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 
 PI2127

Cool-ORing® Series
 

60 Volt, 12 Amp Full-Function Active ORing Solution 

Description 
The PI2127 Cool-ORing® is a complete full-function 
Active ORing solution with a high-speed ORing 
MOSFET controller and a very low on-state 
resistance MOSFET designed for use in redundant 
power system architectures. The PI2127 Cool-ORing 
solution is offered in an extremely small, thermally 
enhanced 7mm x 8mm LGA package and can be 
used in high side, medium voltage Active ORing 
applications. The PI2127 enables extremely low 
power loss with fast dynamic response to fault 
conditions, critical for high availability systems.  
 
The PI2127, with its 8.5mΩ internal MOSFET 
provides very high efficiency and low power loss 
during steady state operation, while achieving high-
speed turn-off of the internal MOSFET during input 
power source fault conditions that cause reverse 
current flow. The PI2127 provides an active low fault 
flag output to the system during reverse current, 
excessive forward over-current and UVLO fault 
conditions.  

Features 
• Integrated High Performance 12A, 8.5mΩ 

MOSFET 
• Very small, high density fully-optimized solution 

with simple PCB layout 
• Fast dynamic response to power source failures, 

with 80ns reverse current turn-off delay time 
• Accurate sensing capability to indicate system 

fault conditions (-6mV reverse threshold) 
• Internal charge pump 
• Active low fault flag output 

Applications 
• N+1 Redundant Power Systems 
• Servers & High End Computing 
• Telecom Systems 
• High-side Active ORing 

Package Information 
The PI2127 is offered in the following package: 
• 17-pin 7mm x 8mm thermally enhanced LGA 

package, achieving <10°C/W RθJ-PCB 
 
 

Typical Application: 
 
 

 
 

 

 
 

Figure 1:  PI2127 High Side Active ORing Figure 2: PI2127 response time to an input short fault 
condition 
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Pin Description 

Pin Name Pin 
Number Description 

NC 1, 3, 5, 7 Not Connected: Leave pins floating. 

PG 2 Control Circuitry Return: This pin is the floating return path for the controller circuitry. 
Connect this pin via a resistor to the low side return (ground). 

FT  4 

Fault Status Output: This open collector pin pulls low to indicate one of the several 
potential fault conditions may exist.  The Fault pin will pull low after a reverse or forward 
fault has been detected with a defined delay time (8μs).  In addition, the FT pin will pull 
low when the controller input voltage is below the VC under-voltage threshold VS-PG < 7V 
(VSUVF).  When VS-PG > 7.15V (VSUVR) and 6mV < VSP-SN < 275mV this pin clears (High). 
Leave this pin open if unused. 

GND 6 FT  Return: This pin is the return (ground) for the open collector fault circuitry.  Connect 
this pin to logic ground. 

SN 8 
Negative Sense Input: Connect SN pin to the trace between D pin (outside of the 
PI2127 foot print) and the output load.  The polarity of the voltage difference between SP 
and SN provides an indication of current flow direction through the MOSFET. 

D 9, 10, 11, 
17 

Drain: The Drain of the internal N-channel MOSFET and fault level shift circuit.  Connect 
this pin to the output load. 

S 12, 13, 14 
16 

Source-The source of the internal N-channel MOSFET and bias for the control circuitry.  
Connect this pin to the input power source bus voltage. 

SP 15 
Positive Sense Input: Connect SP pin to the trace between S pin (outside of the PI2127 
foot print) and the input source.  The polarity of the voltage difference between SP and 
SN provides an indication of current flow direction through the MOSFET. 

 
 

Package Pin-Out 
 

 

17-pin LGA (7mm x 8mm) 
Top view  
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Absolute Maximum Ratings 
Note: Unless otherwise specified, all voltage nodes are referenced to “PG”
Drain-to-Source Voltage (VDS) 60V @ 25°C

Source Current (Is) Continuous 12A

Source Current (Is) Pulsed (10μs) (1) 100A

Source Current (Is) Pulsed (300ns) (1) 150A

Single Pulse Avalanche Current (TAV<11μs) (1) 33A

Junction-to-Ambient Thermal Resistance (RθJ-A) 45°C/W (0LFM)

