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uP1911R

2 to 4 Phase PWM Extender

for Multiphase Synchronous Buck Converter

General Description

Features

The uP1911R is a high precision sequence array, whichis [ 5V/12V Supply Voltage
'”te’?de" for operation phasg_number extension in O Integrated 5.2V LDO Regulator for 12V Input
multiphase synchronous-rectified buck converter. It
consists of three individual sequence circuits to support [ Support1to 2, 2to 4 Phase Extension
up to 2 to 4 phase extension application. This part has 4 O Low Power Dissipation
PWM outputs for external MOSFET drivers, and 4 ISEN
inputs. With this phase extender, a 2-phase buck PwM O Low Charge Injection
controller is able to control a 4-phase synchronous buck 7 Near Zero Switching Time
regulator. This device has an internal LDO that regulates .
12V input to a 5.2V output as the power supply of control & RoHS Compliant and Halogen Free
logic. Designed with 12V CMOS process, the uP1911R [0 WQFN3x3 - 16L Package
provides high switching speed and low power dissipation. ) ]
The uP1911R is available in WQFN3x3 - 16L package. Appl Ications
Ordering Information = Desktop Computer
O Motherboards
Order Number Package Top Marking Pin Config uration
uP1911RQDD WQFN3x3 -16L uP1911R
Note: uPI products are compatible with the current IPC/ s S § -
JEDEC J-STD-020 requirement. They are halogen-free, e
RoHS compliant and 100% matte tin (Sn) plating that are owid 12 :;H:'-l-ﬁ_-'__'-f-'__'-_-;r_ vec
suitable for use in SnPb or Pb-free soldering processes. BB ';71-15 Er;.' SENA
PWMC 13_:§ eNp i:‘_é_ ISEN1
PWMA IBI\______ If51ISENC
o B K im i
o N QO W
%
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Typical Application Circuit
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Functional Pin Description

No. Pin Name |Pin Function
1 ISENB ISENB Input. Connect this pin to phase 2 switching node via a resistor.
2 ISEN2 ISEN2 Output. Connect this pin to PWM controller ISEN2 pin.
3 ISEND ISEND Input. Connect this pin to phase 4 switching node via a resistor.
SWMODE Input. This pin controls the internal analog switch on-state connection timing of
4 SWMODE ISENA(B) or ISENC(D) to ISEN1(2). Connect this pin to GND at the default, and it can be
connected to 5VCC for another switching timing. See ISEN Connection Sequence section for
detail.
5 ISENC ISENC Input. Connect this pin to phase 3 switching node via a resistor.
6 ISEN1 ISEN1 Output. Connect this pin to PWM controller ISEN1 pin.
7 ISENA ISENA Input. Connect this pin to phase 1 switching node via a resistor.
8 12vCC 12V Supply Voltage. Connect a minimum of 1uF ceramic capacitor from this pin to ground.
9 EN PWM Output Disable. This pin disables normal operation and forces all PWM outputs off
when it is pulled low.
LDO Output Voltage. This pin is the output of internal LDO that regulates 12VCC to a 5.2V
10 5vVCC output. Connect a minimum of 1uF ceramic capacitor from this pin to ground. For single 5V
input operation, connect this pin together with 12VCC to 5V.
11 PWM1 PWML1 Input. Connect this pin to the PWM controller PWM1 output.
12 PWM2 PWM2 Input. Connect this pin to the PWM controller PWM2 output.
13 PWMD PWMD Output. Connect this pin to the input of external MOSFET driver for phase 4.
14 PWMB PWMB Output. Connect this pin to the input of external MOSFET driver for phase 2.
15 PWMC PWMC Output. Connect this pin to the input of external MOSFET driver for phase 3.
16 PWMA PWMA Output. Connect this pin to the input of external MOSFET driver for phase 1.

