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Multi-Phase Synchronous-Rectified Buck Controller
for Next Generation CPU Core Power

The uP6213A/B is a multi-phase synchronous-rectified
Buck controller specifically designed to deliver high quality
output voltage for high-performance Intel microprocessors.
It integrates a 8-bit DAC that supports Intel VR10 and VR11
tables to set the output voltage between 0.5V and 1.6V.
The uP6213A provides programmable 3/4 phase operation.
The uP6213B provides programmable 1/2 phase operation.
The uP6213A/B also supports dynamic phase selection
by PS1/2/3 pins. Operation with phase reduction at light
load conditions achieves high efficiency over a wide range
of output current.
The uP6213A/B includes programmable no-load offset and
droop slope functions to adjust the output voltage as a
function of the load current, optimally positioning it for a
system transient.
Other features include accurate and reliable short-circuit
protection, adjustable over current protection, and a delayed
power OK output. The uP6213A is available in VQFN6x6-
40L package and uP6213B in VQFN4x4-28L package.

Selectable Phase Number of Operation
uP6213A: 3/4 Phase
uP6213B: 1/2 Phase

8-bit DAC, Supporting Intel VR10 and VR11 CPUs
Programmable Dynamic Power Saving Mode
Operation
Simple Single-Loop Voltage-Mode Control
Lossless RDS(ON) Current Sensing for Current
Balance
Adjustable Operation Frequency form 50kHz to
1MHz Per Phase
External Compensation
Adjustable Over Current Protection
Adjustable Soft Start
VR_HOT and VR_RDY Indication
uP6213A in VQFN6x6 - 40L Package
uP6213B in VQFN4x4 - 28L Package
RoHS Compliant and 100% Lead (Pb)-Free

rebmuNredrO epyTegakcaP krameR

JAQA3126Pu L04-6x6NFQV noitarepoesahp4/3

HJQB3126Pu L82-4x4NFQV noitarepoesahp2/1

General Description

Applications
Ordering Information

Features

Desktop PC Core Power Supplies
Middle/High End Graphic Cards
Low Output Voltage, High Power Density DC/DC
Converters
Voltage Regulator Modules

Pin Configuration
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Note: uPI products are compatible with the current IPC/
JEDEC J-STD-020 requirements. They are halogen-free,
RoHS compliant and 100% matte tin (Sn) plating that are
suitable for use in SnPb or Pb-free soldering processes.
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Typical Application Circuit
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Typical Application Circuit

VID5

VID6

VID4

VID2

VID3

VID1

VID0

DAC

VR_RDY

EAP

SS

EN

IMAX

RT

5VCC

OFS

GND

PS1

5VCC

ISEN2

ISEN1

FB

COMP

FBRTN

TB

CSP

CSN

PH1

PH2

NTC

PWM2

PWM1 BOOT1

PH1

LG1

UG1

BOOT2

PH2

LG2

UG2

GND

PWM1

OD1#

VCC

VIN

VCORE

GND

PWM2

OD2#

VCC

VOUT

uP
62

13
B

Q
JH



uP6213

4uPI Semiconductor Corp., http://www.upi-semi.com
Rev. F00, File Name: uP6213-DS-F0000

.oN
emaN noitcnuFniP

6x6NFQV 4x4NFQV

1 62 6DIV .tupnICADfo6tiB

2 72 5DIV .tupnICADfo5tiB

3 82 4DIV .tupnICADfo4tiB

4 1 3DIV .tupnICADfo3tiB

5 2 2DIV .tupnICADfo2tiB

6 3 1DIV .tupnICADfo1tiB

7 4 0DIV .tupnICADfo0tiB

8 5 NTRBF .tiucriCCADehtrofnruteR egatlovtuptuoerehwtniopehtotnipsihttcennoC
.detalugerebotsi

9 AN LESRV .noitceleSelbaTDIV DNGotdna,elbatDIV11RVrofCCV5otnipsihttcennoC
.elbatDIV01RVrof

01 6 YDR_RV .noitacidnIydaeRRV

11 7 SS .tratStfoS .emittratstfosehttesotDNGotnipsihtmorfroticapacatcennoC

21 AN DNG .dnuorG

31 AN 2SP .2tupnIgnitteSedoMgnivaSrewoP DNGotnipsihtmorfrotsiseratcennoC
.leveldlohserhtnoitcuderesahpehttesot

41 8 NE .elbanEpihC ecivedehtnwodstuhsV4.0nahtrewolnipsihtgnilluP .

51 9 CAD .tuptuOCAD PAEotnipsihtmrofrotsiseratcennoC.CADlanretniehtfotuptuO
.epolsenildaolehttesot

61 01 PAE .reifilpmArorrEehtfotupnIgnitrevnI-noN otnipsihtmorfrotsiseratcennoC
.epolsenildaolehttesotCAD

71 11 BF .niPkcabdeeF .reifilpmarorreehtfotupnignitrevniehtsinipsihT

81 21 PMOC .tuptuOnoitasnepmoC reifilpmarorreehtfotuptuoehtsinipsihT

91 31 PSC .reifilpmAMGgnisneStnerruCehtfotupnIevitisoP

02 41 NSC .reifilpmAMGgnisneStnerruCehtfotupnIevitageN

Functional Pin Description
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Functional Pin Description
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Functional Block Diagram
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Functional Description
The uP6213A/B is a multi-phase synchronous-rectified
Buck controller specifically designed to deliver high quality
output voltage for high-performance Intel microprocessors.
It integrates a 8-bit DAC that supports Intel VR10 and VR11
tables to set the output voltage between 0.5V and 1.6V.
The uP6213A provides programmable 3/4 phase operation.
The uP6213B provides programmable 1/2 phase operation.
The uP6213A/B also supports dynamic phase selection
by PS1/2/3 pins. Operation with phase reduction at light
load conditions achieves high efficiency over a wide range
of output current.
The uP6213A/B includes programmable no-load offset and
droop slope functions to adjust the output voltage as a
function of the load current, optimally positioning it for a
system transient.
Other features include accurate and reliable short-circuit
protection, adjustable over current protection, and a delayed
power OK output. The uP6213A is available in VQFN6x6-
40L package and uP6213B in VQFN4x4-28L package.

