacitor close to this pin.
14, 15 LX1 Switch Node of CH 1.
16, 17 LX2 Switch Node of CH 2.
18 VIN2 Power Input for CH 2. Place a 10uF ceramic capacitor close to this pin.
Bootstrap Supply for High-Side Gate Driver of CH 2. Connect a 0.1uF
19 BOOT2 . . >
ceramic capacitor from this pin to LX2.
20 EN2 Enable Control Input for CH 2. A low level signal on this pin disables it. If this
pin is left open, a weak internal pull-up to VCC will allow automatic enables.
Current Limit Setting for CH 2. Connect a resistor from RLIM2 to GND to set
21 RLIM2 L .
the peak current limit on the output inductor.
Soft-Start Time Setting for CH 2. Connect a capacitor to this pin and GND
22 SS2 . .
for soft-start time setting.
Compensation Node for CH 2. COMP is used to compensate the regulation
23 COMP2 control loop. Connect a series RC network from COMP to GND. In some
cases, an additional capacitor from COMP to GND is required.
24 FB2 Feedback Voltage Input for CH 2.
25 LOWP Discontinuous Operation Mode Input (Active High).
26, 30, 31, 35, GND Ground. The exposed pad must be connected to GND and soldered to a
41 (Exposed Pad) large PCB copper plane for maximum power dissipation.
27 PGOOD Power Good Indicator Output with Open-Drain.
08 PVCC 5V Power Supply Output. Connect a capacitor 10uF between this pin and
GND.
4.6V Power Supply Output. Connect a capacitor 3.3uF between this pin and
29 VCC
GND.
32,33, 34 VINR Supply Voltage Input for Internal Control Circuit.
36, 37 LX3 Switch Output for CH 3.
38 VIN3 Power Input for CH 3. Place a 10uF ceramic capacitor close to this pin.
Bootstrap Supply for High-Side Gate Driver of CH 3. Connect a 0.1uF
39 BOOT3 ) . >
ceramic capacitor from this pin to LX3.
40 EN3 Enable Control Input for CH 3. A low level signal on this pin disables it. If this

pin is left open, a weak internal pull-up to VCC will allow automatic enables.
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Function Block Diagram

Whole Chip Function Block Diagram

VINR o Internal o PVCC
Regulator I I oVCC
VIN1 o 0BOOT1
EN1o
RLIM10 St CH 1 o LX1
SS1o ep-Down -
Converter ©
— 0 COMP1
ROSCo VCC PVCC
SYNCo osc |
— 0BOOT2
VIN2 o
EN2o SteCr'thnwn oLx2
RLIM2 o P OFB2
SS20 Converter
— 0 COMP2
LOWPo V(|JC PV|CC
GNDo— o 0BOOT3
= CH3
o LX3
\g“gg Step-Down
RLIM3 0 Converter oFB3
SS3o 0 COMP3
PGOODo
Each Channel Function Block Diagram
VCC VIN
o)
Slope Comp
Oscillator \&/ _ SENSE
_l_4 —oPVCC
+
0.872V—- oBOOT
PGOOD —
Comparator Switch
0.72V—+ Controller —1 oSW
Vce _ >
uv & PGOOD
BuA Comparator —o GND
SSo + Current =
Vee 0.8V— 4_-E » Comparator
1.5pA
5kQ oc
ENo A ¢ +
V| 1.4v—4- Enable
= Comparator
o o) o)
FB COMP RLIM
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Operation

Overall

The RT7273 is a 3-CH synchronous high voltage Buck
Converter that can support the input voltage range from
4.5V to 18V and the output current up to 3A/2A/2A
separately. The RT7273 uses an adjustable constant
frequency, current-mode architecture. In normal operation,
the high-side N-MOSFET is turned on when the Switch
Controller is set by the Oscillator and is turned off when
the current comparator resets the Switch Controller. While
the high-side N-MOSFET is turned off, the low-side
N-MOSFET is turned on.

