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Compact Three-Phase
Synchronous-Rectified Buck Controller

The uP6204 is a compact three-phase synchronous-rectified
Buck controller specifically designed to deliver high quality
output voltage for high power applications. This part is
capable of delivering up to 90A output current thanks to its
embedded bootstrapped drivers that support 12V + 12V
driving capability. The built-in bootstrap diode simplifies the
circuit design and reduces external part count and PCB
space.

The output voltage is precisely regulated to the reference
inputs R1/R2/R3/R4 that are selected by VID inputs VID1
and VID0. The reference voltage can also be programmed
by I2C interface.

The uP6204 adopts DCR current sensing technique for over
current protection and droop tuning. Current balance is
achieved by sensing the phase current through RDS(ON) of
lower MOSFET when it turns on.

This part features comprehensive protection functions
including over current protection, input/output under voltage
protection, over voltage protection and over temperature
protection.

Other features include adjustable soft start, adjustable
operation frequency, and quick response to step load
transient. With aforementioned functions, this part provides
customers a compact, high efficiency, well-protected and
cost-effective solutions. This part comes to VQFN6x6-40L
package.

Operate with 10.8V ~13.2V Supply Voltage
12V Bootstrapped Drivers with Internal
Bootstrap Diode
Flexible Reference Voltage for Power Play

External Reference Input R1/R2/R3/R4
Selected by VID1 and VID0

Internal Reference Voltage Programmed by
I2C
Simple Single-Loop Voltage-Mode Control
DCR Current Sensing for Over Current
Protection and Droop Tuning
RDS(ON) Current Sensing for Current Balance
Adjustable Operation Frequency form 50kHz to
1MHz Per Phase
External Compensation
Adjustable Soft Start
VQFN6x6-40L Package
RoHS Compliant and 100% Lead (Pb)-Free
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General Description

Applications

Ordering Information

Features

Pin Configuration

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

Middle-High End GPU Core Power
High End Desktop PC Memory Core Power
Low Output Voltage, High Power Density DC-DC
Converters
Voltage Regulator Modules
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Typical Application Circuit
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Functional Pin Description
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Functional Block Diagram
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The uP6204 is a compact three-phase synchronous-rectified
Buck controller specifically designed to deliver high quality
output voltage for high power applications. This part is
capable of delivering up to 90A output current thanks to its
embedded bootstrapped drivers that support 12V + 12V
driving capability. The built-in bootstrap diode simplifies the
circuit design and reduces external part count and PCB
space.

The output voltage is precisely regulated to the reference
inputs R1/R2/R3/R4 that are selected by VID inputs VID1
and VID0. The reference voltage can also be programmed
by I2C interface.

The uP6204 adopts DCR current sensing technique for over
current protection and droop tuning. Current balance is
achieved by sensing the phase current through RDS(ON) of
lower MOSFET when it turns on.

This part features comprehensive protection functions
including over current protection, input/output under voltage
protection, over voltage protection and over temperature
protection.

Other features include adjustable soft start, adjustable
operation frequency, and quick response to step load
transient. With aforementioned functions, this part provides
customers a compact, high efficiency, well-protected and
cost-effective solutions. This part comes to VQFN6x6-40L
package.

Selecting Phase Number of Operation
The uP6204 supports single/two/three-phase operation that
is important for PCIE interfaced graphic cards where neither
bus power nor external power is capable of delivering full
load current. Take a two-phase buck converter as shown in
Figure 1 for example. Two-phase operation will make the
phase 2 converter act like a boost converter if the external
power is not available, boosting the output voltage VOUT to
the input voltage VIN2. The relationship between input voltage
and output voltage is governed by conventional boost
converter equation. Offset of the current balance function
may make the duty cycle of phase 2 converter smaller
than that of phase 1 converter. This results in input voltage
VIN2 higher than 15V that may damage the input capacitors
and other devices. Therefore, phase 2 must be turned off
when input voltage VIN2 is not present to eliminate the
possibility of over voltage on input capacitors and other
devices of the phase 2 converter.