Supply Input and Power on Reset

The 5VCC pin receives a well-decoupled 5V voltage source
to power the internal control circuit. Place a minimum 1uF
ceramic capacitor physically near the 5VCC pin for locally
bypassing the 5VCC voltage. The 5VCC voltage is
continuously monitored for power on reset. The POR level
is typical 4.2V at 5VCC rising.

Operation Phase Selection
The uP6213A supports 3/4 phase operation and uP6213B
supports 1/2 phase operation. PWM4 and PWM2 status
is checked at POR for operation phase selection. Connect
PWM4 to 5VCC for 3-phase operation of uP6213A and
connect PWM2 to 5VCC for 1-phase operation of uP6213B.
Let the unused current sensing pins ISEN4 or ISEN2 float
or short them to GND when selecting 3/1-phase operation.
(See the related section for Dynamic Phase Reduction.)

VID Table Selection
The uP6213A supports both VR10 and VR11 VID tables.
Pulling the VRSEL pin lower than 0.4V select VR10 table
as shown in Table 2 while pulling the VRSEL pin higher
than 0.8V select the VR11 table as shown in Table 1. The
uP6213B supports only VR11 table with VID7 = High.

Oscillation Frequency Programming
A resistor RRT connected to RT pin programs the oscillation
frequency as:
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k33(300f
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Figure 1 shows the relationship between oscillation
frequency and RRT.
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Figure 1. Switching Frequency vs. RRT

Output Current Sensing
Figure 2 illustrates the output current sensing block of the
uP6213A/B. The voltage VCS across the current sensing
capacitor CCS can be expressed as:

 VCS = IOUT x DCR/P

if the following condition is true.

P x L / DCR = RCSP x CCS

where P is the phase number of operation (P = 3 for three
phase operation, P = 4 for four phase operation), L is the
output inductor of the buck converter, DCR is the parasitic
resistance of the inductor, RCSP and CCS are the external RC
network for current sensing.

The GM amplifier will source a current IAVG to the CSN pin to
let its inputs virtually short circuit.

IAVG x RCSN = VCS

Therefore the output current signal IAVG can be expressed
as:

CSN

OUT
AVG RP

DCRII
×
×

=

The output current signal IAVG is used as droop turning and
output over current protection. Please see the related section
for details.

Note that the constant P is only dependent of the power
stage topology. It is programmed by the PWM4/PWM2
configuration. Dynamic phase reduction will not affect
the value of P.
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7DIV 6DIV 5DIV 4DIV 3DIV 2DIV 1DIV 0DIV egatloV
0 0 1 0 1 1 0 1 52133.1
0 0 1 0 1 1 1 0 00523.1
0 0 1 0 1 1 1 1 57813.1
0 0 1 1 0 0 0 0 05213.1
0 0 1 1 0 0 0 1 52603.1
0 0 1 1 0 0 1 0 00003.1
0 0 1 1 0 0 1 1 57392.1
0 0 1 1 0 1 0 0 05782.1
0 0 1 1 0 1 0 1 52182.1
0 0 1 1 0 1 1 0 00572.1
0 0 1 1 0 1 1 1 57862.1
0 0 1 1 1 0 0 0 05262.1
0 0 1 1 1 0 0 1 52652.1
0 0 1 1 1 0 1 0 00052.1
0 0 1 1 1 0 1 1 57342.1
0 0 1 1 1 1 0 0 05732.1
0 0 1 1 1 1 0 1 52132.1
0 0 1 1 1 1 1 0 00522.1
0 0 1 1 1 1 1 1 57812.1
0 1 0 0 0 0 0 0 05212.1
0 1 0 0 0 0 0 1 52602.1
0 1 0 0 0 0 1 0 00002.1
0 1 0 0 0 0 1 1 57391.1
0 1 0 0 0 1 0 0 05781.1
0 1 0 0 0 1 0 1 52181.1
0 1 0 0 0 1 1 0 00571.1
0 1 0 0 0 1 1 1 57861.1
0 1 0 0 1 0 0 0 05261.1
0 1 0 0 1 0 0 1 52651.1
0 1 0 0 1 0 1 0 00051.1
0 1 0 0 1 0 1 1 57341.1
0 1 0 0 1 1 0 0 05731.1
0 1 0 0 1 1 0 1 52131.1
0 1 0 0 1 1 1 0 00521.1
0 1 0 0 1 1 1 1 57811.1
0 1 0 1 0 0 0 0 05211.1
0 1 0 1 0 0 0 1 52601.1
0 1 0 1 0 0 1 0 00001.1
0 1 0 1 0 0 1 1 57390.1
0 1 0 1 0 1 0 0 05780.1
0 1 0 1 0 1 0 1 52180.1
0 1 0 1 0 1 1 0 00570.1
0 1 0 1 0 1 1 1 57860.1
0 1 0 1 1 0 0 0 05260.1
0 1 0 1 1 0 0 1 52650.1