Junction-to-PCB Thermal Resistance (RθJ-PCB) 10°C/W

S (Source),  -0.3V to 13V / 10mA

SP -0.3V to 17.3V / 10mA

SN, D (Drain)  -0.3V to 60V / 10mA

GND -50V to +0.3V / 10mA

FT to GND -0.3V to 20V / 10mA

D (Drain) to GND  -0.3V to 60V / 10mA

Storage Temperature -65oC to 150oC

Operating Junction Temperature -40°C to 140°C

Internal MOSFET Operating Junction Temperature -40°C to 150°C

Soldering Temperature for 20 seconds   260oC

ESD Rating CDM Class IV
 
Electrical Specifications 
Unless otherwise specified: -40°C < TJ < 125°C, VS-PG =10.5V, VPG=VGND=0V, VD=VS  

Parameter Symbol Min Typ Max Units Conditions 

Control Circuit Supply (S to PG) 
Operating Supply Range  VS-PG 8.5  10.5 V No VC limiting Resistor 

Quiescent Current IVC  1.5 2.0 mA Normal operation, no fault 

Clamp Voltage VS-CLM 11 11.7 12.5 V IS=3mA 

Clamp Resistance  RS   10 Ω Delta IS=10mA 

Under-Voltage Rising Threshold VSUVR 6.1 7.15 8.5 V  

Under-Voltage Falling Threshold VSUVF 6 7.00 7.9 V  

Under-Voltage Hysteresis VSUV-HS 100 150 200 mV  
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Electrical Specifications 
Unless otherwise specified: -40°C < TJ < 125°C, VS-PG =10.5V, VPG=VGND=0V, VD=VS  

Parameter Symbol Min Typ Max Units Conditions 

DIFFERENTIAL AMPLIFIER AND COMPARATORS (Continued) 

Common Mode Input Voltage VCM -3  3 V SP to S and SN to S 

Differential Operating Input Voltage(1) VSP-SN -80  400 mV SP-SN 

SP Input Bias Current ISP 35 55 75 μA VSP = VSN = VS 

SN Input Bias Current ISN 35 55 75 μA VSP = VSN = VS 

SN Current During Fault Condition(3) ISN-FLT  5 7.5 mA VSN = 60V,  
VSP = VS =VD=0V 

MOSFET Turn On Threshold  VFET-ON +1 +6 +11 mV VSP-PG = 10.5V, @ 25°C 

Reverse Comparator Threshold VRVS-TH -11 -6 -2 mV VSP-PG = 10.5V, @ 25°C 

Reverse to On Hysteresis VRVS-HY 10 12 14 mV VSP-PG = 10.5V, @ 25°C 
Reverse Fault to MOSFET Turn-off 
Time tRVS  80 150 ns VSP-SN = ± 50mV step 

Forward Comparator Threshold VFWD-TH 250 275 300 mV  

Forward Comparator Hysteresis  VFWD-HY 15 25 35 mV  

Internal N-Channel MOSFET 

Drain-to-Source Breakdown Voltage BVDSS 60   V 
VS=VGND=VFT=VSP=0V 
ID=2mA , Tj=25°C; 
VSN=10.5V 

Source Current Continuous IS   12 A In ON state, Tj=25°C 

D Pin Current During Fault (3) 
(including level-shift circuitry)  ID-FLT   4 mA 

VD=60V;  
VGND=VFT=VS=VSP=0V, 
Tj=25°C, VSN=10.5V 

Drain-to-Source On Resistance RDSon  8.5 11 mΩ  In ON state, IS=10A, 
Tj=25°C 

Body Diode Forward Voltage VF-BD  0.75 1.0 V In OFF state, IS=4A, 
Tj=25°C 

Fault 

Fault Output Low Voltage FT
V   0.2 0.5 V IFT=2mA, VS-PG ≥ 4.5V 

Fault Output High, Leakage Current IFT   10 μA VFT=14V 

Fault Delay time TFT-DLY 4 8 16 μs VSP-SN = ± 50mV step 
 
Note 1: These parameters are not production tested but are guaranteed by design, characterization, and 
correlation with statistical process control. 
 
Note 2: Current sourced by a pin is reported with a negative sign. 
  
Note 3: Current flow during input short fault condition.  See the Fault Circuit description in the Application 
Information section for more detail 
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Functional Description: 
 
The PI2127 integrated Cool-ORing product takes 
advantage of two different technologies combining 
an 8.5mΩ on-state resistance (RDS(on)) N-channel 
MOSFET with high density control circuitry. This 
combination provides superior density, minimizing 
PCB space to achieve an ideal ORing diode 
function, significantly reducing power dissipation and 
eliminating the need for heat sinking, while 
minimizing design complexity. 
 
