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VCORE Power Supplies for Desktop and Laptop
Computers
On-Line Output Voltage Tuning for DC/DC
Converters

Sense Input/Output Current/Voltage with Highm
Accuracy

Zero Offset Current Sense Amplifier, < 0.1mV
Guaranteed
High Linearity

Ten Temperature Sensing Inputs
Current Source for Dynamic Output Voltage
Adjustment
I2C Interface

Programmable Address
RoHS Compliant and 100% Lead (Pb)- Free
VQFN4x4 - 24L or VQFN5x5 - 32L Packages

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

General Description

Applications

Ordering Information

Features

High Accuracy Power Meter
with I2C Interface for DC/DC Converters

rebmuNredrO egakcaP gnikraMpoT

GAQA1091Pu L42-4x4NFQV A1091Pu

IAQB1091Pu L23-5x5NFQV B1091Pu

The uP1901 is a high-accuracy power meter for DC/DC
converter. It measures input/output currents and voltages
with zero offset sensing amplifiers. The sensed currents
and voltages are digitalized and interfaced with
microprocessor by I2C for advanced power management
procedures.

Ten temperature sensing inputs are available for
monitoring temperature of the system. The uP1901
features a current output that enables dynamic adjustment
of the output voltages. The uP1901B also features two
open-drain outputs D0/D1 for indicating the instant output
current level.

Other features include programmable I2C address, high
accuracy reference output voltage. This part is available
in VQFN4x4 - 24L or VQFN5x5 - 32L. Pin Configuration
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Typical Application Circuit
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Functional Block Diagram
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Functional Pin Description
emaNniP noitcnuFniP

]01:1[ST .01~1tupnIgnisneSerutarepmeT

LCS .ecafretnIC2IrofkcolC .subC2IehtroflangiskcolcehtotLCStcennoC

ADS .ecafretnIC2IrofataD .subC2IehtfoenilatadlanoitceridibehtotADStcennoC

LES_SUB .suBC2IehtrofnoitceleSsserddA .sserddaC2Iehttesot21CCVmorfredividegatlovatcennoC

KNSI .tnerruCgnikniS .subC2IybelbammargorpsitahttnerructnatsnocasknisnipsihT

2NOMI tnerruCtuptuOrofgnirotinoM .tnerructuptuoehtotlanoitroporpsitahtegatlovasedivorpnipsihT.
.niagegatlovehttesotdnuorgotnipsihtmorfrotsiseratcennoC

1NOMI .tnerruCtupnIrofgnirotinoM .tnerructupniehtotlanoitroporpsitahtegatlovasedivorpnipsihT
.niagegatlovehttesotdnuorgotnipsihtmorfrotsiseratcennoC

1SFO .gnisneStnerruCtupnIrofgnillecnaCtesffO

2SFO .gnisneStnerruCtuptuOrofgnillecnaCtesffO

TUOV .tupnIgnisneSegatloVtuptuO .V840.2~V0siegnaregatlovtupniehT

NIV .tupnIgnisneSegatloVtupnI .V840.2~V0siegnaregatlovtupniehT

TESR .gnitteSecnerefeRtnerruC RrotsiseratcennoC TES roftnerrucecnereferehttesotdnuorgot
I.gnisneserutarepmet FER R/V82.1= TES .

N2SC .tupnIgnitrevnIgnisneStnerruCtuptuO VehtdnaN2SCneewtebrotsiseratcennoC TUO foedis
.srotcudnituptuo

P2SC .tupnIgnitrevni-noNgnisneStnerruCtuptuO hctiwsmorfsrotsiseR.edongnigarevatnerruclennahC
VdnaP2SCneewtebroticapacehtnotnerrucrotcudniehtegarevanipsihtotedon .TUO

N1SC .tupnIgnitrevnIgnisneStnerruCtupnI

P1SC .tupnIgnitrevni-noNgnisneStnerruCtupnI

21CCV .tiucriCgnisneStnerruCtupnIehtroftupnIylppuS

5CCV CIehtroftupnIylppuS ylppusrewopegatloV.retlifCRhtiwecruosegatlovV5aotnipsihttcennoC.
.roticapaccimarecFu1.0agnisuelpuoceddnaylppusV5aotnipsihttcennoC.CIehtfo

1D/0D
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.egakcap4x4NFQV
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.egakcap4x4NFQVrofelbaliavatonsinipsihT.leveldemmargorpylevitcepserehtnahtrehgihsitnerruc
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Functional Description
The uP1901 is a high-accuracy power meter for DC/DC
converter. It measures input/output currents and voltages
with zero offset sensing amplifiers. The sensed currents
and voltages are digitalized and interfaced with
microprocessor by I2C for advanced power management
procedures.

Ten temperature sensing inputs are available for
monitoring temperature of the system. The uP1901
features a current output that enables dynamic adjustment
of the output voltages. The uP1901B also features two
open-drain outputs D0/D1 for indicating the instant output
current level.

