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uP9650

Smart Power Stage (SPS) with Integrated Current and
Temperature Monitors

General Description

The uP9650 is a Smart Power Stage (SPS) solution with fully optimized, integrated driver and MOSFETs for
high-current, high frequency, synchronous buck DC-DC converters. The SPS enables higher performance at lower
output voltages required by cutting edge CPU, GPU and DDR memory voltage regulator design.

The uP9650 also enables advanced high accuracy module temperature reporting and on-chip synchronous MOSFET
current monitoring. The protection includes cycle-by-cycle over current protection, phase fault detection, preliminary
over voltage protection, VCC/VDRYV UVLO protection, and thermal shutdown.

The uP9650 is optimized for CPU and GPU core power delivery. This device combined with a multi-phase buck PWM
controller forms a complete core voltage regulator for advanced CPU and GPU.

Features Ordering Information

O Input Voltage (VIN) Range: 4.5V to 22V Order Number | Package Type | Top Marking
[0 VCC and VDRV Supply Range: 4.5V to 5.5V

[0  Up to 60A of Current Handling Capability uP9650AQR1 VQFN6x5-39L uP9650A
O  Optimized Switching Frequency Up to 1MHz Note:

0 5mV/A On-Chip MOSFET Current Sensing (1) Please check the sample/production availability with uP!I
[0 8mV/°C Temperature Analog Output Eg?reslentagve?- ible with th IPC/IEDEC
. . uPI products are compatible with the curren

Ll On-Chip MOSFET Temperature Compensation J-STD-020 requirement. They are halogen-free, ROHS

[0 VCC/VDRV Under Voltage Lockout (UVLO) compliant and 100% matte tin (Sn) plating that are suitable for
O Thermal Shutdown and Fault Flag use in SnPb or Pb-free soldering processes.

0 MOSFET Phase Fault Detection and Flag

[0 Cycle-by-Cycle Over Current Protection Pin Co nfiguration

[0  Preliminary Over Voltage (OV) Protection and

Flag

[0 Compatible with 3.3V and 5V Tri-state PWM
Input

O Deep-Sleep Mode for Power Saving

[0  VOS Output Voltage Sensing Input

[0 RoHS Compliant and Halogen Free

Applications

O  High Frequency, Low Profile DC-DC
Converter

O Voltage Regulator for CPUs, GPUs, and DDR
Memory Arrays

O Desktop Computers

O Notebook Computers

0  Graphic Cards
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Typical Application Circuit
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Functional Pin Description

Pin No. Name Pin Function

1 VOS VOUT Sense. Output voltage sensing pin for current sensing application.

2 AGND Signal Ground. All signals are referenced to this pin.

3 Vee Supply Voltage for the IC. 5V supply voltage for internal control logic circuit. Connect a
1uF capacitor between VCC and AGND and place it as close to the pin as possible.

4 VDRV Driver Voltage Input. 5V supply voltage for internal gate drivers. Connect a 1uF
capacitor between VDRV and DGND and place it as close to the pin as possible.

5 DGND Driver Ground.

7-9,20-24 PGND Power Ground. It is also the power ground of the synchronous MOSFET.

Lower Gate Driver Output. Synchronous MOSFET gate monitor pin enables the user to

6 GL .
easily observe the waveform.
10-19 SW Switch Node. Switching node of internal control/synchronous MOSFETSs, and connects
to the external inductor.
25-30 VIN Supply Voltage for the Power Stage. 4.5V to 22V input voltage connection.
31,37 NC Do not connect to any circuit. This pin must be left floating.
32 PHASE Switch Node. For bootstrap capacitor connection only. It is connected to SW internally.

Bootstrap Supply. Connect a minimum 0.1uF capacitor Cgoor in series with an optional
33 BOOT resistor of 10~3.3Q from BOOT to PHASE pin. The bootstrap capacitor provides the
charge to turn on the control MOSFET.

PWM Input. Compatible with 3.3V/5V logic level PWM Input. PWM input: “High level”
34 PWM turns control MOSFET on; “Tri-state” turns both MOSFETSs off; “Low level” turns the
synchronous MOSFET on.

Enable Control. Pulling EN high enables the driver and requires maximum 15us power
35 EN up time; pulling EN low disables the driver and enters ultralow quiescent current mode.
There is no internal pull-up or pull-down mechanism to this pin.

Temperature Sense Reporting/Fault Flag. The voltage at this pin is defined by the
equation: 8mV * (Temperature in Celsius of driver IC) + 0.6V.