7DIV 6DIV 5DIV 4DIV 3DIV 2DIV 1DIV 0DIV egatloV
0 0 0 0 0 0 0 0 FFO
0 0 0 0 0 0 0 1 FFO
0 0 0 0 0 0 1 0 00006.1
0 0 0 0 0 0 1 1 57395.1
0 0 0 0 0 1 0 0 05785.1
0 0 0 0 0 1 0 1 52185.1
0 0 0 0 0 1 1 0 00575.1
0 0 0 0 0 1 1 1 57865.1
0 0 0 0 1 0 0 0 05265.1
0 0 0 0 1 0 0 1 52655.1
0 0 0 0 1 0 1 0 00055.1
0 0 0 0 1 0 1 1 57345.1
0 0 0 0 1 1 0 0 05735.1
0 0 0 0 1 1 0 1 52135.1
0 0 0 0 1 1 1 0 00525.1
0 0 0 0 1 1 1 1 57815.1
0 0 0 1 0 0 0 0 05215.1
0 0 0 1 0 0 0 1 52605.1
0 0 0 1 0 0 1 0 00005.1
0 0 0 1 0 0 1 1 57394.1
0 0 0 1 0 1 0 0 05784.1
0 0 0 1 0 1 0 1 52184.1
0 0 0 1 0 1 1 0 00574.1
0 0 0 1 0 1 1 1 57864.1
0 0 0 1 1 0 0 0 05264.1
0 0 0 1 1 0 0 1 52654.1
0 0 0 1 1 0 1 0 00054.1
0 0 0 1 1 0 1 1 57344.1
0 0 0 1 1 1 0 0 05734.1
0 0 0 1 1 1 0 1 52134.1
0 0 0 1 1 1 1 0 00524.1
0 0 0 1 1 1 1 1 57814.1
0 0 1 0 0 0 0 0 05214.1
0 0 1 0 0 0 0 1 52604.1
0 0 1 0 0 0 1 0 00004.1
0 0 1 0 0 0 1 1 57393.1
0 0 1 0 0 1 0 0 05783.1
0 0 1 0 0 1 0 1 52183.1
0 0 1 0 0 1 1 0 00573.1
0 0 1 0 0 1 1 1 57863.1
0 0 1 0 1 0 0 0 05263.1
0 0 1 0 1 0 0 1 52653.1
0 0 1 0 1 0 1 0 00053.1
0 0 1 0 1 0 1 1 57343.1
0 0 1 0 1 1 0 0 05733.1

Functional Description
Table 1. VR11 VID Table (VRSEL = 5VCC) Table 1. VR11 VID Table (Cont.) (VRSEL = 5VCC)
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7DIV 6DIV 5DIV 4DIV 3DIV 2DIV 1DIV 0DIV egatloV
0 1 0 1 1 0 1 0 00050.1
0 1 0 1 1 0 1 1 57340.1
0 1 0 1 1 1 0 0 05730.1
0 1 0 1 1 1 0 1 52130.1
0 1 0 1 1 1 1 0 00520.1
0 1 0 1 1 1 1 1 57810.1
0 1 1 0 0 0 0 0 05210.1
0 1 1 0 0 0 0 1 52600.1
0 1 1 0 0 0 1 0 00000.1
0 1 1 0 0 0 1 1 57399.0
0 1 1 0 0 1 0 0 05789.0
0 1 1 0 0 1 0 1 52189.0
0 1 1 0 0 1 1 0 00579.0
0 1 1 0 0 1 1 1 57869.0
0 1 1 0 1 0 0 0 05269.0
0 1 1 0 1 0 0 1 52659.0
0 1 1 0 1 0 1 0 00059.0
0 1 1 0 1 0 1 1 57349.0
0 1 1 0 1 1 0 0 05739.0
0 1 1 0 1 1 0 1 52139.0
0 1 1 0 1 1 1 0 00529.0
0 1 1 0 1 1 1 1 57819.0
0 1 1 1 0 0 0 0 05219.0
0 1 1 1 0 0 0 1 52609.0
0 1 1 1 0 0 1 0 00009.0
0 1 1 1 0 0 1 1 57398.0
0 1 1 1 0 1 0 0 05888.0
0 1 1 1 0 1 0 1 52188.0
0 1 1 1 0 1 1 0 00578.0
0 1 1 1 0 1 1 1 57868.0
0 1 1 1 1 0 0 0 05268.0
0 1 1 1 1 0 0 1 52658.0
0 1 1 1 1 0 1 0 00058.0
0 1 1 1 1 0 1 1 57348.0
0 1 1 1 1 1 0 0 05738.0
0 1 1 1 1 1 0 1 52138.0
0 1 1 1 1 1 1 0 00528.0
0 1 1 1 1 1 1 1 57818.0
1 0 0 0 0 0 0 0 05218.0
1 0 0 0 0 0 0 1 52608.0
1 0 0 0 0 0 1 0 00008.0
1 0 0 0 0 0 1 1 57397.0
1 0 0 0 0 1 0 0 05787.0
1 0 0 0 0 1 0 1 52187.0
1 0 0 0 0 1 1 0 00577.0

