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PMBus™

General Description

The LM25066A combines a high performance hot-swap con-
troller with a PMBus™ compliant SMBus/I2C interface to ac-
curately measure, protect and control the electrical operating
conditions of computing and storage blades connected to a
backplane power bus. The LM25066A continuously supplies
real-time power, voltage, current, temperature and fault data
to the system management host via the SMBus interface.

The LM25066A control block includes a unique hot-swap ar-
chitecture that provides current and power limiting to protect
sensitive circuitry during insertion of boards into a live system
backplane, or any other "hot" power source. A fast acting cir-
cuit breaker prevents damage in the event of a short circuit
on the output. The input under-voltage and over-voltage lev-
els and hysteresis are configurable, as well as the insertion
delay time and fault detection time. A temperature monitoring
block on the LM25066A interfaces with a low-cost external
diode for monitoring the temperature of the external MOSFET
or other thermally sensitive components. The POWER GOOD
output provides a fast indicator when the input and/or output
voltages are outside their programmed range. LM25066A
current measurement accuracy is +1% over temperature.
The LM25066A monitoring block computes both the real-time
and average values of subsystem operating parameters
(Vino I Pins Voour) as well as the peak power. Accurate power
averaging is accomplished by averaging the product of the
input voltage and current. A black box (Telemetry/Fault Snap-
shot) function captures and stores telemetry data and device
status in the event of a warning or a fault.

Features
m Input voltage range: 2.9V to 17V
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LM25066A

System Power Management and Protection IC with

m |2C/SMBus interface and PMBus compliant command
structure

m Programmable 25mV or 46mV current limit threshold

m  Configurable circuit breaker protection for hard shorts

m Configurable under-voltage and over-voltage lockouts
with hysteresis

m Remote temperature sensing with programmable warning
and shutdown thresholds

m Detection and notification of damaged MOSFET condition

m  Real time monitoring of V,y, Vour, Iine Pine Vaux With 12-bit
resolution and 1 kHz sampling rate

m Current measurement accuracy: +1% over temperature
Power measurement accuracy: +2% over temperature

m True input power measurement using simultaneous
sampling of V| and |\ accurately averages dynamic
power readings

m Averaging of V|, |\, Py, @nd Vg1 over programmable
interval ranging from 0.001 to 4 seconds

m Programmable WARN and FAULT thresholds with
SMBA notification

m Black box capture of telemetry measurements and device
status triggered by WARN or FAULT condition

m 24-lead LLP package

Applications

m Server backplane systems

m Basestation power distribution systems
m Solid state circuit breaker

Typical Application Schematic
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Connection Diagram

Solder exposed pad to ground.
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Ordering Information
Order Number Package Type Package Drawing Supplied As
LM25066APSQ LLP-24 SQA24B 1,000 units in tape and reel
LM25066APSQE LLP-24 SQA24B 250 units in tape and reel
LM25066APSQX LLP-24 SQA24B 4,500 units in tape and reel
www.national.com 2
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Pin Descriptions
Pin i I .
No. Name Description Applications Information
Pad | Exposed Exposed pad of LLP  |No internal electrical connections. Solder to the ground plane to reduce thermal
Pad package resistance.

1 ADR2 SMBUS address line 2 |3 - state address line. Should be connected to GND, VDD, or left floating.

2 ADR1 SMBUS address line 1 |3 - state address line. Should be connected to GND, VDD, or left floating.

3 ADRO SMBUS address line 0 |3 - state address line. Should be connected to GND, VDD, or left floating.

4 VDD Internal sub-regulator |Internally sub-regulated 4.5V bias supply. Connect a 1 yF capacitor on this pin to ground

output for bypassing.

5 CL Current limit range Connect this pin to GND to set the nominal over-current threshold at 25mV. Connecting
CL to VDD will set the over-current threshold to be 46mV.

6 CB Circuit breaker range | This pin sets the circuit breaker protection point in relation to the over-current trip point.
When connected to GND, this pin will set the circuit breaker point to be 1.8 times the
over-current threshold. Connecting this pin to VDD sets the circuit breaker trip point to
be 3.6 times the over-current threshold.

7 FB Power Good feedback |An external resistor divider from OUT sets the output voltage at which the PGD pin
switches. The threshold at the pin is 1.167V. An internal 24 pA current source provides
hysteresis.

8 RETRY Fault retry input This pin configures the power up fault retry behavior. When this pin is grounded, the
device will continually try to engage power during a fault. If the pin is connected to VDD,
the device will latch off during a fault.

9 TIMER Timing capacitor An external capacitor connected to this pin sets the insertion time delay, fault timeout
period and restart timing.

10 PWR Power limit set An external resistor connected to this pin, in conjunction with the current sense resistor
(Rg), sets the maximum power dissipation allowed in the external series pass MOSFET.

11 PGD Power Good indicator |An open drain output. This output is high when the voltage at the FB pin is above 1.167V
and the input supply is within its under-voltage and over-voltage thresholds. Connect
via a pullup resistor to the output rail (external MOSFET source) or any other voltage to
be monitored.

12 ouT Output feedback Connect to the output rail (external MOSFET source). Internally used to determine the
MOSFET Vg voltage for power limiting, and to monitor the output voltage.

13 GATE Gate drive output Connect to the external MOSFET's gate.

14 SENSE Current sense input | The voltage across the current sense resistor (Rg) is measured from VIN to this pin. If
the voltage across Rg reaches over-current threshold, the load current is limited and the
fault timer activates.

15 VIN Positive supply input | A small ceramic bypass capacitor close to this pin is recommended to suppress
transients which occur when the load current is switched off.

16 | UVLO/EN | Under-voltage lockout |An external resistor divider from the system input voltage sets the under-voltage turn-
on threshold. An internal 23 pA current source provides hysteresis. The enable threshold
at the pin is 1.16V. This pin can also be used for remote shutdown control.

17 OVLO Over-voltage lockout |An external resistor divider from the system input voltage sets the over-voltage turn-off
threshold. An internal 23 pA current source provides hysteresis. The disable threshold
at the pinis 1.16V.

18 GND Circuit ground

19 SDA SMBus data pin Data pin for SMBus.

20 SCL SMBus clock Clock pin for SMBus.

21 SMBA SMBus alert line Alert pin for SMBus, active low.

22 VREF Internal Reference Internally generated precision 2.73V reference used for analog to digital conversion.
Connect a 1 pF capacitor on this pin to ground for bypassing.

23 DIODE External diode Connect this to a diode-configured NPN transistor for temperature monitoring.

24 VAUX Auxiliary voltage input | Auxiliary pin allows voltage telemetry from an external source. Full scale input of 1.16V.
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<
§ Absolute Maximum Ratings (vote 1) ESD Rating (Note 2) 2kv
ﬁ If Military/Aerospace specified devices are required ruman Body Model
= please contact the National Semiconductor Sales Olzfice/ Storage Temperature “65°C 10 +150°C
- Distributors for availability and specifications. Junction Temperature +150°C
VIN, SENSE to GND (Note 6) -0.3V to 24V Operating Ratings
GATE, FB, UVLO/EN, OVLO, PGD,
OUT to GND (Note 6) -0.3V to 20V VIN, SENSE, OUT voltage 2.9Vto 17V
SCL, SDA, SMBA, CL, CB, ADRO, VDD 2.9Vto 5.5V
%ﬁgg\]gDD’ VAUX, DIODE, 0.3V 1o 68V Junction Temperature -40°C to +125°C
VIN to SENSE -0.3V to +0.3V
Electrical Characteristics Limits in standard type are for T = 25°C only; limits in boldface type apply over the
junction temperature (T ) range of -40°C to +85°C unless otherwise stated. Minimum and Maximum limits are guaranteed through
test, design, or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for
reference purposes only. Unless otherwise stated the following conditions apply: VIN = 12V. See (Note 3) and (Note 7).
Symbol | Parameter Conditions | Min. | Typ. | Max. | Units
Input (VIN Pin)
In-EN Input Current, enabled UVLO =2V and OVLO = 0.7V 5.8 8 mA
POR Power On Reset threshold at VIN VIN increasing 2.6 2.8 \
PORys PORgy Hysteresis VIN decreasing 150 mV
VDD Regulator (VDD pin)
Voo lyop = 5mMA, VIN = 12V 4.3 45 4.7 \Y
lyop = 5MA, VIN = 4.5V 3.5 3.9 43 \Y
VooiLm VDD Current Limit 25 45 mA
UVLO/EN, OVLO Pins
UVLOqy UVLO threshold Vuvio falling 1.147 | 1.16 [1.173 \Y
UVLO.ys UVLO hysteresis current UVLO =1V 18 23 28 pA
UVLOpg, UVLO delay Delay to GATE high 8 us
Delay to GATE low 20
UVLOg)ag UVLO bias current UVLO =3V 1 LA
OVLOqy OVLO threshold Vovo rising 1141 | 1.16 |[1.185 \Y
OVLOyys OVLO hysteresis current OVLO =1V -28 -23 -18 YA
OVLOpg. OVLO delay Delay to GATE high 19 ys
Delay to GATE low 9
OVLOgs |OVLO bias current OVLO =1V 1 PA
Power Good (PGD pin)
PGDyo, Output low voltage Ignk =2 mA 25 60 mV
PGD,oy Off leakage current Vpgp =17V 1 pA
PGDpgay |Power Good Delay Vg to Vpg 115 ns
FB Pin
FBry FB Threshold Vg rising 1.141 | 1167 | 1.19 \Y
FBhys FB Hysteresis Current -31 -24 -18 LA
FBeak Off Leakage Current Veg =1V 1 pA
Power Limit (PWR Pin)
PWR Power limit sense voltage (VIN-SENSE) | SENSE-OUT = 12V, Rpyg = 25 kQ 9 12.5 15 mV
lbwr PWR pin current Vewg = 2.5V -10 HA
Rsatpwer) PWR pin impedance when disabled UVLO =0.7V 180 Q
www.national.com 4
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Symbol | Parameter Conditions | Min. | Typ. | Max. | Units
Gate Control (GATE Pin)
leaTE Source current Normal operation -28 -22 -16 pA
Fault Sink current UVLO =1V 1.5 2 2.5 mA
POR Circuit Breaker sink current VIN - SENSE = 150 mV or VIN < Rpog, | 105 190 | 275 mA
Vare =5V
VaaTe Gate output voltage in normal operation | GATE voltage with respect to ground 17 18.8 | 20.3 \
OUT Pin
louT-EN OUT bias current, enabled OUT = VIN, normal operation 16 pA
louT-DIS OUT bias current, disabled (Note 4) Disabled, OUT = 0V, SENSE = VIN -12 pA
Current Limit
Veo Threshold voltage CL = GND 225 25 27.5 mV
CL=GND, T, =10°C to 85°C 23 25 27
CL=VDD 41 46 52
toL Response time VIN-SENSE stepped from 0 mV to 80 1.2 ps
mV
lsensE SENSE input current Enabled, SENSE = OUT 33 HA
Disabled, OUT = 0V 46
Enabled, OUT = 0V 45
Circuit Breaker
Veg Threshold voltage x 1.8 VIN - SENSE, CL = GND, CB = GND 35 45 55 mV
CB:CL Ratio CB =GND 1.6 1.8 2
Vs Threshold voltage x 3.6 VIN - SENSE, CL = GND, CB = VDD 70 90 110 mV
CB:CL Ratio CB =VDD 3.1 3.6 4
tca Response time VIN - SENSE stepped from 0 mV to 150 0.6 1.2 ys
mV, time to GATE low, no load
Timer (TIMER pin)
ViMRH Upper threshold 1.54 1.7 1.85 \
ViMRL Lower threshold Restart cycles 0.85 1.0 1.07 \
End of 8th cycle 0.3 Vv
Re-enable threshold 0.3 \"
lriver Insertion time current TIMER pin =2V -3 -5.5 -8 pA
Sink current, end of insertion time 1.4 1.9 2.4 mA
Fault detection current -120 -90 -60 pA
Fault sink current 2.8 pA
DCrauLT Fault Restart Duty Cycle 0.67 %
teauLT DELAY | Fault to GATE low delay TIMER pin reaches the upper threshold 17 us
Internal Reference
Veer Reference Voltage | 2.703 | 2.73 | 2.757 | \
ADC and MUX
Resolution 12 Bits
INL Integral Non-Linearity ADC only +/-1 LSB
tAQUIRE Acquisition + Conversion Time Any channel 100 us
trr Acquisition Round Robin Time Cycle all channels 1 ms
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<
§ Symbol Parameter Conditions | Min. | Typ. | Max. | Units
g Telemetry Accuracy
% IINgsr Current input full scale range CL=GND 30.2 mV
CL=VDD 60.4 mV
IIN s Current input LSB CL=GND 7.32 uv
CL=VDD 14.64 uv
VAUXegr VAUX input full scale range 1.16 \Y
VAUX g5 VAUX input LSB 283.2 uv
VINggR Input voltage full scale range 18.7 \Y
VIN g5 Input voltage LSB 4.54 mV
IINpcc Input Current Accuracy VIN — SENSE = 25mV, CL = GND -1 +1
T,=10°C to 85°C
VIN — SENSE = 25mV, CL = GND -1.2 +1 %
VIN — SENSE = 50mV, CL = GND -1.8 +1.8
VIN — SENSE =5mV, CL = GND -5 +5
T,=10°C to 85°C
Vace VAUX, VIN, VOUT Accuracy VIN, VOUT = 12V, VAUX = 1V -1 +1
T,=10°C to 85°C o
VIN, VOUT = 12V -1 +1.2
VAUX = 1V
PINpcc Input Power Accuracy VIN =12V, VIN — SENSE = 25mV, -2 +2 %
CL=GND, T;=10°C to 85°C
VIN = 12V, VIN — SENSE = 25mV, -2.3 +2
CL=GND
Remote Diode Temperature Sensor
Tacc Temperature Accuracy Using Local T, =10°C to 85°C 2 10 °C
Diode
Remote Diode Resolution 9 bits
IpiopE External Diode Current Source High level 250 | 300 LA
Low level 9.4 A
Diode Current Ratio 26
PMBus Pin Thresholds (SMBA, SDA, SCL)
Vi Data, Clock Input Low Voltage 0.8 \'%
ViH Data, Clock Input High Voltage 21 5.5 \Y
VoL Data Output Low Voltage lpuLLup = 500 pA 0 0.4 \'%
I Ak Input Leakage Current SDA, SMBA, SCL = 5V 1 pA
Configuration Pin Thresholds (CB, CL, RETRY)
Viu Threshold Voltage 3 \Y
I Ak Input Leakage Current CL, CB, RETRY =5V 1 mA
Thermal (Note 5)
8a Junction to Ambient 42.3 °C/W
0,c Junction to Case 9.5 °C/wW

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and conditions, see the Electrical Characteristics.

Note 2: The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.
Note 3: Current out of a pin is indicated as a negative value.
Note 4: OUT bias current (disabled) due to leakage current through an internal 0.9 MQ resistance from SENSE to VOUT.

Note 5: Junction-to-ambient thermal resistance is highly application and board layout dependent. Specified thermal resistance values for the package specified
is based on a 4-layer, 4"x3", 2/1/1/2 oz. Cu board as per JEDEC standards is used.

Note 6: The GATE pin voltage is typically 7.5V above VIN when the LM25066A is enabled. Therefore the Absolute Maximum Rating of 24V for VIN and SENSE
apply only when the LM25066A is disabled or for a momentary surge to that voltage since the Absolute Maximum Rating of the GATE pin is 20V.