36 TOUT/FLT . _ ) . "
This pin will be pulled up to 3.3V internally under the following conditions: over

temperature, over current, preliminary over voltage condition or phase fault condition.

38 IMON Current Sense Reporting. Sensed current output signal referenced to the REFIN pin.

V(IMON - REFIN) voltage represents current information at 5SmV/A.

uP9650-DS-F0100, May 2023 3
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Functional Pin Description

Pin No. Name Pin Function
Reference Input. External reference voltage input for the IMON function. This pin has a
39 REFIN | low bias current and can be tied to a fixed voltage (1.2V recommended) between 1.1V and
1.8V from a PWM controller.
40 | EPI AGND | Signal Ground.
a1 | EPII GL Lower Gate Driver Output. Synchronous MOSFET driver pin that can be connected to a
test point in order to observe the waveform.
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Functional Block Diagram
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Functional Description

The uP9650 contains features as follows, the temperature sensing functionality, accurate current monitoring,

ultra-compact, low-quiescent current, high-efficiency and high speed MOSFET driver fully optimized to drive a pair of
integrated control and synchronous MOSFETSs up to 1MHz for simplifying system design and improving functionality
accuracy.

The uP9650 incorporates a synchronous MOSFET based current sense technique to provide an accurate output signal
(IMON) which reports the real-time module current and to overcome the conventional inaccuracy of inductor DCR
system method and resistor sense method leading to system inefficiency. Vgwon - reriv) VOItage represents current
information at 5mV/A. The IMON signal can be used to replace inductor DCR sensing or resistor sense methods in
multi-phase applications. The superior current sense accuracy achieved with on-chip current sensing technique
improves the end-system performance.

The uP9650 also provides a very accurate module thermal monitor (TOUT) in normal operation. TOUT is a voltage
source signal that is to provide a 0.8V output at 25°C with 8mV/°C linear slope for monitoring power stage temperature.
If used in multi-phase topologies, multiple temperature outputs can be tied together to share a common thermal bus.
Operating with this configuration will force the thermal bus signal to report the highest voltage (highest temperature)
output TOUT signal to the controller. Also, this pin is used as a module fault flag pin. If a preliminary over voltage
condition, a shorted control MOSFET, a prolonged over current event, or an over temperature condition inside the
power stage is detected, the TOUT will be pulled up to 3.3V internally.

The uP9650 includes protection features as follows, VCC/VDRYV Under Voltage-Lockout (UVLO), thermal shutdown
(OTP, when SPS driver IC over temperature condition), phase fault detection, preliminary over voltage protection
(Pre-OVP, when the control MOSFET is shorted), and cycle-by-cycle over current protection (OCP, when in overload
condition).

Tri-State PWM Input
The uP9650 is compatible with standard 3.3V and 5V PWM logic with tri-state input to accommodate most of the PWM

controllers.

The uP9650 PWM accepts standard 3-level input signals. When PWM logic input is high, it turns on the control
MOSFET and turns off the synchronous MOSFET once the POR of VCC is granted and EN is kept high. When PWM
logic input is low, it turns off the control MOSFET and turns on the synchronous MOSFET. If the PWM input is floating,
the internal circuit will pull the PWM pin into the tri-state region and turn off the control MOSFET and synchronous
MOSFET. The PWM pin voltage is kept around 1.5V by internal bias circuit when floating.

Deep-Sleep Mode

If VCC is ready but EN is pulled low, the power stage will enter deep-sleep mode. The gate driver circuitry will be
disabled immediately and PWM pin will be in high input impedance state and most of the logic circuitry will be shut
down to lower the biasing current to typical 200uA. The IMON output will be shorted to ground in deep-sleep mode.
When EN pin is pulled high, the power stage will be activated and able to respond to the PWM signal after maximum
15us delay time.

uP9650-DS-F0100, May 2023 6
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Functional Description

Over Temperature Protection and Flag (OTP)

The TOUT/FLT pin of uP9650 is a thermal monitor output in normal operation. Once the temperature of driver IC goes
above the rising threshold (130°C)(the temperature of control MOSFET may reach up to 150°C), the TOUT/FLT
output will raise fault flag to 3.3V immediately and the driver will be turned off for self-protection. The TOUT/FLT will
remain high until temperature of driver IC falls below the falling threshold (115°C) (the temperature of control MOSFET
may reach 130°C). The driver will resume switching when the temperature of driver IC falls below 115°C.