The PI2127’s 8.5mΩ on-state resistance MOSFET 
used in the conduction path enables a dramatic 
reduction in power dissipation versus the 
performance of a diode used in conventional ORing 
applications due to its high forward voltage drop. 
Due to the inherent characteristics of the MOSFET, 
current will flow in the forward and reverse directions 
while the gate remains above the gate threshold 
voltage. Ideal ORing applications should not allow 
reverse current flow, so the controller has to be 
capable of very fast and accurate detection of 
reverse current caused by input power source 
failures, and very fast turn off of the gate of the 
MOSFET. Once the gate voltage falls below the gate 
threshold, the MOSFET is off and the body diode will 
be reverse biased preventing reverse current flow 
and subsequent excessive voltage droop on the 
redundant bus.  
 
Differential Amplifier:  
The PI2127 integrates a high-speed low offset 
voltage differential amplifier to sense the difference 
between the Sense Positive (SP) pin voltage and 
Sense Negative (SN) pin voltage with high sensitivity 
to fault current.  The amplifier output is connected to 
the Reverse and Forward comparators. 
 
Reverse Current Comparator: RVS 
The reverse current comparator provides the critical 
function in the controller, detecting negative voltage 
caused by reverse current.  Gate drive is enabled 
when SP is 6mV higher than SN. When the SN pin 
is 6mV higher than the SP pin, the reverse 
comparator will force the gate discharge circuit to 
turn off the MOSFET in typically 80ns and assert the 
Fault ( FT ) low to report a fault condition.   
 

The reverse comparator will hold the gate low until 
the SP pin is 6mV higher than the SN pin.  The 
reverse comparator hysteresis is shown in Figure 3. 
 

 
 
Figure 3: Reverse comparator hysteresis: VSP - VSN  
 
Forward Voltage Comparator: FWD  
The FWD comparator detects when a forward 
voltage condition exists and SP is above 275mV 
(typical) positive with respect to SN. When SP-SN is 
more than 275mV, the FWD comparator will assert 
the Fault ( FT ) low to report a fault condition. 
 
Internal Voltage Regulator: 
The PI2127 control circuitry and the gate driver are 
biased through the S pin. An internal regulator 
clamps the S voltage (VS-PG ) to 11.7V.  The internal 
regulator circuit has a comparator to monitor S input 
with respect to the PG pin and pulls the MOSFET 
GATE low when VS-PG is lower than the Under-
Voltage Threshold. 
 
Fault Indication: FT  

The FT  pin is an open collector NPN that will be 
pulled low during following fault conditions.   
 

  
 

 Typical Condition Indication of possible faults 

1 Reverse: VSP-VSN ≤ -6mV 
Input supply shorted 
(MOSFET turned OFF) 

2 Forward: VSP-VSN ≥ +275mV 
Open FET, Gate short, Gate 
open, or High current 
(MOSFET turned ON) 

3 Forward VSP-VSN ≤ +6mV 
Shorted FET on power-up 
(MOSFET turned OFF) 

4 UVLO 4.5V < VS-PG<7.15V 
Controller not ready 
(MOSFET turned OFF) 
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Figure 4: PI2127 Internal Block Diagram 
 
  

 
 
Figure 5: PI2127 State Diagram
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Figure 6: PI2127 Timing Diagram. 





Picor Corporation • picorpower.com PI2127                      Rev 1.3                                       Page 8 of 19 

 

Typical Characteristics:

 
 

Figure 7: Controller bias current vs. temperature 
 
 

 
 
Figure 8: Reverse comparator threshold vs. 

temperature. 
 

 
 
Figure 9:  Reverse Fault to MOSFET Turn-off 

Response Time vs. temperature. 

 
 
Figure 10: Internal MOSFET drain to source 

breakdown voltage vs. temperature. 
 

 
 
Figure 11: Internal MOSFET on-state resistance vs. 

temperature. 
 

