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ANALOG
DEVICES

Hot-Swap Controller and Digital Power

Monitor with PMBus Interface

ADM1275

FEATURES

Controls supply voltages from 2V to 20V

370 ns response time to short circuit
Resistor-programmable 5 mV to 25 mV current limit
+1% accurate, 12-bit ADC for current, Vin/Vour readback
Charge-pumped gate drive for multiple external N-channel FETs
High gate drive voltage to ensure lowest Roson
Foldback for tighter FET SOA protection

Automatic retry or latch-off on current fault
Programmable current limit timer for SOA
Programmable, multifunction GPOs

Power-good status output

Analog UV and OV protection

ENABLE pin (ADM1275-3 only)

Peak detect registers for current and voltage

PMBus fast mode compliant interface

16-lead QSOP and 20-lead QSOP and LFCSP

APPLICATIONS

Power monitoring and control/power budgeting

Central office equipment

Telecommunication and data communication equipment
PCs/servers

GENERAL DESCRIPTION

The ADM1275 is a hot-swap controller that allows a circuit board
to be removed from or inserted into a live backplane. It also features
current and voltage readback via an integrated 12-bit analog-to-
digital converter (ADC), accessed using a PMBus™ interface.

The load current is measured using an internal current sense
amplifier that measures the voltage across a sense resistor in
the power path via the SENSE+ and SENSE- pins. A default
limit of 20 mV is set, but this limit can be adjusted, if required,
using a resistor divider network from the internal reference
voltage to the ISET pin.

The ADM1275 limits the current through the sense resistor by
controlling the gate voltage of an external N-channel FET in the
power path, via the GATE pin. The sense voltage—and, therefore,
the load current—is maintained below the preset maximum. The
ADM1275 protects the external FET by limiting the time that the
FET remains on while the current is at its maximum value. This
current limit time is set by the choice of capacitor connected to
the TIMER pin. In addition, a foldback resistor network can be
used to actively lower the current limit as the voltage across the
FET is increased. This helps to maintain constant power in the
FET and allows the safe operating area (SOA) to be adhered to
in an effective manner.
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In case of a short-circuit event, a fast internal overcurrent detec-
tor responds within 370 ns and signals the gate to shut down. A
1500 mA pull-down device ensures a fast FET response. The
ADM1275 features overvoltage and undervoltage protection,
programmed using external resistor dividers on the UV and OV
pins. A PWRGD signal can be used to detect when the output
supply is valid, using the FLB pin to monitor the output. GPO
pins can be configured as various output signals that can be
asserted when a programmed current or voltage level is reached.

The 12-bit ADC can measure the current in the sense resistor,
as well as the supply voltage on the SENSE+ pin or the output
voltage. A PMBus interface allows a controller to read current
and voltage data from the ADC. Measurements can be initiated
by a PMBus command. Alternatively, the ADC can run continu-
ously, and the user can read the latest conversion data whenever
required. Up to four unique PMBus addresses can be selected,
depending on the way that the ADR pin is connected.

The ADM1275-1 and ADM1275-3 are available in a 20-lead QSOP
and 20-lead LFCSP and have a LATCH pin that can be configured
for automatic retry or latch-off when an overcurrent fault occurs.
The ADM1275-2 is available in a 16-lead QSOP with latch-off
mode only.
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ADM1275

SPECIFICATIONS

Vee=2.95V 1020V, Vee = Vienser, Vsenses = 2 V 10 20 V, Visense = (Visenses — Vsense-) = 0V, Ta = —40°C to +85°C, unless otherwise noted.