High-side N-MOSFET peak current is measured by internal
Rsense. The Current Signal is where Slope Compensator
works together with sensing voltage of Rsense. The error
amplifier EA adjusts COMP voltage by comparing the
feedback signal from the output voltage with the internal
0.8V reference. When the load current increases, it causes
a drop in the feedback voltage relative to the reference,
the COMP voltage then rises to allow higher inductor
current to match the load current.

UV and PGOOD Comparator

If the feedback voltage (Veg) is higher than 0.72V and lower
than 0.872V, the two comparators' output will go low and
trigger Switch Controller to generate PGOOQOD signal for
this channel. However, the whole chip PGOOD signal will
go high only if all three channels' PGOOD conditions are
established. If Vg is lower than UV threshold, the UV
comparator's output will go high and the Switch Controller
will turn off the high-side N-MOSFET. The output under-
voltage protection is designed to operate in hiccup mode.
This function is only available after soft-start finished.

Oscillator

The frequency of internal oscillator can be adjusted by
the external resistor at ROSC pin in the range between
300kHz and 2.2MHz. It can also be synchronized by an
external clock in the range between 200kHz and 2.2MHz
from SYNC pin.

Enable Comparator

The internal 1.5uA pull-up current to EN pin can be used
to set the power sequence of each channel by connecting
a capacitor to EN pin. Internal 5kQ resistor and Zener
diode are used to clamp the input signal to 3V. Thus, the
EN pin can also be connected to VIN through a 100k
resistor.

Soft-Start

An internal current source (6pA) charges an external
capacitor connected to SS pin to build the soft-start ramp
voltage. The Vg voltage will track the soft-start ramp voltage
during soft-start interval. The typical soft-start time is 2ms.

Over-Current Limit

Each channel can set its own over-current limit by external
resistor. Itis recommended that the over-current limit level
should be 1.5 times larger than the maximum loading
current.
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Absolute Maximum Ratings (Note 1)

o Supply Input Voltage, VIN1, VIN2, VIN3, VINR
o Switch Node Voltage, LX1, LX2, LX3

<10ns

e BOOTx to LXx

e Other Pins

o Power Dissipation, Pp @ Ta =25°C
WQFN-40L 6x6

o Package Thermal Resistance (Note 2)

WQFN-40L 6x6, 6
WQFN-40L 6x6, 6,c

e Lead Temperature (Soldering, 10 sec.)

¢ Junction Temperature

o Storage Temperature Range
e ESD Susceptibility (Note 3)

HBM (Human Body Model)

Recommended Operating Conditions (Note 4)

e Supply Input Voltage

¢ Junction Temperature Range

o Ambient Temperature Range

Electrical Characteristics
(Vin =12V, fs = 800kHz, Ta = 25°C, unless otherwise specified)

~0.3V to 21V
~0.3V to (VINX + 0.3V)
5V to 25V
~0.3V to 6V
~0.3V to 6V

3.52wW

28.4°C/W
5.3°C/W

260°C

150°C

—65°Ct0 150°C

2kV

4.5V to 18V

—40°Cto 125°C
-40°Ct0 85°C

Parameter Symbol Test Conditions Min Typ Max Unit

Input Supply UVLO and Internal Supply Voltage

Supply Current (Shutdown) lq_spN VEN = OV for All CHs -- 1.3 - mA
Converters enabled,

Supply Current (Quiescent) fe) Buck1 = 3.3V, Buck2 = 2.5V, -- 20 -- mA
Buck3 = 7.5V
Converters enabled,

Z:‘ggl'g dC)“"e”t (LOWP la_Lowp Buck1 = 3.3V, Buck2 = 2.5V, -~ |15 | - | mA
Buck3 = 7.5V

VIN Under-Voltage Lockout VVIN_uvLO VN Rising -- 4.2 -- \%

VIN Undgr-VoItage Lockout Vi Falling _ 200 _ mv

Hysteresis

VIN Under-Voltage Lockout

Deglitch S B WS

Internal Biasing Supply Vpvce -- 5 -- \%

Internal Biasing Supply Vvee -- 4.6 -- Vv

PVCC Under-Voltage -

Lockout Vpvce uvLo | PVCC Rising -- 3.8 - \Y

PVCC Under-Voltage

Lockout Hysteresis - 250 - mv

Copyright ©2014 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.