Note 7: All limits are guaranteed. All electrical characteristics having room temperature limits are tested during production at T, = 25°C. All hot and cold limits
are guaranteed by correlating the electrical characteristics to process and temperature variations and applying statistical process control.
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Typlcal Performance Characteristics uniess otherwise specified, the following conditions apply:
T,=25°C, V| = 12V. All graphs show junction temperature.
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GATE Pin Source Current

LM25066A

TEMPERATURE (°C)

UVLO Hysteresis Current

23
3 2f
= \
E 21 {
£ 20 VIN = 5V TO 17V
o
19
1]
£ 18 \\
3 AN
Q 17 -
2 VIN = 2.9V \\
Z 16 N
w AN
E 15 \
© 14 Ne
40 20 0 20 40 60 80 100 120 140
TEMPERATURE (°C)
30146077
PGD Low Voltage
42
38 r
; /
£
w
8 34
'—
= /
g 30 /
2 /
S 2 /
a '
o /
& 2
PGD Sink Current = 2mA
18 654020 0 20 40 60 80 700120740

30146078

[\
H
o

/\\

8
©
//

N\

3
(o]
//

N
w
kS

N
w
N

AN

UVLO HYSTERESIS CURRENT (pA)

23.0

TEMPERATURE (°C)

-60-40-20 0 20 40 60 80 100120140

30146082

Power Limit Threshold

24
S
E 2
Q RpwR=50K: CL = VDD
o
I 16
)
i
T 12
|_
=
= =25K; CL = GND
s 8 RPWR
&
< 4
o
a

0

40 20 0 20 40 60 80 100 120 140
TEMPERATURE (°C)
30146089
UVLO Threshold

1.17

VIN =2.9 to 12V

\

\
\}

VIN =17V

UVLO THRESHOLD (V)
>

115652020 0 20 40 60 80 1001207140

TEMPERATURE (°C)

30146081

FB Threshold

1.172
1.171
1.170
1.169
9
%1.168
©1.167 /,/
%1166
|—
m1.165
[T
1.164
1.163

1.162
-60-40-20 0 20 40 60 80100120140

TEMPERATURE (°C)

30146079

www.national.com

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/2139444/LM25066APSQENOPB.html

OVLO Threshold OVLO Hysteresis
1.167 — 7 16
VIN=29V | |~ el 8
S 1166 e 5
& -20
S -
D1 165 7 VIN=12v f %
é =T o 22 VIN=12Vto 17V |
¢ /% o 0 24
E1.164 / i
g / g -26
O 1.163 T
o -28
VIN =17V o
1.162 L1 © 3
-60-40-20 0 20 40 60 80 100120140 60-4020 0 20 40 60 80 100120140
TEMPERATURE (°C) TEMPERATURE (°C)
30146083 30146084
FB Pin Hysteresis Current Limit Threshold
-23.0 27.0
N
E 265
235 a
z 3 26.0 [N
: RN
0»-24.0 P 0 255 \
7 A x VIN =5V to 17V
E = 250 —]
x_24.5 - <
= — S 245 ™~
Q / S ) ™
T-25.0 E 240 ~—
o z 24 VIN=29V | S—
w Z o N
-25.5 x 235
© 230
-26.0 60-40-20 0 20 40 60 80 100120140
-60-40-20 0 20 40 60 80 100120140 TEMPERATURE (°C)
TEMPERATURE (°C) 30145086
30146080
Current Limit Threshold Circuit Breaker Threshold
50 < 200
S
E 4 £ 10|
q 48 9
o \ O 160 = =
I 47 \‘\\ VIN =5V to 17V L CL = VDD, CB = VDD|
£ 46 N —— i 140
T 45 I~ T T
F o F 120
E VIN = 2.9V ~ i
3 43 E 100 CL = GND, CB = VDD|
l_
E 42 % 80
% =
L 4 5
& o 60 CL = GND, CB = GND|
40 4 -
60 -40 20 0 20 40 60 80 100120140 © 40 —————
TEMPERATURE (°C) -60-40-20 0 20 40 60 80 100120140
s0146087 TEMPERATURE (°C)
30146088
9 www.national.com

Downloaded from Elcodis.com electronic components distributor

V990S2CIN


http://elcodis.com/parts/2139444/LM25066APSQENOPB.html

<
©
4 Reference Voltage
g 2.75
=
|
2.74
S 273
[T
L
[i4
> 272
2.71
2.70
60-40-20 0 20 40 60 80 100120140
TEMPERATURE (°C)
30146090
Startup (short circuit Vqy1)
TIMER / 1IN T 1V/DIV
I
VIN | [ RETRY PERIOD =1.10s 10V/DIV
— |
GATE | 10V/DIV
|| vouT | 10V/DIV
400 ms/DIV
30146092
Startup (UVLO, OVLO)
OVLO = 15.2V GATE
/ hyst = 1.2V
) N\
Y 5V/DIV
/ \\\.
/ N,
Yy
VIN
hyst = 0.2V UYLOI= 2.|9v
L1
40 ms/DIV
30146094

Startup (Insertion Delay)

INSERTION DELAY = 140 ms
7
TIMER 1V/DIV
VIN 10VIDIV
|
GATE 10V/DIV
VOUT 10V/DIV
100 ms/DIV
30146091
Startup (5A Load)
TIMER
N 1V/DIV
|
\ GATE
et 10\//DIV
10V/DIV
VOUT
2.5A/DIV
ILOAD
1 ms/DIV
30146093
Startup (PGOOD)
: [ ]
-J'n L (+ PGOOD
. 5V/DIV
r _r\“‘ﬁu..
IVIN
10.7V .
y4lE: N 10.25v
/ ’ :
[ 5V/DIV
y i N,
1 VOUT \N
40 ms/DIV

30146095

www.national.com

Downloaded from Elcodis.com electronic components distributor

10



http://elcodis.com/parts/2139444/LM25066APSQENOPB.html

TIMER r

GATI

E =8.3 ms

TIMEOUT PERIOD |

Vo;UT S50A

[ ILOAD

_

Current Limit Event (CL = GND)

1v/DIV

10V/IDIV
10V/DIV

25A/DIV
4 ms/DIV
30146096
Retry Event (Retry = GND)
RETRY ;PER'IOD'= 1.1s
A M v
TIMER \‘ \J
VOUT
| ) | L A 10V/DIV
ILOAD
| l 25A/DIV
400 ms/DIV
30146098
IIN Measurement Accuracy
(VIN - SENSE = 25 mV)
0.5
0.4
¥~ 03
[v'd -
2 02 —
wo T
O 01
=®
— 0.0
S
2 0.1
% 02
£ 03
04
0.5

TEMPERATURE ( °C)

-15 -5 5 15 25 35 45 55 65 75 85

301460a8

Circuit Breaker Event (CL = CB = GND)

TIMER =" | 1viDIV
GATE
—— 3 10V/DIV
VouT
10V/DIV
> 90A Triggers __|
oo / Circuit Breake 50A/DIV
/i
1 ms/DIV
30146097
Latch Off (Retry = VDD)
TIMER N 1V/DIV
GATE
10V/DIV
VOUT
J— 10V/DIV
ILOAD
25AIDIV
100 ms/DIV

PIN Measurement Accuracy
(VIN - SENSE = 25 mV)

1.0

30146099

0.8

0.6

0.4

0.2

0.0

-0.2
-0.4

PIN ERROR (% OF FSR)

-0.6

-0.8

-1.0

-15 -5

5 15 25 35 45 55 65 75 85
TEMPERATURE (°C)

301460a9

Downloaded from Elcodis.com electronic components distributor

11

www.national.com

V990S2CIN


http://elcodis.com/parts/2139444/LM25066APSQENOPB.html

Block Diagram

LM25066A
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Functional Description

The inline protection functionality of the LM25066A is de-
signed to control the in-rush current to the load upon insertion
of a circuit card into a live backplane or other “hot” power
source, thereby limiting the voltage sag on the backplane’s
supply voltage and the dV/dt of the voltage applied to the load.
Effects on other circuits in the system are minimized, pre-
venting possible unintended resets. A controlled shutdown
when the circuit card is removed can also be implemented
using the LM25066A.

In addition to a programmable current limit, the LM25066A
monitors and limits the maximum power dissipation in the se-
ries pass device to maintain operation within the device Safe
Operating Area (SOA). Either current limiting or power limiting
for an extended period of time results in the shutdown of the
series pass device. In this event, the LM25066A can latch off
or repetitively retry based on the hardware setting of the

CL
CcB
RETRY

30146010
RETRY pin. Once started, the number of retries can be set to

none, 1, 2, 4, 8, 16, or infinite. The circuit breaker function
quickly switches off the series pass device upon detection of
a severe over-current condition. Programmable under-volt-
age lockout (UVLO) and over-voltage lockout (OVLO) circuits
shut down the LM25066A when the system input voltage is
outside the desired operating range.

The telemetry capability of the LM25066A provides intelligent
monitoring of the input voltage, output voltage, input current,
input power, temperature, and an auxiliary input. The
LM25066A also provides a peak capture of the input power
and programmable hardware averaging of the input voltage,
current, power, and output voltage. Warning thresholds which
trigger the SMBA pin may be programmed for input and output
voltage, current, power and temperature via the PMBus in-
terface. Additionally, the LM25066A is capable of detecting
damage to the external MOSFET, Q.
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FIGURE 1. Typical Application Circuit

Power Up Sequence

The VIN operating range of the LM25066A is +2.9V to +17V
with transient capability to +24V. Referring to Figure 1 and
Figure 2, as the voltage at VIN initially increases, the external
N-channel MOSFET (Qy) is held off by an internal 190 mA
pull-down current at the GATE pin. The strong pull-down cur-
rent at the GATE pin prevents an inadvertent turn-on as the
MOSFET’s gate-to-drain (Miller) capacitance is charged. Ad-
ditionally, the TIMER pin is initially held at ground. When the
VIN voltage reaches the POR threshold, the insertion time
begins. During the insertion time, the capacitor at the TIMER
pin (C;) is charged by a 5.5 pA current source and Q, is held
off by a 2 mA pull-down current at the GATE pin regardless
of the input voltage. The insertion time delay allows ringing
and transients at VIN to settle before Q, is enabled. The in-
sertion time ends when the TIMER pin voltage reaches 1.7V.
C is then quickly discharged by an internal 1.9 mA pull-down
current. The GATE pin then switches on Q, when the input
voltage, Vgyg, exceeds the UVLO threshold. If Vgyg is above
the UVLO threshold at the end of the insertion time, Q, switch-
es on at that time. The GATE pin charge pump sources 22 pA
to charge the gate capacitance of Q,. The maximum voltage
atthe GATE pin with respect to ground is limited by an internal
18.8V zener diode.

As the voltage at the OUT pin increases, the LM25066A mon-
itors the drain current and power dissipation of MOSFET Q.
Inrush current limiting and/or power limiting circuits actively
control the current delivered to the load. During the inrush
limiting interval (t, in Figure 2), an internal 90 pA fault timer
current source charges Cy. If Q,’s power dissipation and the
input current reduce below their respective limiting thresholds
before the TIMER pin reaches 1.7V, the 90 pA current source
is switched off and C; is discharged by the internal 2.8 pA
current sink (t; in Figure 2). The PGD pin switches high when
the voltage at FB exceeds its rising threshold of 1.167V.

If the TIMER pin voltage reaches 1.7V before inrush current
limiting or power limiting ceases during t,, a fault is declared
and Q, is turned off. See the Fault Timer & Restart section for
a complete description of the fault mode.

The LM25066A will pull the SMBA pin low after the input volt-
age has exceeded its POR threshold to indicate that the
volatile memory and device settings are in their default state.
The CONFIG_PRESET bit within the STATUS_MFR_SPE-
CIFIC register (80h) indicates default configuration of warning
thresholds and device operation and will remain set until a
CLEAR_FAULTS command is received.
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FIGURE 2. Power Up Sequence (Current Limit Only)

Gate Control

A charge pump provides the voltage at the GATE pin to en-
hance the N-Channel MOSFET’s gate. During normal oper-
ating conditions (t5 in Figure 2), the gate of Q, is held charged
by an internal 22 pA current source. The voltage at the GATE
pin (with respect to ground) is limited by an internal 18.8 V
zener diode. See the graph “GATE Pin Voltage” provided
previously. Since the gate-to-source voltage applied to Q,
could be as high as 18.8 V during various conditions, a zener
diode with the appropriate voltage rating must be added be-
tween the GATE and OUT pins if the maximum Vg rating of
the selected MOSFET is less than 18.8 V. The external zener
diode must have a forward current rating of at least 190 mA.
When the system voltage is initially applied, the GATE pin is
held low by a 190 mA pull-down current. This helps prevent
an inadvertent turn-on of the MOSFET through its drain-gate
capacitance as the applied system voltage increases.

During the insertion time (i in Figure 2), the GATE pin is held
low by a 2 mA pull-down current. This maintains Q, in the off-
state until the end of t;, regardless of the voltage at VIN or
UVLO. Following the insertion time, during t, in Figure 2, the
gate voltage of Q, is controlled to keep the current or power
dissipation level from exceeding the programmed levels.
While in the current or power limiting mode, the TIMER pin
capacitor is charging. If the current and power limiting cease

before the TIMER pin reaches 1.7V, the TIMER pin capacitor
then discharges, and the circuit begins normal operation. If
the inrush limiting condition persists such that the TIMER pin
reached 1.7V during t,, the GATE pin is then pulled low by the
190 mA pull-down current. The GATE pin is then held low until
either a power up sequence is initiated (RETRY pin to VDD)
or an automatic retry is attempted (RETRY pin to GROUND).
See the Fault Timer & Restart section. If the system input
voltage falls below the UVLO threshold or rises above the
OVLO threshold, the GATE pin is pulled low by the 2 mA pull-
down current to switch off Q;.

Current Limit

The current limit threshold is reached when the voltage across
the sense resistor Rg (VIN to SENSE) exceeds the internal
voltage limit of 25 mV or 46 mV depending on whether the CL
pin is connected to GND or VDD, respectively. In the current
limiting condition, the GATE voltage is controlled to limit the
currentin MOSFET Q. While the current limit circuit is active,
the fault timer is active as described in the Fault Timer &
Restart section. If the load current falls below the current limit
threshold before the end of the Fault Timeout Period, the
LM25066A resumes normal operation. If the current limit con-
dition persists for longer than the Fault Timeout Period set by
the timer capacitor, C;, the [IN OC FAULT bit in the
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STATUS_INPUT (7Ch) register, the INPUT bit in the
STATUS_WORD (79h) register, and the IIN_OC/
PFET_OP_FAULT bit in the DIAGNOSTIC_WORD (E1h)
register will all be toggled high, and SMBA pin will be pulled
low unless this feature is disabled using the ALERT_MASK
(D8h) register. For proper operation, the Rg resistor value
should be less than 200 mQ. Higher values may create in-
stability in the current limit control loop. The current limit
threshold pin value may be overridden by setting appropriate
bits in the DEVICE_SETUP register (D9h).