Other features include programmable I2C address, high
accuracy reference output voltage. This part is available
in VQFN4x4-24L or VQFN5x5-32L packages.

Supply Inputs and POR
The uP1901 works with dual supply inputs: VCC12 for
input current sensing circuits and VCC5 for other control
circuits. Both inputs are continuously monitored for power
on reset (POR). The POR threshold level is typical 4.2V
for VCC5 rising and 10.5V for VCC12 rising.

Input/Output Voltage Measurement
The Figure 1 depicts the measurement of input and output
voltages. The VIN and VOUT pin voltages are directly
digitalized by A/D converters and interfaced with
microprocessors by I2C bus. The A/D converters have
resolution of 8mV and full scale of 2.048V. The A/D
converter outputs for output and input voltages are stored
in Reg0x02 and Reg0x03 respectively. For example, if
Reg0x02 is read as X, the real output voltage will be:

1R
)2R1R(mV8)1X(V

1R
)2R1R(mV8X

OUT
+××+

<<
+××

C1 = 1uF is recommended to smooth the input and output
voltage. It is also recommended that (R1//R2) is kept
around 10kΩ.

A/D 
Converter

I2C 
Interface

VIN, VOUT

VIN, 
VOUT

R1

R2

C1

Figure 1. Input and Output Voltages Measurement.

Input Current Measurement
Figure 2 shows input current measurement of the uP1901.
The current sensing amplifier sinks a current ISNE1 to make
its CSN1 and CSP1 inputs virtually short circuit.

3R
RI

3R
VI DCIN1C

1SEN
×

==

where RDC is the DCR of the input inductor.

The sensed current ISEN1 is mirrored and injected to
IMON1 pin. Consequently, the voltage at IMON1 pin is
digitalized by A/D converters and interfaced with
microprocessors by I2C bus and is calculated as:

3R
R2RIV DCIN

1IMON
××

=

In the real application, select R3 so that ISEN1 = 100uA for
possible maximum IIN. For example, IIN(MAX) = 10A, DCR
= 10mΩ, select R3 = 1kΩ so that ISEN1 = 100uA when IIN =
10A. C1 = 1uF and R1 = 10kΩ is recommended to smooth
the sensed voltage.

A/D 
Converter

I2C 
Interface

VIN

C1

ISEN1

LIN RDC
IIN

CSN1
CSP1
OFS1

IMON1

R1

R2
C2

ISEN1

R3

Figure 2. Input Current Measurement.

The A/D converters have resolution of 8mV and full scale
of 2.048V. The A/D converter output is stored in Reg0x04.
User can adjust the R2 to get the maximum sensitivity of
the meter. C2 = 1uF is recommended to smooth the
voltage at IMON1 pin. For example, if Reg0x04 is read as
Y, the input current will be:

DC
IN

DC R2R
3RmV8)1Y(I

R2R
3RmV8Y

×
××+

<<
×

××
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Functional Description
VIN directly. The uP1901 uses 0.4xR2/R3 bits for offset
cancelling. If R3 = 1kΩ, R2 = 10kΩ, 4 bits are used for
offset cancelling. Y = [255:252] are not defined and should
be avoided.

Output Current Measurement

Figure 3 shows output current measurement of the
uP1901. The current sensing amplifier sources a current
ISNE2 to make its CSN2 and CSP2 inputs virtually short
circuit.

3R
RI

3R
VI DCOUT1C

2SEN
×

==

where RDC is the DCR of output inductor.

The sensed current ISEN2 is mirrored and injected to
IMON2 pin. Consequently, the voltage at IMON2 pin is
digitalized by A/D converters and interfaced with
microprocessors by I2C bus and is calculated as:

3R
R2RIV DCOUT

2IMON
××

=

In the real applicatiion, select R3 so that ISEN2 = 100uA for
possible maximum IOUT. For example, IOUT(MAX) = 30A,
DCR = 1mΩ, select R3 = 300Ω so that ISEN2 = 100uA
when IOUT = 30A. C1 = 1uF and R1 = 10kΩ is
recommended to smooth the sensed voltage.

A/D 
Converter

I2C 
Interface

VPH

C1

I S
EN

2

LIN DCR IOUT

O
FS

2

CSP2

IMON2

R1

R2
C2

ISEN2

R3

CSN2

VOUT

Figure 3. Output Current Measurement.

The A/D converters have resolution of 8mV and full scale
of 2.048V. The A/D converter output is stored in Reg0x01.
User can adjust the R2 to get the maximum sensitivity of
the meter. C2 = 1uF is recommended to smooth the
voltage at IMON2 pin. For example, if Reg0x01 is read as

Z, the input current will be:

DC
OUT

DC R2R
3RmV8)1Z(I

R2R
3RmV8Z

×
××+

<<
×

××

OFS2 is for offset cancelling and should be connected to
VOUT directly.  The uP1901 uses 0.4xR2/R3 bits for offset
cancelling. If R3 = 1kΩ, R2 = 10kΩ, 4 bits are used for
offset cancelling. Z = [255:252] are not defined and should
be avoided.