www.richtek.com
6

DS7273-04 October 2014



RICHTEK RT/7273

Parameter Symbol Test Conditions Min Typ Max Unit
PVCC Under-Voltage Lockout
Deglitch - 100 ” Hs
Enable Circuit, Soft-Start, Sync Circuit, Low Power Mode and Switching Frequency
Enable Input Logic-High | VEN_H 1.6 - -- v
Voltage Logic-Low | VEN L - - 1.2
ENx Pull-Up Current IEN -- 15 -- pA
Soft-Start Current Source Iss -- 6 -- pA
Converter Switching Frequency fow 03 _ 29 MHz
Range
Frequency Setting Resistor Rosc 50 -- 600 kQ
Internal Oscillator Accuracy fsw ToL fsw = 800kHz -10 -- 10 %
SYNC External Logic-High | VsyNc_H 1.6 - - v
Clock Input Voltage | |ogic-Low VsyNe L - - 1.2
Synchronization Range fsw_syNnC 0.2 - 2.2 MHz
SYNC Signal Minimum Duty 10 _ _ %
Cycle
SYNC Signal Maximum Duty _ _ 90 %
Cycle
Low Power Mode | Logic-High | Viowp_H 16 - - v
Input Voltage Logic-Low | Viowp L - - 1.2
Feedback
0.792 0.8 0.808
Feedback Reference Voltage VREF V
4.5V <V|N< 18V 0.784 0.8 0.816
Minimum On-Time toN(MIN) -- 100 -- ns
Minimum Off-Time toFFMIN) - 100 - ns
CH 1 On-Resistance
R - 95 --
Switch On-Resistance DS(ONN1.H mQ
Rbs(oN)1_L - 50 -
CH 2 On-Resistance
R -- 120 --
Switch On-Resistance DS(ON)2H mQ
RpsooN)2_L - 80 -
CH 3 On-Resistance
R -- 120 --
Switch On-Resistance DS(ON)S_H mQ
Rps(on)3_L - 80 -
Current Limit
Current Limit CH 1 loc_cH1 2 -- 6 A
Current Limit CH 2, CH 3 Range | '0C-CH2 2 - 5 A
CH3_Range
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Parameter Symbol Test Conditions Min | Typ | Max Unit

RLim1 = 37kQ 24 3 -

Current Limit CH 1 loc_cH1 RLim1 = 50kQ 3.4 4 -- A
Rum1 = 63kQ 4.25 5 -
Rumz, Limz = 44kQ 1.6 2 --

Current Limit CH 2, CH 3 | loc_cH2, cH3 Rumz, Lims = 69kQ 2.55 3 - A
RLiM2, Lim3 = 94kQ 34 4 -

Regulation

Line Regulation ViN = 4.5V to 18V, lout = 1000mA -- 0.5 - %VouT

Load Regulation lout = 10% to 90%, louT maX -- 0.5 -- %\;XUT

Error Amplifier

Error Amplifier

Transconductance Gea - 250 - HAN

Comp to Current Sense

Transconductance Ges - 4 -- AV

Power Good Reset Generator

Output Falling (device will be

disabled after ton HiccuP) - 85 -
Under-Voltage Threshold | Vuv cHx — N - %
- Output Rising (PGOOD will be
- 90 -
asserted)
.Il'_,nder_VOItage Deglitch tuv peGLITcH | Each Channel Buck - 10 - ms
ime -
Hiccup Mode On-Time toN_Hiccup Vuv_cHx asserted - 10 - ms
All Bucks disable during
Hiccup Mode Off-Time toFr_HICCUP torr_Hiccup before re-start is -- 15 -- ms

attempted.