 
 
Figure 12:  Internal MOSFET source to drain diode 

forward voltage (pulsed ≤300µs). 
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Thermal Characteristics: 
 

 

 
 
Figure 13: MOSEFT Junction Temperature vs. Input 

Current for a given ambient temperature 
(0LFM) 

 

 
 
Figure 14: PI2127 input current de-rating based on 

the MOSFET maximum TJ=150°C vs. 
ambient temperature 

 

 
 
Figure 15: PI2127 mounted on PI2127-

EVAL1Thermal Image picture, Iout=12A,   
TA=25°C, Air Flow=0LFM  

 
 
Figure 16: MOSFET Junction Temperature vs. Input 

Current for a given ambient temperature 
(200LFM) 

 

 
 
Figure 17: PI2127 input current de-rating vs. PCB 

temperature, for the MOSFET maximum 
TJ at 125°C and 150°C  

 

 
 
Figure 18: PI2127 mounted on PI2127-EVAL1 

Thermal Image picture, Iout=10A, 
TA=25°C, Air Flow=200LFM 

 

PI2127 PI2127

 
MOSFET MOSFET
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Figure 19: Plot of PI2127 response time to reverse current detection 
 
Application Information 

The PI2127 is designed to replace high side ORing 
diodes in high current, medium voltage redundant 
power architectures.  Replacing a traditional diode 
with a PI2127 will result in significant power 
dissipation reduction as well as board space 
reduction, efficiency improvement and additional 
protection features.  
  
This section describes in detail the procedure to follow 
when designing with the PI2127 Active ORing 
solution.  
 
Control Circuitry Bias: 
The PI2127 control circuitry and the gate driver for the 
internal MOSFET are biased through the S pin. An 
internal regulator clamps the S pin voltage (VS-PG) to 
11.7V typically. 
 
A bias resistor (RPG) is required if the voltage at the S 
pin is higher than the minimum Voltage Clamp (VS-

CLM). RPG should be connected between PG pin and 
ground (VS return). 
 
Minimize the resistor value for low S voltage levels to 
avoid a voltage drop that may reduce VS-PG lower than 
required.  
 
Select the value of RPG using the following equations:   
 

mAI
VV

R
VC

PGMaxSS
PG 1.0max

min

+
−

= −−  

RPG maximum power dissipation:  

PG

PGMinSS
RPG R

VV
Pd

2
max )( −− −

=  

Where:  
min−SV : S pin minimum applied voltage 

max−SV : S pin maximum applied voltage 

PGMaxSV − : Controller maximum clamp voltage, 12.5V 
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PGMinSV − : Controller minimum clamp voltage, 11V 

maxVCI : Controller maximum bias current, use 
2.0mA 

mA1.0 : 0.1mA is added for margin  
 
Example: 40V <VS-PG <50V 
 

Ω=−=
+

−
= − k

mA
VV

mAIC
VV

R PGMaxSS
PG 1.13

1.2
5.1240

1.0max

min  

( ) mW
k
VV

R
VV

PdR
PG

PGMinSS
PG 116

1.13
1150)( 22

max =
Ω

−=
−

= −−  

 
Alternative Bias Circuit with Device Enable: 
Constant current circuit 
In a wide operating input voltage range the size of RPG 
may be become large to support power dissipation.  A 
simple constant current circuit can be used instead of 
RPG to reduce power dissipation and can be used as a 
device enable. 
 
As shown in Figure 20, the constant current circuit 
consists of an NPN transistor (Q1), Zener diode DZ, 
current limit resistor (RLIMIT) and Zener bias resistor 
(RZ).  RLIMIT and RZ can be very low power resistors 
and Q1 is a signal transistor where its Collector-
Emitter Voltage (VCEO) is equal or greater than the 
input operating voltage and supports 2.5mA at the 
operating input voltage.   
 

 
 
Figure 20: Constant current bias circuit 
 
Pulling the Q1 base (EN) to the system return (RTN) 
will turn off the transistor and the controller return (PG 
pin) will float and eventually the MOSFET will be 
turned off.  An open collector device can be used to 
enable and disable the PI2127. 
 
The constant current circuit should guarantee current 
greater than the PI2127 maximum Quiescent current 
(IVC), 2.0mA. 
 
RLIMIT can be calculated from the following equation: 
 

MAXVC

BEMINZ
LIMIT I

onVV
R

_

_ )(−
=  

Where: 
MINZV _ :  Minimum Zener diode voltage 

)(onVBE : Q1 Base-Emitter On maximum voltage, for 
default use )(onVBE =0.7V 

 
Zener Diode Selection: 
Select a Zener diode with a low reverse current 
requirement to minimize RZ.  Zener diodes with higher 
break down voltage will have lower reverse current 
and reduce Q1 collector current variation.  Zener 
diodes with a breakdown voltage of 6V and higher will 
require low bias current for accurate voltage 
breakdown. 
 