Table 1.
Parameter Min Typ Max Unit | Test Conditions/Comments
POWER SUPPLY
Operating Voltage Range, Vcc 295 20 \
Undervoltage Lockout 24 2.7 \Y Vcc rising
Undervoltage Hysteresis 20 120 mV
Quiescent Current, lcc 5 mA GATE on and power monitor running
UV PIN
Input Current, luy 100 nA Uv<36V
UV Threshold, UV 0.97 1.0 1.03 Vv UV falling
UV Threshold Hysteresis, UVhyst 40 50 60 mV
UV Glitch Filter, UVer 2 7 ps 50 mV overdrive
UV Propagation Delay, UVep 5 8 ps UV low to GATE pull-down active
OV PIN ADM1275-1 and ADM1275-3
Input Current, lov 100 nA Oov<36V
OV Threshold, OVr4 0.97 1.0 1.03 \ OVrising
OV Threshold Hysteresis, OVhyst 50 60 70 mV
OV Glitch Filter, OVer 0.5 1.5 us 50 mV overdrive
OV Propagation Delay, OVep 1.0 2 ps OV high to GATE pull-down active
SENSE+ AND SENSE—- PINS
Input Current, lsensex 150 HA Per individual pin; SENSE+, SENSE— =20V
Input Imbalance, lasense 5 uA lasense = (Isense+) — (Isense-)
VCAP PIN
Internally Regulated Voltage, Vvcar 2.66 2.7 2.74 \Y 0 PA < lvcar < 100 pA; Cvcap =1 pF
ISET PIN
Reference Select Threshold, Viserrsth 1.35 1.5 1.65 v If Viser > Viserrsth, @an internal 1V reference (Vcirer) is used
Internal Reference, Vcirer 1 \" Accuracies included in total sense voltage accuracies
Gain of Current Sense Amplifier, AVcsave 50 VIV Accuracies included in total sense voltage accuracies
Input Current, liser 100 nA Viser < Vveap
GATE PIN Maximum voltage on the gate is always clamped to <31V
Gate Drive Voltage, AVeare AVeare = Veate — Vsense+
10 12 14 \" 15V =Vec =28V, leae < 5 pA
45 13 Y 20V =Vec = 15V, leare < 5 gA
8 10 Y Vsense+ =Vec =5V leare < 5 A
4.5 6 Vv Vsense+ =Vee =2.95V; leare < 1 A
Gate Pull-Up Current, leateup -20 -30 pA Veare =0V
Gate Pull-Down Current, lcateon_rec 45 60 75 HA Veare = 2 V; Viser = 1.0 V; (SENSE+) — (SENSE-) = 30 mV
Gate Pull-Down Current, leateon_stow 5 10 15 mA Veare =2V
Gate Pull-Down Current, lcateon_rast 750 1500 2000 mA Veare =2 12V;Vec 2 12V
Gate Holdoff Resistance 20 Q Vee=0V
HOT-SWAP SENSE VOLTAGE
Hot-Swap Sense Voltage Current Limit, 19.6 20 20.4 mV Viser > 1.65V; Ve > 1.12 V; Veare = (SENSE+) + 3 V;
VsensecL leare =0 PA; Vss =2V
Foldback Inactive Veare = (SENSE+) + 3 V; loare = 0 pA; Vss = 2V
24.6 25 254 mV Viser=1.25V; Vrg > 1.395V
19.6 20 204 mV Viser=1.0V; Vee > 1.12V
9.6 10 10.4 mV Viser=0.5V; Ve > 0.57V
4.6 5 54 mV Viser = 0.25V; Vrg > 0.295V
Foldback Active 3.5 4 4.5 mV Ves = 0 V; Veare = (SENSE+) + 3 V; leare = 0 pA; Vss = 1V
9.6 10 104 mV Viser > 1.0 V; Vs = 0.5 V; Vaare = (SENSE+) + 3 V; leare = 0 YA;