Phase Fault Detection and Flag

The phase fault circuit monitors the SW node with respect to ground when VCC POR is granted and PWM input transits
from high to low and the synchronous MOSFET is still conducting. That is, the phase fault detection mechanism is
activated during every on-state period of synchronous MOSFET. If there is a control MOSFET failure which causes the
switch node voltage to exceed the control MOSFET Short Threshold (Vepaser tv=400mV) in a switching cycle, a phase
fault event is detected. Then the TOUT/FLT will be pulled high to 3.3V immediately at the GL falling edge of that
switching cycle, and it will remain high until the phase fault condition is released. Once the phase fault condition is
released, the TOUT/FLT will be released back to normal at the GL falling edge of next switching cycle. When
TOUT/FLT is flagged high, SPS continues to respond to PWM pulses.

VCC/VDRV Under Voltage Lockout (UVLO)

The uP9650 features both internal UVLO circuitry to monitor the VCC and VDRV pins separately. When a VCC or
VDRV UVLO condition is detected, the driver will be in tri-state by shutting down both MOSFETS. In addition, IMON and
TOUT/FLT pins will be pulled down to ground to indicate there is a UVLO fault. When both VCC UVLO and VDRV
UVLO faults are cleared, the TOUT/FLT and IMON pins will be released and the driver will resume switching.

Cycle-by-Cycle Over Current Protection (OCP) and Flag

This device monitors the output current and provides cycle-by-cycle peak over current protection. The over current
threshold is fixed to 80A. Once the inductor peak current exceeds the over current threshold (Icc_ocp), the internal logic
of SPS will automatically reduce the SW high state width by turning off the control MOSFET even if PWM input is still
high, so that the inductor current is allowed to relieve.

The TOUT/FLT pin will be pulled high to 3.3V after 9 consecutive PWM high-low cycles of over current events where a
severe over current event has been registered. The TOUT/FLT fault flag will clear once no severe over current event is
registered within one consecutive PWM cycle. When TOUT/FLT is flagged high, SPS continues to respond to PWM
pulses.

Preliminary Over Voltage Protection Flag (Pre-OVP)

The Pre-OVP feature is to protect the load during the VCC power up period, especially from control MOSFET short
failure. It works against pre-biased start-up when pre-charged output voltage is higher than the Pre-OVP threshold.
When the VIN rail is powered up but the controller is not powered up, the controller cannot react to any over voltage
condition at the load side and all PWMs are tri-stated. Pre-OVP feature is active and allows the power stage to turn on
the synchronous MOSFET when VCC is in transition from pre-POR to POR and SW node voltage exceeds Pre-OVP
threshold. This function is to protect the CPU from damage.

When VCC UVLO clears and there is no existing pre-biased over voltage condition, the pre-OVP feature will be
disabled. The controller must manage its output voltage from that moment on.

When VCC UVLO clears and the preliminary over voltage condition remains, the synchronous MOSFET will be latched
ON regardless of the PWM input and the TOUT/FLT pin will be latched high to 3.3V so that the controller can detect the
fault event after it is powered up. The fault can be cleared by an under voltage condition on VCC.

uP9650-DS-F0100, May 2023 v
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Functional Description

Temperature Sense Output and Fault Flag (TOUT/FLT)

The uP9650 incorporates an internal temperature sensing circuitry from driver IC to provide a linear voltage slope of
8mV/°C with a 0.6V offset at 0°C on the TOUT/FLT pin, refer to (EQ1). In multi-phase systems the uP9650 temperature
outputs can be tied together and connect to the PWM controller temperature sense input to provide the highest
temperature to PWM controller.

V
Vrour/pr(V) = 0.6V + X T(°C) (EQ1)

The TOUT/FLT also provides four fault flag conditions as follows, over temperature, phase fault, over current, and
preliminary over voltage conditions. TOUT/FLT will be pulled up to 3.3V internally if any of the above-mentioned fault
event conditions is detected. The TOUT/FLT can also be used as an indicator of low VCC voltage as it will be weakly
pulled down to ground under the VCC UVLO condition. In a multi-phase system where the TOUT/FLT pins are tied
together, once any faults occur in the phases, TOUT/FLT is able to be pulled to 3.3V internally.