Exposed Pad

Ground. This pinis the signal ground of the IC. Tie this pin to the ground island/plane through
the lowest impedance connection available.
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Functional Block Diagram

12vCcc 5V LDO 5VCC
POR &
EN Enable
GND
PWMA
PWM1 Sequence
Circuitl PWMC
PWMB
PWM2 Sequence
Circuit2 PWMD
SWMODE
ISENA
ISEN1 Sequence
Circuitl ISENC
ISENB
ISEN2 Sequence
L_{ Circuit2 ISEND
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Functional Description

Supply Voltage

The uP1911R works with a single 12V or 5V supply input
voltage. Figure 1 and Figure 2 show the ways of being
powered from 12V and 5V, respectively. For single 12V
input operation, connect 12VCC to a 12V voltage source,
and bypass this pin to ground with at least LuF ceramic
capacitor for noise decoupling. An internal LDO regulator
regulates this 12V input to a 5.2V at 5VCC pin as the
power for the whole chip. Connect 1uF ceramic capacitor
from 5VCC to ground for noise decoupling. For single 5V
input operation, connect both 12VCC and 5VCC to a 5V
voltage source, and bypass 5VCC to ground with at least
1uF ceramic capacitor for noise decoupling. When the
uP1911R is directly supplied from 5V, the internal LDO is
inactive. The 12VCC voltage is monitored for power on reset
(POR). If 12VCC voltage is higher than the POR rising
threshold, the PWM outputs and ISEN sequence circuits
will be enabled. The POR threshold has a hysteresis to
avoid advertently shutdown.

12vcce

5vVCC

GND

Figure 1. Single 12V Supply Input

12vCcC

5V 5vVCC

GND

Figure 2. Single 5V Supply Input

PWM Output Sequence

The uP1911R has two individual sequence circuits to control
the PWM input and output sequence. Figure 3 shows the
sequence of PWM1, PWMA and PWMC. The PWM1
receives PWM signal from the voltage regulator (VR)
controller and outputs the received signal to PWMA or
PWMC in an alternating way. That is to say PWMA and
PWMC output the received signal in turn. For 2-phase to
4-phase application, the uP1911R receives signals
PWMJ1,2] from VR controller and outputs them to
PWMIA:D]. Therefore, the operation phase number is
extended from 2 to 4, and the 2-phase PWM VR controller
can be used in a 4-phase VR design. Figure 4 shows the
2-phase to 4-phase PWM extension.

For the PWM controller uses its PWM pin as a multi-
function pin,a resistor will be connected from PWM pin to
GNDto set parameter. Note that this resistor must be greater
than 15KQ. Lower resistor value will cause incorrect PWM
voltage level at the PWM pin when the PWM controller
output is in tri-state (high-impedance state).

PuinL |
PuiMA =
puinC —

Figure 3. Sequence of PWM1, PWMA and PWMC

w11 AT 1L
T
N
wn | J__]
T

Figure 4. Sequence of PWM[1,2] and PWM[A:D]
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Enable

Logic low of EN disables all PWM outpus off and tie the
EN pin to controller.

ISEN Connection Sequence

The uP1911R provides two individual sequence circuits to
control the ISEN connection sequence. The ISEN
connection sequence is for LGATE sensing or DCR
sensing. When SWMODE connects to GND, Figure 5
shows the sequence of PWM outputs and the ISEN
connection states. The on-state of the connection
betweenISEN1 and ISENA begins at the PWMC falling
edge,and it ends at the next PWMA falling edge. The on-
state of the connection between ISEN1 and ISENA allows
switching node voltage signal passing from ISENA to
ISEN1. The operational principle of ISEN1 to ISENC is
similar as described above. The on-state of the connection
between ISEN1 and ISENC begins at the PWMA falling
edge, and it ends at the next PWMC falling edge.

When SWMODE connects to 5VCC, Figure 6 shows the
sequence of PWM outputs and the ISEN connection states.
The on-state of the connection between ISEN1 and ISENA
begins at the PWMA falling edge,and it ends at the next
PWMC falling edge. The on-state of the connection between
ISEN1 and ISENA allows switching node voltage signal
passing from ISENAto ISEN1. The operational principle of
ISEN1 to ISENC is similar as described above. The on-
state of the connection between ISEN1 and ISENC begins
at the PWMC falling edge, and it ends at the next PWMA
falling edge.

The connection between ISEN1 to ISENA and ISEN1 to
ISENC changes in an alternating way. That is to say when
ISEN1 to ISENA connection is ON, ISEN1 to ISENC
connection is OFF, and vice versa.

There is a break-before-make delay time to ensure that
ISENA and ISENC never connect to each other. ISEN2 and
ISEN[B,D] works in a similar way.