Circuit Breaker

If the load current increases rapidly (e.g. the load is short cir-
cuited), the current in the sense resistor (Rg) may exceed the
current limit threshold before the current limit control loop is
able to respond. If the current exceeds 1.8 or 3.6 times (user
settable) the current limit threshold, Q, is quickly switched off
by the 190 mA pull-down current at the GATE pin and a Fault
Timeout Period begins. When the voltage across Rg falls be-
low the threshold, the 190 mA pull-down current at the GATE
pin is switched off and the gate voltage of Q, is then deter-
mined by the current limit or power limit functions. If the
TIMER pin reaches 1.7V before the current limiting or power
limiting condition ceases, Q, is switched off by the 2 mA pull-
down current at the GATE pin as described in the Fault Timer
& Restart section. A circuit breaker event will cause the
CIRCUIT_BREAKER_FAULT bitinthe STATUS_MFR_SPE-
CIFIC (80h) and DIAGNOSTIC_WORD (E1h) registers to be
toggled high and SMBA pin will be pulled low unless this fea-
ture is disabled using the ALERT_MASK (D8h) register. The
circuit breaker pin configuration may be overridden by setting
appropriate bits in the DEVICE_SETUP (D9h) register.

Power Limit

An important feature of the LM25066A is the MOSFET power
limiting. The Power Limit function can be used to maintain the
maximum power dissipation of MOSFET Q, within the device
SOA rating. The LM25066A determines the power dissipation
in Q; by monitoring its drain-source voltage (SENSE to OUT),
and the drain current through Rg (VIN to SENSE). The prod-
uct of the current and voltage is compared to the power limit
threshold programmed by the resistor at the PWR pin. If the
power dissipation reaches the limiting threshold, the GATE
voltage is controlled to regulate the current in Q. While the
power limiting circuit is active, the fault timer is active as de-
scribed in the Fault Timer & Restart section. If the power limit
condition persists for longer than the Fault Timeout Period set
by the timer capacitor, C;, the [IN OC FAULT bit in the
STATUS_INPUT (7Ch) register, the INPUT bit in the
STATUS_WORD (79h) register, and the IIN_OC/
PFET_OP_FAULT bit in the DIAGNOSTIC_WORD (E1h)
register will all be toggled high, and SMBA pin will be pulled
low unless this feature is disabled using the ALERT_MASK
(D8h) register.

Restart
Control

Fault Timer & Restart

When the current limit or power limit threshold is reached
during turn-on, or as a result of a fault condition, the gate-to-
source voltage of Q, is controlled to regulate the load current
and power dissipation in Q;. When either limiting function is
active, a 90 pA fault timer current source charges the external
capacitor (C;) at the TIMER pin as shown in Figure 4 (Fault
Timeout Period). If the fault condition subsides during the
Fault Timeout Period before the TIMER pin reaches 1.7V, the
LM25066A returns to the normal operating mode and Cy is
discharged by the 1.9 mA current sink. If the TIMER pin
reaches 1.7V during the Fault Timeout Period, Q, is switched
off by a 2 mA pull-down current at the GATE pin. The subse-
quent restart procedure then depends on the selected retry
configuration.

If the RETRY pin is high, the LM25066A latches the GATE
pin low at the end of the Fault Timeout Period. C; is then dis-
charged to ground by the 2.8 pA fault current sink. The GATE
pin is held low by the 2 mA pull-down current until a power up
sequence is externally initiated by cycling the input voltage
(Vgyg), or momentarily pulling the UVLO/EN pin below its
threshold with an open-collector or open-drain device as
shown in Figure 3. The voltage at the TIMER pin must be
<0.3V for the restart procedure to be effective. The
TIMER_LATCHED_OFF bit in the DIAGNOSTIC_WORD
(E1h) register will remain high while the latched off condition
persists.

VIN

UVLO/EN

LM25066
OvLO

GND

v

FIGURE 3. Latched Fault Restart Control

30146015

The LM25066A provides an automatic restart sequence
which consists of the TIMER pin cycling between 1.7V and
1V seven times after the Fault Timeout Period, as shown in
Figure 4. The period of each cycle is determined by the 90 pA
charging current, and the 2.8 pA discharge current, and the
value of the capacitor C1. When the TIMER pin reaches 0.3V
during the eighth high-to-low ramp, the 22 pA current source
at the GATE pin turns on Q. If the fault condition is still
present, the Fault Timeout Period and the restart sequence
repeat. The RETRY pin allows selecting no retries or infinite
retries. Finer control of the retry behavior can be achieved
through the DEVICE_SETUP (D9h) register. Retry counts of
0, 1, 2, 4, 8, 16 or infinite may be selected by setting the ap-
propriate bits in the DEVICE_SETUP (D9h) register.
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FIGURE 4. Restart Sequence

Under-Voltage Lockout (UVLO)

The series pass MOSFET (Q,) is enabled when the input
supply voltage (Vgyg) is within the operating range defined by
the programmable under-voltage lockout (UVLO) and over-
voltage lockout (OVLO) levels. Typically the UVLO level at
Vgyg is set with a resistor divider (R1-R3) as shown in Figure
5. Refering to the Block Diagram when Vg4 is below the UV-
LO level, the internal 23 pA current source at UVLO is en-
abled, the current source at OVLO is off, and Q, is held off by
the 2 mA pull-down current at the GATE pin. As Vgyg is in-
creased, raising the voltage at UVLO above its threshold the
23 pA current source at UVLO is switched off, increasing the
voltage at UVLO, providing hysteresis for this threshold. With
the UVLO/EN pin above its threshold, Q, is switched on by
the 22 pA current source at the GATE pin if the insertion time
delay has expired.

See the Applications Section for a procedure to calculate the
values of the threshold setting resistors (R1-R3). The mini-
mum possible UVLO level at Vgyg can be set by connecting
the UVLO/EN pin to VIN. In this case Q, is enabled after the
insertion time when the voltage at VIN reaches the POR
threshold. After power up, an UVLO condition will toggle high
the VIN UV FAULT bit high in the STATUS_INPUT (7Ch)
register, the INPUT bit in the STATUS_WORD (79h) register,
and the VIN_UNDERVOLTAGE_FAULT bit in the
DIAGNOSTIC_WORD (E1h) registers, and SMBA pin will be
pulled low unless this feature is disabled using the
ALERT_MASK (D8h) register.

Over-Voltage Lockout (OVLO)

The series pass MOSFET (Q,) is enabled when the input
supply voltage (Vgyg) is within the operating range defined by
the programmable under-voltage lockout (UVLO) and over-
voltage lockout (OVLO) levels. If Vgyg raises the OVLO pin
voltage above its threshold, Q, is switched off by the 2 mA
pull-down current at the GATE pin, denying power to the load.
When the OVLO pin is above its threshold, the internal 23 pA
current source at OVLO is switched on, raising the voltage at
OVLO to provide threshold hysteresis. When Vg4 is reduced
below the OVLO level, Q is re-enabled. An OVLO condition
will toggle high the VIN OV FAULT bit high in the STATUS_IN-
PUT (7Ch) register, the INPUT bit in the STATUS_WORD
(79h) register, and the VIN_OVERVOLTAGE_FAULT bit in
the DIAGNOSTIC_WORD (E1h) registers, and the SMBA pin

will be pulled low unless this feature is disabled using the
ALERT_MASK (D8h) register.

See the Applications Section for a procedure to calculate the
threshold setting resistor values.

Shutdown Control

The load current can be remotely switched off by taking the
UVLO/EN pin below its threshold with an open collector or
open drain device, as shown in Figure 5. Upon releasing the
UVLO/EN pin, the LM25066A switches on the load current
with inrush current and power limiting.

VIN

UVLO/EN

Shutdown LM25066

Control
OVLO

GND

v

FIGURE 5. Shutdown Control

30146017

Power Good

The Power Good indicator (PGD) is connected to the drain of
an internal N-channel MOSFET capable of sustaining 17V in
the off-state, and transients up to 20V. An external pull-up
resistor is required at PGD to an appropriate voltage to indi-
cate the status to downstream circuitry. The off-state voltage
at the PGD pin can be higher or lower than the voltages at
VIN and OUT. PGD is switched high when the voltage at the
FB pin exceeds the PGD threshold voltage. Typically the out-
put voltage threshold is set with a resistor divider from output
to feedback, although the monitored voltage need not be the
output voltage. Any other voltage can be monitored as long
as the voltage at the FB pin does not exceed its maximum
rating. Referring to the Block Diagram, when the voltage at
the FB pin is below its threshold, the 24 pA current source at
FB is disabled. As the output voltage increases, taking FB
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above its threshold, the current source is enabled, sourcing
current out of the pin, raising the voltage at FB to provide
threshold hysteresis. The PGD output is forced low when ei-
ther the UVLO/EN pin is below its threshold or the OVLO pin
is above its threshold. The status of the PGD pin can be read
via the PMBus™ interface in either the STATUS_WORD
(79h) or DIAGNOSTIC_WORD (E1h) registers.

VDD Sub-Regulator

The LM25066A contains an internal linear sub-regulator
which steps down the input voltage to generate a 4.5V rail
used for powering low voltage circuitry. When the input volt-
age is below 4.5V, VDD will track VIN. For input voltages 3.3V
and below, VDD should be tied directly to VIN to avoid the
dropout of the sub-regulator. The VDD sub-regulator should
be used as the pull-up supply for the CL, CB, RETRY, ADR2,
ADR1, ADRO pins if they are to be tied high. It may also be
used as the pull-up supply for the PGD and the SMBus signals
(SDA, SCL, SMBA). The VDD sub-regulator is not designed
to drive high currents and should not be loaded with other
integrated circuits. The VDD pin is current limited to 45mA in
order to protect the LM25066A in the event of a short. The
sub-regulator requires a bypass capacitance having a value
between 1 pF and 4.7 pF to be placed as close to the VDD
pin as the PCB layout allows.

Remote Temperature Sensing

The LM25066A is designed to measure temperature remotely
using an MMBT3904 NPN transistor. The base and collector
of the MMBT3904 are connected to the DIODE pin and the
emmiter is grounded. Place the MMBT3904 near the device
whose temperature is to be monitored. If the temperature of
the hot-swap pass MOSFET, Q,, is to be measured, the
MMBT3904 should be placed as close to Q, as the layout
allows. The temperature is measured by means of a change
in the diode voltage in response to a step in current supplied
by the DIODE pin. The DIODE pin sources a constant 9.4 pA
but pulses 250 pA once every millisecond in order to measure
the diode temperature. Care must be taken in the PCB layout
to keep the parasitic resistance between the DIODE pin and
the MMBT3904 low so as not to degrade the measurement.
Additionally, a small 1000 pF bypass capacitor should be
placed in parallel with the MMBT3904 to reduce the effects of
noise. The temperature can be read using the READ_TEM-
PERATURE_1 PMBus command (8Dh). The default limits of
the LM25066A will cause SMBA pin to be pulled low if the
measured temperature exceeds 125°C and will disable the
hot-swap pass MOSFET if the temperature exceeds 150°C.
These thresholds can be reprogrammed via the PMBus in-

terfface using the OT_WARN_LIMIT (51h) and
OT_FAULT_LIMIT (4Fh) commands. If the temperature mea-
surement and protection capability of the LM25066A is not
used, the DIODE pin should be grounded.

Damaged MOSFET Detection

The LM25066A is able to detect whether the external MOS-
FET, Q,, is damaged under certain conditions. If the voltage
across the sense resistor exceeds 4mV while the GATE volt-
age is low or the internal logic indicates that the GATE should
be low, the EXT_MOSFET_SHORTED bit in the
STATUS_MFR_SPECIFIC (80h) and DIAGNOSTIC_WORD
(E1h) registers will be toggled high and the SMBA pin will be
pulled low unless this feature is disabled using the
ALERT_MASK register (D8h). This method effectively deter-
mines whether Q, is shorted because of damage present
between the drain and gate and/or drain and source of the
external MOSFET.

Enabling/Disabling and Resetting

The output can be disabled at any time during normal opera-
tion by either pulling the UVLO/EN pin to below its threshold
or the OVLO pin above its threshold, causing the GATE volt-
age to be forced low with a pull-down strength of 2mA. Tog-
gling the UVLO/EN pin will also reset the LM25066A from a
latched-off state due to an over-current or over-power limit
condition which has caused the maximum allowed number of
retries to be exceeded. While the UVLO/EN or OVLO pins can
be used to disable the output, they have no effect on the
volatile memory or address location of the LM25066A. User
stored values for address, device operation, and warning and
fault levels programmed via the SMBus are preserved while
the LM25066A is powered, regardless of the state of the UV-
LO/EN and OVLO pins. The output may also be enabled or
disabled by writing 80h or Oh to the OPERATION (03h) reg-
ister. To re-enable after a fault, the fault condition should be
cleared and the OPERATION (03h) register should be written
to Oh and then 80h.

The SMBus address of the LM25066A is captured based on
the states of the ADRO, ADR1, and ADR2 pins (GND, NC,
VDD) during turn-on and is latched into a volatile register once
VDD has exceeded its POR threshold of 2.6V. Reassigning
or postponing the address capture is accomplished by holding
the VREF pin to ground. Pulling the VREF pin low will also
reset the logic and erase the volatile memory of the
LM25066A. Once released, the VREF pin will charge up to its
final value and the address will be latched into a volatile reg-
ister once the voltage at the VREF exceeds 2.4V.

Downloaded from Elcodis.com electronic components distributor

17

www.national.com

V990S2CIN


http://elcodis.com/parts/2139444/LM25066APSQENOPB.html

Application Section

LM25066A
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FIGURE 6. Typical Application Circuit
DESIGN-IN PROCEDURE Power Good: Choose the appropriate output voltage and
(Refer to Figure 6 for Typical Application Circuit) Shown here calculate the required r(_esistor divider from the output voltage
is the step-by-step procedure for hardware design of the to the FB pin. Choose either VDD or OUT to connect properly
LM25066A. This procedure refers to section numbers that sized pull-up resistor for the Power Good output (PGD).
provide detailed information on the following design steps. Refer to Programming Guide section: After all hardware
The recommended design-in procedure is as follows: design is complete, refer to the programming guide for a step
MOSFET Selection: Determine MOSFET value based on by step procedure regarding software.

breakdown voltage, current and power ratings.

Current Limit, Rg: Determine the current limit threshold
(I_n)- This threshold must be higher than the normal maxi-
mum load current, allowing for tolerances in the current sense ) .
resistor value and the LM25066A Current Limit threshold volt- - The BVpgg rating should be greater than the maximum sys-
age. Use equation 1 to determine the value for Rg. tem voltage (Vsys), plus ringing and transients which can

occur at Vgyg When the circuit card, or adjacent cards, are
inserted or removed.

MOSFET SELECTION

It is recommended that the external MOSFET (Q,) selection
be based on the following criteria:

Power Limit Threshold: Determine the maximum allowable
power dissipation for the series pass MOSFET (Q,) using the ) : )
device’s SOA information. Use equation 2 to determine the - The maximum continuous current rating should be based on
value for Rpyq. the current limit threshold (e.g. 25 mV/Rg), not the maximum

Turn-On Time and TIMER Capacitor, C;: Determine the :ic:'r?g tﬁLrjgsehnc:I, dscl;r:)ﬁir:ziu(::’cwt can operate near the current
value for the timing capacitor at the TIMER pin (Cy) using y:

equation 8. The fault timeout period (tza, 1) MUST be longer - The Pulsed Drain Current spec (Ip) must be greater than
than the circuit's turn-on time. The turn-on time can be esti- the current threshold for the circuit breaker function (45 mV/
mated using the equations in the TURN-ON TIME section of Rs when CL = CB = GND).

this data sheet, but should be verified experimentally. Review - The SOA (Safe Operating Area) chart of the device and the
the resulting insertion time, and the restart timing if retry is thermal properties should be used to determine the maximum
enabled. power dissipation threshold set by the Rpyg resistor. The
UVLO, OVLO: Choose option A, B, C, or D from the UVLO, programmed maximum power dissipation should have a rea-
OVLO section of the Application Information to set the UVLO sonable margin from the maximum power defined by the
and OVLO thresholds and hysteresis. Use the procedure for MOSFET's SOA curve (if the device is set to infinitely retry,
the appropriate option to determine the resistor values at the the MOSFET will be repeatedly stressed during fault restart

UVLO/EN and OVLO pins.
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cycles). The MOSFET manufacturer should be consulted for
guidelines.