Functional Description
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Figure 1. Simplified Two-Phase Buck Converter.

The uP6204 selects phase number of operation according
to the MODE pin and VCC2 status. The MODE pin is a tri-
state input. When the MODE pin is pulled low, the uP6204
operates in three phases. When the MODE pin is left
floating, only phase 1 is activated. When the MODE pin is
pulled high, only phase 1 & 2 are activated. The uP6204
does not support real-time phase number of operation
change. If any change of MODE state has been detected,
the uP6204 will shut down the output voltage and re-soft-
start again.

Table 1. Phase Number of Operation Table.
EDOM ROP2CCV noitarepOforebmuNesahP

hgiH X 2/1esahP

gnitaolF X 1esahP

woL SEY 3/2/1esahP

woL ON nwodtuhS

VCC1 powers the gate drives for phase 1/2 while VCC2
powers the gate drivers for phase 1. When MODE pin is
pulled low, the uP6204 checks the VCC2 POR status before
soft start to ensure both bus and external power inputs are
ready for providing current to output voltage. The VCC2 pin
should be connected to VIN2 (external power input). Figure
2 shows an implementation example where phase 1/2 are
powered by PECI bus and phase 3 is power by external
cable.

Note that when operated in single/dual-phase, the
rated current is reduced to fractions of normal level.
Continuous demanding high current may damage the
converter.
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Functional Description

VCC1

MODEExternal Power Detection
Ext. Pwr Plugged = 0
Ext. Pwr Not Plugged = 1

PCIE +12V uP6204

Operation 
Phase 

Selection

Phase 1/2
Converter

VCC2EXT +12V

Phase 3 
Converter

Figure 2. Single/Three Phase Operation

Dynamic Voltage Management
The uP6204 provides a comprehensive dynamic voltage
management scheme as shown in Figure 3. VREF is the
reference voltage used for voltage control loop. VREF is
default connected VREF/P and can be programmed to either
VREFS or VREFP by PMBUS, see the related section for details.

The VREFS is a  reference voltage programmed by PMBUS.
The VREFP  is a reference voltage programmed by the VID0
and VID1 inputs. One of the voltage levels Level[1:4] is
selected as VREFP as illustrated in table 2. Initially, Level[1:4]
are defined as VR[1:4] defined by R[1:4] pins. Level[1:4] can
also be overwritten by PMBUS according the AMD GPU

VID Table as shown in Table 3.

R1/R2/R3/R4 define four voltage levels through voltage
dividers for power on default setting.

LOWHIGH

LOW
5CC]4:1[R RR

RVV
+

×=

where VCC5 is the 5.0V reference output voltage at 5VCC
pin. Note that the VR2 is the default reference voltage
level for soft start.

Table 2. Parallel VID Selection.

]0:1[DIV
V PFER egatloV

4/3R/2R/1RybteS suBMPybteS

00 V 1R 1leveL

10 V 2R 2leveL

01 V 3R 3leveL

11 V 4R 4leveL

Voltage Control Loop and Power On Sequence
Figure 4 and Figure 5 show the voltage control loop and
typical power on sequence of uP6204 respectively. The
power on reset is acknowledged and the controller is
enabled at T0. A buffer with 160uA maximum current
capability starts to charge the soft start capacitor

PMBUS Programmable

PMBUS enable SVID mode
(Default PVID mode)

PMBUS Select
(SVID)