Power good delay time after all
Power Good tpcoop bucks power-up successfully - 640 - ms

Thermal Shutdown

Themal Shutdown

Threshold TsD ~ 150 - C
Themal Shutdown o
Hysteresis ATsp N 20 N C

Note 1. Stresses beyond those listed “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 in
the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may
affect device reliability.

Note 2. 6ya is measured at Ta= 25°C on a high effective thermal conductivity four-layer test board per JEDEC 51-7. 0yc is
measured at the exposed pad of the package.

Note 3. Devices are ESD sensitive. Handling precaution is recommended.

Note 4. The device is not guaranteed to function outside its operating conditions.
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Typical Application Circuit

Vv 32, 33, 34 12
o o Tom - VINR BOOT1 c7
100nF VouT1
L 10uF T 22pF T |V RT7273 L1 1 2V/3A
= = T1ovF . Ll 15_]_ 4.7uH
c17 VINZ %RQ Loz Les _1_018
T 40.2k T 470pF T 22uF T~ 22uF
L 38 FB1} T L1
VIN3
L C9 BooT2H2
c24 80 8k
Im“F . 100nF Vout2
[Co6  o97VCC 4 I?ZH - 18127
I1OUF _I_CTVCC LX2 16, 17 ¢ fY$'\ > S o ?
= T 3.3uF %m s Leis Lco
= 40.2k T 470pF T~22uF T 22pF
8lcomp1 FRol24 T I L
R5
20k _l c19 19 RLIM1 BOOT3[32 R15
—NC 9 ss1 C31 32.4k
Sor| S5k s L N
: _EC5 4. 7pH - '
= = I"’ 7nFI4 7nF Lxa[38: 37T {
= = 23comp2 roo | c1s o1 | coo
=17 y 40.2kT470pFI22pF:[22pF
20k _1_C20 RLIM2 Fe34 — =
c28 T NC 2Rri6 ;5 8§82 R13
4.7nF 75k EN2 12.7k
i c25 [ co9 R18
= = ;4.7nF1:4.7nF 100k
3lcomp3 PGOOD|2 PGOOD
R3 1 SYNCE— o
iZOk _ﬁg ) RLIM3 Llowpl2s o Input Signal
T SS3
217nF SR;k 40l En3
s e | Rosc{S
= = ;4.7nF;4.7nF GND %38%
26, 30, 31, 35,
J:H (Exposed Pad) —
Table 1. Suggested Component Values for CH1 (Vin = 12V, fs = 500kHz)

VouT (V) R9 (kQ) R12 (kQ) | C13 (pF) R5 (kQ) C2 (nF) L1 (uH) C3 (uF)
1.2 40.2 80.8 470 20 4.7 4.7 44
1.8 40.2 324 470 20 4.7 4.7 44
3.3 40.2 12.7 470 20 4.7 4.7 44

40.2 7.6 470 24 5.6 6.8 44
40.2 5.2 470 24 5.6 6.8 44

Note 5. The suggested component values can be applied to CH 2 and CH 3 as well.

Note 6. Above values are fully tested for stable operation. When making changes to output capacitors or switching frequency,

please follow the guidelines in the application section.
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Typical Operating Characteristics
Buck 1

Efficiency (%)

Output Voltage (V)

Current Limit (A)

100 r
90
80
70
60
50
40
30
20

Efficiency vs. Load Current

LOWP =0

10

Vout = 1.2V, L = 4.7uH, fs = 500kHz

122

121

120 -

118

0.5 1 1.5 2 25 3
Load Current (A)

Output Voltage vs. Temperature

T T

ViN =17V
ViN = 12V
ViN = 5V

Vout = 1.2V, lout = 0A

55 r

o
[}

25 0 25 50 75 100 125
Temperature (°C)

Current Limit vs. Input Voltage

A
[$)]
T

hy
o
T

35

Vout = 0V, Rum1 = 68kQ

7 9 11 13 15 17
Input Voltage (V)