- Rpg(on) should be sulfficiently low such that the power dissi-
pation at maximum load current (I ;2 X Rpg on)) does not raise
its junction temperature above the manufacturer's recom-
mendation.

- The gate-to-source voltage provided by the LM25066A can
be as high as 18.8V at turn-on when the output voltage is zero.
At turn-off the reverse gate-to-source voltage will be equal to
the output voltage at the instant the GATE pin is pulled low.
If the device chosen for Q; is not rated for these voltages, an
external zener diode must be added from its gate to source,
with the zener voltage less than the device maximum Vg
rating. The zener diode’s working voltage protects the MOS-
FET during turn-on, and its forward voltage protects the MOS-
FET during shutoff. The zener diode’s forward current rating
must be at least 190 mA to conduct the GATE pull-down cur-
rent when a circuit breaker condition is detected.

CURRENT LIMIT (Rg)

The LM25066A monitors the current in the external MOSFET
Q, by measuring the voltage across the sense resistor (Rg),
connected from VIN to SENSE. The required resistor value is
calculated from:

_Va

ST
LIM (1)

where | is the desired current limit threshold. If the voltage
across Rg reaches Vg, the current limit circuit modulates the

gate of Q, to regulate the current at I .. While the current
limiting circuit is active, the fault timer is active as described
in the Fault Timer & Restart section. For proper operation,
Rg must be less than 200 mQ.

VL can be set to either 25mV or 46mV via hardware and/or
software. This setting defaults to use of CL pin which when
grounded is 25mV or high is 46mV. The value when powered
can be set via the PMBus with the
MFR_SPECIFIC_DEVICE_SETUP command, which de-
faults to the 25mV setting.

Once the desired setting is known, calculate the shunt based
on that input voltage and maximum current. While the maxi-
mum load current in normal operation can be used to deter-
mine the required power rating for resistor Rg, basing it on the
current limit value provides a more reliable design since the
circuit can operate near the current limit threshold continu-
ously. The resistor’s surge capability must also be considered
since the circuit breaker threshold is 1.8 or 3.6 times the cur-
rent limit threshold.

Connections from Rg to the LM25066A should be made using
Kelvin techniques. In the suggested layout of Figure 7, the
small pads at the lower corners of the sense resistor connect
only to the sense resistor terminals and not to the traces car-
rying the high current. With this technique, only the voltage
across the sense resistor is applied to VIN and SENSE, elim-
inating the voltage drop across the high current solder con-
nections.

HIGH CURRENT PATH

) Smm— —\
4 0
H .
. .
FROM SYSTEM b e TO DRAIN OF

INPUT VOLTAGE : :

{  RESISTOR | MOSFET Q1
..-]- Rs -

VIN

M
LT

S/
SENSE

30146019

FIGURE 7. Sense Resistor Connections

POWER LIMIT THRESHOLD

The LM25066A determines the power dissipation in the ex-
ternal MOSFET (Q,) by monitoring the drain current (the
current in Rg) and the Vg of Q; (SENSE to OUT pins). The
resistor at the PWR pin (Rpyg) sets the maximum power dis-
sipation for Q, and is calculated from the following equation:

Rpwr =1.71 x 105 x Rg x PMOSFET(UM) 2

where Pyoseerm is the desired power limit threshold for
Q, and Rg is the current sense resistor described in the Cur-
rent Limit section. For example, if Rg is 10 mQ, and the
desired power limit threshold is 20W, Ry, calculates to 34.2
kQ. If Q,’s power dissipation reaches the threshold, Q,’s gate
is modulated to regulate the load current, keeping Q,’s power
from exceeding the threshold. For proper operation of the
power limiting feature, Rpyg must be <150 kQ. While the

power limiting circuit is active, the fault timer is active as de-
scribed in the Fault Timer & Restart section. Typically, power
limit is reached during startup or if the output voltage falls be-
casue of a severe overload or short circuit. The programmed
maximum power dissipation should have a reasonable mar-
gin from the maximum power defined by the SOA chart,
especially if retry is enabled since the MOSFET will be re-
peatedly stressed during fault restart cycles. The MOSFET
manufacturer should be consulted for guidelines. If the appli-
cation does not require use of the power limit function, the
PWR pin can be left open. The accuracy of the power limit
function at turn-on may degrade if a very low value power
dissipation limit is set. The reason for this caution is that the
voltage across the sense resistor, which is monitored and
regulated by the power limit circuit, is lowest at turn-on when
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LM25066A

the regulated current is at a minimum. The voltage across the
sense resistor during power limit can be expressed as follows:

Rewr _ Rs X Pretim
1.71 x 10° x Vps

Vsense = It X Rg = v
DS (3)

where | is the current in Rg, and Vg is the voltage across
Q. For example, if the power limit is set at 20W with Rg = 10
mQ and Vpg = 15V, the sense resistor voltage calculates to
13.3 mV, which is comfortably regulated by the LM25066A.
However, if the power limit is set lower (e.g. 2W), the sense
resistor voltage calculates to 1.33 mV. At this low level, noise
and offsets within the LM25066A may degrade the power limit
accuracy. To maintain accuracy, the sense resistor voltage
should not be less than 5 mV.

TURN-ON TIME

The output turn-on time depends on whether the LM25066A
operates in current limit, or in both power limit and current
limit, during turn-on.

A) Turn-on with current limit only: The current limit thresh-
old (I, ;) is determined by the current sense resistor (Rg). If
the current limit threshold is less than the current defined by
the power limit threshold at maximum Vg, the circuit operates
at the current limit threshold only during turn-on. Referring to
Figure 8A, as the load current reaches |, the gate-to-source
voltage is controlled at Vg to maintain the current at I ;. As

Rs

the output voltage reaches its final value (Vpg = 0V) the drain
current reduces to its normal operating value. The time for the
OUT pin voltage to transition from zero volts to Vgyg is equal
to:

_ Vsys X CL
ton=—"—
ILim (4)
where C_ is the load capacitance. For example, if Vgyg = 12V,
C_ = 1000 pF, and I, = 1A, toy calculates to 12 ms. The
maximum instantaneous power dissipated in the MOSFET is
12W. This calculation assumes the time from t, to t, in Figure
9(a) is small compared to tyy, and the load does not draw any
current until after the output voltage has reached its final val-
ue, and PGD switches high (Figure 8A). The Fault Timeout
Period must be set longer than t, to prevent a fault shutdown
before the turn-on sequence is complete.
If the load draws current during the turn-on sequence (Figure
8B), the turn-on time is longer than the above calculation and
is approximately equal to:

(lum x RL) - Vsys
(lum x Ry) (5)

where R is the load resistance. The Fault Timeout Period
must be set longer than tyy to prevent a fault shutdown before
the turn-on sequence is complete.

ton=-(R.xC.)xIn

Rs

Qa1 Qi
Vsvs > VWA 11 Vsys > —\/VV‘—‘—J_ i
VIN SENSE ouT VIN SENSE out
PGD PGD CL__ERL
LM25066 1 LM25066 T™
R NG
GND GND
GND > l * GND ]
30146022 30146023
A. No Load Current During Turn-On B. Load Draws Current During Turn-On
FIGURE 8.

B) Turn-On with Power Limit and Current Limit: The max-
imum allowed power dissipation in Q; (Pyogrerim) is de-
fined by the resistor at the PWR pin and the current sense
resistor Rg. See the Power Limit Threshold section. If the cur-
rent limit threshold (1 ,,) is higher than the current defined by
the power limit threshold at maximum Vpg (Pyosrermy
Vgys), the circuit operates initially in the power limit mode
when the Vg of Q; is high and then transitions to current limit
mode as the current increases to |, and Vg decreases. As-
suming the load (R, ) is not connected during turn-on, the time

for the output voltage to reach its final value is approximately
equal to:

2
CL X Vsvs . CvL x PmosreTLimy

ton =

2 X PmosreTLiv 2 x I 6)

For example, if Vgyg = 12V, C = 1000 pF, I, = 1A, and
Pyosretuimy = 10W, toy calculates to £12.2 ms, and the initial
current level (Ip) is approximately 0.83A. The Fault Timeout
Period must be set longer than tqy.
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Vsvs
Vbs

I Drain Current

LIM
0 —
VGATE
Vst Gate-to-Source Voltage

VTH

«—— toN ——————p]

0
o tt2 13
a) Current Limit Only

Vsys Vos

Y Drain Current

TN

0 — T —
VGATE
VGSL /
V2
+———tON———— ]
0

b) Power Limit and Current Limit

30146025

FIGURE 9. MOSFET Power Up Waveforms

TIMER CAPACITOR, C;

The TIMER pin capacitor (C;) sets the timing for the insertion
time delay, fault timeout period, and the restart timing of the
LM25066A.

A) Insertion Delay - Upon applying the system voltage
(Vgyg) to the circuit, the external MOSFET (Q,) is held off
during the insertion time (t; in Figure 2) to allow ringing and
transients at V44 to settle. Since each backplane’s response
to a circuit card plug-in is unique, the worst case settling time
must be determined for each application. The insertion time
starts when VIN reaches the POR threshold, at which time the
internal 5.5 pA current source charges C; from 0V to 1.7V.
The required capacitor value is calculated from:

5 1A
- LXSSPA 3% 10°
1.7V @)

For example, if the desired insertion delay is 250 ms, C; cal-
culates to 0.8 pF. At the end of the insertion delay, C; is
quickly discharged by a 1.9 mA current sink.

B) Fault Timeout Period - During inrush current limiting or
upon detection of a fault condition where the current limit and/
or power limit circuits regulate the current through Q,, the fault
timer current source (90 pA) is switched on to charge Ct. The
Fault Timeout Period is the time required for the TIMER pin
voltage to reach 1.7V, at which time Q, is switched off. The
required capacitor value for the desired Fault Timeout Period
teauLT I8 calculated from:

Cr

{ 90 pA
- FAULT X SU A teauLt X 5.3 x 10°
1.7V ®)

For example, if the desired Fault Timeout Period is 15 ms,
C; calculates to 0.8 pF. C+ is discharged by the 2.8 pA current
sink at the end of the Fault Timeout Period. After the Fault
Timeout Period, if retry is disabled, the LM25066A latches the
GATE pin low until a power up sequence is initiated by exter-
nal circuitry. When the Fault Timeout Period of the LM25066A

Cr

expires, a restart sequence starts as described below
(Restart Timing). During consecutive cycles of the restart se-
quence, the fault timeout period is shorter than the initial fault
timeout period described above by approximately 20% since
the voltage at the TIMER pin starts ramping up from 0.3V
rather than ground.

Since the LM25066A normally operates in power limit and/or
current limit during a power up sequence, the Fault Timeout
Period MUST be longer than the time required for the output
voltage to reach its final value. See the Turn-On Time section.

C) Restart Timing - For the LM25066A, after the Fault Time-
out Period described above, C; is discharged by the 2.8 pA
current sink to 1V. The TIMER pin then cycles through seven
additional charge/discharge cycles between 1V and 1.7V as
shown in Figure 4. The restart time ends when the TIMER pin
voltage reaches 0.3V during the final high-to-low ramp. The
restart time, after the Fault Timeout Period, is equal to:

7x0.7V . 7x0.7V N 1.4V
2.8 LA 90 uA  2.8pA ©)

=Crx2.3x 106 (10)

For example, if C; = 0.8 YF, tgegragt = 2 seconds. At the end
of the restart time, Q, is switched on. If the fault is still present,
the fault timeout and restart sequence repeats. The on-time
duty cycle of Q, is approximately 0.67% in this mode.

tresTART = C7 X {

UVLO, OVLO

By programming the UVLO and OVLO thresholds the
LM25066A enables the series pass device (Q,) when the in-
put supply voltage (Vgyg) is within the desired operational
range. If Vgyg is below the UVLO threshold, or above the OV-
LO threshold, Q, is switched off, denying power to the load.
Hysteresis is provided for each threshold.

Option A: The configuration shown in Figure 10 requires
three resistors (R1-R3) to set the thresholds.
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Vsys >4 |
VIN 23 A

N 4—%

:l ) H

UVLO/EN 1-16V:|> TIMER AND
R2 GATE
1.16V. LOGIC CONTROL

:l H

R3 OVLO Il
23
GND hA LM25066

30146029

FIGURE 10. UVLO and OVLO Thresholds Set By R1-R3

The procedure to calculate the resistor values is as follows:

- Choose the upper UVLO threshold (V) and the lower
UVLO threshold (V).

- Choose the upper OVLO threshold (Vqyp)-

- The lower OVLO threshold (V,, ) cannot be chosen in ad-
vance in this case, but is determined after the values for R1-
R3 are determined. If V,,, must be accurately defined in
addition to the other three thresholds, see Option B below.
The resistors are calculated as follows:

R1 = Vuve - Vuwe _ Vuvnys)
23 1A 23 A )
R3 _ 116V X R1 X VUVL

" Vown X (VoL — 1.16V)

1.16V x R1

=—F—-R3
2 Vyw - 1.16V

The lower OVLO threshold is calculated from:

Vow = [(R1 + R2) x ((1.16V) - 23 pA)] + 1.16V

As an example, assume the application requires the following
thresholds: Vyyy =8V, Vyy =7V, Vgyy = 15V.

8v-7v 1V

R1= = =43.5kQ
23 uA 23 p.A (15)
1.16V xR1x 7V 403 KO

T 15V x (7V - 1.16V)

Ry = 116V xR1
7V —1.16V) 17)

The lower OVLO threshold calculates to 12.03V and the OV-
LO hysteresis is 2.97V. Note that the OVLO hysteresis is
always slightly greater than the UVLO hysteresis in this con-
figuration. When the R1-R83 resistor values are known, the
threshold voltages and hysteresis are calculated from the fol-
lowing:

-R3=4.61kQ

1.16V

Vuva = 1.16V + [R1 X(23 ].LA+ (RTRs)

(18)
_ 116V x (R1+R2 +R3)

Vo
R2 + R3 (19)
VuviHvs) = R1 x 23pA
1.16V x (R1 + R2 + R3)
Vovn =

R3 (20)

Vow = [(R1 + R2) x (1.16V) - 23 pA)] + 1.16V

R3

Vovvs) = (RT + R2) x 23pA

Option B: If all four thresholds must be accurately defined,
the configuration in Figure 11 can be used.