Level 1

Level 2

Level 3

Level 4

PWR 
ON 

Default 
Setting

AMD GPU Table
6-Bit/64-Level

Range: 0.8V ~ 1.2V
Step: ~12.5mV

VI
D

1

VI
D

0

2-Bit PVID 
Select

Power Play 
Table

SC
L

SD
A

VREF

R1

R2

R3

5VCC

R4

VREF/P

VREF/S

Figure 4. Dynamic Voltage Management
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Functional Description

petS 5tiB 4tiB 3tiB 2tiB 1tiB 0tiB tuptuO
egatloV

33 1 0 0 0 0 0 0059.0

43 1 0 0 0 0 1 5739.0

53 1 0 0 0 1 0 0529.0

63 1 0 0 0 1 1 5219.0

73 1 0 0 1 0 0 0009.0

83 1 0 0 1 0 1 5788.0

93 1 0 0 1 1 0 0578.0

04 1 0 0 1 1 1 5268.0

14 1 0 1 0 0 0 0058.0

24 1 0 1 0 0 1 5738.0

34 1 0 1 0 1 0 0528.0

44 1 0 1 0 1 1 5218.0

54 1 0 1 1 0 0 0008.0

64 1 0 1 1 0 1 5787.0

74 1 0 1 1 1 0 0577.0

84 1 0 1 1 1 1 5267.0

94 1 1 0 0 0 0 0057.0

05 1 1 0 0 0 1 5737.0

15 1 1 0 0 1 0 0527.0

25 1 1 0 0 1 1 5217.0

35 1 1 0 1 0 0 0007.0

45 1 1 0 1 0 1 5786.0

55 1 1 0 1 1 0 0576.0

65 1 1 0 1 1 1 5266.0

75 1 1 1 0 0 0 0056.0

85 1 1 1 0 0 1 5736.0

95 1 1 1 0 1 0 0526.0

06 1 1 1 0 1 1 5216.0

16 1 1 1 1 0 0 0006.0

26 1 1 1 1 0 1 5785.0

36 1 1 1 1 1 0 0575.0

46 1 1 1 1 1 1 5265.0

petS 5tiB 4tiB 3tiB 2tiB 1tiB 0tiB tuptuO
egatloV

1 0 0 0 0 0 0 0053.1

2 0 0 0 0 0 1 5733.1

3 0 0 0 0 1 0 523.1

4 0 0 0 0 1 1 4213.1

5 0 0 0 1 0 0 0003.1

6 0 0 0 1 0 1 5782.1

7 0 0 0 1 1 0 0572.1

8 0 0 0 1 1 1 5262.1

9 0 0 1 0 0 0 0052.1

01 0 0 1 0 0 1 5732.1

11 0 0 1 0 1 0 0522.1

21 0 0 1 0 1 1 5212.1

31 0 0 1 1 0 0 0002.1

41 0 0 1 1 0 1 5781.1

51 0 0 1 1 1 0 0571.1

61 0 0 1 1 1 1 5261.1

71 0 1 0 0 0 0 0051.1

81 0 1 0 0 0 1 5731.1

91 0 1 0 0 1 0 0521.1

02 0 1 0 0 1 1 5211.1

12 0 1 0 1 0 0 0001.1

22 0 1 0 1 0 1 5780.1

32 0 1 0 1 1 0 0570.1

42 0 1 0 1 1 1 5260.1

52 0 1 1 0 0 0 0050.1

62 0 1 1 0 0 1 5730.1

72 0 1 1 0 1 0 0520.1

82 0 1 1 0 1 1 5210.1

92 0 1 1 1 0 0 0000.1

03 0 1 1 1 0 1 5789.0

13 0 1 1 1 1 0 0579.0

23 0 1 1 1 1 1 5269.0

Table 3. AMD GPU VID Table Table 3. AMD GPU VID Table
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Functional Description

connected to SS pin after a 800us delay time TDLY at T1.
The non-inverting input of the error amplifier VEAP is equal
to VSS and ramp up linearly to VREF. (Neglect the voltage
drop caused by droop setting resistor RDRP, see the related
section for details.) Consequently, the FB voltage VFB is
regulated to VEAP and ramp up linearly to VREF.