Functional Description

o [ 1 L]

ISEN1 to ISENA
Connection OFF | ON §OFF

PWMC Hv ’,
ON / OFF | ON | OFF

Figure 5. Sequence of PWM Outputs and ISEN
Connection States

e [

PWMA ’, 'V

o]

ISEN1 to ISENC
Connection

ISEN1 to ISENA
Connection

ISEN1 to ISENC
Connection OFF ¢ ON OFF

ON A OFf |/ oN | OFF

o]

Figure 6. Sequence of PWM Outputs and ISEN
Connection States
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Absolute Maximum Rating

(Note 1)

Supply Input Voltage 12VCC -0.3Vto +15V
ISENA~D/ISEN1~2/EN/SWMODE/PWM1~2 -0.3Vto+7V
Storage Temperature Range -65°C to +150°C
Junction Temperature 150°C
Lead Temperature (Soldering, 10 sec) 260°C
ESD Rating (Note 2)

HBM (Human Body Mode) 2kv
MM (Machine Mode) 200V

Thermal Information

Package Thermal Resistance (Note 3)

WQFN3x3-16L6,, 68°C/W
WQFN3x3-16L 6, 6°C/W
Power Dissipation, P, @ T, = 25°C
WQFN3x3- 16L 1.47W
Recommended Operation Conditions
(Note 4)

Operating Junction Temperature Range

-40°Cto+125°C

Operating Ambient Temperature Range
Supply Input Voltage, 12VCC

-40°C to +85°C
+4.5Vt0+13.2V

Note 1. Stresses listed as the above Absolute Maximum Ratings may cause permanent damage to the device.
These are for stress ratings. 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 for extended periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.
Note 3. 6,, is measured in the natural convection at T, = 25°C on a low effective thermal conductivity test board of

JEDEC 51-3 thermal measurement standard.

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

Note 5. Guaranteed by design.
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(Test Condition: 12VCC =12V, T, = 25°C, unless otherwise specified)

uP1911R

Electrical Characteristics

EN_L

Parameter Symbol Test Conditions Min | Typ | Max | Unit
Supply Input Voltage
POR Threshold 12V ¢ opy [PWM [A:D] outputs enabled 30 | 34 | 44 V
POR Hysteresis 12Ve s 01| 03 |046
Supply Input Current | ovee - 25 | 5.0 | mA
5VCC Regulated Voltage Voo |12VCC =12V 495|520 |545| V
Analog Switch
On Resistance Rox ISEN[1,2] to ISEN[A:D] current = 0.5mA 100 | 200 | 300 | Q
Analog Switch Dynamic Characteristics
Turn Off Time Tore |(:$\ng/th 5:) 10k, C g0 = 4.7PF, Vigey = 1V -- 15 -- ns
Turn On Time Ton l(?l\ig?g ; 10k, € o5 = 4.7PF Vigey = 1V - 30 - ns
Break-Before-Make Delay Tow Conp = 4.7pF (Note 5) - 3.4 - ns
PWM Digital Logic Gate Output Characteristic
High-Z to High Threshold Level Vi bz - 1234|1280 | V
High to High-Z Threshold Level Vi iz PWMIADD], R_,, = 10kQ to GND, and 180|218 | - Vv
Low to High-Z Threshold Level | V,, ,, |10k ©5VCC -~ |083|120| V
High-Z to Low Threshold Level A 0.40|0.67| - \%
Output High Voltage Voo |Rioa = 10kQ to GND 45 | 49| - | Vv
Output Low Voltage Vo R oap = 10kQ to 5VCC - 10104V
Output Minimum Low Time T PWMI[1,2] input = 3.3V to 1.5V (Note 5) - (200 | - ns
Output High to Low Delay Time Th oy - 15 | 60 ns
Output Low to High Delay Time | T, ., - | 15 | 60 | ns
SWMODE Voltage
Input High Vaw u 2.2 - -
Input Low sw.L - - 0.8
Enable Voltage
Input High EN H 2.2 - - V
Input Low \ - - | 08
Enable Delay Time
Enable High Delay EN H 800 | 2500 | 5000 | ns
Enable Low Delay 100 | 500 | 1000| ns
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Power ON from 12V
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Typical Operation Characteristics
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Typical Operation Characteristics
Sequence of PWM1, PWMA and PWMC Sequence of PWMA, PWMC and ISENA,

L T i ISENC in Low Duty Cycle
] r R B I I I I L L I
PWM1 (5V/Div) ] Eoo PWMA (5V/Div) '

PWMA (5V/Div) . : ; ; : PWMC (5V/Div)

ZWJW IIIIIII | H ﬂ H _______

E T 1

AR RRAAS RS RARAS RRRAS SAAES RAAAE AR AR AN

T 2->
PWMC (5V/Div) 1 S : : ISENA (1V/Div)