Output Voltage vs. Load Current

1210
LOWP =0
1.205
S
o 1.200 -
(®)]
-‘g \
6 = \
“é_ \
5 1190 - Vin = 17V
o ViN = 12V
1185 | Vin :‘ Vv
Vout = 1.2V, L = 4.7uH, fs = 500kHz
1.180 L L L L ]
0 0.5 1 15 2 25 3
Load Current (A)
Output Voltage vs. Input Voltage
1.21

120 r

Output Voltage (V)
©

Vout = 1.2V, lout = 1A

55 r

50 r

45

Current Limit (A)

4.0

7 9 11 13 15 17
Input Voltage (V)

Current Limit vs. Temperature

35

Vourt = 0V, Rumt = 68kQ
| L

25 0 25 50 75 100 125
Temperature (°C)
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VIN
(20V/Div)

Vour
(1V/Div)

lout
(2A/Div)

Vour
(1V/Div)

Vixi
(10V/Div)

lout
(2A/Div)

Power On from VIN

W1;:i:i]l.llllllll
(10V/Div) : j ; i .

© VIN =12V, Vour = 1.2V, lout = 3A ]
el b L)

X b by 1 |

Time (4ms/Div)

Power On from EN

ViN = 12V, Vour = 1.2V, lout = 3A ]
ca b b T v b b b by

Time (4ms/Div)

Load Transient Response

VIN = 12V, Vout = 1.2V, lout = 0 to 3A ]

M IFETITTE AN STANE: ATSrIara| T A ARV ATIES AR

Time (100us/Div)

Power Off from VIN

VIN
(20V/Div)
Vout
(1V/Div)
Vix1
(10V/Div) :
lout : I ; 1
(2ADDiv) 3 ViN = 12V, Vout = 1.2V, lout = 3A ]
1l vl by T by by b by
Time (4ms/Div)
Power Off from EN
|,""I""I""I""I"",““\“"!""!""!""
VEN 1 l
(10V/Div) :
Vout
(1V/Div) _
Vixi1 .
(10V/Div) :
lout o T ’
(2ADV) : " Vin =12V, Vour = 1.2V, iout = 3A |
1l el by T b by b s by
Time (4ms/Div)
Output Ripple
wo o [T
(10V/Diy)Bls==t : .

Vout

mmMWﬂWWM“wm*wwW%wMWwM

ViN =12V, Vout = 1.2V,
M | N

N EETEET IR

lout = 3A]
| I A

Time (1us/Div)
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Buck 2
Efficiency vs. Load Current Output Voltage vs. Load Current
100 1.800
LOWP =0 LOWP =0
90 /
% \\
80
/// — 1.795 \
. 70 >
£ o0 I s
3 Vi = 5V 2 Vi = 5V
50 IN= O 17 L IN =
IS ViN = 12V > %0 Vin = 12V
% 40 Vin = 17V El ViN =17V
30 3
O 1785 |
20
10
Vout = 1.8V, L = 4.7uH, fs = 500kHz Vour = 1.8V
0 1.780 : : ‘
0 025 05 075 1 125 15 175 2 0 025 05 075 1 125 15 175 2
Load Current (A) Load Current (A)
Reference Voltage vs. Temperature Output Voltage vs. Input Voltage
0.810 1.81
S i — |
< 0.805 S 1.80
()]
S /\ &
g —'—’—\\ S
L g (@] L
3 0.800 — 2 179
S ViN =17V a2
“q“_J VN = 12V 5
O 0.795 VIN = 5V O 178
X
Vout = 1.8V, lout = 0A Vout = 1.8V, lout = 1A
0.790 ‘ ‘ ‘ ‘ 1.77 ‘ ‘
50 25 0 25 50 75 100 125 5 7 9 11 13 15 17
Temperature (°C) Input Voltage (V)
Current Limit vs. Input Voltage Current Limit vs. Temperature
40 45
35 40
< <
E E
=30 ¢ 35 |
C C
(] o
’g g ViN = 5V
© o Vi = 12V
25 - 30 r ViN =17V
Vout = 0V, Rumz = 82kQ Vourt = 0V, Rumz = 82kQ
20 L L L ] 25 | L L ]
5 7 9 11 13 15 17 50 25 0 25 50 75 100 125
Input voltage (V) Temperature (°C)
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Power On from VIN