Vss= 1V
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Parameter Min Typ Max Unit | Test Conditions/Comments
Circuit Breaker Offset, Vceos 0.6 0.88 1.12 mV Circuit breaker trip voltage, Vs = Vsensect — Vegos
SEVERE OVERCURRENT
Voltage Threshold, Vsenseoc 40 50 mV Viser=1.0V;Ves > 1.1V;Vss = 2V
9.5 13.0 mV Viser=0.25V; Ve > 1.1V;Vss =2 2V
Short Glitch Filter Duration 20 200 ns Viser > 1.65 V; Vsense driven from 18 mV to 52 mV;
selectable via PMBus
Long Glitch Filter Duration (Default) 530 900 ns Vsense driven from 18 mV to 52 mV
Response Time
With Short Glitch Filter 180 370 ns 2 mV overdrive maximum severe overcurrent threshold
With Long Glitch Filter 645 1020 ns
SOFT START (SS PIN)
SS Pull-Up Current, Iss -12 -10 -8 uA Vss=0V
Default Vsensec, Limit 0.5 1.25 1.8 mV When Vsense reaches this level, Iss is enabled, ramping
Vsensect; Vss =0V
SS Pull-Down Current 100 pA Vss=1V
TIMER PIN
Timer Pull-Up Current (POR), Itimerupror -2 -3 -4 UA Initial power-on reset; Vriver = 0.5V
Timer Pull-Up Current (OC Fault), lnmeruprr | =57 -60 -63 pA Overcurrent fault; 0.2V < Vimer < 1V
Timer Pull-Down Current (Retry), lnmeroner | 1.7 2 23 pA After fault when GATE is off; Vriimer = 0.5 V
Timer Retry/OC Fault Current Ratio 333 3.8 % Defines the limits of the autoretry duty cycle
Timer Pull-Down Current (Hold), 100 MA Holds TIMER at 0 V when inactive; Vriver = 0.5 V
ITimMERDNHOLD
Timer High Threshold, Vrimer+ 0.98 1.0 1.02 Y
Timer Low Threshold, Vrivert 0.18 0.2 0.22 \Y
FOLDBACK (FLB PIN)
FLB and PWRGD Threshold, Vit 1.08 1.1 1.12 Vv FLB rising; Viser=1.0V
Input Current, lrs 100 nA Vrie< 1.0V;Vissr=1.25V
100 nA Vvear < VRB <20V
Hysteresis Current 1.7 23 pA
Internal Hysteresis Voltage 1.9 3.1 mV Voltage drop across the internal 1.3 kQ resistor
Power-Good Glitch Filter, PIWRGDgr 0.3 0.7 1 us 50 mV overdrive
Minimum Foldback Clamp 200 mV Accuracies included in total sense voltage accuracies
VOUT PIN ADM1275-1 and ADM1275-3
Input Current 20 HA VOUT =20V
LATCH PIN ADM1275-1 and ADM1275-3
Output Low Voltage, Vo _LarcH 04 \Y larcn =1 mA
1.5 \ lLatch =5 mA
Leakage Current 100 nA Viarch < 2 V; LATCH output high-Z
1 pA Viatch = 20 V; LATCH output high-Z
GPO1/ALERT1/CONV PIN (ADM1275-1 and No internal pull-up present on these pins
ADM1275-2), ENABLE PIN (ADM1275-3)
Output Low Voltage, VoL_cror 0.4 Y lepo1 = 1 mA
1.5 \Y leror =5 MmA
Leakage Current 100 nA Veror < 2V; GPO output high-Z
1 UA Vero1 = 20 V; GPO output high-Z
Input High Voltage, Vix 1.1 \Y
Input Low Voltage, Vi. 0.8 Vv
GPO2/ALERT2 PIN ADM1275-1 and ADM1275-3
Output Low Voltage, VoL_cro2 0.4 \" lepo2 =1 mA
1.5 Y lepo2 =5 mA
Leakage Current 100 nA Veroz2 < 2 V; GPO output high-Z
1 uA Vepo2 = 20 V; GPO output high-Z
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Parameter Min Typ Max Unit | Test Conditions/Comments
PWRGD PIN
Output Low Voltage, VoL_pwrep 04 \Y Ipwrep = 1 MA
1.5 Vv lpwred = 5 MA
VCC That Guarantees Valid Output 1 Vv Isink = 100 pA; Vor_pwrep = 0.4V
Leakage Current 100 nA Vewraep < 2 V; PWRGD output high-Z
1 UA Vewrep = 20 V; PWRGD output high-Z
CURRENT AND VOLTAGE MONITORING
Current Sense Absolute Error 25 mV input range; 128 sample averaging (unless
otherwise noted)
+0.2 +0.7 % Vsense = 20 mV; Vsense+ = 12 V; Ta = 0°C to 65°C
+0.08 % Vsense = 20 mV; Vsenser = 12 V; Ta = 25°C
+1.0 % Vsense =20 mV
+0.08 % Vsense = 20 mV; Ta = 25°C
+0.2 % Vsense = 20 mV; Ta = 0°C to 65°C
+1.0 % Vsense = 20 mV; 16 sample averaging
+0.08 % Vsense = 20 mV; 16 sample averaging; Ta = 25°C
+0.2 % Vsense = 20 mV; 16 sample averaging; Ta = 0°C to 65°C
+2.8 % Vsense = 20 mV; 1 sample averaging
+0.09 % Vsense = 20 mV; 1 sample averaging; Ta = 25°C
+0.2 % Vsense = 20 mV; 1 sample averaging; Ta = 0°C to 65°C
+0.7 % Vsense = 25 mV; Vsenser = 12V
+0.04 % Vsense = 25 mV; Vsenser = 12 V; Ta = 25°C
+0.15 % Vsense = 25 mV; Vsense+ = 12 V; Ta = 0°C to 65°C
+0.75 % Vsense = 20 mV; Vsenser = 12V
+0.8 % Vsense = 15 mV; Vsenser = 12V
+1.1 % Vsense = 10 mV; Vsenser = 12V
+2.0 % Vsense = 5 mV; Vsenses = 12V
+4.3 % Vsense = 2.5 mV; Vsenses = 12V
SENSE+/VOUT Absolute Error +1.0 % Low input range; input voltage = 3V
+1.0 % High input range; input voltage > 10V
ADC Conversion Time 250 305 us 1 sample of voltage and current; from command
received to valid data in register
4000 4880 ps 16 samples of voltage and current averaged; from
command received to valid data in register
ADRPIN
Address Set to 00 0 0.8 \Y Connect to GND
Input Current for Address 00 —-40 -22 pA Vaor=0Vt0 0.8V
Address Set to 01 135 150 165 kQ Resistor to GND
Address Set to 10 -1 +1 pA No connect state; maximum leakage current allowed
Address Setto 11 2 \Y Connect to VCAP
Input Current for Address 11 3 10 MA Vaor = 2.0V to VCAP; must not exceed the maximum
allowable current draw from VCAP
SERIAL BUS DIGITAL INPUTS (SDA, SCL)
Input High Voltage, Vi 1.1 v
Input Low Voltage, Vi. 0.8 \Y
Output Low Voltage, Vo. 0.4 \Y loo =4 mA
Input Leakage, lieakrin -10 +10 pA
-5 +5 HA Device is not powered
Nominal Bus Voltage, Voo 2.7 5.5 " 3Vto5V+£10%
Capacitance for SDA, SCL Pin, Cein 5 pF
Input Glitch Filter, tsp 0 50 ns
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SERIAL BUS TIMING CHARACTERISTICS
tr = (Vieuax) — 0.15) to (Vimsvs + 0.15) and tr = 0.9Vop to (Vieamax) — 0.15); where Vimsvs = 2.1 Vand Vop = 3.3 V.