(21)
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Veys>

R1

UVLO/EN

:l ) H
1.16Vj:>
TIMER AND

GATE

1.16Vj> LOGIC CONTROL

oND 2 LM25066

R3

R4

30146041

FIGURE 11. Programming the Four Thresholds

The four resistor values are calculated as follows: - Choose When the R1-R4 resistor values are known, the threshold
the upper and lower UVLO thresholds (V) and (V). voltages and hysteresis are calculated from the following:
R1 = Vuvh - VuwL _ VUV(HYS) Vuywy = 1.16V + [R1 X (1 16V + 23 HA)]
23 pA 23 uA (22) R2 (26)
1.16V x R1 1.16V x (R1 + R2)
R2= ——mMM— uvL =
(Vuow - 1.16V) (23) R2 27)
- Choose the upper and lower OVLO threshold (V) and Vuvrys) = R1x 23 pA
Vow)- Voo 2 118V X (R + R4)
R3 = Vovh - Vow. _ Vovrs) ovH R4 (28)
23 pA 23 pA (24)
Vov = 1.16V + [R3 x (1.16V - 23 pA)]
R4 = \;.16V;<:§;/ R4 (29)
(Vovk-1.16V) (25) Vovivs) = R3 X 23 pA
As an example, assume the application requires the following Option C: The minimum UVLO level is obtained by connect-
thresholds: V= 8V, Vyy =7V, Voyy = 15.5V, and Vg, = ing the UVLO/EN pin to VIN as shown in Figure 12. Q, is
14V. Therefore Vi yg) = 1V and Vgypys) = 1.5V. The re- switched on when the VIN voltage reaches the POR threshold
sistor values are: (22.6V). The OVLO thresholds are set using R3, R4. Their
R1 =43.5 kQ, R2 = 8.64 kQ values are calculated using the procedure in Option B.

R3 =65.2 kQ, R4 =5.27 kQ

Voys>

VIN 23 1A

10k

GATE

116 LOGIC GONTROL

—

o S

1.16V.

UVLO/EN TIMER AND
.V__[>-v—

oD 25 LM25066

v

30146050

FIGURE 12. UVLO = POR
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Option D: The OVLO function can be disabled by grounding Q1
the OVLO pin. The UVLO thresholds are set as described in 111 T Vout

Option B or Option C.

LM25066A

POWER GOOD LM 25066 GATE OUT

When the voltage at the FB pin increases above its threshold, R4
the internal pull-down acting on the PGD pin is disabled al-
lowing PGD to rise to Vpgp through the pull-up resistor, Rpg,
as shown in Figure 14. The pull-up voltage (Vpgp) can be as
high as 17V and can be higher or lower than the voltages at
VIN and OUT. VDD is a convenient choice for Vpgp as it al-
lows interface to low voltage logic and avoids glitching on
PGD during power-up. If a delay is required at PGD, suggest-
ed circuits are shown in Figure 15. In Figure 15A, capacitor
Cpg adds delay to the rising edge, but not to the falling edge. from UVLO -)—:))—Ii
In Figure 15B, the rising edge is delayed by Rpgy + Rpge and from ovLo»— !

Cpg, While the falling edge is delayed a lesser amount by
Rpg, @and Cpe. Adding a diode across Rpg, (Figure 15C) al- v

lows for equal delays at the two edges, or a short delay at the 30146085
rising edge and a long delay at the falling edge.

Setting the output threshold for the PGD pin requires two re- FIGURE 13. Programming the PGD Threshold
sistors (R4, R5) as shown in Figure 13. While monitoring the

output voltage is shown in Figure 13, R4 can be connected to VpGD

any other voltage which requires monitoring.

The resistor values are calculated as follows:

Choose the upper and lower threshold (Vpgpy) and (Vpgp) LM25066 Reg

at Vour-

GND

R4 = VpepH - VeenL _ VeapHys) _, Power Good
24 LA 24 uA

GND
1.167V x R4

" (Veeon - 1.167V) sot4o0s1
FIGURE 14. Power Good Output

R5

As an example, assume the application requires the following
thresholds: Vpgpy = 10.14V and Vpgp, = 9.9V. Therefore
Veap(Hvs) = 0-24V. The resistor values are:

R4 =10 kQ, R5 = 1.3 kQ

Where the R4 and R5 resistor values are known, the threshold
voltages and hysteresis are calculated from the following:

1.167V x (R4 + R5)

PGDH ~=

R5
VegpL = 1.167V + [R4 x (1.167V + 24 pA)]
R5
VPGD(HYS) =R4x24 uA
www.national.com 24
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VpgD

LM25066

LM25066

| —

l )

A} Delay at Rising Edge Only

B) Long Delay at Rising Edge,
Short Delay at Falling Edge

VPGD

VPGD

LM25066

Power
Good

1 )

30146052

Rpg2

_

C) Short Delay at Rising Edge and
Long Delay at Falling Edge or
Equal Delays

FIGURE 15. Adding Delay to the Power Good Output Pin

SYSTEM CONSIDERATIONS

A) Continued proper operation of the LM25066A hot swap
circuit normally dictates that capacitance be present on the
supply side of the connector into which the hot swap circuit is
plugged in, as depicted in Figure 16. The capacitor in the
“LIVE POWER SOURCE” section is necessary to absorb the
voltage transient generated whenever the hot swap circuit
shuts off the load current. If the capacitance is not present,
parasitic inductance of the supply lines will generate a voltage
transient at shut-off which may exceed the absolute maximum
rating of the LM25066A, resulting in its destruction. A TVS
device with appropriate voltage and power ratings can also
be connected from VIN to GND to clamp the voltage spike
(see application note AN-2100).

B) If the load powered by the LM25066A hot swap circuit has
inductive characteristics, a Schottky diode is required across
the LM25066A’s output along with some load capacitance.
The capacitance and the diode are necessary to limit the
negative excursion at the OUT pin when the load current is
shut off. If the OUT pin transitions more than 0.3V negative,
the LM25066A will internally reset, erasing the volatile setting
for retries and warning thresholds. See Figure 16. Also, rapid
slew rates on VOUT can couple into the LM25066A's GATE
pin and create negative voltage excursions at this pin. To al-
leviate this, a small gate resistance (e.g. 10Q) can be used.
This resistor has the added benefit of reducing very high fre-
quency gate voltage oscillations, particularly in paralleled
FET arrangements.

Vsvs Rs Q1 Vout

+12V —eo—<] | ¢ ‘/VV\—O—-LI

LIVE VS VIN SENSE GATE OUT Schottky CL
POWER D1 II| D2 - Inductive
SOURCE T

LM25066A Load
GND
GND —o—] | ¢ l

PLUG-IN BOARD

30146054

FIGURE 16. Output Diode Required for Inductive Loads

PC BOARD GUIDELINES

The following guidelines should be followed when designing
the PC board for the LM25066A:

- Place the LM25066A close to the board’s input connector to
minimize trace inductance from the connector to the MOS-
FET.

- Place a small capacitor, C,y (1nF), directly adjacent to the
VIN and GND pins of the LM25066A to help minimize tran-
sients which may occur on the input supply line. Transients of
several volts can easily occur when the load current is shut
off. ASIDE: note that if the current drawn by such capacitor
following a hot-plug event is deemed unacceptable, input

voltage spike transients can be appropriately minimized by
proper placement of a TVS device and operation without this
C,\ capacitor becomes feasible.

- Place a 1 pyF ceramic capacitor as close as possible to VREF
pin.

- Place a 1 pyF ceramic capacitor as close as possible to VDD
pin.

- The sense resistor (Rg) should be placed close to the
LM25066A. In particular, the trace to the VIN pin should be
made as low resistance as practical to ensure maximum cur-
rent and power measurement accuracy. Connect Rg using the
Kelvin techniques shown in Figure 7.
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LM25066A

- The high current path from the board’s input to the load (via
Q,) and the return path should be parallel and close to each
other to minimize parasitic loop inductance.

- The ground connections for the various components around
the LM25066A should be connected directly to each other and
to the LM25066A’s GND pin and then connected to the sys-
tem ground at one point. Do not connect the various compo-
nent grounds to each other through the high current ground
line. For more details, see application note AN-2100.

- Provide adequate heat sinking for the series pass device
(Q,) to help reduce stresses during turn-on and turn-off.

- The board’s edge connector can be designed such that the
LM25066A detects via the UVLO/EN pin that the board is be-
ing removed and responds by turning off the load before the
supply voltage is disconnected. For example, in Figure 17, the
voltage at the UVLO/EN pin goes to ground before Vgyg is
removed from the LM25066A becasue of the shorter edge
connector pin. When the board is inserted into the edge con-
nector, the system voltage is applied to the LM25066A’s VIN
pin before the UVLO voltage is taken high, thereby allowing
the LM25066A to turn on the output in a controlled fashion.

(
_/ )
GND —» .
Vsys —», Load
Rs /a1
| I
PEEE
—scL *SEE%ZH our
—{svBA m  PGD |-
—|VREF  LM25066 PWR
—{piope TIMER
—VAUX 85 Sg RETRY |-
-
2225038
T rrirri
S
CARD EDGE PLUG-IN CARD
CONNECTOR

30146053

FIGURE 17. Recommended Board Connector Design
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PMBus™ Command Support gty o iy Vo Vi 2 e The suppored
The device features an SMBus interface that allows the use
of PMBus™ commands to set warn levels, error masks, and
TABLE 1. Supported PMBus™ Commands
Number
Code Name Function R/W | Of Data Default
Bytes Value
01h OPERATION Retrieves or stores the operation status. R/W 1 80h
03h CLEAR_FAULTS Clears the status registers and re-arms the Black Box Send 0
registers for updating. Byte
19h CAPABILITY Retrieves the device capability. R 1 BOh
43h VOUT_UV_WARN_LIMIT Retrieves or stores output under-voltage warn limit threshold.| R/W 2 0000h
4Fh OT_FAULT_LIMIT Retrieves or stores over-temperature fault limit threshold. R/W 2 0960h
(150°C)
51h OT_WARN_LIMIT Retrieves or stores over-temperature warn limit threshold. R/W 2 07DO0h
(125°C)
57h VIN_OV_WARN_LIMIT Retrieves or stores input over-voltage warn limit threshold. R/W 2 OFFFh
58h VIN_UV_WARN_LIMIT Retrieves or stores input under-voltage warn limit threshold.| R/W 2 0000h
78h STATUS_BYTE Retrieves information about the part operating status. R 1 49h
79h STATUS_WORD Retrieves information about the part operating status. R 2 3849h
7Ah STATUS_VOUT Retrieves information about output voltage status. R 1 00h
7Ch STATUS_INPUT Retrieves information about input status. R 1 10h
7Dh STATUS_TEMPERATURE Retrieves information about temperature status. R 1 00h
7Eh STATUS_CML Retrieves information about communications status. R 1 00h
80h STATUS_MFR_SPECIFIC Retrieves information about circuit breaker and MOSFET R 1 10h
shorted status.
88h READ_VIN Retrieves input voltage measurement. R 2 0000h
8Bh READ_VOUT Retrieves output voltage measurement. R 2 0000h
8Dh READ_TEMPERATURE_1 Retrieves temperature measurement. R 2 0190h
99h MFR_ID Retrieves manufacturer ID in ASCII characters (NSC). R 3 4Eh
53h
43h
9Ah MFR_MODEL Retrieves part number in ASCII characters. (LM25066A). R 8 4Ch
4Dh
32h
35h
30h
36h
36h
Oh
9Bh MFR_REVISION Retrieves part revision letter/number in ASCII (e.g. AA). R 2 41h
41h
DOh MFR_SPECIFIC_00 Retrieves auxiliary voltage measurement. R 2 0000h
READ_VAUX
D1h MFR_SPECIFIC_01 Retrieves input current measurement. R 2 0000h
MFR_READ_IIN
D2h MFR_SPECIFIC_02 Retrieves input power measurement. R 2 0000h
MFR_READ_PIN
D3h MFR_SPECIFIC_03 Retrieves or stores input current limit warn threshold. R/W 2 OFFFh
MFR_IIN_OC_WARN_LIMIT
D4h MFR_SPECIFIC_04 Retrieves or stores input power limit warn threshold. R/W 2 OFFFh
MFR_PIN_OP_WARN_LIMIT
27 www.national.com
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<
o
8 Number Default
N Code Name Function R/W | Of Data
o Value
= Bytes
- D5h MFR_SPECIFIC_05 Retrieves measured maximum input power measurement. R 2 0000h
READ_PIN_PEAK
D6h MFR_SPECIFIC_06 Resets the contents of the peak input power register to zero.| Send 0
CLEAR_PIN_PEAK Byte
D7h MFR_SPECIFIC_07 Disables external MOSFET gate control for FAULTS. R/W 1 0000h
GATE_MASK
D8h MFR_SPECIFIC_08 Retrieves or stores user SMBA fault mask. R/W 2 0820h
ALERT_MASK
D9h MFR_SPECIFIC_09 Retrieves or stores information about number of retry R/W 1 0000h
DEVICE_SETUP attempts.
DAh MFR_SPECIFIC_10 Retrieves most recent diagnostic and telemetry information R 12 0460h
BLOCK_READ in a single transaction. 0000h
0000h
0000h
0000h
0000h
DBh MFR_SPECIFIC_11 Exponent value AVGN for number of samples to be R/W 1 00h
SAMPLES_FOR_AVG averaged, range = 00h to 0Ch.
DCh MFR_SPECIFIC_12 Retrieves averaged input voltage measurement. R 2 0000h
READ_AVG_VIN
DDh MFR_SPECIFIC_13 Retrieves averaged output voltage measurement. R 2 0000h
READ_AVG_VOUT
DEh MFR_SPECIFIC_14 Retrieves averaged input current measurement. R 2 0000h
READ_AVG_IIN
DFh MFR_SPECIFIC_15 Retrieves averaged input power measurement. R 2 0000h
READ_AVG_PIN
EOh MFR_SPECIFIC_16 Captures diagnostic and telemetry information which are R 12 0000h
BLACK_BOX_READ latched when the first SMBA alert occurs after faults have 0000h
been cleared. 0000h
0000h
0000h
0000h
Eth MFR_SPECIFIC_17 Manufacturer-specific parallel of the STATUS_WORD to R 2 0460h
DIAGNOSTIC_WORD_READ convey all FAULT/WARN data in a single transaction.
E2h MFR_SPECIFIC_18 Retrieves most recent average telemetry and diagnostic R 12 0460h
AVG_BLOCK_READ information in a single transaction. 0000h
0000h
0000h
0000h
0000h
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STANDARD PMBus™ COMMANDS

OPERATION (01h)

The OPERATION command is a standard PMBus™ com-
mand that controls the MOSFET switch. This command may
be used to switch the MOSFET ON and OFF under host con-
trol. It is also used to re-enable the MOSFET after a fault
triggered shutdown. It is also used to re-enable the MOSFET
after a fault triggered shutdown. Writing only an ON command
after a fault triggered shutdown will not clear the fault regis-
ters. The host must clear the fault condition prior to re-en-
abling the MOSFET in this situation. The OPERATION
command is issued with the write byte protocol.

TABLE 2. Recognized OPERATION Command Values

Value Meaning Default
80h Switch ON 80h
00h Switch OFF n/a

CLEAR FAULTS (03h)

The CLEAR_FAULTS command is a standard PMBus™
command that resets all stored warning and fault flags and
the SMBA signal. If a fault or warning condition still exists
when the CLEAR_FAULTS command is issued, the SMBA
signal may not clear or will re-assert almost immediately. Is-
suing a CLEAR_FAULTS command will not cause the MOS-
FET to switch back on in the event of a fault turn-off: that must
be done by issuing an OPERATION command after the fault
condition is cleared. This command uses the PMBus™ send
byte protocol.

CAPABILITY (19h)

The CAPABILITY command is a standard PMBus™ com-
mand that returns information about the PMBus™ functions
supported by the LM25066A. This command is read with the
PMBus™ read byte protocol.