7DIV 6DIV 5DIV 4DIV 3DIV 2DIV 1DIV 0DIV egatloV
1 0 0 0 0 1 1 1 57867.0
1 0 0 0 1 0 0 0 05267.0
1 0 0 0 1 0 0 1 52657.0
1 0 0 0 1 0 1 0 00057.0
1 0 0 0 1 0 1 1 57347.0
1 0 0 0 1 1 0 0 05737.0
1 0 0 0 1 1 0 1 52137.0
1 0 0 0 1 1 1 0 00527.0
1 0 0 0 1 1 1 1 57817.0
1 0 0 1 0 0 0 0 05217.0
1 0 0 1 0 0 0 1 52607.0
1 0 0 1 0 0 1 0 00007.0
1 0 0 1 0 0 1 1 57396.0
1 0 0 1 0 1 0 0 05786.0
1 0 0 1 0 1 0 1 52186.0
1 0 0 1 0 1 1 0 00576.0
1 0 0 1 0 1 1 1 57866.0
1 0 0 1 1 0 0 0 05266.0
1 0 0 1 1 0 0 1 52656.0
1 0 0 1 1 0 1 0 00056.0
1 0 0 1 1 0 1 1 57346.0
1 0 0 1 1 1 0 0 05736.0
1 0 0 1 1 1 0 1 52136.0
1 0 0 1 1 1 1 0 00526.0
1 0 0 1 1 1 1 1 57816.0
1 0 1 0 0 0 0 0 05216.0
1 0 1 0 0 0 0 1 52606.0
1 0 1 0 0 0 1 0 00006.0
1 0 1 0 0 0 1 1 57395.0
1 0 1 0 0 1 0 0 05785.0
1 0 1 0 0 1 0 1 52185.0
1 0 1 0 0 1 1 0 00575.0
1 0 1 0 0 1 1 1 57865.0
1 0 1 0 1 0 0 0 05265.0
1 0 1 0 1 0 0 1 52655.0
1 0 1 0 1 0 1 0 00055.0
1 0 1 0 1 0 1 1 57345.0
1 0 1 0 1 1 0 0 05735.0
1 0 1 0 1 1 0 1 52135.0
1 0 1 0 1 1 1 0 00525.0
1 0 1 0 1 1 1 1 57815.0
1 0 1 1 0 0 0 0 05215.0
1 0 1 1 0 0 0 1 52605.0
1 0 1 1 0 0 1 0 00005.0
1 1 1 1 1 1 1 0 FFO
1 1 1 1 1 1 1 1 FFO

Functional Description
Table 1. VR11 VID Table (Cont.) (VRSEL = 5VCC) Table 1. VR11 VID Table (Cont.) (VRSEL = 5VCC)
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Functional Description

4DIV 3DIV 2DIV 1DIV 0DIV 5DIV 6DIV egatloV
0 1 0 1 0 1 1 00006.1
0 1 0 1 0 1 0 57395.1
0 1 0 1 1 0 1 05785.1
0 1 0 1 1 0 0 52185.1
0 1 0 1 1 1 1 00575.1
0 1 0 1 1 1 0 57865.1
0 1 1 0 0 0 1 05265.1
0 1 1 0 0 0 0 52655.1
0 1 1 0 0 1 1 00055.1
0 1 1 0 0 1 0 57345.1
0 1 1 0 1 0 1 05735.1
0 1 1 0 1 0 0 52135.1
0 1 1 0 1 1 1 00525.1
0 1 1 0 1 1 0 57815.1
0 1 1 1 0 0 1 05215.1
0 1 1 1 0 0 0 52605.1
0 1 1 1 0 1 1 00005.1
0 1 1 1 0 1 0 57394.1
0 1 1 1 1 0 1 05784.1
0 1 1 1 1 0 0 52184.1
0 1 1 1 1 1 1 00574.1
0 1 1 1 1 1 0 57864.1
1 0 0 0 0 0 1 05264.1
1 0 0 0 0 0 0 52654.1
1 0 0 0 0 1 1 00054.1
1 0 0 0 0 1 0 57344.1
1 0 0 0 1 0 1 05734.1
1 0 0 0 1 0 0 52134.1
1 0 0 0 1 1 1 00524.1
1 0 0 0 1 1 0 57814.1
1 0 0 1 0 0 1 05214.1
1 0 0 1 0 0 0 52604.1
1 0 0 1 0 1 1 00004.1
1 0 0 1 0 1 0 57393.1
1 0 0 1 1 0 1 05783.1
1 0 0 1 1 0 0 52183.1
1 0 0 1 1 1 1 00573.1
1 0 0 1 1 1 0 57863.1
1 0 1 0 0 0 1 05263.1
1 0 1 0 0 0 0 52653.1
1 0 1 0 0 1 1 00053.1
1 0 1 0 0 1 0 57343.1
1 0 1 0 1 0 1 05733.1
1 0 1 0 1 0 0 52133.1
1 0 1 0 1 1 1 00523.1
1 0 1 0 1 1 0 57813.1

4DIV 3DIV 2DIV 1DIV 0DIV 5DIV 6DIV egatloV
1 0 1 1 0 0 1 05213.1
1 0 1 1 0 0 0 52603.1
1 0 1 1 0 1 1 00003.1
1 0 1 1 0 1 0 57392.1
1 0 1 1 1 0 1 05782.1
1 0 1 1 1 0 0 52182.1
1 0 1 1 1 1 1 00572.1
1 0 1 1 1 1 0 57862.1
1 1 0 0 0 0 1 05262.1
1 1 0 0 0 0 0 52652.1
1 1 0 0 0 1 1 00052.1
1 1 0 0 0 1 0 57342.1
1 1 0 0 1 0 1 05732.1
1 1 0 0 1 0 0 52132.1
1 1 0 0 1 1 1 00522.1
1 1 0 0 1 1 0 57812.1
1 1 0 1 0 0 1 05212.1
1 1 0 1 0 0 0 52602.1
1 1 0 1 0 1 1 00002.1
1 1 0 1 0 1 0 57391.1
1 1 0 1 1 0 1 05781.1
1 1 0 1 1 0 0 52181.1
1 1 0 1 1 1 1 00571.1
1 1 0 1 1 1 0 57861.1
1 1 1 0 0 0 1 05261.1
1 1 1 0 0 0 0 52651.1
1 1 1 0 0 1 1 00051.1
1 1 1 0 0 1 0 57341.1
1 1 1 0 1 0 1 05731.1
1 1 1 0 1 0 0 52131.1
1 1 1 0 1 1 1 00521.1
1 1 1 0 1 1 0 57811.1
1 1 1 1 0 0 1 05211.1
1 1 1 1 0 0 0 52601.1
1 1 1 1 0 1 1 00001.1
1 1 1 1 0 1 0 57390.1
1 1 1 1 1 0 1 FFO
1 1 1 1 1 0 0 FFO
1 1 1 1 1 1 1 FFO
1 1 1 1 1 1 0 FFO
0 0 0 0 0 0 1 05780.1
0 0 0 0 0 0 0 52180.1
0 0 0 0 0 1 1 00570.1
0 0 0 0 0 1 0 57860.1
0 0 0 0 1 0 1 05260.1
0 0 0 0 1 0 0 52650.1