Table 2.
Parameter | Description Min Typ Max Unit Test Conditions/Comments
fscik Clock frequency 400 kHz
taur Bus free time 13 us Following the stop condition of a read transaction
47 us Following the stop condition of a write transaction
tHD;sTA Start hold time 0.6 us
tsussTA Start setup time 0.6 us
tsussto Stop setup time 0.6 us
tHDDAT SDA hold time 300 900 ns
tsupar SDA setup time 100 ns
tiow SCL low time 13 us
thiGH SCL high time 0.6 us
tr SCL, SDA rise time 20 300 ns
tr SCL, SDA fall time 20 300 ns
Timing Diagram
— tLow — —
- > |-—tp | |-t
sct \\I,I: 7 / J \\___I/ \\_I
[N tsu;sTa—> | = tsu;sTo = | |+
tup;paT—| |w—  tyen | [=—tsy;pat
< thp;sTA
soa ' | /— X / /X \
P tsur s . g

Figure 2. Serial Bus

Timing Diagram
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ABSOLUTE MAXIMUM RATINGS

Table 3.

Parameter Rating

VCCPin -03Vto+25V

UV Pin -03Vto+4V

OV Pin -03Vto+4V

SS Pin -0.3VtoVCAP +0.3V
TIMER Pin -0.3VtoVCAP +0.3V
VCAP Pin -03Vto+4V

ISET Pin -03VtoVCAP+0.3V
LATCH Pin -03Vto+25V

SCL Pin -03Vto+6.5V

SDA Pin -03Vto+6.5V

ADR Pin -03VtoVCAP+0.3V
GPO1/ALERT1/CONV Pin, ENABLE Pin | —0.3V to +25V
GPO2/ALERT2 Pin -03Vto+25V
PWRGD Pin -03Vto+25V

FLB Pin -03Vto+25V
VOUT Pin -03Vto+25V

GATE Pin (Internal Supply Only)’ -03Vto+36V
SENSE+ Pin -03Vto+25V
SENSE- Pin -03Vto+25V

Vsense (Vsense+ — Vsense-) +0.3V

Continuous Current into Any Pin +10 mA

Storage Temperature Range —-65°Cto +125°C
Operating Temperature Range —40°C to +85°C

Lead Temperature, Soldering (10 sec) | 300°C

Junction Temperature 150°C

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

THERMAL CHARACTERISTICS

0)a is specified for the worst-case conditions, that is, a device
soldered in a circuit board for surface-mount packages.

Table 4. Thermal Resistance

Package Type 6sa Unit
16-lead QSOP (RQ-16) 150 °C/W
20-lead QSOP (RQ-20) 126 °C/W
20-lead LFCSP (CP-20-9) 30.4 °C/W
ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘iﬁ I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.

" The GATE pin has internal clamping circuits to prevent the GATE pin voltage
from exceeding the maximum ratings of a MOSFET with Veswax = 20 V and
internal process limits. Applying a voltage source to this pin externally may

cause irreversible damage.
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PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

+ 1
w w
vee [1]|e [20] SENSE-+ >8%%E
uv |2 19| SENSE- S>0no0o
B o qeere
ov[3] 18] GATE
PIN 1
VCAP E E GND INDICATOR 15 GND
ISET [5] AQCI;T%ZVSVJ 6] vouT ADM1275-1 :; \F/Eén
ss[e 15] FLB TOP VIEW
[&]| ot to Scaley |frs] (Not to Scale) | 12 PWRGD
TIMER [7] [1a] PWRGD 11 SCL
LATCH [ 8] [13] scL
ADR [ 9] 2] spA . er©oe2
g Ix>N<
AERTS & >
GPO1/ALERT1/CONV [10] [11] GPO2/ALERT2 g E 2 8k a
| S—— S ] 2|
slz
[
Figure 3. ADM1275-1 Pin Configuration, QSOP & §
EC
1)
o
S

NOTES

1. SOLDER THE EXPOSED PADDLE TO
THE BOARD TO IMPROVE THERMAL
DISSIPATION. THE EXPOSED PADDLE
CAN BE CONNECTED TO GROUND.

Figure 4. ADM1275-1 Pin Configuration, LFCSP

08931-109

Table 5. ADM1275-1 Pin Function Descriptions

Pin No.