VR2 is default selected as VREF during soft start cycle
regardless of the status of VID0 and VID1. The output
voltage reaches power on default output voltage defined by
R2 pin at T2 and stays there for a time interval TDFT.

EAP

SS

FB

COMP

Error 
Amplifier

VREF

Maximum 
Current = 

160uA

uP6204

ISEN

RDRP

Figure 4. Voltage Control Loop

The uP6204 enters PVID mode (parallel VID mode) and
moves the output voltage to its final level selected by
VID[1:0] and voltages at R1/R2/R3/R4 after T3. The output
voltage transition slew rate is identical to the slew rate
during TSS. Table 4 shows typical time period of soft start
cycle of uP6204.

Output Voltage
Selected by VID[0:1]

T0 T1 T2 T3

PWR ON Default
Output Voltage = VR2

TDLY TSS TDFT PVID Mode

TRAMP

Controller Enable and 
Power On Rest SS

VOUT

Time

Figure 5. Power On Sequence

Table 4. Typical Power On Periods with CSS = 4.7nF

retemaraP lobmyS lanimoN
eulaV

elbatsujdA
egnaR

emiTyaleDtratS T YLD su002 AN

emiTtratStfoS T SS sm3 sm4~1

tuptuOotelbanE
noitalugeRni

T PMAR =
T YLD T+ SS

sm2.3 sm2.4~2.1

tluafeDNORWP
doirePegatloV T TFD sm002 AN

Operation Frequency Programming
A resistor RRT connected to RT pin programs the oscillation
frequency as:

)k(R
10000f
RT

OSC Ω
= (kHz)

Figure 6 shows the relationship between oscillation
frequency and RRT.

10
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z)

Figure 6. Switching Frequency vs. RRT.

Channel Current Sensing and Current Balance

The uP6204 senses the phase currents for current balance
by sensing the voltage across the lower switches when
they turn on as shown in Figure 7. The sampled-and-held
current is calculated as:

]3:1[R
]3:1[VmV10

]3:1[I
SEN

PHASE
SEN

−
=
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5VCC

10mV

RSEN

uP6204

ISEN[1:3]

S/H

PHASE[1:3]

Figure 7. Phase Current Sensing.

The uP6204 fine tunes the duty cycle of each channel for
current balance according to the sensed inductor current
signals. If the current of channel 1 is smaller than the current
of channel 2 and 3, the uP6204 increases the duty cycle of
the corresponding phase to increase its phase current
accordingly, vice versa. The user can adjust RSEN to adjust
current ratio between phases.

The sampled-and-held current ISEN[1:3] are monitored for
phase over current protection. If any one of ISEN[1:3] is higher
than 20uA, phase over current protection is activated and
shuts down the uP6204.

Total Current Sensing

The uP6204 extracts output current by parasitic DCR of the
inductors for over current protection. A RC network is
paralleled to the inductor for current sensing as shown in
Figure 8 where DCR is the parasitic resistance. The VC
across the capacitor equals to VDCR = IL x DCR across the
DCR of the inductor if the time constants match:

R1CS = R2CS = R3CS = 3xL/DCR

The GM amplifier will source a current source IAVG = VC/RCSN
to virtually short its two inputs. Consequently ICSN  is
calculated as:

CSN

OUT

CSN

L

CSN

C
CSN R3

DCRI
R

DCRI
R

V
I

×
×

=
×

==

Functional Description

CSP

VOUTPHASE1

PHASE2

PHASE3

CSN

IAVG

VC

RCSNR1

R2

R3

DCRL

CS

Figure 8. DCR Current Sensing Scheme
The sourcing capability of the GM amplifier is 100uA. It is
recommended to scale ICSN = 40uA at rated inductor current.
Take a 90A converter for example. Assume DCR = 2mΩ,
select the sense resistor according to

Ω=
×

Ω×
= k5.1

uA403
m2A90RCSN

Output Voltage Droop Tuning
The uP6204 dynamically adjusts the output voltage
according to the output current the droop tuning resistor
RDRP as shown in Figure 4. The sensed current signal
IAVG is mirrored and injected to EAP pin, producing a voltage
drop between SS pin and EAP pin.