RZ maximum value can be calculated with the 
following equation: 
 
Note that the surface mount resistors have limited 
operating voltage capability.  Be sure to pick a resistor 
package that can meet the maximum operating 
voltage (Vin). 
 

MAXBZ

MAXZMINin
Z II

VV
R

_

__

+
−

=  

Where:  

MINinV _ : Min input voltage 

MAXZV _ : Zener diode maximum breakdown voltage 

ZI :  Zener diode required reverse current 

MAXBI _ : Q1 required maximum base current which 
calculated from the following equation:  

MINFE

MAXC
MAXB h

I
I

_

_
_ =  

MAXCI _ : Q1 maximum expected collector current. 

MINFEh _ : Q1 minimum gain. 
 
Internal N-Channel MOSFET BVDSS: 
The PI2127’s internal N-Channel MOSFET 
breakdown voltage (BVDSS) is rated for 60V at 25°C 
and will degrade to 55.5V at -40°C, refer to Figure 10.  
Drain to source voltage should not exceed BVDSS in 
nominal operation.  During a fast switching transient 
the MOSFET can tolerate voltages higher than its 
BVDSS rating under avalanche conditions, refer to the 
Absolute Maximum Ratings table. 
 
In Active ORing applications when one of the input 
power sources is shorted, a large reverse current is 
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sourced from the load through the MOSFET. 
Depending on the output impedance of the system 
and the parasitic inductance, the reverse current in 
the MOSFET may exceed the source pulsed current 
rating (150A) just before the PI2127 MOSFET is 
turned off. 
 
The peak current during an input short condition is 
calculated as follows, assuming that the output has 
very low impedance and it is not a limiting factor: 
 

PARASITIC

RVSS
PEAK L

tV
I

*
=  

Where: 

PEAKI :  Peak current in PI2127 MOSFET before it is 
turned off. 

SV : Input voltage or load voltage at S pin before 
input short condition did occur. 

RVSt :  Reverse fault to MOSFET turn-off time. 

PARASITICL :Circuit parasitic inductance 
 
The high peak current during an input short and 
before the MOSFET turns off, stores energy in the 
circuit parasitic inductance, and as soon as the 
MOSFET turns off, the stored energy will be released 
and this will produce a high negative voltage and 
ringing at the MOSFET source.  At the same time the 
energy stored at the drain side of the internal 
MOSFET will be released and produce a voltage 
higher than the load voltage. This event will create a 
high voltage difference between the drain and source 
of the MOSFET.  The MOSFET will avalanche, but 
this avalanche will not affect the MOSFET 
performance because the PI2127 has a fast 
response time to the input fault condition and the 
stored energy will be well below the MOSFET 
avalanche capability. 
 
MOSFET avalanche during input short is calculated 
as follows:  
 

2**
*3.1
*3.1

*
2
1

PEAKPARASITIC
SDSS

DSS
AS IL

VBV
BV

E
−

=  

Where: 

ASE :  Avalanche energy 

DSSBV : MOSFET breakdown voltage (60V) 
 
 Power dissipation:  
In Active ORing circuits the MOSFET is always on in 
steady state operation and the power dissipation is 
derived from the total source current and the on-state 
resistance of the MOSFET. 

The PI2127 internal MOSFET power dissipation can 
be calculated with the following equation: 
 

)(
2

onDSMOSFET RIsPd ∗=  
Where: 
Is:  Source Current 

MOSFETPd : MOSFET power dissipation 
RDS(on): MOSFET on-state resistance 
 
Note: For the worst case condition, calculate with 
maximum rated RDS(on) at the MOSFET maximum 
operating junction temperature because RDS(on) is 
temperature dependent. Refer to Figure 11 for 
normalized RDS(on) values over temperature.  The 
PI2127 maximum RDS(on) at 25°C is 11mΩ and will 
increase by 43% at 125°C junction temperature. 
 
The Junction Temperature rise is a function of power 
dissipation and thermal resistance. 
 

)(
2

onDSJAMOSFETJA RIsRPdRTrise ∗∗=∗= θθ  
 
Where:   

JARθ :  Junction-to-Ambient thermal resistance 
(45°C/Watt) 

 
This may require iteration to get to the final junction 
temperature.  Figure 13 and Figure 16 show the 
PI2127 internal MOSFET final junction temperature 
curves versus conducted current at maximum RDS(on), 
given ambient temperatures and air flow. 
 