Temperature Monitoring
The uP1901 features ten temperature sensing inputs for
system temperature monitoring with linear PTC as shown
in Figure 4. The voltage at TSx is calculated as:

SET
TSX

SET

RSET
TSXTSX R

V28.1R
R
VRV ×=×=

where VRSET = 1.28V is the voltage at RSET pin, RSET is
the resistor connected to RSET pin and RTSX is the
resistance of PTC connected to TSX pin.
The VTS1~10 are digitalized by A/D converters and stored
in Reg0x11 ~ Reg0x1A respectively.
For example, the real VTS1 is calculated as:

])0:7[C1x0gRe
])7[11x0gRe21(]0:6[11x0gRe128(mV5V 1TS

+

×−×+×=

where Reg0x1C[7:0] is the register for offset programming
of the temperature sensing A/D converter.

TS1

VREF

TS2

A/D 
Converter

I2C 
Interface

RREF IREF

1.28V

R
TS

1

R
TS

2

C1 C2 Offset

Figure 4. Temperature Measurement

Example 1
If Reg0x11[7:0] = [0000,1000], and Reg0x1C[7:0] =
[1000,0000], then
VTS1 = 5mV x (128 + 16 + 128) = 1.36V
Consequently, the RTS1 = RSET x 1.36V / 1.28V
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Functional Description
Example 2
f Reg0x11[7:0] = [1000,1000], and Reg0x1C[7:0] =
[0000,1000], then
VTS1 = 5mV x (128 + 16 x (1 - 2) + 16) = 0.64V
Consequently, the RTS1 = RSET x 0.64V / 1.28V
A look-up table is required to get the real temperature.
A 1uF capacitor for each TSx is recommended to smooth
the signals at TSx pins.
Follow the below guidelines to get the maximum
resolution for temperature sensing. Let the RHIGH and
RLOW are the highest and lowest resistance of the PTC
over the temperature range of application. Select the
minimum RSET that still follows the below inequalities.

V24.1)RR(
R

V28.1
LOWHIGH

SET
<−×

V24.1C1x0gRemV5R
R

V28.1
HIGH

SET
+×<×

SET

LOW

R
R

mV5
V28.1C1x0gRe ×<

I2C Address Selection
The BUS_SEL voltage is checked when VCC12 POR
for I2C address selection. Connect a voltage divider from
VCC12-BUS_SEL-GND to set the I2C address. Table 1
demonstrates the relationship between VBUS_SEL and
address selected.

Table 1. I2C Bus Selection

V LES_SUB ot
V 21CC oitaR 0 573.0 526.0 1

sserddAC2I 6Bx0 4Bx0 2Bx0 0Bx0

VBUS_SEL to VCC12 Ratio (%)

I2
C

 A
dd

re
ss

 (H
ex

ad
ec

im
al

)

0 0.25 0.5 0.75 1

0xB4

0xB6

0xB2

0xB0

Figure 5. I2C Bus Selection

In real application, keep the bias current for the voltage
divider about 1.0mA.
Output Current Indication D0/D1
The uP1901 defines four output current levels S1/2/3/4
that are programmable by I2C interface Reg0x05,
Reg0x07 and Reg0x09 as shown in Table 2. Each register
Reg0x05, Reg0x07 and Reg0x09 has a complementary
register Reg0x06, Reg0x08 and Reg0x0A respectively that
defines the hysteresis levels of output current. For
example, if Reg0x05 = 0x20 and Reg0x06 = 0x10,
Reg0x01 is considered as higher than Reg0x05 if Reg0x01
> 0x20 at its rising, and lower than Reg0x05 if Reg0x01 <
0x10 at its falling.
D0/D1 are open drain outputs that indicate the output
current levels. It is a must to ensure Reg0x09 > Reg0x0A
> Reg0x07 > Reg0x08 > Reg0x05 > Reg0x06 in real
application otherwise may result in wrong state of D0/D1.
There are two logic options available for D0/D1, that is
selected by Reg0x1B[0] as shown in Table 2. The output
current indication D0/D1 can be disabled by setting 0x1B[3]
= 0. When disabled, D0/D1 are set high impedance
regardless S1/2/3/4 states.
Sinking Current Source
The uP1901 sinks or sources a current source according
to output current level S1/2/3/4 for dynamically adjusting
the output voltage of a DC/DC converter as shown in
Figure 6. The sinking/sourcing current source is
programmable by I2C interface. The corresponding
registers for S1/2/3/4 are shown in Table 2.
As shown in Figure 6, the original output voltage VOUT is
when ISNK = 0uA:

2R
)2R1R(VV REFOUT

+
×=

where VREF is the reference voltage of the DC/DC
converter.
With ISNK, the output voltage becomes:

1RI
2R

)2R1R(VV SNKREFOUT ×+
+

×=

Take output current level S1 for example, the sinking/
sourcing current source is programmable by I2C interface
and is calculated as:

]0:6[D0x0gReuA10ISNK ×= if Reg0x0D[7] = 0.