Table 1. VRD10 + VID6 VID Table (VRSEL = GND) Table 1. VRD10 + VID6 VID Table (Cont.) (VRSEL =
GND)
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4DIV 3DIV 2DIV 1DIV 0DIV 5DIV 6DIV egatloV
0 0 0 0 1 1 1 00050.1
0 0 0 0 1 1 0 57340.1
0 0 0 1 0 0 1 05730.1
0 0 0 1 0 0 0 52130.1
0 0 0 1 0 1 1 00520.1
0 0 0 1 0 1 0 57810.1
0 0 0 1 1 0 1 05210.1
0 0 0 1 1 0 0 52600.1
0 0 0 1 1 1 1 00000.1
0 0 0 1 1 1 0 57399.0
0 0 1 0 0 0 1 05789.0
0 0 1 0 0 0 0 52189.0
0 0 1 0 0 1 1 00579.0
0 0 1 0 0 1 0 57869.0
0 0 1 0 1 0 1 05269.0
0 0 1 0 1 0 0 52659.0
0 0 1 0 1 1 1 00059.0
0 0 1 0 1 1 0 57349.0
0 0 1 1 0 0 1 05739.0
0 0 1 1 0 0 0 52139.0
0 0 1 1 0 1 1 00529.0
0 0 1 1 0 1 0 57819.0
0 0 1 1 1 0 1 05219.0
0 0 1 1 1 0 0 52609.0
0 0 1 1 1 1 1 00009.0
0 0 1 1 1 1 0 57398.0
0 1 0 0 0 0 1 05798.0
0 1 0 0 0 0 0 52188.0
0 1 0 0 0 1 1 00578.0
0 1 0 0 0 1 0 57868.0
0 1 0 0 1 0 1 05268.0
0 1 0 0 1 0 0 52658.0
0 1 0 0 1 1 1 00058.0
0 1 0 0 1 1 0 57348.0
0 1 0 1 0 0 1 05738.0
0 1 0 1 0 0 0 52138.0

Functional Description
Table 1. VRD10 + VID6 VID Table (Cont.) (VRSEL =
GND)

VOUT

CSP

CSN

PH
1

P
H

2

P
H

3

IAVG

uP6213

RCSN

CCSDCRDCRDCR

L

L

L

RCSP

RCSP

RCSP

GM
Amplifer

Figure 2. Output Current Sensing of uP6213A/B.

Voltage Control Loop
Figure 3 illustrates the voltage control loop of the uP6213A/
B. FB and EAP are negative and positive inputs of the Error
Amplifier respectively. The Error Amplifier modulates the
COMP voltage VCOMP and the duty cycle of buck converter
to force FB voltage VFB follows VEAP.

As shown in Figure 3, VDAC is output of the internal VID
table. The slew rate of VDAC is limited by the capacitor
connected to SS pin during soft start and VID on the fly
transition. The sensed current signal is mirrored to the EAP
pin and creates voltage at EAP pin as:

VEAP = VDAC - RDRP x IAVG

where VDAC is a slew rate limited voltage source, IAVG is a
current source proportional to output current, and RDRP is
an external resistor for adjusting load line slope.

On the other hand, the inverting input voltage VFB can be
written as:

VFB = VOUT - RFB x IOFS

where VOUT is the output voltage, IOFS is a current source
for initial offset adjustment, ROFS is an external resistor.

Therefore, the output voltage will be:

VOUT = VDAC - RDRP x IAVG + RFB x IOFS

OFSFB
CSN

DRPOUT
DACOUT IR

RP
RDCRIVV ×+

×
××

−=

Please see the related section for details.
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Before time delay TD3 ends, the ISS is limited to 10uA. After
that, the ISS is limited to 160uA. Consequently, critical time
periods are calculated as:

(T2 - T1) = 0.4V x CSS / 10uA

TD1 = T2 - T0 = 800us + 0.4V x CSS / 10uA

TD2 = VBOOT x CSS / 10uA = 1.1V x CSS / 10uA

TD4 = |VVID - VBOOT| / 160uA

Time Delay (T1 - T0) = 800us, TD3 = 800us and TD5 =
800us  are fixed delay and can not be adjusted externally.

VID[0:7]

VR_RDY

VOUT

VSS

EN

5VCC

TD2

TD1 TD3

TD4

TD5

T0 T1 T2 T3 T4 T5 T6

Figure 4. Soft Start Cycle of uP6213.

Transient Boost Mechanism
The uP6213A/B features a novel transient boost mechanism
that turns on all high side MOSFETs during a large step
load transient as shown in Figure 5. The VOUT and TB are
inverting and non-inverting inputs of the transient boost
comparator respectively. At steady state, an internal 10uA
current source creates a voltage drop between VOUT and
VTB:

VOUT - VTB = 10uA x RTB

RTB and CTB form a low pass filter for the VTB. During large
step load transient, VOUT abruptly drops while the VTB keeps
relatively constant. Once VOUT is smaller than VTB, the
transient boost mechanism is activated and turns on all high
side MOSFETs to provide current to output capacitors as
fast as possible.