QsopP

LFCSP

Mnemonic

Description

1

10

11

19

20

VvCC

uv
ov
VCAP

ISET

ss
TIMER
LATCH
ADR

GPO1/ALERT1/
CONV

GPO2/ALERT2

Positive Supply Input Pin. An undervoltage lockout (UVLO) circuit resets the device when a low
supply voltage is detected. GATE is held low when the supply is below UVLO. During normal
operation, this pin should remain greater than or equal to SENSE+ to ensure that specifications
are adhered to. No sequencing is required.

Undervoltage Input Pin. An external resistor divider is used from the supply to this pin to allow an
internal comparator to detect whether the supply is under the UV limit.

Overvoltage Input Pin. An external resistor divider is used from the supply to this pin to allow an
internal comparator to detect whether the supply is above the OV limit.

Internal Regulated Supply. A capacitor with a value of 1 uF or greater should be placed on this pin
to maintain good accuracy. This pin can be used as a reference to program the ISET pin voltage.
This pin allows the current limit threshold to be programmed. The default limit is set when this pin
is connected directly to VCAP. To achieve a user-defined sense voltage, the current limit can be
adjusted using a resistor divider from VCAP. An external reference can also be used.

Soft Start Pin. A capacitor is used on this pin to set the soft start ramp profile. The voltage on the
SS pin controls the current sense voltage limit, which controls the inrush current profile.

Timer Pin. An external capacitor, Crimer, sets an initial timing cycle delay and a fault delay. The GATE
pin is pulled low when the voltage on the TIMER pin exceeds the upper threshold.

Signals that the device is latching off after an overcurrent fault. The device can be configured for
automatic retry after latch-off by connecting this pin directly back to the UV pin.

PMBus Address Pin. This pin can be tied to GND, tied to VCAP, left floating, or tied low through a
resistor to set four different PMBus addresses (see the Device Addressing section).
General-Purpose Digital Output (GPOT1).

Alert (ALERT1). This pin can be configured to generate an alert signal when one or more fault or
warning conditions are detected.

Conversion (CONV). This pin can be used as an input signal to control when a power monitor ADC
sampling cycle begins.

At power-up, this pin defaults to a high impedance state. There is no internal pull-up on this pin.
General-Purpose Digital Output (GPO2).

Alert (ALERT2). This pin can be configured to generate an alert signal when one or more fault or
warning conditions are detected.

At power-up, this pin indicates the FET health mode by default. There is no internal pull-up on this pin.
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Pin No.

QSoP LFCSP | Mnemonic Description

12 10 SDA Serial Data Input/Output Pin. Open-drain input/output. Requires an external resistive pull-up.

13 1 SCL Serial Clock Pin. Open-drain input. Requires an external resistive pull-up.

14 12 PWRGD Power-Good Signal. Used to indicate that the supply is within tolerance. This signal is based on the
voltage present on the FLB pin.

15 13 FLB Foldback Pin. A foldback resistor divider is placed from the source of the FET to this pin. Foldback is
used to reduce the current limit when the source voltage drops. The foldback feature ensures that
the power through the FET is not increased beyond the SOA limits.

16 14 VOouT This pin is used to read back the output voltage using the internal ADC. A 1 kQ resistor should be
inserted in series between the source of a FET and the VOUT pin.

17 15 GND Chip Ground Pin.

18 16 GATE Gate Output Pin. This pin is the high-side gate drive of an external N-channel FET. This pin is driven
by the FET drive controller, which uses a charge pump to provide a pull-up current to charge the FET
gate pin. The FET drive controller regulates to a maximum load current by regulating the GATE pin.
GATE is held low when the supply is below UVLO.

19 17 SENSE— Negative Current Sense Input Pin. A sense resistor between the SENSE+ pin and the SENSE- pin sets
the analog current limit. The hot-swap operation of the ADM1275 controls the external FET gate to
maintain the sense voltage (Vsense+ — Vsense-). This pin also connects to the FET drain pin.

20 18 SENSE+ Positive Current Sense Input Pin. This pin connects to the main supply input. A sense resistor
between the SENSE+ pin and the SENSE- pin sets the analog current limit. The hot-swap operation
of the ADM1275 controls the external FET gate to maintain the sense voltage (Vsense+ — Vsense-). This
pin is also used to measure the supply input voltage using the ADC.