]0:4[D0x0gReuA10ISNK ×−= if Reg0x0D[7] = 1.

When Reg0x0D[7] = 0, the maximum Reg0x0D[6:0] =
0x7F and results in maximum ISNK = 1.27mA. When
Reg0x1D[7] = 0 and Reg0x0D[7] = 1, the maximum
Reg0x0D[4:0] = 0x1F and results in maximum ISNK =
-0.31mA.
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Functional Description

 

DC/DC 
Converter

ISNK FB

VOUT VIN

R1

R2

uP6270
ISNK

Figure 6. Output Voltage Adjustment.

Reg0x1D[7] = 1 boosts the sinking/sourcing current by
10x. The sinking/sourcing current source is programmable
by I2C interface and is calculated as:

]0:6[D0x0gReuA100ISNK ×= if Reg0x0D[7] = 0.

]0:4[D0x0gReuA100ISNK ×−= if Reg0x0D[7] = 1.

For other sinking/sourcing currents, please see Table 4.
Output Current Indication CLK
CLK is an open drain output that indicates the output
current levels programmed by I2C interface Reg0x0B and
Reg0x0C. CLK is pulled low if Reg0x01 > Reg0x0B at its
rising and is set high impedance if Reg0x01 < Reg0x0C
at its falling.

It is a must to ensure Reg0x0B > Reg0x0C in real
application otherwise may result in wrong state of CLK.

Periodic Auto-Calibration

The offset voltages of sensing amplifiers contribute to
major error terms of the input/output voltage/current and
temperature measurement. The uP1901 auto-calibrate
itself to maximize the measurement accuracy when the
supply input voltages POR. It takes about 6 seconds for

Table 2. Output Current Level Indication

uP1901 to calibrate itself.

The amplifier offset voltages may drift at different ambient
temperatures. The uP1901 features periodic calibration
function to cancel the offset voltage due to ambient
temperature change. Reg0x1D[6] = 0 disables the periodic
calibration function while Reg0x1D[6] = 1 enables the
periodic calibration function. When enabled, the uP1901
calibrates itself every one hour. It takes about 6 seconds
for uP1901 to calibrate itself each time. The measurement
results are kept the last values during the calibration.

Register Summary
Table 3 summarizes the register definition of the uP1901.

10x0geR etatS
0=]0[B1x0geR 1=]0[B1x0geR gnimmargorPKNSI

retsigeR0D 1D 0D 1D

90x0geR,70x0geR,50x0geR<10x0geR 1S 0 0 1 1 D0x0

90x0geR,70x0geR<10x0geR<50x0geR 2S 1 0 0 0 E0x0

90x0geR<10x0geR<70x0geR,50x0geR 3S 0 1 1 0 F0x0

1x00geR<90x0geR,70x0geR,50x0geR 4S 1 1 0 1 01x0
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Functional Description

.geR

.ddA stiB .geR
epyT

TFD
eulaV noitpircseD

10x0 ]0:7[ R AN .gnisnestnerructuptuO
20x0 ]0:7[ R AN .gnisnesegatlovtuptuO
30x0 ]0:7[ R AN .gnisnesegatlovtupnI
40x0 ]0:7[ R AN .gnisnestnerructupnI
50x0 ]0:7[ W/R 00x0 .dlohserhtgnisir1leveltnerructuptuO
60x0 ]0:7[ W/R 00x0 .dlohserhtgnillaf1leveltnerructuptuO
70x0 ]0:7[ W/R 00x0 .dlohserhtgnisir2leveltnerructuptuO
80x0 ]0:7[ W/R 00x0 .dlohserhtgnillaf2leveltnerructuptuO
90x0 ]0:7[ W/R 00x0 .dlohserhtgnisir3leveltnerructuptuO
A0x0 ]0:7[ W/R 00x0 .dlohserhtgnillaf3leveltnerructuptuO
B0x0 ]0:7[ W/R 00x0 .KLCrofdlohserhtgnisirtnerructuptuO
C0x0 ]0:7[ W/R 00x0 .KLCrofdlohserhtgnillaftnerructuptuO
D0x0 ]0:7[ W/R 00x0 1Srofedutilpmaecruostnerrucgnicruos/gnikniS
E0x0 ]0:7[ W/R 00x0 2Srofedutilpmaecruostnerrucgnicruos/gnikniS
F0x0 ]0:7[ W/R 00x0 3Srofedutilpmaecruostnerrucgnicruos/gnikniS
01x0 ]0:7[ W/R 00x0 4Srofedutilpmaecruostnerrucgnicruos/gnikniS
11x0 ]0:7[ R AN .1STgnisneserutarepmeT
21x0 ]0:7[ R AN .2STgnisneserutarepmeT
31x0 ]0:7[ R AN .3STgnisneserutarepmeT
41x0 ]0:7[ R AN .4STgnisneserutarepmeT
51x0 ]0:7[ R AN .5STgnisneserutarepmeT
61x0 ]0:7[ R AN .6STgnisneserutarepmeT
71x0 ]0:7[ R AN .7STgnisneserutarepmeT
81x0 ]0:7[ R AN .8STgnisneserutarepmeT
91x0 ]0:7[ R AN .9STgnisneserutarepmeT
A1x0 ]0:7[ R AN .01STgnisneserutarepmeT