Select RTB to decide a suitable threshold level for transient
boost. For example, a 4.7kΩ RTB will triggered the transient
boost mechanism if output voltage is abruptly drops by
around 50mV. Also keep the RTB x CTB time constant around
2us.

VID DAC

VID[0:7]

DAC

EAP

FB

COMP

VRSEL

FBRTN

SS

0.4V
VOUT

Error 
Amplifier

uP6213
IOFSIAVG

RFB

RDRP

CSS

Figure 3. Voltage Control Loop.

Initial Offset Adjustment
Connect a resistor ROFS from OFS pin to 5VCC or GND to
set the initial offset voltage. The OFS voltage VOFS is 5VCC -
1.6V or 0.4V when connected to 5VCC or GND respectively.
There the current source IOFS can be calculated as:

IOFS = 0.4V / ROFS  sourcing, ROFS to GND, positive offset

IOFS = 1.6V / ROFS  sinking, ROFS to 5VCC, negative offset.

The offset current source IOFS is mirrored and injected to FB
pin for initial offset adjustment. Please see the Voltage
Control Loop section for details.

Soft Start and Power OK
Figure 4 illustrates typical VR11 compliant soft start cycle
of uP6213A/B. A capacitor CSS connected to SS pin is used
to adjust the soft start cycle.

A limited current source ISS is used to charge/discharge
CSS when VID changes. Since VDAC is 0.4V higher than VSS,
this limit the slew rate of  VSS and VDAC during soft start and
VID on the fly period. This consequently limits the output
voltage ramp up/down slew rate.

The uP6213A/B is POR and enabled at T0. There is a 800us
time delay (T0 ~ T1) before the current source ISS begins
charging the CSS. The DAC voltage VDAC and output voltage
VOUT is kept zero during (T0 ~ T2). The VDAC and VOUT ramps
up to boot up voltage VBOOT during time delay TD2. The
uP6213A/B inserts a time delay TD3 for the VID to get valid.
The VDAC and VOUT ramps to its target value according to
VID status during TD4. The uP6213A/B asserts soft start
end and set VR_RDY to high impedance status at T6.

Functional Description
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Output Over Voltage Protection
The OVP is activated and turns on the low side MOSFETs
if ( VFB - VDAC) > 160mV
The uP6213A/B turns on the lower gate drivers when OVP
is detected. The over voltage protection is latch-off and can
only be reset by POR or toggling the EN pin.
Under Voltage Protection
The under voltage protection is activated if FB voltage VFB
is 300mV lower than the DAC voltage VDAC. The uP6213 A/
B turns off both higher and lower gate drivers when UVP is
detected. The under voltage protection is latch-off and can
only be reset by POR or toggling the EN pin.

Operation Phase Selection
The uP6213A/B sources 10uA current sources out of PS1,
PS2 and PS3 pins. Connecting resistors RPS1, RPS2 and RPS3
at PS1, PS2 and PS3 pins creates voltage levels VPS1 ,
VPS2 and VPS3  for power saving mode operation.

VPS1 = 10uA x RPS1

VPS2 = 10uA x RPS2

VPS3 = 10uA x RPS3

Table 3 shows the operation phase of uP6213A according
to VIMAX, VPS1, VPS2, VPS3 and PWM3/PWM4 status. The
uP6213A/B operates in 4-phase configuration if all PWM
outputs are connected to inputs of respective pre-drivers,
in 3-phase of PWM4 is connected 5VCC, in 2-phase if
PWM3/PWM4 are connected to 5VCC.

The uP6213 also supports dynamic phase-selection
according to PS1, PS2 and PS3 status.

Let PS1/PS2/PS3 >0.8V to force the uP6213A/B into single
phase operation. Let PS1/PS2/PS3 <0.2V to force the
uP6213A/B into full-phase operation (set by PWM3/PWM4).

Automatic Phase Reduction
The uP6213A/B compares VIMX with VPS1/VPS2/VPS3 to decide
the operation dynamically. if VIMX < VPS1 the uP6213 operates
in single phase regarless the status of VPS2 and VPS3; if VPS1

< VIMX < VPS2 the uP6213 operates in dual phase regarless
the status of VPS3. Take PWM4 = 5VCC, VPS1 = 0.2V, VPS2 =
0.3V, VPS3 = 0.2V and VIMAX = 0.25V for example, the
uP6213 turns off phase 3 and operates the converter in 2-
phase.

The uP6213A/B always keeps out-of-phase interleaved
operation. When operating in 3 phase, Phase1/2/3 are kept
120O out-of phase. When operating in 2 phase, Phase 1/2
are kept 180O of phase.

When setting PS1, PS2 and PS3, always keep VPS1 <
VPS2, VPS3 with difference larger than 80mV. Violating

 

VOUT

RTB

Transient 
Boost

10uA

uP6213
CTB

VOUT

TB

Figure 5. Transient Boost Mechanism

Channel Current Sensing
The uP6213A/B extracts phase currents for current balance
and over current protection by parasitic on-resistance of the
lower switches when turn on as shown in Figure 6. The
ISEN1/2/3/4 pins sense the corresponding phase current
when the low side MOSFETs are turned on.

ISENX = ((IPHX x RDS(ON)) + VDC) / RSENX

where ISENX is the sampled and held phase current signal,
IPHX is phase current, RDS(ON) is the on-resistance of the low
side MOSFETs, and VDC = 20mV is an offset voltage for the
current balance circuit. The current balance circuit increases
the duty cycle of the phase whose phase current is smaller
than others and decrease the duty cycle of the phase whose
phase current is larger than others.