Internal Current Sensing and Reporting (IMON, REFIN)

The uP9650 provides an internal real-time synchronous MOSFET current sense circuit. This device utilizes the inputs
from VOS pin and REFIN pin and synchronous MOSFET to create a current signal simulating the inductor current
which reports to the controller. The current sense amplifier circuit in the uP9650 is completely temperature
compensated for Rpgony Of synchronous MOSFET. The current signal will be reported to the controller in the form of a
differential voltage between IMON pin and REFIN pin with a conversion gain 5mV/A to the actual inductor current IL,
refer to (EQ2). The REFIN voltage is an externally supplied DC voltage from controller IC or other power rail in system.

|4
x1,(4)  (EQ2)

Vimon (V) — Vrerin (V) =

The internal current sense circuit of the uP9650 may replace the standard inductor DCR and greatly improve system
efficiency.
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Absolute Maximum Rating

(Note 1)
VCC/VDRV/EN/PWM/VOS -0.3V to +6V
TOUT/FLT/IMON/REFIN = ----=--mmmmmmmmm e et L L LT -- -0.3V to (VCC+0.3V)
VIN -0.3V to +30V
BOOT to PHASE
DC -0.3V to +6V
<5ns -0.3V to +8Vv
VIN to SW/PHASE
DC -0.3V to +30V
R L -6V to +33V
SW to PGND
DC -0.3V to +30V
<5ns -6V to +33V
PHASE to PGND
DC -0.3V to +30V
<5ns -11V to +33V
BOOT to AGND
DC 0V to +34V
<5ns -6V to +34V
GL to AGND
DC -0.3V to +6V
<5ns -2V to +6V
EAS-HS MOSFET (Note 2) 42.9mJ
EAS-LS MOSFET (Note 3) 232.3mJ
Storage Temperature Range -55°C to +150°C
Junction Temperature 150°C
Lead Temperature (Soldering,10 sec) 260°C
ESD Rating (Note 4)
HBM (Human Body Mode) 2kvV
CDM (Charged Device Mode) ---- 1kV
Thermal Information
Package Thermal Resistance
VQFN6x5-39L 64 - 25°C/W
VQFN6x5-39L 6;.pcp 2°C/W
VQFNG6x5-39L 8;.10p 11°C/w
Recommended Operation Conditions
(Note 5)
Operating Junction Temperature Range -40°C to +125°C

Operating Ambient Temperature Range

-40°C to +85°C

VIN - +4.5v N8 45 120V
VCC/VDRV ---- +4.5V t0 5.5V
uP9650-DS-F0100, May 2023 9
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Recommended Operation Conditions

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. EAS is a Single Pulse Avalanche Energy. The test condition is Vpp = 75V, lav = 92.6A,Vgs =10V, L=0.01mH, Rg=25Q. The
AMR related EAS test was done on MOSFET only.

Note 3. EAS is a Single Pulse Avalanche Energy. The test condition is Vpp = 75V, lay = 96.4A Ves =10V, L=0.05mH, Rg=25Q.The
AMR related EAS test was done on MOSFET only.

Note 4. Devices are ESD sensitive. Handling precaution recommended.

Note 5. The device is not guaranteed to function outside its operating conditions.
Note 6. The on-time of synchronous MOSFET must be greater than 800ns to ensure effective and correct current sensing for IMON

signal.

uP9650-DS-F0100, May 2023 10
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Electrical Characteristics

(Vcc = Vbry = 5V, T; = 25°C, unless otherwise specified)