Ll L L

3>p

ISENC (1V/Div)

T T T U FUTE P P T I m‘...h...|.‘..|....|..‘.|....
2us/Div 2us/Div
V.. = 12V, PWM Freq. = 300kHz, D = 10% Ve =12V, PWM Freq. = 300kHz, D= 10%,
Vieeny = 1V, ISENAIC R, = 10kQ
Sequence of PWMA, PWMC and ISENA, Enable Low to High Delay Time
ISENC in High Duty Cycle _ % ]

S s HUSMLE M _ :
: PWMA (5V/Div) : b Eo

Enable(ZV/Dlv)_:

15b - e A RO : R -
PWMC (5V/Div) : ] 25k

PWM (5V/Div) -

UL U e

ISENC (1V/Div) ] ? muﬂmﬂ

- \ \ L © 1 pwMmc@EvDY) - L

E ] et c e b b b b b b
pov s b v by b b P v b Py

2us/Div 2us/Div

V. =12V, PWM Freq. = 300kHz, D = 85%, V=5V, V, =12V
V =1V, ISENA/CR =10kQ

ISEN1 LOAD

Enable High to Low Delay Time ISEN Connection Sequence
R e A RS AN RARRN RS R e N s s LA RS L

AL S !....f....Enablé(ZV/Div)..f..._: o PWMLGVDW) - -

ol Ll e ]

: : B : PWMC (5V/Div) ¥ : : : : : :
P PR T B B ! i ! ! IJ||||||||

2us/Div 1lus/Div
V=5V, V, =12V V.. =5V, V, =12V, Enable = High
ISENA=1V, ISENC =2V ,SWMODE = High
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ISEN Connection Sequence

r

Typical Operation Characteristics

5VCC Line Regulation

- = 5.4
: PWM1(5V/D|v) : :
ﬂ ﬂ ﬂ 5.2 /
g b 5
_ __PWMA__E______:__j <
E o (5V/Div) . : : 1 %4.8 F
2_>_7 . n . a . E O
S PWMC : D 46
: : |(5V/D|v); :
}) . b L
- 44 |
u u l‘ [ E 4.2 H
............ ISENl(lV/DIv) _:
q : : : ; : ; 4
e — 4 5 6 7 8 9 10 11 12 13 14 15
1us/Div

V. =5V, V=12V, Enable = High
ISENA=1V, ISENC =2V ,SWMODE = Low

5VCC Load Regulation

12VCC (V)
Load =0A, C =0.1uF

5vCce

5.35
53
S 525 Vi = 13.2V
O
O
>
o 52 r V|N =12V
V|N =10.8V
515
5.1
0 0.02 0.04 0.06 0.08 0.1
5VCC Load (A)
Cyec = 0.1UF
12 uP1911R-DS-F0001, Feb. 2019
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Package Information

WQRN3x3-16L
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Bottom View - Exposed Pad
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0.00-0.05 0.20REF

e

Note
1.Package Outline Unit Description:
BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.
2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.

uP1911R-DS-F0001, Feb. 2019 13
wWww.upi-semi.com



micro- uP1911R

Important Notice

The contents of this document are provided in connection with uPI Semiconductor Corp. (“uPI”) products. uPl makes no
representations or warranties with respect to the accuracy or completeness of the contents of this publication and
reserves the right to make changes to specifications and product descriptions at any time without notice.

No license, whether express, implied, arising by estoppel or otherwise, to any intellectual property rights, is granted by
this publication. Except as provided in uPI's terms and conditions of sale for such products, uPl assumes no liability
whatsoever, and uPI disclaims any express or implied warranty relating to sale and/or use of uPI products, including
liability or warranties relating to fithess for a particular purpose, merchantability, or infringement of any patent, copyright
or other intellectual property right. uPl products are not designed, intended, authorized or warranted for use as components
in systems intended for medical, life-saving, or life sustaining applications. uPl reserves the right to discontinue or
make changes to its products at any time without notice.

Copyright 2019 ©, uPI Semiconductor Corp. All rights reserved.
uPl, uPI Micro Power Intellect logo, and combinations thereof, are registered trademarks of uPl Semiconductor Corp.

Other product names used in this publication are for identification purposes only and may be trademarks of their
respective companies.

uPl Semiconductor Corp.
9F.,No.5, Taiyuan 1st St. Zhubei City, Hsinchu, Taiwan, R.O.C.
TEL : 886.3.560.1666 FAX:886.3.560.1888
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