Current 
Balance

ISEN3

ISEN1

ISEN2
RSEN1

RSEN2

RSEN2

PH2PH1 PH3

ISEN1

ISEN2

ISEN3

uP6213

Figure 6. Phase Current Sensing and Current Balance.

Select RSENX  to set the current balance gain. A rule of thumb
is to keep ISENX = 5uA at rated output current.
Output Over Current Protection
IAVG is mirrored and injected to the IMAX pin and create a
voltage VIMAX at IMAX pin.
VIMAX = RIMAX x IAVG = RIMAX x IOUT x DCR / RCSN /P
The over current protection is activated and shuts down the
uP6213A/B if the IMAX voltage is higher than 1.2V.

Functional Description
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Functional Description
Table 3. Operation Phase Selection.

1SP 2SP 3SP noitarepO
esahP

,3MWP,noitarugifnoCesahP-2
5CCVot4MWP

edoMISPotuA
V>1SP XAMI nepo 1

V XAMI 1SP> nepo 2

esahp1decroF V2.0< 1

esahp-2decroF V8.0> 2

ot4MWP,noitarugifnoCesahP-3
5CCV

edoMISPotuA

V>1SP,2SP XAMI nepo 1

V>2SP XAMI 1SP> nepo 2

V XAMI 1SP,2SP> nepo 3

esahp-1decroF V2.0< 1

esahp-3decroF V8.0> 3

noitarugifnoCesahP-4

edoMISPotuA

V>1SP,2SP,3SP XAMI 1

V>2SP,3SP XAMI 1SP> 2

V>3SP XAMI 1SP,2SP> 3

V XAMI 1SP,2SP,3SP> 4

esahp-1decroF V2.0< 1

esahp-4decroF V8.0> 4

3SP<2SP<1SPpeeKsyawlA

this rule may lead to unkown status and should be
avoided.

The automatic phase reduction reduces the switching and
conduction losses at light load condition and enables high
efficiency over a wide range of output current.

Short PS1, PS2 and PS3 to GND to disable the automatic
phase reduction.

Temperature Monitoring
The uP6213 monitors the converter temperature at TM pin
as shown if Figure 7. VR_HOT is activated if VTM < 28% of
5VCC and sets the VR_HOT pin high impedance. VR_HOT
is pulled low if VTM > 33% of 5VCC.

TM

VR_HOT

5VCC

uP6213

NTC 28% of 
5VCC

VTM

33% of 5VCC

28% of 5VCC

VR_HOT

Figure 7. Temperature Monitoring of uP6213.
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

tupnIylppuS

egatloVtupnIylppuS V 5CC 5.4 -- 5.5 V

tnerruCylppuS I 5CC gnihctiwS;nepoxMWP 2 4 6 Am

dlohserhTROPCCV5 V HTR5CC V 5CC .gnisiR 0.4 2.4 4.4 V

siseretsyHROPCCV5 V SYH5CC -- 4.0 -- V

tratStfoS tratStfoS tratStfoS tratStfoS tratStfoS

tnerruCtratStfoS I SS V SS V0= 0.9 4.01 8.11 Au

tnerruCmumixaMylFehtnoDIV I SS -- 061 -- Au

)BT(tsooBtneisnarT

tnerruCgnikniSBT I BT 9 01 11 Au

tnemeganaMlamrehT

leveLdlohserhTTOH_RV 62 82 03 V% 5CC

siseretsyHROH_RV -- 5 -- V% 5CC

Supply Input Voltage, 5VCC (Note 1) ----------------------------------------------------------------------------------------  -0.3V to +6V
Other Pins ------------------------------------------------------------------------------------------------------------------------ -0.3V to +5VCC + 0.3V
Storage Temperature Range  ------------------------------------------------------------------------------------------------------------- -65OC to +150OC
Junction Temperature  ------------------------------------------------------------------------------------------------------------------------------------ 150OC
Lead Temperature (Soldering, 10 sec)  ------------------------------------------------------------------------------------------------------------ 260OC
ESD Rating (Note 2)

HBM (Human Body Mode)  --------------------------------------------------------------------------------------------------------------------- 2kV
MM (Machine Mode)  ----------------------------------------------------------------------------------------------------------------------------- 200V

Package Thermal Resistance (Note 3)
VQFN6x6 - 40L θJA -----------------------------------------------------------------------------------------------------------------------  35OC/W
VQFN4x4 - 28L θJA -----------------------------------------------------------------------------------------------------------------------  40°C/W
VQFN6x6 - 40L θJC  ------------------------------------------------------------------------------------------------------------------------  3

OC/W
VQFN4x4 - 28L θJC -----------------------------------------------------------------------------------------------------------------------  4°C/W

Power Dissipation, PD @ TA = 25°C
VQFN6x6 - 40L --------------------------------------------------------------------------------------------------------------------------------  2.8W
VQFN4x4 - 28L --------------------------------------------------------------------------------------------------------------------------------------  2.5W

Operating Junction Temperature Range (Note 4) ------------------------------------------------------------------------  -40°C to +125°C
Operating Ambient Temperature Range --------------------------------------------------------------------------------------  -40°C to +85°C
Supply Input Voltage, VCC5 ----------------------------------------------------------------------------------------------------------- 4.5V to 5.5V