B1x0

]7[ W/R

00x0

.elbane:1,elbasid:0.elbaneremitgodgnihctaW
]6[ R sutatsremitgodgnihctaW
]4:5[ W/R ces8.05:11,ces4.52:01,ces7.21:10,ces53.6:00.gnittesremitgodgnihctaW

]3[ W/R .elbane:1,elbasid:0.elbanesnip1D/0D
]2[ W/R .elbane:1,elbasid:0.elbanenipKLC
]1[ W/R .elbane:1,elbasid:0.elbanetnerrucgnicruos/gnikniS
]0[ W/R .cigol1D/0D

C1x0 ]0:7[ W/R 00x0 .tesffognisneserutarepmeT

D1x0
]7[ W/R

20x0
.x01rof1,x1rof0.petsecruostnerrucgnikniS

]6[ W/R .elbane:1,elbasid:0.elbanenoitarbilac-otuacidoireP
]0:5[ R DInoisreV

2Bx0 ]0:7[ R 20x0 .DIpihC

Table 3. Register Summary



uP
I C

on
fid

en
tia

l

uP1901

10uPI  Semiconductor Corp., http://www.upi-semi.com
Rev. F00, File Name: uP1901-DS-F0000

Functional Description

atad
).ceD(

0=]7[D1x0
)Au(

1=]7[D1x0
)Au(

atad
).ceD(

0=]7[D1x0
)Au(

1=]7[D1x0
)Au(

atad
).ceD(

0=]7[D1x0
)Au(

1=]7[D1x0
)Au(

atad
).ceD(

0=]7[D1x0
)Au(

1=]7[D1x0
)Au(

0 0 0 04 004 0004 08 008 0008 021 0021 00021

1 01 001 14 014 0014 18 018 0018 121 0121 00121

2 02 002 24 024 0024 28 028 0028 221 0221 00221

3 03 003 34 034 0034 38 038 0038 321 0321 00321

4 04 004 44 044 0044 48 048 0048 421 0421 00421

5 05 005 54 054 0054 58 058 0058 521 0521 00521

6 06 006 64 064 0064 68 068 0068 621 0621 00621

7 07 007 74 074 0074 78 078 0078 721 0721 00721

8 08 008 84 084 0084 88 088 0088 821 0 0

9 09 009 94 094 0094 98 098 0098 921 01- 001-

01 001 0001 05 005 0005 09 009 0009 031 02- 002-

11 011 0011 15 015 0015 19 019 0019 131 03- 003-

21 021 0021 25 025 0025 29 029 0029 231 04- 004-

31 031 0031 35 035 0035 39 039 0039 331 05- 005-

41 041 0041 45 045 0045 49 049 0049 431 06- 006-

51 051 0051 55 055 0055 59 059 0059 531 07- 007-

61 061 0061 65 065 0065 69 069 0069 631 08- 008-

71 071 0071 75 075 0075 79 079 0079 731 09- 009-

81 081 0081 85 085 0085 89 089 0089 831 001- 0001-

91 091 0091 95 095 0095 99 099 0099 931 011- 0011-

02 002 0002 06 006 0006 001 0001 00001 041 021- 0021-

12 012 0012 16 016 0016 101 0101 00101 141 031- 0031-
22 022 0022 26 026 0026 201 0201 00201 241 041- 0041-
32 032 0032 36 036 0036 301 0301 00301 341 051- 0051-