Fault Circuit: 

FT  is an open collector pin and should be pulled up 
to the logic voltage via a resistor (10KΩ). 
An internal level shift circuit is implemented to change 
the PI2127 controller fault output reference from the 
PG pin voltage level to the GND pin voltage level. The 
level shift circuit is biased from the D pin to stay active 
when the bias voltage at S pin is not available.    In 
the event of an input short fault condition, the S pin 
will be pulled low (ground) and the PI2127 control 
circuit will lose its bias voltage.  If the output voltage is 
supplied from a redundant source, then the level 
shifter stays biased and the FT pin will be pulled low 
to indicate that the MOSFET is in the OFF condition.  
 
During start-up and before the output voltage is 
established, the FT pin will be floating until the 
approximately 4.5V is present at the S pin or at D pin. 
Thereafter the FT pin is pulled low and stays low until 
the PI2127 controller bias voltage VS-PG increases 
above the controller Under-Voltage Threshold (VSUVR) 
and no fault conditions are present. Once this 
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happens, the MOSFET is turned on and the FT pin 
will be high resistance to indicate that the MOSFET is 
in RDS(on) with no fault conditions existing. 
 
Note that in case of an input fault condition, where the 
S pin is at ground and the output (D pin and SN pin) 
are at a high voltage there will be two current paths, 
one path from D pin to GND and the other path from 
SN pin to SP.   
 
The current path from D pin to GND and S pins is due 
to the level shift circuit and will draw current from the 
output as a function of the voltage between D pin and 
GND (VD-GND) based on the following equation:   
 

Ω
−

= −
− k

VV
I GNDD

FLTD 15
5.0   

Where: 
FLTDI − : Maximum D pin current during input short 

fault condition 
GNDDV − :  Voltage difference between the D pin and 

ground.  
 
The current path from SN pin to S pin is a function of 
the SN voltage based on the following equation:   

PAR

GNDSN
FLTSN R

VV
I

12
_

−
= −  

Where: 
FLTSNI _ : SN current during input short fault condition 

GNDSNV − : Voltage difference between SN pin (or load 
voltage) and ground.  

PARR : Resistance of the internal path, 10KΩ 
typical and 8kΩ minimum 

 

The level shift circuit worst case power dissipation 
during input short is: 
 

Ω
−

= −

k
VV

Pd GNDD

15
)5.0( 2

 

 
The thermal resistance and power dissipation of the 
level shift circuit will limit the voltage applied at the D 
pin during a shorted input condition.  When the PCB 
temperature exceeds 110°C, the applied voltage must 
be derated according to Figure 21. The plot in Figure 
21 is calculated using the worst case power 
dissipation during an input short with RθJ-PCB= 
100°C/W. 
 

 
Figure 21: Level shift circuit applied voltage de-rating 

(valid during an input short fault condition 
as a function of PCB Temperature) 
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Typical Application Example:   
 
Requirement: 
Redundant Bus Voltage = 40V ±5V 
Maximum Load Current = 9A (assume through each 
redundant path) 
Maximum Ambient Temperature = 60°C, no air flow 
(0LFM) 
The current flow parasitic inductance for each ORing 
device is 60nH. 
 
Solution: 
A single PI2127 for each redundant 40V power source 
should be used, configured as shown in the circuit 
schematic in Figure 23. 
 
RPG selection: 
 
35V <VS-PG <45V 
 

Ω=−=
+

−
= − k

mA
VV

mAIC
VV

R PGMaxSS
PG 71.10

1.2
5.1235

1.0max

min  

 
The closest 1% resistor available is 10.5kΩ  
 

( ) mW
k
VV

R
VV

PdR
PG

PGMinSS
PG 110

5.10
1145)( 22

max =
Ω

−=
−

= −−  

The selected resistor should be capable of supporting 
the total power at maximum operating temperature, 
60°C.  An 0805 (2012) will support the power 
requirement.  
 
FT pin:  

Connect FT  pin to the logic input and to the logic 
power supply via a resistor, as required for the proper 
input level of the supervisor functions. 
 