TABLE 3. CAPABILITY Register

Value [ Meaning
BOh [Supports Packet Error Check, 400Kbits/
sec, Supports SMBus Alert

Default
BOh

VOUT_UV_WARN_LIMIT (58h)

The VOUT_UV_WARN_LIMIT command is a standard PM-
Bus™ command that allows configuring or reading the thresh-
old for the VOUT Under-voltage Warning detection. Reading
and writing to this register should use the coefficients shown
in the Telemetry and Warning Conversion Coefficients Table.
Accesses to this command should use the PMBus™ read or
write word protocol. If the measured value of VOUT falls be-
low the value in this register, VOUT UV Warn flags are set in
the respective registers, and the SMBA signal is asserted.

TABLE 4. VOUT_UV_WARN_LIMIT Register

Value Meaning Default

VOUT Under-
voltage Warning
detection
threshold

1h — OFFFh 0000h (disabled)

0000h VOUT Under- n/a
voltage Warning

disabled

OT_FAULT_LIMIT (4Fh)

The OT_FAULT_LIMIT command is a standard PMBus™
command that allows configuring or reading the threshold for
the over-temperature fault detection. Reading and writing to
this register should use the coefficients shown in the Teleme-
try and Warning Conversion Coefficients Table. Accesses to
this command should use the PMBus™ read or write word
protocol. If the measured temperature exceeds this value, an
over-temperature fault is triggered, the MOSFET is switched
off, OT Fault flags are set in the respective registers, and the
SMBA signal is asserted. After the measured temperature
falls below the value in this register, the MOSFET may be
switched back on with the OPERATION command. A single
temperature measurement is an average of 16 round-robin
cycles. Therefore, the minimum temperature fault detection
time is 16 ms.

TABLE 5. OT_FAULT_LIMIT Register
Default
0960h (150°C)

Value
Oh — OFFEh

Meaning

Over-temperature
Fault threshold
value

OFFFh Over-temperature [n/a
Fault detection

disabled

OT_WARN_LIMIT (51h)

The OT_WARN_LIMIT command is a standard PMBus™
command that allows configuring or reading the threshold for
the over-temperature warning detection. Reading and writing
to this register should use the coefficients shown in the
Telemetry and Warning Conversion Coefficients Table. Ac-
cesses to this command should use the PMBus™ read or
write word protocol. If the measured temperature exceeds this
value, an over-temperature warning is triggered, the OT
Warning flags set in the respective registers, and the SMBA
signal is asserted. A single temperature measurement is an
average of 16 round-robin cycles. Therefore, the minimum
temperature fault detection time is 16 ms.

TABLE 6. OT_WARN_LIMIT Register
Default
07DO0h (125°C)

Value
Oh — OFFEh

Meaning
Over-temperature
Warn Threshold
Value
Over-temperature [n/a
Warn detection
disabled

OFFFh

VIN_OV_WARN_LIMIT (57h)

The VIN_OV_WARN_LIMIT command is a standard PM-
Bus™ command that allows configuring or reading the thresh-
old for the VIN over-voltage warning detection. Reading and
writing to this register should use the coefficients shown in the
Telemetry and Warning Conversion Coefficients Table. Ac-
cesses to this command should use the PMBus™ read or
write word protocol. If the measured value of VIN rises above
the value in this register, VIN OV Warn flags are set in the
respective registers, and the SMBA signal is asserted.
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LM25066A

TABLE 7. VIN_OV_WARN_LIMIT Register

Value Meaning Default

Oh — OFFEh VIN Over-voltage |OFFFh (disabled)
Warning detection
threshold

OFFFh VIN Over-voltage |n/a

Warning disabled

VIN_UV_WARN_LIMIT (58h)

The VIN_UV_WARN_LIMIT command is a standard PM-
Bus™ command that allows configuring or reading the thresh-
old for the VIN under-voltage warning detection. Reading and
writing to this register should use the coefficients shown in the
Telemetry and Warning Conversion Coefficients Table. Ac-
cesses to this command should use the PMBus™ read or
write word protocol. If the measured value of VIN falls below
the value in this register, VIN UV Warn flags are set in the
respective registers, and the SMBA signal is asserted.

TABLE 8. VIN_UV_WARN_LIMIT Register

Value Meaning Default

1h — OFFFh VIN Under-voltage |0000h (disabled)
Warning detection
threshold

0000h VIN Under-voltage |n/a

Warning disabled

STATUS_BYTE (78h)

The STATUS_BYTE is a standard PMBus™ command that
returns the value of a number of flags indicating the state of
the LM25066A. Accesses to this command should use the
PMBus™ read byte protocol. To clear bits in this register, the
underlying fault should be removed and a CLEAR_FAULTS
command issued.

TABLE 9. STATUS_BYTE Definitions

Bit NAME Meaning Default
7 BUSY Not Supported, always 0 0
6 OFF This bit is asserted if the MOSFET is not switched on 1
for any reason.
5 VOUT OV Not Supported, always 0 0
4 IOUT OC Not Supported, always 0 0
3 VIN UV FAULT A VIN Under-voltage Fault has occurred 1
2 TEMPERATURE A Temperature Fault or Warning has occurred 0
1 CML A Communication Fault has occurred 0
0 None of the Above A fault or warning not listed in bits [7:1] has occurred 1

STATUS_WORD (79h)

The STATUS_WORD command is a standard PMBus™ com-
mand that returns the value of a number of flags indicating the
state of the LM25066A. Accesses to this command should
use the PMBus™ read word protocol. To clear bits in this

register, the underlying fault should be removed and a
CLEAR_FAULTS command issued. The INPUT and VIN UV
FAULT flags will default to 1 on startup. However, they will be
cleared to O after the first time the input voltage exceeds the
resistor programmed UVLO threshold.

TABLE 10. STATUS_WORD Definitions

Bit NAME Meaning Default
15 VOUT An output voltage fault or warning has occurred 0
14 IOUT/POUT Not Supported, always 0 0
13 INPUT An input voltage or current fault has occurred 1
12 MFR A Manufacturer Specific Fault or Warning has occurred 1
11 POWER GOOD The Power Good signal has been negated 1
10 FANS Not Supported, always 0 0
9 OTHER Not Supported, always 0 0
8 UNKNOWN Not Supported, always 0 0
7 BUSY Not Supported, always 0 0
6 OFF This bit is asserted if the MOSFET is not switched on for 1
any reason.
5 VOUT OV Not Supported, always 0 0
4 IOUT OC Not Supported, always 0 0
3 VIN UV FAULT A VIN Under-voltage Fault has occurred 1
2 TEMPERATURE A Temperature Fault or Warning has occurred 0
1 CML A Communication Fault has occurred 0
0 None of the Above A fault or warning not listed in bits [7:1] has occurred 1
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STATUS_VOUT (7Ah)

The STATUS_VOUT command is a standard PMBus™ com-
mand that returns the value of the VOUT UV Warn flag.
Accesses to this command should use the PMBus™ read

TABLE 11. STATUS_VOUT Definitions

byte protocol. To clear bits in this register, the underlying fault
should be removed and a CLEAR_FAULTS command is-
sued.

Bit NAME Meaning Default
7 VOUT OV Fault Not Supported, always 0 0

6 VOUT OV Warn Not Supported, always 0 0

5 VOUT UV Warn A VOUT Under-voltage Warning has occurred 0

4 VOUT UV Fault Not Supported, always 0 0

3 VOUT Max Not Supported, always 0 0

2 TON Max Fault Not Supported, always 0 0

1 TOFF Max Fault Not Supported, always 0 0

0 VOUT Tracking Error Not Supported, always 0 0

STATUS_INPUT (7Ch)

The STATUS_INPUT command is a standard PMBus™ com-
mand that returns the value of a number of flags related to
input voltage, current, and power. Accesses to this command
should use the PMBus™ read byte protocol. To clear bits in

TABLE 12. STATUS_INPUT Definitions

this register, the underlying fault should be removed and a
CLEAR_FAULTS command issued. The IN UV Warn flag will
default to 1 on startup. However, it will be cleared to 0 after
the first time the input voltage exceeds the resistor pro-
grammed UVLO threshold.

Bit NAME Meaning Default
7 VIN OV Fault A VIN Over-voltage Fault has occurred 0

6 VIN OV Warn A VIN Over-voltage Warning has occurred 0

5 VIN UV Warn A VIN Under-voltage Warning has occurred 1

4 VIN UV Fault A VIN Under-voltage Fault has occurred 0

3 Insufficient Voltage Not Supported, always 0 0

2 IIN OC Fault An IIN Over-current Fault has occurred 0

1 IIN OC Warn An 1IN Over-current Warning has occurred 0

0 PIN OP Warn A PIN Over-power Warning has occurred 0

STATUS_TEMPERATURE (7dh)

The STATUS_TEMPERATURE is a standard PMBus™ com-
mand that returns the value of the of a number of flags related
to the temperature telemetry value. Accesses to this com-

TABLE 13. STATUS_TEMPERATURE Definitions

mand should use the PMBus™ read byte protocol. To clear
bits in this register, the underlying fault should be removed
and a CLEAR_FAULTS command issued.

Bit NAME Meaning Default
7 Overtemp Fault An over-temperature Fault has occurred 0

6 Overtemp Warn An over-temperature Warning has occurred 0

5 Undertemp Warn Not Supported, always 0 0

4 Undertemp Fault Not Supported, always 0 0

3 reserved Not Supported, always 0 0

2 reserved Not Supported, always 0 0

1 reserved Not Supported, always 0 0

0 reserved Not Supported, always 0 0
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STATUS_CML (7Eh)

The STATUS_CML is a standard PMBus™ command that
returns the value of a number of flags related to communica-

tion faults. Accesses to this command should use the PM-
Bus™ read byte protocol. To clear bits in this register, a
CLEAR_FAULTS command should be issued.

TABLE 14. STATUS_CML Definitions

Bit NAME

Default

Invalid or unsupported command received

Invalid or unsupported data received

Packet Error Check failed

Memory Fault Detected Not supported, always 0

Processor Fault Detected Not supported, always 0

Reserved Not supported, always 0

Miscellaneous communications fault has occurred

o|l=|IN|w|ldhjlO|O |V

Other memory or logic fault detected Not supported, always 0

o|lo|o|o|o|o|Oo|Oo

STATUS_MFR_SPECIFIC (80h)
The STATUS_MFR_SPECIFIC command is a standard PM-
Bus™ command that contains manufacturer specific status
information. Accesses to this command should use the PM-
Bus™ read byte protocol. To clear bits in this register, the
underlying fault should be removed and a CLEAR_FAULTS
command should be issued.
TABLE 15. STATUS_MFR_SPECIFIC Definitions
Bit Meaning Default
Circuit breaker fault 0
External MOSFET shorted fault
Not Supported, Always 0
Defaults loaded

Not supported: Always 0
Not supported: Always 0
Not supported: Always 0
Not supported: Always 0

oO|l=|NMN|W|d|lO|O |V

o|o|lo|o|=|O|O

READ_VIN (88h)

The READ_VIN command is a standard PMBus™ command
that returns the 12-bit measured value of the input voltage.
Reading this register should use the coefficients shown in the
Telemetry and Warning Conversion Coefficients Table. Ac-
cesses to this command should use the PMBus™ read word
protocol. This value is also used internally for the VIN over-
and under-voltage warning detection.

TABLE 16. READ_VIN Register

Value Meaning Default
Oh — OFFFh Measured value 0000h
for VIN

READ_VOUT (8Bh)

The READ_VOUT command is a standard PMBus™ com-
mand that returns the 12-bit measured value of the output
voltage. Reading this register should use the coefficients
shown in the Telemetry and Warning Conversion Coefficients
Table. Accesses to this command should use the PMBus™
read word protocol. This value is also used internally for the
VOUT Under-voltage Warning detection.

TABLE 17. READ_VOUT Register
Default
0000h

Value
Oh — OFFFh

Meaning

Measured value
for VOUT

READ_TEMPERATURE_1 (8Dh)

The READ_TEMPERATURE_1 command is a standard PM-
Bus™ command that returns the signed value of the temper-
ature measured by the external temperature sense diode.
Reading this register should use the coefficients shown in the
Telemetry and Warning Conversion Coefficients Table. Ac-
cesses to this command should use the PMBus™ read word
protocol. This value is also used internally for the Over Tem-
perature Fault and Warning detection. This data has a range
of -256°C to + 255°C after the coefficients are applied.

TABLE 18. READ_TEMPERATURE_1 Register

Value Meaning Default
Oh — OFFFh Measured value 0000h
for
TEMPERATURE
MFR_ID (99h)

The MFR_ID command is a standard PMBus™ command
that returns the identification of the manufacturer. To read the
MFR_ID, use the PMBus™ block read protocol.

TABLE 19. MFR_ID Register

Byte Name Value
0 Number of bytes 03h
1 MFR ID-1 4Eh ‘N’
2 MFR ID-2 53h ‘&
3 MFR ID-3 43h ‘C’

MFR_MODEL (9Ah)

The MFR_MODEL command is a standard PMBus™ com-
mand that returns the part number of the chip. To read the
MFR_MODEL, use the PMBus™ block read protocol.
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TABLE 20. MFR_MODEL Register

Byte Name Value
0 Number of bytes 08h
1 MFR ID-1 4Ch '
2 MFR ID-2 4Dh ‘M’
3 MFR ID-3 32h 2’
4 MFR ID-4 35h 5’
5 MFR ID-5 30h ‘0’
6 MFR ID-6 36h ‘6’
7 MFR ID-7 36h ‘6’
8 MFR ID-8 00h

MFR_REVISION (9Bh)

The MFR_REVISION command is a standard PMBus™ com-
mand that returns the revision level of the part. To read the
MFR_REVISION, use the PMBus™ block read protocol.

TABLE 21. MFR_REVISION Register

Byte Name Value
0 Number of bytes  [02h

1 MFR ID-1 41h ‘A’
2 MFR ID-2 41h ‘A’
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LM25066A

Manufacturer Specific PMBus™

Commands

MFR_SPECIFIC_00: READ_VAUX (DOh)

The READ_VAUX command will report the 12-bit ADC mea-
sured auxiliary voltage. Voltages greater than or equal to
1.16V to ground will be reported at plus full scale (OFFFh).
Voltages less than or equal to OV referenced to ground will be
reported as 0 (0000h). Coefficients for the VAUX value are
dependent on the value of the external divider (if used). To
read data from the MFR_READ_VAUX command, use the
PMBus™ Read Word protocol.

TABLE 22. MFR_READ_VAUX Register
Default
0000h

Value
Oh — OFFFh

Meaning

Measured value
for VAUX input

MFR_SPECIFIC_01: MFR_READ_IIN (D1h)

The MFR_READ_IIN command will report the 12-bit ADC
measured current sense voltage. To read data from the
MFR_READ_IIN command, use the PMBus™ Read Word
protocol. Reading this register should use the coefficients
shown in the Telemetry and Warning Conversion Coefficients
Table. Please see the section on coefficient calculations to
calculate the values to use.

TABLE 23. MFR_READ_IIN Register
Default
0000h

Value Meaning

Oh — OFFFh

Measured value
for input current
sense voltage

MFR_SPECIFIC_02: MFR_READ_PIN (D2h)

The MFR_READ_PIN command will report the upper 12 bits
of the VIN x IIN product as measured by the 12-bit ADC. To
read data from the MFR_READ_PIN command, use the PM-
Bus™ Read Word protocol. Reading this register should use
the coefficients shown in the Telemetry and Warning Con-
version Coefficients Table. Please see the section on coeffi-
cient calculations to calculate the values to use.