N/A EP EPAD Exposed Paddle on Underside of LFCSP. Solder the exposed paddle to the board to improve thermal
dissipation. The exposed paddle can be connected to ground.
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. 6] SENSE+
wv [2] [15] SENSE-
VCAP [13] GATE

I1SET [4]| ADM1275-2|[13] GND

TOP VIEW
S |5 (Not to Scale) EI FLB

TIMER [ 6] [11] PWRGD

[10] scL
2] sba

Figure 5. ADM1275-2 Pin Configuration

GPO1/ALERT1/CONV n

08931-007

Table 6. ADM1275-2 Pin Function Descriptions

Pin No.

Mnemonic

Description

1

10
11

12

13
14

15

16

VCC

uv
VCAP

ISET

SS
TIMER
ADR

GPO1/ALERT1/CONV

SDA
SCL
PWRGD

FLB

GND
GATE

SENSE-

SENSE+

Positive Supply Input Pin. An undervoltage lockout (UVLO) circuit resets the device when a low
supply voltage is detected. GATE is held low when the supply is below UVLO. During normal
operation, this pin should remain greater than or equal to SENSE+ to ensure that specifications
are adhered to. No sequencing is required.

Undervoltage Input Pin. An external resistor divider is used from the supply to this pin to allow
an internal comparator to detect whether the supply is under the UV limit.

Internal Regulated Supply. A capacitor with a value of 1 pF or greater should be placed on this pin
to maintain good accuracy. This pin can be used as a reference to program the ISET pin voltage.
This pin allows the current limit threshold to be programmed. The default limit is set when this
pin is connected directly to VCAP. To achieve a user-defined sense voltage, the current limit can
be adjusted using a resistor divider from VCAP. An external reference can also be used.

Soft Start Pin. A capacitor is used on this pin to set the soft start ramp profile. The voltage on the
SS pin controls the current sense voltage limit, which controls the inrush current profile.

Timer Pin. An external capacitor, Cnimer, sets an initial timing cycle delay and a fault delay. The
GATE pin is pulled low when the voltage on the TIMER pin exceeds the upper threshold.

PMBus Address Pin. This pin can be tied to GND, tied to VCAP, left floating, or tied low through a
resistor to set four different PMBus addresses (see the Device Addressing section).
General-Purpose Digital Output (GPO1).

Alert (ALERT1). This pin can be configured to generate an alert signal when one or more fault or
warning conditions are detected.

Conversion (CONV). This pin can be used as an input signal to control when a power monitor
ADC sampling cycle begins.

At power-up, this pin defaults to a high impedance state. There is no internal pull-up on this pin.
Serial Data Input/Output Pin. Open-drain input/output. Requires an external resistive pull-up.
Serial Clock Pin. Open-drain input. Requires an external resistive pull-up.

Power-Good Signal. Used to indicate that the supply is within tolerance. This signal is based on
the voltage present on the FLB pin.

Foldback Pin. A foldback resistor divider is placed from the source of the FET to this pin. Foldback
is used to reduce the current limit when the source voltage drops. The foldback feature ensures
that the power through the FET is not increased beyond the SOA limits.

Chip Ground Pin.

Gate Output Pin. This pin is the high-side gate drive of an external N-channel FET. This pin is
driven by the FET drive controller, which uses a charge pump to provide a pull-up current to
charge the FET gate pin. The FET drive controller regulates to a maximum load current by
regulating the GATE pin. GATE is held low when the supply is below UVLO.

Negative Current Sense Input Pin. A sense resistor between the SENSE+ pin and the SENSE- pin
sets the analog current limit. The hot-swap operation of the ADM1275 controls the external FET
gate to maintain the sense voltage (Vsense+ — Vsense-). This pin also connects to the FET drain pin.
Positive Current Sense Input Pin. This pin connects to the main supply input. A sense resistor
between the SENSE+ pin and the SENSE- pin sets the analog current limit. The hot-swap operation
of the ADM1275 controls the external FET gate to maintain the sense voltage (Vsense+ — Vsense-).
This pin is also used to measure the supply input voltage using the ADC.
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Figure 6. ADM1275-3 Pin Configuration, QSOP g
o
(G)

NOTES

1. SOLDER THE EXPOSED PADDLE TO
THE BOARD TO IMPROVE THERMAL
DISSIPATION. THE EXPOSED PADDLE
CAN BE CONNECTED TO GROUND.

Figure 7. ADM1275-3 Pin Configuration, LFCSP

08931-110

Table 7. ADM1275-3 Pin Function Descriptions

Pin No.

QsopP LFCSP | Mnemonic Description

1 19 VvCC Positive Supply Input Pin. An undervoltage lockout (UVLO) circuit resets the device when a low
supply voltage is detected. GATE is held low when the supply is below UVLO. During normal
operation, this pin should remain greater than or equal to SENSE+ to ensure that specifications are
adhered to. No sequencing is required.