42 042 0042 46 046 0046 401 0401 00401 441 061- 0061-

52 052 0052 56 056 0056 501 0501 00501 541 071- 0071-

62 062 0062 66 066 0066 601 0601 00601 641 081- 0081-

72 072 0072 76 076 0076 701 0701 00701 741 091- 0091-

82 082 0082 86 086 0086 801 0801 00801 841 002- 0002-

92 092 0092 96 096 0096 901 0901 00901 941 012- 0012-

03 003 0003 07 007 0007 011 0011 00011 051 022- 0022-

13 013 0013 17 017 0017 111 0111 00111 151 032- 0032-

23 023 0023 27 027 0027 211 0211 00211 251 042- 0042-

33 033 0033 37 037 0037 311 0311 00311 351 052- 0052-

43 043 0043 47 047 0047 411 0411 00411 451 062- 0062-

53 053 0053 57 057 0057 511 0511 00511 551 072- 0072-

63 063 0063 67 067 0067 611 0611 00611 651 082- 0082-

73 073 0073 77 077 0077 711 0711 00711 751 092- 0092-

83 083 0083 87 087 0087 811 0811 00811 851 003- 0003-

93 093 0093 97 097 0097 911 0911 00911 951 013- 0013-

Table 4. ISINK Reg. Addr. = 0x0D, 0x0E, 0x0F, 0x10
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Supply Input Voltage VCC12 (Note 1) ---------------------------------------------------------------------------------------- -0.3V to +13.2V
Supply Input Voltage VCC5   --------------------------------------------------------------------------------------------------- -0.3V to +6V
CSP1, CSN1, OFS1, BUS_SEL   ------------------------------------------------------------------------------------------  -0.3V to +13.2V
Other Pins -------------------------------------------------------------------------------------------------------------------------- -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)
VDFN4x4-24L θJA ------------------------------------------------------------------------------------------------------------  40°C/W
VDFN5x5-32L θJA ------------------------------------------------------------------------------------------------------------  36°C/W
VDFN4x4-24L θJC -------------------------------------------------------------------------------------------------------------  6°C/W
VDFN5x5-32L θJC -------------------------------------------------------------------------------------------------------------  4°C/W

Power Dissipation, PD @ TA = 25°C
VDFN4x4-24L ----------------------------------------------------------------------------------------------------------------  2.5°C/W
VDFN5x5-32L --------------------------------------------------------------------------------------------------------------  2.78°C/W

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
Supply Input Voltage, VCC12   ------------------------------------------------------------------------------------------------ +10.8V to+13.2V

retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

egatloVtupnIylppuS

egatloVtupnIylppuS5CCV V 5CC 5.4 -- 5.5 V

egatloVtupnIylppuS21CCV V 21CC 8.01 -- 2.31 V

dlohserhTROP5CCV 0.4 2.4 5.4 V

siseretsyHROP5CCV -- 2.0 -- V

dlohserhTROP21CCV 2.01 5.01 8.01 V

siseretsyHROP21CCV -- 2.0 -- V

tnerruCtupnIylppuS 1 3 5 Am

(VCC5 = 5V, VCC12 = 12V, TA = 25OC, unless otherwise specified)

Absolute Maximum Rating

Thermal Information

Recommended Operation Conditions

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.

retemarP lobmyS snoitidnoCtseT niM pyT xaM tinU

tnemerusaeMegatloVtuptuO/tupnI

noituloseRD/A -- 8 -- Vm

egnaRelacSlluFD/A 0 -- 8402 Vm

ycaruccAegatloVtupnI V NIV )Vm8x30x0geR(- 4- -- 21+ Vm

ycaruccAegatloVtuptuO V TUOV )Vm8x20x0geR(- 4- -- 21+ Vm

tnerruCsaiBtupnI 1- -- 1 Au

tnemerusaeMtnerruCtuptuO/tupnI

noituloseRD/A -- 8 -- Vm

egnaRelacSlluFD/A 0 -- 8402 Vm

ycaruccAtnerruCtupnI V 1SC Rx 1NOMI R/ 1PSC )Vm8x40x0geR(-
R 1NOMI k02= Ω R, 1PSC 005= Ω 21- -- 02 Vm

ycaruccAtnerruCtuptuO V 2SC Rx 2NOMI R/ 2NNSC )Vm8x10x0geR(-
R 2NOMI k02= Ω R, 2NSC 005= Ω 21- -- 02 Vm

gnirotinoMerutarepmeT

noituloseRD/A -- 5 -- Vm

egnaRelacSlluFD/A 0 -- 0821 Vm

gnisneSerutarepmeT
ycaruccA

RxV82.1 1ST R/ TES )C1x0geR+11x0geR(xVm5-
R TES R= 1ST k01= ,Ω lennahchcaerof 51- -- 02 Vm

ecruoStnerruCgnikniS

ycaruccAtnerruCtuptuO

V KNSI 0=]7[D1x0;0=]7[D0x0geR,V8.0= 59 -- 501 %

V KNSI 0=]7[D1x0;1=]7[D0x0geR,V8.0= 59 -- 501 %

V KNSI 1=]7[D1x0;0=]7[D0x0geR,V8.0= 29 -- 801 %

V KNSI 1=]7[D1x0;1=]7[D0x0geR,V8.0= 29 -- 801 %

tnerruCtesffOlaitinI V,00x0=]0:7[D0x0geR KNSI V8.0= 1- -- 1 Au

Electrical Characteristics
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Typical Operation Characteristics

ISINK Output Current, 0x1D[7] = 0

Setup Data at Reg (0x0D, 0x0E, 0x0F, 0x10) (Dec.)
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ISINK Output Current, 0x1D[7] = 1

Setup Data at Reg (0x0D, 0x0E, 0x0F, 0x10) (Dec.)
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VIN Pin Input Voltage

Read Reg0x03 (Dec.)
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Output Current vs. Output Voltage