DRP
CSN

OUT
REFDRPAVGSSEAP R

R
DCRIVRI3VV ×

×
−=××−=

Since the FB voltage is regulated to track VEAP, it shows
a load line with slope = (DCR x RDRP / 3 / RCSN).

Short the RDRP to disable the droop function.

Over Current Protection
The sensed current signal IAVG is mirrored and injected to
IMAX pin for over current protection. If the IMAX pin voltage
is higher than 3.0V, over current protection is activated and
shuts down the uP6204 as shown in Figure 9. A resistor
connected to IMAX set the over current protection level as:

DCRR
RV33

I
IMAX

CSN
MAX ×

××
=

For example, if DCR = 2mΩ, RCSN = 1.5kΩ, and RIMAX =
47kΩ, the over current protection level is calculated as 144A.
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Functional Description

VOUT 
(1V/Div)

UGATE1 
(20V/Div)

VIMAX
(2V/Div)

Time: (10ms/Div)
Figure  8. Over Current Protection.

Dynamic Phase Reduction
The uP6204 dynamically reduces the phase number of
operation to reduce the switching and conduction loss at
light load condition. This yield high efficiency over wide range
of output current.

The 20uA current source out of PSI pin produces a voltage
cross the resistor RPSI connected to this pin.

PSIPSIPSI RIV ×=

The uP6204 operates with single phase if VIMAX is smaller
than VPSI. (VPSI < 0.2V) disables the dynamic phase reduction
function.

Over Voltage and Under Voltage Protection
The FB voltage is monitored for under voltage and over
voltage protection. The OVP is triggered and turns on the
lower MOSFETs if VFB > VREF + 200mV with 10us dealy.
The OVP function is latch-off type and can only be reset by
POR or toggling the VRHOT/EN pin.

The UVP is triggered and turns off upper/lower MOSFETs if
VFB < VEAP - 300mV with 10us dealy. The UVP function
is latch-off type and can only be reset by POR or toggling
the VRHOT/EN pin.

The OVP and UVP functions are blocked about 20us when
reference voltage is changed either by PVID or SVID.

Temperature Monitoring and Chip Enable
The VRHOT/EN is multifunctional pin: high temperature
warning and chip enable as shown in Figure 9. Pulling this
pin low shuts down the uP6204. The VRHOT/EN is pulled
high to 5VCC when released. This enables the uP6204.
This pin is clamped to 0.45V when the sensed temperature

is over the over temperature warning level.

A PTC network is used to monitor the converter temperature.
The uP6204 asserts over demarcature warning and turns
on the internal MOSFET if

28.0
1RR

R

PTC

PTC >
+

The VRHOT/EN is clamped to 0.45V by internal diode and
is OK to keep the uP6204 enabled. It is highly suggest to
use 10kΩΩΩΩΩ pull high resistance so that the VRHOT/EN
can be properly clamped.
The uP6204 asserts thermal shutdown and turns off upper/
lower MOSFETs if

33.0
1RR

R

PTC

PTC >
+

An NTC network is also OK for temperature monitoring.

VRHOT/EN

TCS

28% of 
5VCC

0.3V
Chip Enable

5VCC

33% of 
5VCC

10k ohm

PTC

uP6204

Thermal 
Shutdown

R1

Figure 9. Temperature Monitoring and Chip Enable.