2 20 uv Undervoltage Input Pin. An external resistor divider is used from the supply to this pin to allow an
internal comparator to detect whether the supply is under the UV limit.

3 1 ov Overvoltage Input Pin. An external resistor divider is used from the supply to this pin to allow an
internal comparator to detect whether the supply is above the OV limit.

4 2 VCAP Internal Regulated Supply. A capacitor with a value of 1 uF or greater should be placed on this pin
to maintain good accuracy. This pin can be used as a reference to program the ISET pin voltage.

5 3 ISET This pin allows the current limit threshold to be programmed. The default limit is set when this pin
is connected directly to VCAP. To achieve a user-defined sense voltage, the current limit can be
adjusted using a resistor divider from VCAP. An external reference can also be used.

6 4 SS Soft Start Pin. A capacitor is used on this pin to set the soft start ramp profile. The voltage on the
SS pin controls the current sense voltage limit, which controls the inrush current profile.

7 5 TIMER Timer Pin. An external capacitor, Criver, sets an initial timing cycle delay and a fault delay. The GATE
pin is pulled low when the voltage on the TIMER pin exceeds the upper threshold.

8 6 LATCH Signals that the device is latching off after an overcurrent fault. The device can be configured for
automatic retry after latch-off by connecting this pin directly back to the UV pin.

9 7 ADR PMBus Address Pin. This pin can be tied to GND, tied to VCAP, left floating, or tied low through a
resistor to set four different PMBus addresses (see the Device Addressing section).

10 8 ENABLE Digital Logic Input. This input must be high to allow the ADM1275-3 hot-swap controller to begin a
power-up sequence. If this pin is held low, the ADM1275-3 is prevented from powering up. There is
no internal pull-up on this pin.

11 9 GPO2/ALERT2 | General-Purpose Digital Output (GPO2).

Alert (ALERT2). This pin can be configured to generate an alert signal when one or more fault or
warning conditions are detected.
At power-up, this pin indicates the FET health mode by default. There is no internal pull-up on this pin.

12 10 SDA Serial Data Input/Output Pin. Open-drain input/output. Requires an external resistive pull-up.

13 1 SCL Serial Clock Pin. Open-drain input. Requires an external resistive pull-up.

14 12 PWRGD Power-Good Signal. Used to indicate that the supply is within tolerance. This signal is based on the
voltage present on the FLB pin.

15 13 FLB Foldback Pin. A foldback resistor divider is placed from the source of the FET to this pin. Foldback is
used to reduce the current limit when the source voltage drops. The foldback feature ensures that
the power through the FET is not increased beyond the SOA limits.
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Pin No.

QSoP LFCSP | Mnemonic Description

16 14 VOouT This pin is used to read back the output voltage using the internal ADC. A 1 kQ resistor should be
inserted in series between the source of a FET and the VOUT pin.

17 15 GND Chip Ground Pin.

18 16 GATE Gate Output Pin. This pin is the high-side gate drive of an external N-channel FET. This pin is driven
by the FET drive controller, which uses a charge pump to provide a pull-up current to charge the FET
gate pin. The FET drive controller regulates to a maximum load current by regulating the GATE pin.
GATE is held low when the supply is below UVLO.

19 17 SENSE- Negative Current Sense Input Pin. A sense resistor between the SENSE+ pin and the SENSE- pin sets
the analog current limit. The hot-swap operation of the ADM1275 controls the external FET gate to
maintain the sense voltage (Vsense+ — Vsense-). This pin also connects to the FET drain pin.

20 18 SENSE+ Positive Current Sense Input Pin. This pin connects to the main supply input. A sense resistor
between the SENSE+ pin and the SENSE- pin sets the analog current limit. The hot-swap operation
of the ADM1275 controls the external FET gate to maintain the sense voltage (Vsense+ — Vsense-). This
pin is also used to measure the supply input voltage using the ADC.

N/A EP EPAD Exposed Paddle on Underside of LFCSP. Solder the exposed paddle to the board to improve thermal
dissipation. The exposed paddle can be connected to ground.
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TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 8. Supply Current (Icc) vs. Supply Voltage (Vo) Figure 11. Gate Pull-Down Current (lcareon_stow) vs. Temperature
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Figure 14. Gate Pull-Up Current (lcateur) vs. Gate Voltage (Veare)
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Figure 17. Gate Drive Voltage (AVesate) vs. Supply Voltage (Vcc), 5 UA Load
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Figure 16. Gate Drive Voltage (AVesate) vs. Supply Voltage (Vcc), No Load
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Figure 18. Gate Drive Voltage (AVeate) vs. Temperature, No Load
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Figure 23. Timer Thresholds vs. Temperature
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Figure 24. Foldback Threshold vs. Temperature
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Figure 27. Severe Overcurrent Response Time vs. Supply Voltage (Vcc),
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Figure 28. Severe Overcurrent Response Time vs. Supply Voltage (Vcd),
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Figure 29. Circuit Breaker Offset (Vcsos) vs. Supply Voltage (Vo)
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Figure 30. Hot-Swap Sense Voltage Current Limit (Vsensect)
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Figure 31. Hot-Swap Sense Voltage Current Limit (Vsensect)
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Figure 38. VCAP Voltage (Vvcae) vs. VCAP Load (lvcar)
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Figure 39. UV Threshold (UVr) vs. Temperature
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Figure 42. Worst-Case Current Sense Power Monitor Error vs. Current Sense
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Figure 43. ADM1275-1 Functional Block Diagram
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Figure 44. ADM1275-2 Functional Block Diagram
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THEORY OF OPERATION