IOUT (A)
R2 = 35.83kΩ, R3 = 1.0035Ω, (R2/R3 = 35.71)

L = 2.2uH, DCR = 2.53mΩ
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Input Current Measure

IIN (A)
R2 = 15.12kΩ, R3 = 100.18Ω, (R2/R3 = 150.93)

L = 2.2uH, DCR = 2.6mΩ
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Read Reg0x02 (Dec.)
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ISINK Output Current vs. Output Voltage,
0x1D[7] = 0

Output Voltage (V)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x7F (1.27mA Sinking)
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ISINK Output Current vs. Output Voltage,
0x1D[7] = 1

Output Voltage (V)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x7F (12.7mA Sinking)
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ISINK Output Current vs. Output Voltage,
0x1D[7] = 0

Output Voltage (V)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x9F (310uA Surcing)
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ISINK Output Current vs. Output Voltage,
0x1D[7] = 1

Output Voltage (V)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x9F (3.1mA Sinking)
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Output Current vs. Temperature, 0x1D[7] = 0

Junction Temperature (OC)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x7F (1.27mA Sinking)
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Typical Operation Characteristics

Output Current vs. Temperature, 0x1D[7] = 0

Junction Temperature (OC)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x9F (310uA Sourcing)
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 (m

A
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Typical Operation Characteristics

RSET Output Voltage vs. Temperature

Junction Temperature (OC)
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RSET Output Voltage vs. 5VSB

5VSB Input Voltage (V)
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RSET Output Voltage vs. RSET

RSET Resistance (kΩ)
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ISINK
400uA/Div

ISINK Output Current Transition, 0x1D[7] = 0

Time (2ms/Div)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x00 to 0x7F

(0mA~ -1.27mA)

Output Current vs. Temperature, 0x1D[7] = 1

Junction Temperature (OC)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x7F (12.7mA Sinking)
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Output Current vs. Temperature, 0x1D[7] = 1

Junction Temperature (OC)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x9F (3.1mA Sourcing)
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Typical Operation Characteristics

ISINK
800uA/Div

ISINK
80uA/Div

ISINK
4mA/Div

Time (400us/Div)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x80 to 0x9F(0mA~ +3.1mA)

Time (400us/Div)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x80 to 0x9F(0mA~ +0.31mA)

Time (2ms/Div)
Reg(0x0D, 0x0E, 0x0F, 0x10) = 0x00 to 0x7F(0mA~ -12.7mA)

ISINK Output Current Transition, 0x1D[7] = 1 ISINK Output Current Transition, 0x1D[7] = 0

ISINK Output Current Transition, 0x1D[7] = 1
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Application Information

C1x0geR
tesffO
egatloV

)V(
C1x0geR

tesffO
egatloV

)V(
C1x0geR

tesffO
egatloV

)V(
00x0 0 82x0 2.0 D5x0 564.0
10x0 500.0 92x0 502.0 E5x0 74.0
20x0 10.0 A2x0 12.0 F5x0 574.0
30x0 510.0 B2x0 512.0 06x0 84.0
40x0 20.0 C2x0 22.0 16x0 584.0
50x0 520.0 D2x0 522.0 26x0 94.0
60x0 30.0 E2x0 32.0 36x0 594.0
70x0 530.0 F2x0 532.0 46x0 5.0
80x0 40.0 03x0 42.0 56x0 505.0
90x0 540.0 13x0 542.0 66x0 15.0
A0x0 50.0 23x0 52.0 76x0 515.0
B0x0 550.0 04x0 23.0 86x0 25.0
C0x0 60.0 14x0 523.0 96x0 525.0
D0x0 560.0 24x0 33.0 A6x0 35.0
E0x0 70.0 34x0 533.0 B6x0 535.0
F0x0 570.0 44x0 43.0 C6x0 45.0
01x0 80.0 54x0 543.0 D6x0 545.0
11x0 580.0 64x0 53.0 E6x0 55.0
21x0 90.0 74x0 553.0 F6x0 555.0
31x0 590.0 84x0 63.0 07x0 65.0
41x0 1.0 94x0 563.0 17x0 565.0
51x0 501.0 A4x0 73.0 27x0 75.0
61x0 11.0 B4x0 573.0 37x0 575.0
71x0 511.0 C4x0 83.0 47x0 85.0
81x0 21.0 D4x0 583.0 57x0 585.0
91x0 521.0 E4x0 93.0 67x0 95.0
A1x0 31.0 F4x0 593.0 77x0 595.0
B1x0 531.0 05x0 4.0 87x0 6.0
C1x0 41.0 15x0 504.0 97x0 506.0
D1x0 541.0 25x0 14.0 A7x0 16.0
E1x0 51.0 35x0 514.0 B7x0 516.0
F1x0 551.0 45x0 24.0 C7x0 26.0
02x0 61.0 55x0 524.0 D7x0 526.0
12x0 561.0 65x0 34.0 E7x0 36.0
22x0 71.0 75x0 534.0 F7x0 536.0
32x0 571.0 85x0 44.0 08x0 46.0
42x0 81.0 95x0 544.0 18x0 546.0
52x0 581.0 A5x0 54.0 28x0 56.0
62x0 91.0 B5x0 554.0 38x0 556.0
72x0 591.0 C5x0 64.0 48x0 66.0