Power Dissipation and Junction Temperature:   
First use Figure 13 (Junction Temperature vs. Input 
Current) to find the final junction temperature for 9A 
load current at 60°C ambient temperature. In Figure 
13 (illustrated in Figure 22) draw a vertical line from 
9A to intersect the 60°C ambient temperature line.  At 
the intersection draw a horizontal line towards the Y-
axis (Junction Temperature). The Junction 
Temperature at maximum load current (9A) and 60°C 
ambient is 115°C. 
 
RDS(on) is 11mΩ maximum at 25°C and will increase as 
the Junction temperature increases.   From Figure 11, 
at 115°C RDS(on) will increase by 38%, then  

Ω=∗Ω= mmR onDS 18.1538.111)(  maximum at 115°C 
Maximum power dissipation is: 
 

WmARIinPd onDS 23.118.15)9( 2
)(

2
max =Ω∗=∗=  

 
Recalculate TJ: 
 

CmA
W
CCTJ °=⎟

⎠
⎞

⎜
⎝
⎛ Ω∗∗°+°= 3.11518.15)9(4560 2

max  

  

 
 
Figure 22: Example 1 final MOSFET junction 

temperature at 9A/60°C TA 
 
Reverse Current Threshold: 
The following procedure demonstrates how to 
calculate the minimum required reverse current in the 
internal MOSFET to generate a reverse fault condition 
and turn off the internal MOSFET. 
 
At maximum junction temperature (115°C) and 
maximum RDS(on): 
 

 mA
m
mV

R
V

reverseIs
onDS

THRVS 395
18.15
6.

)(

−=
Ω

−== −  

 
Peak current under input short is: 
 
At typical response time: 
 

A
nH
nsV

L
tV

I
PARASITIC

RVSS
PEAK 60

60
80*45*

===  
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At maximum response time: 
 

A
nH

nsV
L

tV
I

PARASITIC

RVSS
PEAK 5.112

60
150*45*

===  

 
Avalanche Energy: 
 

2**
*3.1
*3.1

*
2
1

PEAKPARASITIC
SDSS

DSS
AS IL

VBV
BV

E
−

=  

 

JAnH
VV

EAS μ8975.112*60*
4560*3.1

60*3.1*
2
1 2 =

−
=  

 
The avalanche energy is well below the total MOSFET 
specified peak current of 150A for 300ns and below 
the rated avalanche energy.  The specified energy 
can be calculated from Single Pulse Avalanche 
Current as specified in the Absolute Maximum Ratings 
table: 
 

mJsAVtIBV AVASDSS 141133603.1
2
1*3.1

2
1 =⋅⋅⋅=⋅⋅⋅ μ   

 
 

 
 
Figure 23 : Two PI2127 in High Side ORing 

configuration 
 
VC bias through Constant current circuit 
Select an NPN transistor with VCEO equal or higher 
than the input voltage (Vin) plus any expected 
transient voltage and capable of handling the 
expected maximum power dissipation.  Any NPN 
transistor with VCEO ≥ 60V in a small footprint is 
suitable. An exemplary NPN is the BC846 from NXP 
Semiconductors:  
 

From the BC846 datasheet: 
NPN general-purpose transistor  
VCEO =  65V Collector-Emitter maximum voltage 
IC =  100mA maximum collector current  
hFE =  110 minimum at IC=2mA  
VBE =  0.580V to 0.70V Base-Emitter voltage  

at IC = 2mA and 25°C 
RθJ-A =  500°C/W Junction to ambient thermal 

resistance. 
 

Select Zener Diode: A Zener diode with low bias 
current and VZ=10 in small foot print is suitable for this 
application. An exemplary Zener diode is the 
MM3Z10VST1 the from ON Semiconductor  
 

From the MM3Z10VST1 datasheet: 
10V, 200mW Zener Diode 
VZ  =  9.80V to 10.2V Zener voltage range 
IR   =  10μA will hold the Zener breakdown voltage 

at 9.8V 
 

Ω=−=
−

= k
mA

VV
I

onVV
R

MAXVC

BEMINZ
LIMIT 33.4

1.2
7.08.9)(

_

_  

Or 4.32kΩ 1% 
 

AmA
h
I

I
MINFE

MAXC
MAXB μ27.27

110
3

_

_
_ ===  

 
RZ Calculation: 
 
Use 120μA as minimum for the Zener diode reverse 
leakage current and Q2 base current combined. 
 