uP6204Preliminary

12uPI  Semiconductor Corp., http://www.upi-semi.com
Rev. P01, File Name: uP6204-DS-P0100

retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

tupnIylppuS

egatloVylppuS V CC 8.01 -- 2.31 V

tnerruCylppuS I CC V;nepOETAGLdnaETAGU CC gnihctiwS,V21= -- 5 -- Am

tnerruCylppuStnecseiuQ I Q_CC -- 4 -- Am

dlohserhTROP V HTRCC 8 9 01 V

siseretsyHROP V SYHCC -- 3.0 -- V

tratStfoS

tnerruCtratStfoS I SS V CC V21= 021 061 002 Au

CCV5

ycaruccAegatloVtuptuOCCV5 V 5CC V 1CC I,V21= 5CC Am0= 59.4 00.5 50.5 V

daoLegatloVtuptuOCCV5
noitalugeR ΔV 5CC I 5CC Am02~Am0= 5.0- -- 5.0 %

Supply Input Voltage, VCC1/VCC2 (Note 1) --------------------------------------------------------------------------------------  -0.3V to +15V
PHASE to GND

DC ------------------------------------------------------------------------------------------------------------------------------------- -1V to 15V
< 200ns ---------------------------------------------------------------------------------------------------------------------------- -5V to 30V

BOOT to PHASE -------------------------------------------------------------------------------------------------------------------------------------- 15V
BOOT to GND

DC ------------------------------------------------------------------------------------------------------------------------- -0.3V to PHASE +15V
< 200ns --------------------------------------------------------------------------------------------------------------------------  -0.3V to 42V

Input, Output or I/O Voltage ---------------------------------------------------------------------------------------------------------- -0.3V to +6V
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 -------------------------------------------------------------------------------------------------------------------------  TBD

Power Dissipation, PD @ TA = 25°C
VQFN6x6-40L -----------------------------------------------------------------------------------------------------------------------------------------  TBD

Operating Junction Temperature Range (Note 4) ------------------------------------------------------------------------  -40°C to +125°C
Operating Ambient Temperature Range --------------------------------------------------------------------------------------  -40°C to +85°C
Supply Input Voltage, VCC   ------------------------------------------------------------------------------------ 10.8V to 13.2V

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

Electrical Characteristics
(VCC = 12V, TA = 25OC, unless otherwise specified)
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

ycaruccAegatloVtuptuO

ycaruccAegatloVtuptuO
V BF V- ]4:1[1R Vnehw FER ,]4:1[1Rybtes
I TUO .A0= 01- -- 01 Vm