VOUT L :I‘ . .
(2V/DIV) REREREERE _

Vixe

(1 OV/DiV)m

lout &
(2A/Div)

Time (4ms/Div)

Power On from EN

lour of ] S D E
(2A/Div) ViN = 12V, Vout = 1.8V, lout = 2A ]
co b b T b b b by
Time (4ms/Div)
Load Transient Response
S owe =0
Vour
(500mV/Div
lout
(2A/Div
3 ViN = 12V, V(;UT=1.8V, IOUT=Ot0'2AE
N PPN I IAPTS TN I I I B

Time (100us/Div)

Power Off from VIN

VIN

Vout
(2VIDiv

lout ]
(2A/Div)

©Vin =12V, Vour = 1.8V, lout = 2A ]

Time (4ms/Div)

Power Off from EN
t““ ""I""I""I""_""I““\“"!"" TTTT
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Application Information

Adjustable Switching Frequency

To select the internal switching frequency connect a
resistor from Rosc to ground. Figure 1 shows the required
resistance for a given switching frequency.

1100
1000
900
800
700
600
500 -
400
300
200
100

0

Rosc (kQ)

02 04 06 08 1 12 14 16 18 2
Switching Frequency (MHz)

Figure 1. Rosc vs. Switching Frequency

Rosc(kQ) = 174 xf 1%
For operation at 500kHz a 383kQ2 resistor is required.

Generally, 500kHz switching frequency is a good value to
achieve both small solution size and high efficiency
operation. Higher frequency allows even smaller
components, but the drawback is that it lowers system
efficiency due to higher switch losses. Minimum on-time
must also be considered : minimum duty cycle is given
by tonviny X fsw, S0 at higher frequency, very low output
voltages may not be possible due to duty cycle limit. When
increasing switching frequency, inductor value can be
reduced in the same ratio, keeping current ripple constant.
Higher frequency operation with smaller inductors will also
require a lower value of compensation resistor.

Synchronization

The status of the SYNC pin will be ignored during start-up
and the RT7273's control will only synchronize to an
external signal after the PGOOD signal is asserted. The
RT7273 can be easily synchronized to an external clock
signal by applying a 200kHz to 2.2MHz square-wave signal
to the SYNC input. After external synchronization is
applied, the internal oscillator setting will be ignored. It

can be higher or lower than the external clock signal. When
synchronization is not applied, the SYNC pin should be
connected to ground.

Out-of-Phase Operation

CH 1 has a low conduction resistance compared to CH 2
and 3. Normally CH 1 is used to drive higher system loads.
CH 2 and 3 are used to drive some peripheral loads like I/
O and line drivers. The combination of CH 2 and 3's loads
may be on par with CH 1's. In order to reduce input ripple
current, CH 2 operates in phase with CH 3; CH 1 and CH
2 operate 180 degrees out-of-phase as shown in Figure 2.
This enables the system to have less input ripple, lower
component cost, save board space and reduce EMI.

Out-of-Phase Operation

(10V/Div)”

B 0 A

(10V/Div)”

Vixs
(10V/Div)

. VIN.= 12V, VouT1 =1.2V,—f
Vourtz = 1.8V, Vouts = 3.3V, lout = 1A
s b by T b b b b

Time (1us/Div)

Figure 2. Switching Signals for Each Channel

Soft-Start Time

The device has an internal pull-up current source of 6uA
that charges an external slow start capacitor to implement
a slow start time. The equation shows how to select a
slow-start capacitor based on an expected slow start time.
The voltage reference (Vrer) is 0.8V and the slow start
charge current (Iss) is 6uA. The soft-start circuit requires
1nF per 133us to be connected at the SS pin. A0.625ms
soft-start time is implemented for all converters fitting 4.7nF
to the relevant pins.