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

Electrical Characteristics
(5VCC = 5V, TA = 25OC, unless otherwise specified)
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

gnisneStnerruClatoT

tnerruCgnicruoSmumixaM 001 -- -- Au

egatloVtesffOtupnI 4.0- 6.0 6.1 Vm

ycaruccArorriMtnerruCXAMI I XAMI I/ GVA 59 001 501 %

ycaruccArorriMtnerruCpoorD I PRD I/ GVA 59 001 501 %

lortnoCelbanE

dlohserhTwoLcigoL V LI -- -- 4.0 V

dlohserhThgiHcigoL V HI 8.0 -- -- V

rotallicsO

ycneuqerFgnihctiwS f CSO R TR k42= Ω 072 003 033 zHk

egnaRycneuqerFelbatsujdA 05 -- 0001 zHk

edutilpmApmaR -- 4 -- V

ytuDmumixaM 07 57 08 %

egatloVniPTR V TR 79.0 20.1 70.1 V

tuptuOMWP

egatloVwoLtuptuO V LO I KNIS Am4= -- -- 2.0 V

egatloVhgiHtuptuO V HO I CRS Am4= 7.4 -- -- V

CADdnaegatloVecnerefeR

ycaruccACAD V BF

V8.0otV5.0 01- -- 01
Vm

V0.1otV8.0 8- -- 8

V6.1otV0.1 5.0- -- 5.0 %

dlohserhTwoLcigoLtupnICAD V LI -- -- 4.0 V

dlohserhThgiHcigoLtupnICAD V HI 8.0 -- -- V

egatloVSFO
R SFO k01= Ω V.CCV5ot 5CC V- SFO 94.1 26.1 57.1

V
R SFO k01= Ω .DNGot 83.0 14.0 44.0

reifilpmArorrE

niaGCDpooLnepO OA ngiseDybdeetnarauG 07 08 -- Bd

tcudorPhtdiwdnaB-niaG WBG C DAOL .Fp5= 03 -- -- zHM

etaRwelS RS ngiseDybdeetnarauG 3 6 -- su/V

ecnatcudnoc-snarT MG R DAOL k02= Ω 0041 0081 -- V/Au

)kniS&ecruoS(tnerruCmumixaM I PMOC V PMOC V6.1= 003 063 -- Au

Electrical Characteristics
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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. θJA is measured in the natural convection at TA = 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.

Electrical Characteristics

retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

edoMgnivaSrewoP

tnerruCgnicuoS3SP/2SP/1SP I XSP R 1SP R= 2SP R= 3SP k74= 9 01 11 Au

noitcetorP

dlohserhTnoitcetorPnerruClatoT V XAMI 1.1 2.1 3.1 V

noitcetorPegatloVrevOBF V BF V- CAD 031 061 091 Vm

noitcetorPegatloVrednUBF V BF V- CAD 083- 003- 052- Vm

noitcetorPerutarepmeTrevO
dlohserhT -- 061 -- OC

noitcetorPerutarepmeTrevO
siseretsyH -- 02 -- OC

ytilibapaCniPtuptuO

ytilibapaCgnikniSTOH_RV V TOH I TOH .Am4= -- 50.0 2.0 V

ytilibapaCgnikniSYDR_RV V YDR I YDR .Am4= -- 50.0 2.0 V
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VOUT 
(50mV/Div)

IOUT 
(50A/Div)IOUT 

(50A/Div)

VOUT 
(50mV/Div)

VID1
(2V/Div)

VOUT
(200mV/Div)

VOUT
(200mV/Div)

VID1
(2V/Div)

VCC5 
(5V/Div)

EN 
(1V/Div)

VOUT 
(500mV/Div)VR_RDY 

(1V/Div)

VCC5 
(5V/Div)

EN 
(1V/Div)

VOUT 
(500mV/Div)

VR_RDY 
(1V/Div)

Typical Operation Characteristics
Power Off Waveforms

Time (100ms/Div)

Power On Waveforms

Time (4ms/Div)

DVID Rising

Time (100us/Div)

DVID Falling

Time (100us/Div)

Load Transient Response Rising

Time (1us/Div)

Load Transient Response Falling

Time (1us/Div)
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Application Information
Total Current Sensing
In the real application, PCB trances are not ideal and have
certain parasitic resistances RPCB1 and RPCB2 as shown in
Figure 1. When these parasistic resistances are not
identical, the voltages at inductor terminals are not the
same, contributing meausrement error on total current
sensing. Two 1Ω resistors, connecting directly to inductor
terminals are recommended to elimiate the effects of
parasitic resistance.

A 0.1uF capacitor CBYP is also recommended to bypassing
noise when the uP6213A/B is far away from the output
inductors. Place the CBYP physically near the IC.

VOUT
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CSN

S
W

1

S
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uP6213A/B

RCSN

CCS
RDC

L L

RCSP
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Amplifer

RDC

RPCB1

RPCB2

1ohm

1ohm
CBYP

Figure 1. Parasitic Resistance of PCB
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Package Information

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 shell not exceed 0.15mm.

VQFN6x6 - 40L Package

5.90 - 6.10

Pin 1 mark
Bottom View - Exposed Pad

4.25 - 4.35

4.52 - 4.72

0.20 - 0.30

4.52 - 4.72 0.35 - 0.45

5.05 - 5.15

6.45 - 6.55

5.90 - 6.10

0.00 - 0.05

0.90 MAX

0.20 BSC

Recommended Solder Pad Pitch and Dimensions

0.20 - 0.30
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3.90 - 4.10

Pin 1 mark
Bottom View - Exposed Pad

2.35 - 2.45

2.35 - 2.45
0.17 - 0.27

2.35 - 2.45 0.35 - 0.45

3.05 - 3.15

4.45- 4.55

3.90 - 4.10

0.0 - 0.05

0.80 - 1.00

0.20 BSC

0.17 - 0.27

Package Information

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 shell not exceed 0.15mm.

VQFN4x4 - 28L Package