Parameter ‘ Symbol Test Conditions | Min ‘ Typ | Max ‘ Units
Supply Input
lvec ent |[EN=5V,PWM = 600kHz, duty=15% - 6 | 7.8
VCC Supply Current lvec ene |EN=5V,PWM floating -- 6 -- mA
lvec ene  |EN=0V 200 | 260 UA
VCC POR Threshold Veerth | Vvec rising 3.8 4 4.2 \Y
VCC POR Hysteresis Vechys - 1025 -- \Y
Ivorv envt |EN=5V,PWM = 600kHz, duty=15% - | 38 | -- A
VDRV Supply Current Ivorv ene  |EN=5V,PWM floating - 1002 1
lvorv en.  |[EN=0V - 05| 1 uA
VDRV POR Threshold VprvrtH  [Vvpry fising 3.8 4 4.2 V
VDRV POR Hysteresis VDbRVHYS - 10.25| -- V
Enable Input
Input High ENy 2 -- -- \%
Input Low ENL -- - | 0.8 \%
PWM=0V. Measured from EN rising edge to
TPOHEN 11 0t of GL. S R R
Propagation Delay _
TooLoen PWM=0V. Measured from EN falling edge to B 30 | 55 ns
90% of GL.
PWM Input
PWM High Voltage Vinpwm  |PWM low to high or tri-state to high 2.4 -- -- \%
PWM Low Voltage ViLpwm  |PWM high to low or tri-state to low -- - | 06 \%
Tri-State Open Voltage Viiz pwm  |[PWM input floating 14 | 15| 1.6 V
Input Mid-State Vewm_MiD 1 -- 2 V
PWM=0V -- |-210 |-260
PWM Input Current lpwm PWM=3.3V -- | 210 | 260 | UuA
PWM=5V -- | 210 | 260
PWM Propagation Delay and Dead Time Range
) ] PWM going high to GL going low VIH_PWM
PWM High Propagation Delay TrpLLGaTE {0 90% GL -- 15 -- ns
) PWM going low to SW going low VIL_PWM
PWM Low Propagation Delay TppLucaTE 10 90% SW - 20 - ns
Tri-State to Turn-On Propagation PWM (from tri-state) going high to SW going
Delay TPOTSGHH |ioh, VIH_PWM to 10% SW e B B
Tri-State to Turn-Off Propagation PWM (from tri-state) going low to GL[oing
Delay TPOTSGLH i, VIL_PWM to 10% GL S e B B
uP9650-DS-F0100, May 2023 11
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Electrical Characteristics

Parameter ‘ Symbol

Test Conditions

| Min ‘ Typ | Max ‘ Units

PWM Propagation Delay and Dead Time Range

PWM Low to Tri-State Shut-Off

PWM (from low) going tri-state to GLCgoing

Time TPOTSOFFL {0, VIL_PWM to 10% GL = 40 - ns
PWM High to Tri-State Shut-Off T PWM (from High) going tri-state to SWLgoing a5
Time POTSOFF2 jow, VIL_PWM to 90% SW - R
GL Off to SW On Dead Time Tephucate |GL=10% to SW=10% -- 20 -- ns
SW Off to GL On Dead Time TepHicate |SW=10% to GL=10% -- 10 -- ns
o _ 10% of SW rising edge to 10% of SW falling| - | 90 | - ns
Minimum SW Pulse Width Tyinsw
edge, load = 10A (Note 1)
Internal Bootstrap Switch
VDRV to BOOT, IBOOT = 10mA,
Forward Voltage Vewbd ) -- | 500 | -- mV
PWM = floating
On Resistance Rsw VDRV to BOOT, IBOOT = 10mA,[PWM =0V| -- 15 - Q
Temperature Sense Output and Fault Flag - TOUT / FLT
Temperature Sense Slope Tsns caw  |0°C < T;< 125°C (Note 1) 78| 8 | 82 |mV/°C
Temperature Sense Offset Vsns_ orrser |Ta = 90°C, 0.6V+8mV/°C*T, 1.302| 1.32 |1.338| V
TOUT Source Current ltout src -- | 850 | -- uA
TOUT Sink Current Irout snk -- 20 -- uA
. ] Under over temperature, over current, phase
Fault Mode Active High Voltage VELTHIGH 30| 32| 36 \Y
fault or pre-QV fault
TOUT / FLT Active Low Voltage Veirow  |No fault, VCC < UVLO -- - 1028 V
Fault Mode Source Current leirsre | Ty = 90°C, 3.3V source to GND - | 66| - mA
TOUT / FLT Active Pull Down
. RpuLion Tout |NO fault, VCC < UVLO, VCC = 3.5V - 10 - Q
Resistance -
Current Sense Output - IMON
) T, =25°C and 90°C, 0A~20A load,
Gain Ges 475 5 |525|mV/IA
REFIN=1.2V,VCC=VDRV=5.0V (Note 1)
Offset Current Acc oreser | Ty = 25°C and 90°C, OA load (Note 2) I A
T,=25°C, 20A load,
-5 - | +b5 %
REFIN=1.2V,VCC=VDRV=5.0V (Note 2)
Accuracy Acc cs 5
- T;=90°C, 20A load,
-5 - | +5 %
REFIN=1.2V,VCC=VDRV=5.0V (Note 2)
uP9650-DS-F0100, May 2023 12
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Electrical Characteristics

Parameter ‘ Symbol Test Conditions | Min ‘ Typ | Max ‘ Units

Current Sense Output - IMON (Cont.)