V FER I.C2Iybtes TUO A0= 5.1 -- 5.1 %

rotallicsO

ycneuqerFgninnuReerF f CSO R TR k33= 072 003 033 zHk

noitairaVycneuqerF 01- -- 01 %

egnaRycneuqerF 05 -- 0001 zHk

elcyCytuDmumixaM 58 09 59 %

elcyCytuDmuminiM -- 0 -- %

edutilpmApmaR ΔV CSO V CC V21= -- 0.4 -- V P-P

reifilpmArorrE

niaGCDpooLnepO OA ngiseDybdeetnarauG 06 07 -- Bd

tcudorPhtdiwdnaB-niaG WBG ngiseDybdeetnarauG 6 01 -- zHM

etaRwelS RS ngiseDybdeetnarauG 3 6 -- su/V

esneStnerruC

oitaResneStnerruC I XAMI I/ GVA I GVA R,Au04= XAMI k01= Ω 09 001 011 %

tnerruCgnicroSmumixaM I XAM_NSC 001 -- -- Au

tesffOreifilpmAMG V TESFFO

V TESFFO V|= PSC V- NSC V,| PSC ,V1.1=
RrotsiseratcennoC NSCI k02= Ω morf

NSC DNGot
3- -- 3 Vm

srevirDetaG

ecruoSetaGreppU R CRS_GU V TOOB V- ESAHP I,V21= CRS_GU Am051= -- 3.1 6.2 Ω

kniSetaGreppU R KNS_GU V TOOB V- ESAHP I,V21= KNS_GU Am051= -- 1 0.2 Ω

ecruoSetaGrewoL I CRS_GL I CRS_GL Am051= -- 3.1 6.1 Ω

kniSetaGrewoL I KNS_GL I KNS_GL Am051= -- 8.0 6.1 Ω

emiTdaeD T TD -- 03 -- sn

gnirotinoMerutarepmeT

gninraWerutarepmeTrevO
leveLdlohserhT V SCT CCV5foegatnecrep -- 82 -- %

dlohserhTnwodtuhSlamrehT
leveL V SCT CCV5foegatnecrep -- 33 -- %

egatloVpmalCgninraWTO V NE/TOHRV V SCT I,CCV5fo%03= NE/TOHRV Au05= -- 54.0 -- V

leveLdlohserhTelbnaEpihC V NE/TOHRV V NE/TOHRV gnisir 4.0 -- -- V

leveLdlohserhTelbnaEpihC V NE/TOHRV V NE/TOHRV gnillaf -- -- 2.0 V

Electrical Characteristics
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retemaraP lobmyS snoitidnoCtseT niM pyT xaM stinU

stupnIlortnoC

leveLdlohserhThgiHtupnIDIV V ]1:0[DIV gnisir1DIV,0DIV 4.1 -- -- V

leveLdlohserhTwoLtupnIDIV V ]1:0[DIV gnillaf1DIV,0DIV -- -- 4.0 V

snoitcetorP

dlohserhTnoitcetorPtnerruCrevO
leveL V XAMI -- 0.3 -- V

leveLdlohserhTnoitcetorPegatlooVrevO V BF V BF V- FER -- 002 -- Vm

leveLdlohserhTnoitcetorPegatloVrednU V BF V BF V- FER -- 003- -- Vm

leveLdlohserhTKOrewoP V BF V BF V- FER V, FER .gnisir -- 03 -- Vm

ytilibapaCgnikniSKOrewoP V KOP I KOP Am4= -- -- 001 Vm

Electrical Characteristics

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.
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LGATE1 (5V/Div) PHASE1 
(0.5V/Div)

UGATE1 (5V/Div)

LGATE1 (5V/Div)
PHASE1 
(0.5V/Div)

UGATE1 (5V/Div)

VID0 (2V/Div)

VOUT (0.5V/Div)
SS (0.5V/Div)

VCC1 (5V/Div)

VOUT (0.5V/Div)
SS (0.5V/Div)

5VCC (2V/Div)

VCC1 (5V/Div)

VOUT (0.5V/Div)

SS (0.5V/Div)

5VCC (2V/Div)

EN (2V/Div)

VOUT (0.5V/Div)

SS (0.5V/Div)

PHASE1 (5V/Div)

Power On Waveforms

Time: (10ms)

Power Off Waveforms

Time: (10ms)

Turn On Waveforms

Time: (10ms/Div)

Power Play

Time: (10ms)

Gate Waveforms (UGATE Falling)

Time: (25ns)

Gate Waveforms (UGATE Rising)

Time: (25ns)

Typical Operation Characteristics
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Typical Operation Characteristics

PHASE1 
(10V/Div)

IMAX
(2V/Div)

VOUT (1V/Div)

PHASE2 
(10V/Div)

PHASE3
(10V/Div)

PHASE1
 (10V/Div)

VOUT 
(50mV/Div)

Steady State Operation

Time: (400ns)

Over Current Protection

Time: (10ms)
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Typical Operation Characteristics
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Application Information

This page is intentionally left blank and will be update later.
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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 no not include mold flash or protrusions. Mold flash or protrusions shell not exceed 0.15mm.

5.90 - 6.10

Pin 1 mark
Bottom View - Exposed Pad

4.75 - 4.85

4.65 -4.95
0.18 - 0.30

4.65 - 4.95 0.35 - 0.45

4.95 - 5.05

6.55 - 6.65

5.90 - 6.10

0.0 - 0.05

0.80 - 1.00

0.20 BSC

Recommended Solder Pad Pitch and Dimensions

0.18 - 0.30