Ω=−=
+

−
= k

A
VV

II
VV

R
MAXBZ

MAXZMINin
Z 248

120
2.1040

_

__

μ
  

 
Select RZ= 249kΩ 1% 
 
Maximum Q1 collector current: 
 

mA
k

VV
R

VV
I

MINLIMIT

MINBEMAXZ
MAXC 29.2

98.0*32.4
50.02.10

_

__
_ =

Ω
−=

−
=  

 
Maximum Q2 power dissipation 
 

)]([* ___1 MAXEBMINZCLMVCMAXMAXCQ VVVVinIPd −−−= −

 
mWVVVVmAPdQ 57)]7.08.9(1145[*29.21 =−−−=  

 
Transistor temperature rise 

C
W
CmWRPdT AJQRISEQ °=°== − 50.28500*57*11 θ  
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Figure 24: PI2127 in high side +48V application, VC 

is biased through constant current circuit. 

 
 

 
 
 

 
Layout Recommendation: 
 
Use the following general guidelines when designing 
printed circuit boards.  An example of the typical land 
pattern for the PI2127 is shown in  
Figure 25: 
 
• Make sure to have a solid ground (return) plane to 

reduce circuit parasitic. 
 
• Connect all S pads together with a wide trace to 

reduce trace parasitics to accommodate the high 
current input, and also connect all D pads 
together with a wide trace to accommodate the 
high current output. 

 
• Connect the SP pin to the S pins and connect the 

SN pin to D pins as shown in Figure 25. 
 
• Use 1oz of copper or thicker if possible to reduce 

trace resistance and reduce power dissipation. 
 

 
 
Figure 25: PI2127 layout recommendation 
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 Package Drawing: 

 
 
 
 

Ordering Information 
Part Number Package Transport Media

PI2127-01-LGIZ 7mm x 8mm 17-pin LGA T&R 
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Footprint Recommendation: 
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Warranty 
 
Vicor products are guaranteed for two years from date of shipment against defects in material or workmanship when 
in normal use and service. This warranty does not extend to products subjected to misuse, accident, or improper 
application or maintenance. Vicor shall not be liable for collateral or consequential damage. This warranty is 
extended to the original purchaser only. 
 
EXCEPT FOR THE FOREGOING EXPRESS WARRANTY, VICOR MAKES NO WARRANTY, EXPRESS OR 
LIMITED, INCLUDING, BUT NOT LIMITED TO, THE WARRANTY OF MERCHANTABILITY OR FITNESS FOR A 
PARTICULAR PURPOSE. 
 
Vicor will repair or replace defective products in accordance with its own best judgment. For service under this 
warranty, the buyer must contact Vicor to obtain a Return Material Authorization (RMA) number and shipping 
instructions. Products returned without prior authorization will be returned to the buyer. The buyer will pay all charges 
incurred in returning the product to the factory. Vicor will pay all reshipment charges if the product was defective 
within the terms of this warranty. 
 
Information published by Vicor has been carefully checked and is believed to be accurate; however, no responsibility 
is assumed for inaccuracies. Vicor reserves the right to make changes to any products without further notice to 
improve reliability, function, or design. Vicor does not assume any liability arising out of the application or use of any 
product or circuit; neither does it convey any license under its patent rights nor the rights of others. Vicor general 
policy does not recommend the use of its components in life support applications wherein a failure or malfunction 
may directly threaten life or injury. Per Vicor Terms and Conditions of Sale, the user of Vicor components in life 
support applications assumes all risks of such use and indemnifies Vicor against all damages. 
 
Vicor’s comprehensive line of power solutions includes high density AC-DC and DC-DC 
modules and accessory components, fully configurable AC-DC and DC-DC power 
supplies, and complete custom power systems. 
 
Information furnished by Vicor is believed to be accurate and reliable. However, no responsibility is assumed by Vicor 
for its use. Vicor components are not designed to be used in applications, such as life support systems, wherein a 
failure or malfunction could result in injury or death. All sales are subject to Vicor’s Terms and Conditions of Sale, 
which are available upon request. 
 
Specifications are subject to change without notice. 
 
 
 
 
 Vicor Corporation Picor Corporation 
 25 Frontage Road 51 Industrial Drive 
 Andover, MA 01810 North Smithfield, RI 02896 
 USA USA 
 
 

Customer Service: custserv@vicorpower.com 
Technical Support: apps@vicorpower.com 

Tel: 800-735-6200 
Fax: 978-475-6715 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