_ Css (nF)
Tss (ms) = VREr (V)XW
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Adjusting the Output Voltage

The output voltage is set with a resistor divider from the
output node to the FB pin as shown in Figure 3. It is
recommended to use 1% tolerance or better divider
resistors. In order to improve efficiency at light load, start
with 40.2kQ for the R1 resistor and use the equation to
calculate R2.

0.8V
R2 = R1x(————
x( Vout -0.8V )
Vour
R1 RT7273
FB
R2 0.8V

Figure 3. Voltage Divider Circuit

Bootstrap Capacitor

The device adopts three bootstrap power supply with a
small ceramic capacitor between the BST and LX pins to
provide the gate drive voltage for the high-side MOSFET.
The value of the ceramic capacitor should be 0.1uF. A
ceramic capacitor with an X7R or X5R grade dielectric is
recommended because of the stable characteristics over
temperature and voltage.

Output Capacitor Selection

For the output capacitors, ceramic capacitors are
recommended due to their small size and low ESR.
Recommended output capacitance for all Buck channels
is 44uF (two 22uF ceramic capacitors in parallel) which
provides sufficiently low voltage ripple for most applications.
When using different output capacitance, it is important
to realize that system stability will be influenced. As a
general guideline, when reducing output capacitance of a
certain channel, the compensation resistor of that channel
must be reduced in same ratio to maintain stable operation.
As an example, when using 22uF instead of 44uF output
capacitance for CH 1, the compensation resistor R5 must
be reduced from 20kQ to 10kQ.

Power Good

The PGOOD pin is an open-drain output. The PGOOD pin
is pulled low when any Buck converter is pulled below
85% of the nominal output voltage. The PGOOD is pulled
up when all three Buck converters' outputs are more than
90% of its nominal output voltage and reset time of 1 second
elapses.

Over-Current Limit

The RT7273 current limit trip is set as shown in Figure 4
and Figure 5.

6.0
55
50
45
40
35

3.0 /

25 ¢

Current Limit (A)

20 r

1.5

20 30 40 50 60 70 80
Rum (kQ)

Figure 4. Channel 1 Current Limit vs. R m

6.0 r

50 r v

30 r

Current Limit (A)

20

1.0

30 40 50 60 70 80 90 100 110 120
Rum (kQ)

Figure 5. Channel 2 and Channel 3 Current Limit vs. Rpjm
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The current limit value set by the Ry u resistors refers to
the peak current in the inductor. Output load current is
the average value of the inductor current. So when setting
a current limit of a Buck channel to meet a certain max
load requirement, the current limit must be set sufficiently
high to include at least 50% of the inductor current ripple
and 15% tolerance on the current limit.

Example : CH 1, 12V input, 1.2V output and 500kHz
application, using 4.7uH inductor, and max load current is
3.1A.

Inductor ripple current = Al = {VOUT :|><|:’]— Vout } -

fxL VIN
0.46A , so half of the ripple = 0.23A

Max inductor peak current = 3.1 + 0.23 = 3.33A

Current limit should be at least 15% higher than 3.33A,
so Ium = 4A is recommended. According to Figure 4, a
50kQ resistor Rym is required.

All converters operate in hiccup mode under voltage
protection. When an over-current or short circuit occurs
lasting more than 10ms in any of the converters, all
converters will be disable for 10ms. Once hiccup mode
off time elapses, the start-up sequence will be tried again.
A normal start-up will resume as soon as the overload or
short circuit is removed. If any of the converters sees
another over-current or short circuit event, the hiccup mode
protection will be triggered until the failure is cleared.

No global hiccup mode will occur if an over-current or short
circuit event occurs less than 10ms. Only the relevant
converter affected will be protected by the cycle-by-cycle
current limit during the event.

Power Sequence via Capacitor on Enable Pins

Connecting a capacitor to the EN pin of a channel will add
a start-up delay for this channel. A specific start-up power
sequence of Channel 1/2/3 can be achieved by using
different values of capacitors on the EN1/EN2/EN3 pins.
The channel start-up delay is around 1.4ms per nF
capacitance on the EN pin.