C1x0geR
tesffO
egatloV

)V(
C1x0geR

tesffO
egatloV

)V(
C1x0geR

tesffO
egatloV

)V(
58x0 566.0 0Bx0 88.0 8Dx0 80.1
68x0 76.0 1Bx0 588.0 9Dx0 580.1
78x0 576.0 2Bx0 98.0 ADx0 90.1
88x0 86.0 3Bx0 598.0 BDx0 590.1
98x0 586.0 4Bx0 9.0 CDx0 1.1
A8x0 96.0 5Bx0 509.0 DDx0 501.1
B8x0 596.0 6Bx0 19.0 EDx0 11.1
C8x0 7.0 7Bx0 519.0 FDx0 511.1
D8x0 507.0 8Bx0 29.0 0Ex0 21.1
E8x0 17.0 9Bx0 529.0 1Ex0 521.1
F8x0 517.0 ABx0 39.0 2Ex0 31.1
09x0 27.0 BBx0 539.0 3Ex0 531.1
19x0 527.0 CBx0 49.0 4Ex0 41.1
29x0 37.0 DBx0 549.0 5Ex0 541.1
39x0 537.0 EBx0 59.0 6Ex0 51.1
49x0 47.0 FBx0 559.0 7Ex0 551.1
59x0 547.0 0Cx0 69.0 8Ex0 61.1
69x0 57.0 1Cx0 569.0 9Ex0 561.1
79x0 557.0 2Cx0 79.0 AEx0 71.1
89x0 67.0 3Cx0 579.0 BEx0 571.1
99x0 567.0 4Cx0 89.0 CEx0 81.1
A9x0 77.0 5Cx0 589.0 DEx0 581.1
B9x0 577.0 6Cx0 99.0 EEx0 91.1
C9x0 87.0 7Cx0 599.0 FEx0 591.1
D9x0 587.0 8Cx0 1 0Fx0 2.1
E9x0 97.0 9Cx0 500.1 1Fx0 502.1
F9x0 597.0 ACx0 10.1 2Fx0 12.1
0Ax0 8.0 BCx0 510.1 3Fx0 512.1
1Ax0 508.0 CCx0 20.1 4Fx0 22.1
2Ax0 18.0 DCx0 520.1 5Fx0 522.1
3Ax0 518.0 ECx0 30.1 6Fx0 32.1
4Ax0 28.0 FCx0 530.1 7Fx0 532.1
5Ax0 528.0 0Dx0 40.1 8Fx0 42.1
6Ax0 38.0 1Dx0 540.1 9Fx0 542.1
7Ax0 538.0 2Dx0 50.1 AFx0 52.1
8Ax0 48.0 3Dx0 550.1 BFx0 552.1
9Ax0 548.0 4Dx0 60.1 CFx0 62.1
AAx0 58.0 5Dx0 560.1 DFx0 562.1
BAx0 558.0 6Dx0 70.1 EFx0 72.1
CAx0 68.0 7Dx0 570.1 FFx0 572.1

Reg0x1C[7:0] is the register for offset programming of the temperature sensing A/D converter.
The below table shows the Reg0x1C[7:0] data relative to its offset voltage.
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Application Information

gnimmargorPtesffOC1x0geRretfA mrofsnarTretfA

CADlaretnI ataDA10~11x0geRniderotS
edoClamiceD edoCyraniB edoClamiceD edoCyraniB

552 11111111 721 11111110
452 01111111 621 01111110

~ ~ ~ ~
921 10000001 1 10000000
821 00000001 0 00000000
721 11111110 821 00000001
621 01111110 921 10000001

~ ~ ~ ~
1 10000000 452 01111111
0 00000000 552 11111111

The VTS1~10 are digitalized by A/D converters and respectively.
The below table shows the A/D converters transform relative to its Reg0x11 ~ Reg0x1A data.
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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.

Package Information

3.90 - 4.10

Pin 1 mark
Bottom View - Exposed Pad

2.35 - 2.45

2.30 - 2.50

0 .18 - 0.30

2.30 - 2.50 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

Recommended Solder Pad Pitch and Dimensions

0.20 - 0.30

VQFN4x4 - 24L
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4.90 - 5.10

Pin 1 mark
Bottom View - Exposed Pad

3.55 - 3.65

3.55 -3.65
0.18 - 0.30

3.55 - 3.65
0.35 - 0.45

4.05 - 4.15

5.45- 5.55

4.90 -5.10

0 .00 - 0.05

0.80 - 1.00

0.20 BSC

Recommended Solder Pad Pitch and Dimensions

0.20 - 0.30

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.

VQFN5x5 - 32L