TABLE 24. MFR_READ_PIN Register
Default
0000h

Value
Oh — OFFFh

Meaning

Value for input
current x input
voltage

MFR_SPECIFIC_03: MFR_IN_OC_WARN_LIMIT (D3h)

The MFR_IIN_OC_WARN_LIMIT PMBus™ command sets
the input over-current warning threshold. In the event that the
input current rises above the value set in this register, the I[IN
Over-current flags are set in the status registers and the SM-
BA is asserted. To access the MFR_IIN_OC_WARN_LIMIT
register, use the PMBus™ Read/Write Word protocol. Read-
ing/writing to this register should use the coefficients shown
in the Telemetry and Warning Conversion Coefficients Table.

TABLE 25. MFR_IIN_OC_WARN_LIMIT Register

Value Meaning Default

Oh — OFFEh Value for input OFFFh
over-current warn
limit

OFFFh Input over-current |n/a
warning disabled

MFR_SPECIFIC_04: MFR_PIN_OP_WARN_LIMIT (D4h)

The MFR_PIN_OP_WARN_LIMIT PMBus™ command sets
the input over-power warning threshold. In the event that the
input power rises above the value set in this register, the PIN
Over-power flags are set in the status registers and the SM-
BA is asserted. To access the MFR_PIN_OP_WARN_LIMIT
register, use the PMBus™ Read/Write Word protocol. Read-
ing/writing to this register should use the coefficients shown
in the Telemetry and Warning Conversion Coefficients Table.

TABLE 26. MFR_PIN_OP_WARN_LIMIT Register

Value Meaning Default

Oh — OFFEh Value for input OFFFh
over-power warn
limit

OFFFh Input over-power |n/a
warning disabled

MFR_SPECIFIC_05: READ_PIN_PEAK (D5h)

The READ_PIN_PEAK command will report the maximum
input power measured since a Power On reset or the last
CLEAR_PIN_PEAK command. To access the
READ_PIN_PEAK command, use the PMBus™ Read Word
protocol. Use the coefficients shown in the Telemetry and
Warning Coefficients Table.

TABLE 27. READ_PIN_PEAK Register

Meaning Default

Maximum Value [Oh
for input current x
input voltage since
reset or last clear

Value
Oh — OFFEh

MFR_SPECIFIC_06: CLEAR_PIN_PEAK (D6h)

The CLEAR_PIN_PEAK command will clear the PIN_PEAK
register. This command uses the PMBus™ Send Byte proto-
col.

MFR_SPECIFIC_07: GATE_MASK (D7h)

The GATE_MASK register allows the hardware to prevent
fault conditions from switching off the MOSFET. When the bit
is high, the corresponding FAULT has no control over the
MOSFET gate. All status registers will still be updated (STA-
TUS, DIAGNOSTIC) and an SMBA will still be issued. This
register is accessed with the PMBus™ Read / Write Byte pro-
tocol.
Warning:

Inhibiting the MOSFET switch off in response to over-cur-
rent or circuit breaker fault conditions will likely result in
the destruction of the MOSFET! This functionality should
be used with great care and supervision!
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TABLE 28. MFR_SPECIFIC_07 GATE MASK Definitions

Bit NAME Default

Not used, always 0

Not used, always 0

VIN UV FAULT

VIN OV FAULT

[IN/PFET FAULT

OVERTEMP FAULT

Not used, always 0

o|l=|IN|w|dhjlOO|O |V
o|lo|o|o|o|o|o|oO

CIRCUIT BREAKER

FAULT

The IIN/PFET Fault refers to the input current fault and the
MOSFET power dissipation fault. There is no input power fault
detection, only input power warning detection.

MFR_SPECIFIC_08: ALERT_MASK (D8h)

The ALERT_MASK command is used to mask the SMBA
when a specific fault or warning has occurred. Each bit cor-
responds to one of the 14 different analog and digital faults or
warnings that would normally result in an SMBA being set.
When the corresponding bit is high, that condition will not
cause the SMBA to be asserted. If that condition occurs, the
registers where that condition is captured will still be updated
(STATUS registers, DIAGNOSTIC_WORD) and the external
MOSFET gate control will still be active (VIN_OV_FAULT,
VIN_UV_FAULT, IIN/PFET_FAULT, CB_FAULT,
OT_FAULT). This register is accessed with the PMBus™
Read / Write Word protocol. The VIN UNDERVOLTGE
FAULT flag will default to 1 on startup. However, it will be
cleared to 0 after the first time the input voltage exceeds the
resistor programmed UVLO threshold.

TABLE 29. ALERT_MASK Definitions

BIT NAME DEFAULT
15 VOUT UNDERVOLTAGE WARN 0
14 [IN LIMIT Warn 0
13 VIN UNDERVOLTAGE WARN 0
12 VIN OVERVOLTAGE WARN 0
11 POWER GOOD 1
10 OVERTEMP WARN 0
9 Not Used 0
8 OVERPOWER LIMIT WARN 0
7 Not Used 0
6 EXT_MOSFET_SHORTED 0
5 VIN UNDERVOLTAGE FAULT 1
4 VIN OVERVOLTAGE FAULT 0
3 IIN/PFET FAULT 0
2 OVERTEMPERATURE FAULT 0
1 CML FAULT (Communications Fault) 0
0 CIRCUIT BREAKER FAULT 0
Bit Name Meaning
MFR_SPECIFIC_09: DEVICE_SETUP (D9h) 3 CB/CL Ratio 0 = Low setting (1.8x)
The DEVICE_SETUP command may be used to override pin 1 = Hiah setti
settings to define operation of the LM25066A under host con- — '9 Sef ng (.3'6)()
trol. This command is accessed with the PMBus™ read / write 2 Curr.ent “m't 0 = Use pin settings
byte protocol. Configuration 1 = Use SMBus settings
TABLE 30. DEVICE_SETUP Byte Format 1 Circuit breaker 0 = Use pin settings
Bit Name Neaning Configuration 1 = Use SMBus settings
7:5 Retry setting 111 = Unlimited retries 0 Unused
110 = Retry 16 times In order to configure the Current Limit Setting via this register,
— - it is necessary to set the Current Limit Configuration bit (2) to
101 = Retry 8 t!mes 1 to enable the register to control the current limit function and
100 = Retry 4 times the Current Limit Setting bit (4) to select the desired setting.
011 = Retry 2 times Similarly, in order to control the Circuit Breaker via this regis-
010 = Retry 1 time ter, it is necessary to set the Circuit Breaker Copfigyration bit
- (1) to 1 to enable the register to control the Circuit Breaker
001 = No retries Setting, and the Circuit Breaker / Current Limit Ratio bit (3) to
000 = Pin configured retries the desired value. If the respective Configuration bits are not
4 Current limit setting | 0 = Low setting (25mV) set, the Settings will be ignored and the pin set values used.
1 = High setting (46mV) The Current Limit Configuration effects the coefficients used

for the Current and Power measurements and warning reg-
isters.
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LM25066A

MFR_SPECIFIC_10: BLOCK_READ (DAh)

The BLOCK_READ command concatenates the
DIAGNOSTIC_WORD with input and output telemetry infor-
mation (IIN, VOUT, VIN, PIN) as well as TEMPERATURE to
capture all of the operating information of the LM25066A in a
single SMBus transaction. The block is 12 bytes long with
telemetry information being sent out in the same manner as
if an individual READ_XXX command had been issued
(shown below). The contents of the block read register are
updated every clock cycle (85ns) as long as the SMBus in-
terface is idle. BLOCK_READ also guarantees that the VIN,
VOUT, IIN and PIN measurements are all time-aligned
whereas there is a chance they may not be if read with indi-
vidual PMBus™ commands.

The Block Read command is read via the PMBus™ block
read protocol.

TABLE 31. BLOCK_READ Register Format

Byte Count (always 12) (1 byte)
DIAGNOSTIC_WORD (1 Word)
IIN_BLOCK (1 Word)
VOUT_BLOCK (1 Word)
VIN_BLOCK (1 Word)
PIN_BLOCK (1 Word)
TEMP_BLOCK (1 Word)

MFR_SPECIFIC_11: SAMPLES_FOR_AVG (DBh)

The SAMPLES_FOR_AVG command is a manufacturer spe-
cific command for setting the number of samples used in
computing the average values for IIN, VIN, VOUT, PIN. The
decimal equivalent of the AVGN nibble is the power of 2 sam-
ples (e.g. AVGN=12 equates to 4096 samples used in com-
puting the average). The LM25066A supports average
numbers of 1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048,
4096. The SAMPLES_FOR_AVG number applies to average
values of IIN, VIN, VOUT, PIN simultaneously. The
LM25066A uses simple averaging. This is accomplished by
summing consecutive results up to the number programmed,
then dividing by the number of samples. Averaging is calcu-
lated according to the following sequence:

Y = (X + Xouor) + - + X(gy) / 2AVGN

When the averaging has reached the end of a sequence (for
example, 4096 samples are averaged), then a whole new se-
quence begins that will require the same number of samples
(in this example, 4096) to be taken before the new average is
ready.

TABLE 32. SAMPLES_FOR_AVG Register

AVGN N=2N averages Averaging/Register
Update Period (ms)
0000 1 1
0001 2 2
0010 4 4
0011 8 8
0100 16 16
0101 32 32
0110 64 64
0111 128 128
1000 256 256

AVGN N=2N averages Averaging/Register
Update Period (ms)
1001 512 512
1010 1024 1024
1011 2048 2048
1100 4096 4096

Note that a change in the SAMPLES_FOR_AVG register will
not be reflected in the average telemetry measurements until
the present averaging interval has completed. The default
setting for AVGN is 0000 and therefore the average telemetry
will mirror the instantaneous telemetry until a value higher
than zero is programmed.

The SAMPLES_FOR_AVG register is accessed via the PM-
Bus™ read / write byte protocol.

TABLE 33. SAMPLES_FOR_AVG Register
Meaning Default
Exponent (AVGN) [00h

for number of

samples to
average over

Value
Oh —0Ch

MFR_SPECIFIC_12: READ_AVG_VIN (DCh)

The READ_AVG_VIN command will report the 12-bit ADC
measured input average voltage. If the data is not ready, the
returned value will be the previous averaged data. However,
if there is no previously averaged data, the default value
(0000h) will be returned. This data is read with the PMBus™
Read Word protocol. This register should use the coefficients
shown in the Telemetry and Warning Conversion Coefficients
Table.

TABLE 34. READ_AVG_VIN Register
Default
0000h

Meaning
Average of
measured values
for input voltage

Value
Oh — OFFFh

MFR_SPECIFIC_13: READ_AVG_VOUT (DDh)

The READ_AVG_VOUT command will report the 12-bit ADC
measured average output voltage. The returned value will be
the default value (0000h) or previous data when the average
data is not ready. This data is read with the PMBus™ Read
Word protocol. This register should use the coefficients
shown in the Telemetry and Warning Conversion Coefficients
Table.

TABLE 35. READ_AVG_VOUT Register
Default
0000h

Meaning
Average of
measured values
for output voltage

Value
Oh — OFFFh

MFR_SPECIFIC_14: READ_AVG_IIN (DEh)

The READ_AVG_IIN command will report the 12-bit ADC
measured current sense average voltage. The returned value
will be the default value (0000h) or previous data when the
average data is not ready. This data is read with the PMBus™
Read Word protocol. This register should use the coefficients
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shown in the Telemetry and Warning Conversion Coefficients
Table.
TABLE 36. READ_AVG_IIN Register
Default
0000h

Value
Oh — OFFFh

Meaning

Average of
measured values
for current sense
voltage

MFR_SPECIFIC_15: READ_AVG_PIN

The READ_AVG_PIN command will report the upper 12 bits
of the average VIN x IIN product as measured by the 12-bit
ADC. You will read the default value (0000h) or previous data
when the average data is not ready. This data is read with the
PMBus™ Read Word protocol. This register should use the
coefficients shown in the Telemetry and Warning Conversion
Coefficients Table.

TABLE 37. READ_AVG_PIN Register
Default
0000h

Value
Oh — OFFFh

Meaning

Average of
measured value
for input voltage x
input current sense
voltage

MFR_SPECIFIC_16: BLACK_BOX_READ (EOh)

The BLACK_BOX_READ command retrieves the
BLOCK_READ data which was latched in at the first assertion
of SMBA. ltis re-armed with the CLEAR_FAULTS command.
Itis the same format as the BLOCK_READ registers, the only
difference being that its contents are updated with the SM-
BA edge rather than the internal clock edge. This command
is read with the PMBus™ Block Read protocol.

MFR_SPECIFIC_17: READ_DIAGNOSTIC_WORD (E1h)

The READ_DIAGNOSTIC_WORD PMBus™ command will
report all of the LM25066A faults and warnings in a single read
operation. The standard response to the assertion of the SM-
BA signal of issuing multiple read requests to various status
registers can be replaced by a single word read to the
DIAGNOSTIC_WORD register. The
READ_DIAGNOSTIC_WORD command should be read with
the PMBus™ Read Word protocol. The
DIAGNOSTIC_WORD is also returned in the BLOCK_READ,
BLACK_BOX_READ, and AVG_BLOCK_READ operations.

TABLE 38. DIAGNOSTIC_WORD Format

Bit

Meaning

Default

15

VOUT_UNDERVOLTAGE_WARN

14

IIN_OP_WARN

13

VIN_UNDERVOLTAGE_WARN

12

VIN_OVERVOLTAGE_WARN

11

POWER GOOD

10

OVER_TEMPERATURE_WARN

TIMER_LATCHED_OFF

EXT_MOSFET_SHORTED

CONFIG_PRESET

DEVICE_OFF

VIN_UNDERVOLTAGE_FAULT

VIN_OVERVOLTAGE_FAULT

IIN_OC/PFET_OP_FAULT

OVER_TEMPERATURE_FAULT

= IN|W|d|lO|®O|N]|0]|©

CML_FAULT

o|o|o|Oo|=|=2|=|O|O|O|=|O|O|O|O

o

CIRCUIT_BREAKER_FAULT

o

MFR_SPECIFIC_18: AVG_BLOCK_READ (E2h)

The AVG_BLOCK_READ command concatenates the
DIAGNOSTIC_WORD with input and output average teleme-
try information (IIN, VOUT, VIN, PIN) as well as TEMPERA-
TURE to capture all of the operating information of the part in
a single PMBus™ transaction. The block is 12 bytes long with
telemetry information being sent out in the same manner as
if an individual READ_AVG_XXX command had been issued
(shown below). AVG_BLOCK_READ also guarantees that
the VIN, VOUT, PIN, and IIN measurements are all time-
aligned whereas there is a chance they may not be if read
with individual PMBus™ commands. To read data from the

AVG_BLOCK_READ command, use the SMBus Block Read
protocol.

TABLE 39. AVG_BLOCK_READ Register Format

Byte Count (always 12) (1 byte)
DIAGNOSTIC_WORD (1 word)
AVG_IIN (1 word)
AVG_VOUT (1 word)
AVG_VIN (1 word)
AVG_PIN (1 word)
TEMPERATURE (1 word)
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FIGURE 18. Command/Register and Alert Flow Diagram
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Reading and Writing Telemetry Data
and Warning Thresholds

All measured telemetry data and user programmed warning
thresholds are communicated in 12 bit two’s compliment bi-
nary numbers read/written in 2 byte increments conforming to
the Direct format as described in section 8.3.3 of the PMBus™
Power System Management Protocol Specification 1.1 (Part

II). The organization of the bits in the telemetry or warning
word is shown in Table 40, where Bit_11 is the most signifi-
cant bit (MSB) and Bit_0 is the least significant bit (LSB). The
decimal equivalent of all warning and telemetry words are
constrained to be within the range of 0 to 4095, with the ex-
ception of temperature. The decimal equivalent value of the
temperature word ranges from 0 to 65535.