Power Dissipation

For recommended operating condition specifications, the
maximum junction temperature inside RT7273 is 125°C.
The maximum power dissipation depends on the thermal
resistance of the IC package and the PCB layout, the rate
of surrounding airflow and the ambient temperature.

The following procedure can be used to calculate the
junction temperature of RT7273 under continuous loading
at switching frequency of 500kHz.

» Define the desired output and input voltage for each
converter.

» Define the maximum continuous loading on each
converter, not exceeding the maximum continuous
loading.

» Find the expected losses (W) in each converter inside
the RT7273 from the graphs below.

The losses depend on the input supply, output voltage,
switching frequency and the chosen converter.

» The junction temperature inside the RT7273 can be
calculated by the following formula:

Ty=Ta+ Pp x 04a

where T, is the junction temperature, Ta is the ambient
temperature, Pp is the sum of losses in all converters and
6Jais the junction to ambient thermal resistance.

1.8

16
14 ¢

1.2 /
1.0 //

08

Loss (W)

06

04

02

Vout = 1.2V, fs = 500kHz

0.0

0 03 06 09 12 15 18 21 24 27 3
Load Current (A)
Figure 6. Channel 1 Loss vs. Load Current
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Figure 7. Channel 2 Loss vs. Load Current

Vout = 1.8V, fs = 500kHz
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Figure 8. Channel 3 Loss vs. Load Current

Thermal Shutdown

The RT7273 includes an over temperature protection (OTP)
circuitry to prevent overheating due to excessive power
dissipation. The OTP will shut down switching operation
when the junction temperature exceeds 150°C. Once the
junction temperature cools down by 20°C the IC will resume
normal operation with a complete soft-start. For continuous
operation, provide adequate cooling so that the junction
temperature does not exceed 150°C.

Thermal Considerations

For continuous operation, do not exceed absolute
maximum junction temperature. The maximum power
dissipation depends on the thermal resistance of the IC
package, PCB layout, rate of surrounding airflow, and
difference between junction and ambient temperature. The
maximum power dissipation can be calculated by the
following formula :

Ppomax) = (Tymax)— Ta) / 6ua

where Tyuax) is the maximum junction temperature, Tais
the ambient temperature, and 6,ais the junction to ambient
thermal resistance.

For recommended operating condition specifications, the
maximum junction temperature is 125°C . The junction to
ambient thermal resistance, 0,4, is layout dependent. For
WQFN-40L 6x6 package, the thermal resistance, 0a, is
28.4°C/W on a standard JEDEC 51-7 four-layer thermal
test board. The maximum power dissipation at Ta = 25°C
can be calculated by the following formula :

Ppmax) = (125°C — 25°C) / (28.4°C/W) = 3.52W for
WQFN-40L 6x6 package

The maximum power dissipation depends on the operating
ambient temperature for fixed T, (max) and thermal
resistance, 0,a. The derating curve in Figure 9 allows the
designer to see the effect of rising ambient temperature
on the maximum power dissipation.

40
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35 F
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Figure 9. Derating Curve of Maximum Power Dissipation
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Layout Consideration

GND
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Figure 10. PCB Layout Guide
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Outline Dimension
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DETAIL A
Pin #1 ID and Tie Bar Mark Options
Note : The configuration of the Pin #1 identifier is optional,
but must be located within the zone indicated.
Dimensions In Millimeters Dimensions In Inches
Symbol - -
Min. Max. Min. Max.
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
0.180 0.300 0.007 0.012
D 5.950 6.050 0.234 0.238
Do Option1 4.000 4.750 0.157 0.187
Option2 3.470 3.570 0.137 0.141
E 5.950 6.050 0.234 0.238
Eo Option1 4.000 4.750 0.157 0.187
Option2 2.570 2.670 0.101 0.105
e 0.500 0.020
L 0.350 0.450 0.014 0.018

W-Type 40L QFN 6x6 Package
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