T;=0°C~125°C, < 20A load,
REFIN=1.2V,VCC=VDRV=5.0V (Note 1)

—_ . T, = 0°C~125°C, 20A~40A load, . 5 | o
verall Accurac ] ) '
y €A |REFIN=1.2V,VCC=VDRV=5.0V (Note 1) 0

T;=0°C~125°C, 40A~50A load,

-6 -- +6 %
REFIN=1.2V,VCC=VDRV=5.0V (Note 1)
IMON Active Pull Down RPULLLDNfIMON VCC < UVLO -- 170 -- Q
IMON Sink Current lcsas VCC > UVLO - 103 | - mA
Current Monitor Reference Input )
VREEIN Externally supplied reference voltage 1.1 (12|18 \%

Voltage
Phase-Fault Detection
HS Control MOSFET Short

Veuasrir 1 |V(SW) - V(PGND)(Note 1) -- | 400 | -- mV

Threshold

Over Temperature Protection

TOUT/FLT pulled up high,

Over Temp Rising Threshold Toter (Driver IC temperature) (Note 1) - 130 | -- °C

Over Temp Protection TOUT/FLT released,

o
Hysteresis OTP_hys (Driver IC temperature) (Note 1) e ¢

Preliminary Over Voltage Protection

SW Threshold Vpreovp ’ - ‘2'7’ - ‘ v

Cycle-by-Cycle Over Current Protection

Over Current Threshold lcc_ocp -- 80 -- A
Constant Over Current T, = 90°C (equivalent to 80A, measure IMON

Vocp CST 370 400 430 mV
Threshold - to REFIN)
OCP Detect Blanking Delay Tauank_oce-rauct |PWM high-low cycles to TOUT / FLT high -- 9 -- | cycle

Note 1: Guaranteed by design but not tested in production

Note 2: Guaranteed by independent ATE testing

uP9650-DS-F0100, May 2023 13
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Electrical Characteristics

High

Low

Teotoen —

ViH_pwM ---- / \
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Gk 10% v
90% --' --
UG-PHASE ] o
(Internal) N\
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\10%
SW -{-- 10% i
- >
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o Tsw > TPDHLGATE
Figure 2. PWM Logic Input Timing Diagram
uP9650-DS-F0100, May 2023 y
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Electrical Characteristics
ViH_pwm /
Tri-State
Window —\
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Figure 3. PWM Tri-State Input Timing Diagram

uP9650-DS-F0100, May 2023

Copyright© uPl Semiconductor Corp. All Rights reserved.

15

WWW.Upi-semi.com



@ uPl SEMI
uP9650

Typical Operation Characteristics

High Side FET Avalanche Characteristics
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Typical Operation Characteristics

IMON Accuracy vs. Frequency IMON Accuracy vs. Temperature
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Package Information
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Symbol Dimension (mm) Symbol Dimension (mm) Symbol
MIN | NOM | MAX MIN | NOM | MAX MIN | NOM | MAX

A 0.800 | 0.900 | 1.000 D5 1.300 | 1.400 | 1.500 F2 0.275 BSC
Al 0.000 | 0.020 | 0.050 E 5.000 BSC K1 0.350 BSC
A3 0.200 REF El 3.022 | 3.122 | 3.230 K2 0.400 BSC
b 0.200 | 0.250 | 0.300 E2 1.718 | 1.818 | 1.925 K3 0.350 BSC
D 6.000 BSC E3 1.650 | 1.750 | 1.850 K4 0.400 BSC
D1 2.000 | 2.100 | 2.200 E4 0.450 BSC K5 0.400 BSC
D2 1.850 | 1.950 | 2.050 e 0.450 BSC K6 0.400 BSC
D3 1.850 | 1.950 | 2.050 L 0.300 | 0.400 | 0.500 K7 0.400 BSC
D4 0.300 BSC F1 0.125 BSC

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.
NOM: Nominal. Provided as a general value. This value is not a device specification.
2. Dimensions in Millimeters.
3. Drawing not to scale.
4. These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.
5. There are tie bars exposed on package side wall and the exposed position are inconsistent depending on different vendors.
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Package Information

Recommended PCB Land Pattern
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Legal Notice

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

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

Copyright 2023 ©, uPl Semiconductor Corp. All rights reserved.
uPl, uPI design logo, and combinations thereof, are registered trademarks of
uPI Semiconductor Corp.

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

Y
uP1 Semiconductor Corp.
9F.,No.5, Taiyuan 1st St. Zhubei City, Hsinchu, Taiwan, R.O.C.
TEL : 886.3.560.1666 FAX : 886.3.560.1888
sales@upi-semi.com
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