TABLE 40. Telemetry and Warning Word Format

Byte B7 B6 B5 B4 B3 B2 B1 BO
1 Bit_7 Bit_6 Bit_5 Bit_4 Bit_3 Bit_2 Bit_1 Bit_0
2 0 0 0 0 Bit_11 Bit_10 Bit_9 Bit_8

Conversion from direct format to real world dimensions of
current, voltage, power, and temperature is accomplished by
determining appropriate coefficients as described in section
7.2.1 of the PMBus™ Power System Management Protocol
Specification 1.1 (Part Il). According to this specification, the
host system converts the values received into a reading of
volts, amperes, watts, or other units using the following rela-
tionship:

X=l(Yx1O'R-b)
m

where:

X: the calculated "real world" value (volts, amps, watt, etc.)
m: the slope coefficient

Y: a two byte two's complement integer received from device
b: the offset, a two byte two's complement integer

R: the exponent, a one byte two's complement integer

R is only necessary in systems where m is required to be an
integer (for example, where m may be stored in a register in
an integrated circuit). In those cases, R only needs to be large
enough to yield the desired accuracy.

TABLE 41. Telemetry and Warning Conversion Coefficients

Commands Condition Format Number of m b R | Units
Data Bytes
READ_VIN, READ_AVG_VIN DIRECT 2 22070 -1800 -2 Vv
VIN_OV_WARN_LIMIT
VIN_UV_WARN_LIMIT
READ_VOUT, READ_AVG_VOUT DIRECT 2 22070 -1800 -2 \'%
VOUT_UV_WARN_LIMIT
READ_VAUX DIRECT 2 3546 -3 0 \'%
*READ_IIN, READ_AVG_IIN CL=GND DIRECT 2 13661 -5200 -2 A
MFR_IIN_OC_WARN_LIMIT
*READ_IN, READ_AVG_IN CL=VDD DIRECT 2 6852 -3100 -2 A
MFR_IIN_OC_WARN_LIMIT
*READ_PIN, READ_AVG_PIN, CL=GND DIRECT 2 736 -3300 -2 w
READ_PIN_PEAK
MFR_PIN_OP_WARN_LIMIT
*READ_PIN, READ_AVG_PIN, CL=VDD DIRECT 2 369 -1900 -2 w
READ_PIN_PEAK
MFR_PIN_OP_WARN_LIMIT
READ_TEMPERATURE_1 DIRECT 2 16000 0 -3 °C
OT_WARN_LIMIT
OT_FAULT_LIMIT

* The coefficients relating to current/power measurements and warning thresholds shown in Table 41 are normalized to a sense resistor (Rg) value of 1TmQ. In
general, the current/power coefficients can be calculated using the relationships shown in Table 42.
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LM25066A

TABLE 42. Current and Power Telemetry and Warning Conversion Coefficients (Rg in mQ)

Commands Condition Format Number of Data m b R Units
Bytes
*READ_IIN, READ_AVG_IIN CL=GND DIRECT 2 13661 x Rg | -5200 -2 A
MFR_IIN_OC_WARN_LIMIT
*READ_IIN, READ_AVG_IIN CL=VvDD DIRECT 2 6854 x Rg | -3100 -2 A
MFR_IIN_OC_WARN_LIMIT
*READ_PIN, READ_AVG_PIN, CL=GND DIRECT 2 736 x Rg -3300 -2 w
READ_PIN_PEAK
MFR_PIN_OP_WARN_LIMIT
*READ_PIN, READ_AVG_PIN, CL=VDD DIRECT 2 369 x Rg -1900 -2 w
READ_PIN_PEAK
MFR_PIN_OP_WARN_LIMIT

Care must be taken to adjust the exponent coefficient, R, such
that the value of m remains within the range of -32768 to
+32767. For example, if a 5 mQ sense resistor is used, the
correct coefficients for the READ_IIN command with CL =
VDD would be m =6830, b =-310, R = -1.

A Note on the "b" Coefficient

Since b coefficients represent offset, for simplification b is set
to zero in the following discussions.

Reading Current

The current register actually displays a value equivalent to a
voltage across the user specified sense resistor, Rg. The co-

efficients enable the data output to be converted to amps. The
values shown in the example are based on having the device
programmed for a 25 mV current limit threshold (CL = GND).
In the 26mV range, the LSB value is 7.32 pV and the full scale
range is 30.2 mV. In the 46mV range (CL = VDD), the LSB
value is 14.64 pV and the full scale range in 60.4 mV.

Step

Example

1. Determine full scale current and shunt value based on 29.98
mV across shunt at full scale. Use either:

Example: 122A application with 250 pQ shunt.

302mV_
30.2 mV IIN_max = 025ma - 120.8A
IIN_MAX = R—
s
or:
2. Determine m'": 4095
M= 208a - >0
» _ 4095
m =
[in_max

3. Determine exponent R necessary to set m' to integer value m:

Select R to provide integer value of m:
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Reading Input and Output Voltage

Coefficients for VIN and VOUT are fixed and are consistent
between read telemetry measurements (e.g., READ_VIN,

VIN_UV_WARN_LIMIT). Input and output voltage values are
read/written in Direct format with 12-bit resolution and a 4.54
mV LSB. An example of calculating the PMBus™ coefficients
for input voltage is shown below.

READ_AVG_VIN) and warning thresholds (e.g.,
Step Example
1. Determine m' based on full scale analog input and full scale 4095
digital range: m = 18.59V =220.26

.. 4095 _ 4095
Vin max  18.59V

2. Determine exponent R necessary to set m' to integer value m
with desired accuracy:

Select R to provide 5 digit accuracy for the integer value of m
(which would be 21703 in this example:

m’ 220.26
10%= " R =log1092026
R=-2
3. Final values m = 22026
R=-2
b =0

Reading Power

The power calculation of the LM25066A is a relative power
calculation meaning that full scale of the power register cor-
responds to simultaneous full scale values in the current
register and voltage register such that the power register has
the following relationship based on decimal equivalents of the
register contents:

IIN x VIN
PIN = 4095

For this reason power coefficients will also vary depending on
the shunt value and must be calculated for each application.
The power LSB will vary depending on shunt value according
to 276 pyW/Rsense for 46mV range or 138.2 yW/Rsense for
25mV range.

Step

Example

1. Determine full scale power from known full scale of input
current and input voltage

F)IN_MAX = VIN_MAX X IIN_MAX

Example: 125A application with 250 pQ shunt.
Pin_max = (18.59V) x (120.8A) = 2246W

2. Determine m":

 _ 4095
Pumax

m = 4095
T 2246W

=1.823

3. Optional: Determine exponent R necessary to set m' to integer
value m with desired accuracy:

Select R (in this case selected to provide 4 digit accuracy for the
integer value of m):

Ro M - log1o 1823
10" = o R Iog1o1823
R=-3
4. Final values m = 1823
R=-3
b=0
41 www.national.com
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LM25066A

READ_AVG_IIN command (with the

resistor value of 5 mQ.

current coefficients:

Determining Telemetry Coefficients
Empirically with Linear Fit

The coefficients for telemetry measurements and warning
thresholds presented in Table 41 are adequate for the ma-
jority of applications. Current and power coefficients must be
calculated per application as they are dependent on the value
of the sense resistor, Rg, used. Table 42 provides the equa-
tions necessary for calculating the current and power coeffi-
cients for the general case. The small signal nature of the
current measurement make it and the power measurement
more susceptible to PCB parasitics than other telemetry
channels. This may cause slight variations in the optimum
coefficients (m, b, R) for converting from Direct format digital
values to real-world values (e.g., Amps and Watts). The op-
timum coefficients can be determined empirically for a spe-
cific application and PCB layout using two or more measure-
ments of the telemetry channel of interest. The current
coefficients can be determined using the following method:
1. While the LM25066A is in normal operation measure the
voltage across the sense resistor using kelvin test points
and a high accuracy DVM while controlling the load
current. Record the integer value returned by the

SAMPLES_FOR_AVG set to a value greater than 0) for
two or more voltages across the sense resistor. For best
results, the individual READ_AVG_IIN measurements
should span nearly the full scale range of the current (for
example, voltage across Rg of 5 mV and 20 mV).

2. Convert the measured voltages to currents by dividing
them by the value of Rg. For best accuracy, the value of
Rg should be measured. Table 43 assumes a sense

TABLE 43. Measurements for linear fit determination of

Measured voltage | Measured Current | READ_AVG_IIN
across (A) (integer value)
Rs (V)
0.005 648
0.01 2 1331
0.02 2698

(y-intercept)
slope = 683.4
y-intercept = -35.5

3. Using the spreadsheet or math program of your choice,
determine the slope and the y-intercept values returned
by the READ_AVG_IIN command versus the measured
current. For the data shown in Table 43:
READ_AVG_IIN value = slope x (Measured Current) +

4. To determine the ‘m’ coefficient, simply shift the decimal
point of the calculated slope to arrive at an integer with a
suitable number of significant digits for accuracy
(typically 4) while staying with the range of -32768 to
+32767. This shift in the decimal point equates to the
‘R’ coefficient. For the slope value shown above, the
decimal point would be shifted to the right once hence
R=-1.

5. Once the ‘R’ coefficient has been determined, the ‘b’
coefficient is found by multiplying the y-intercept by
10-R. In this case the value of b = -355.

Calculated Current Coefficients:

m = 6834
b =-355
R=-1
1 R
X=—(Yx10%-b)
m
where:

X: the calculated "real world" value (volts, amps, watts, tem-
perature)

m: the slope coefficient, is the two byte, two's complement
integer

Y: a two byte two's complement integer received from device
b: the offset, a two byte, two's complement integer

R: the exponent, a one byte two's complement integer

The above procedure can be repeated to determine the co-
efficients of any telemetry channel simply by substituting
measured current for some other parameter (e.g. power, volt-
age, etc.).

Writing Telemetry Data

There are several locations that will require writing data if their
optional usage is desired. Use the same coefficients previ-
ously calculated for your application and apply them using this
method as prescribed by the PMBus™ revision section 7.2.2
"Sending a Value"

Y =(mX +b) x 10R
where:

X: the calculated "real world" value (volts, amps, watts, tem-
perature)

m: the slope coefficient, is the two byte, two's complement
integer

Y: a two byte two's complement integer received from device
b: the offset, a two byte two's complement integer

R: the exponent, a one byte two's complement integer

www.national.com

Downloaded from Elcodis.com electronic components distributor

42



http://elcodis.com/parts/2139444/LM25066APSQENOPB.html

PMBus™ Address Lines (ADRO,
ADR1, ADR2)

The three address lines are to be set high (connect to VDD),
low (connect to GND), or open to select one of 27 addresses

for communicating with the LM25066A. Table 44 depicts 7-bit
addresses (eighth bit is read/write bit):

TABLE 44. Device Addressing

ADR2 ADR1

ADRO

Decoded Address

N

z

z

40h

41h

42h

43h

44h

45h

46h

47h

10h

11h

12h

13h

14h

15h

16h

17h

50h

51h

52h

53h

54h

55h

56h

57h

58h

59h

===l |O|lO|O|O|O|OC|O|O|O|IN|IN[IN[ININ|IN|N|IN

== |=|O|OC|O|IN|IN|N|=|=[=|O|O|O|IN|IN|N|=|=|=|OC|OC|O|N|N

= |O|IN|=|©O|IN|=|O|N|=|OIN|[=|O|IN|[=]|O|N|=|O|IN|[=]|O|N|=]|O

5Ah
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LM25066A

SMBus Communications Timing
Requirements
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FIGURE 19. SMBus Timing Diagram
TABLE 45. SMBus Timing Definition
Symbol Parameter Limits Units Comments
Min Max
Fsve SMBus Operating Frequency 10 400 kHz
Taur Bus free time between Stop and Start Condition 1.3 us
Thp.sTA Hold time after (Repeated) Start Condition. After this 0.6 us
period, the first clock is generated.
Tsu-sta Repeated Start Condition setup time 0.6 us
TsustoO Stop Condition setup time 0.6 ps
ThD-DAT Data hold time 300 ns
TsupaT Data setup time 100 ns
TrimeouT Clock low timeout 25 35 ms (Note 8)
Tow Clock low period 1.5 us
ThigH Clock high period 0.6 ps (Note 9)
TLow-sexT Cumulative clock low extend time (slave device) 25 ms (Note 10)
T ow-MEXT Cumulative low extend time (master device) 10 ms (Note 11)
Te Clock or Data Fall Time 20 300 ns (Note 12)
Tg Clock or Data Rise Time 20 300 ns (Note 12)

Note 8: Devices participating in a transfer will timeout when any clock low exceeds the value of Tryeqyr min Of 25 ms. Devices that have detected a timeout
condition must reset the communication no later than Ty yeout max ©f 35 ms. The maximum value must be adhered to by both a master and a slave as it incorporates
the cumulative stretch limit for both a master (10ms) and a slave (25ms).

Note 9: Ty, s max Provides a simple method for devices to detect bus idle conditions.

Note 10: T oy.gex is the cumulative time a slave device is allowed to extend the clock cycles in one message from the initial start to the stop. If a slave exceeds
this time, it is expected to release both its clock and data lines and reset itself.

Note 11: T, qy.vext IS the cumulative time a master device is allowed to extend its clock cycles within each byte of a message as defined from start-to-ack, ack-

to-ack, or ack-to-stop.

Note 12: Rise and fall time is defined as follows:
* Tr=(Vmax—0.15) to (V,yyn + 0.15)

* T-=0.9VDD to (V yax — 0.15)
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SMBA Response

The SMBA effectively has two masks:

1. The Alert Mask Register at D8h, and

2. The ARA Automatic Mask.

The ARA Automatic Mask is a mask that is set in response to
a successful ARA read. An ARA read operation returns the
PMBus™ address of the lowest addressed part on the bus
that has its SMBA asserted. A successful ARA read means
that THIS part was the one that returned its address. When a
part responds to the ARA read, it releases the SMBA signal.

Fault Condition >

When the last part on the bus that has an SMBA set has suc-
cessfully reported its address, the SMBA signal will de-assert.

The way that the LM25066A releases the SMBA signal is by
setting the ARA Automatic mask bit for all fault conditions
present at the time of the ARA read. All status registers will
still show the fault condition, but it will not generate an SM-
BA on that fault again until the ARA Automatic mask is cleared
by the host issuing a Clear Fault command to this part. This
should be done as a routine part of servicing an SMBA con-
dition on a part, even if the ARA read is not done. Figure 20
depicts a schematic version of this flow.

From other

fault inputs SMBA

A

Alert Mask D8h

f

From PMBus

Set

ARA Operation Flag Succeeded
CLEAR_FAULT Command Received >

ARA Auto Mask

I' Clear

30146020

FIGURE 20. Typical Flow Schematic for SMBA Fault
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THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL 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 ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL’'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.

EXCEPT AS PROVIDED IN NATIONAL'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY

LIFE SUPPORT POLICY

LM25066A System Power Management and Protection IC with PMBus™

COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.
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