When circuit boards are inserted into a live backplane, discharged
supply bypass capacitors draw large transient currents from the
backplane power bus as they charge. These transient currents can
cause permanent damage to connector pins, as well as dips on
the backplane supply that can reset other boards in the system.

The ADM1275 is designed to control the powering on and off
of a system in a controlled manner, allowing a board to be removed
from, or inserted into, a live backplane by protecting it from excess
currents. The ADM1275 can reside on the back-plane or on the
removable board.

POWERING THE ADM1275

A supply voltage from 2.95 V to 20 V is required to power the
ADM1275 via the VCC pin. The VCC pin provides the majority
of the bias current for the device; the remainder of the current
needed to control the gate drive and best regulate the Vs
voltage is supplied by the SENSE+ pin.

To ensure correct operation of the ADM1275, the voltage on
the VCC pin must be greater than or equal to the voltage on
the SENSE+ pin. No sequencing of the VCC and SENSE+ rails
is necessary. The SENSE+ pin can be as low as 2 V for normal
operation provided that a voltage of at least 2.95 V is connected
to the VCC pin. In most applications, both the VCC and SENSE+
pins are connected to the same voltage rail, but they are connected
via separate traces to prevent accuracy loss in the sense voltage
measurement (see Figure 46).

2.95V TO 20V Rsense Q
131
SENSE+ SENSE-
—vecd C
vee ADM1275 GATE

08931-028

)
TGND

Figure 46. Powering the ADM1275

To protect the ADM1275 from unnecessary resets due to transient
supply glitches, an external resistor and capacitor can be added,
as shown in Figure 47. The values of these components should be
chosen to provide a time constant that can filter any expected
glitches. The resistor should, however, be small enough to keep
voltage drops due to quiescent current to a minimum. A supply
decoupling capacitor should not be placed on the rail before the
FET unless a resistor is used to limit the inrush current.

2.95V TO 20V RseNnsE Qq
13T
$20
SENSE+ SENSE-
O C
vce ADM1275 GATE

= 330nF

O 8

TGND z

Figure 47. Transient Glitch Protection Using an RC Network

CURRENT SENSE INPUTS

The load current is monitored by measuring the voltage drop
across an external sense resistor, Rsense (see Figure 48). An
internal current sense amplifier provides a gain of 50 to the
voltage drop detected across Rsexse. The result is compared to
an internal reference and used by the hot-swap control logic to
detect when an overcurrent condition occurs.

Rsense Q,
. 1§81
SENSE+ SENSE—
Q over- G
vee CURRENT | GATE
REFERENCE
ADM1275
)

08931-030

TGND

Figure 48. Hot-Swap Current Sense Amplifier

The SENSE inputs may be connected to multiple parallel sense
resistors, which can affect the voltage drop detected by the
ADM1275. The current flowing through the sense resistors
creates an offset, resulting in reduced accuracy.

To achieve better accuracy, averaging resistors sum the current
from the nodes of each sense resistor, as shown in Figure 49. The
typical value for the averaging resistors is 10 Q). The value of the
averaging resistors is chosen to be much greater than the trace
resistance between the sense resistors terminals and the inputs
to the ADM1275. This greatly reduces the effects of differences
in the trace resistances.
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Figure 49. Connection of Multiple Sense Resistors to the SENSE Pins

CURRENT LIMIT REFERENCE

The current limit reference voltage determines the load current
level to which the ADM1275 limits the current during an
overcurrent event. This reference voltage is compared to the
gained-up current sense voltage to determine whether the limit
is reached.

An internal current limit reference selector block continuously
compares the ISET, soft start, and foldback voltages to determine
which voltage is the lowest at any given time; the lowest voltage
is used as the current limit reference. This ensures that the
programmed current limit, ISET, is used in normal operation,
and that the soft start and foldback features reduce the current
limit when required during startup and/or fault conditions.

Rsense Q
18
SENSE+ SENSE—
vcec
over- € GATE
ISET CURRENT
SS
FLB
ADM1275

08931-032

I\
TGND

Figure 50. Current Limit Reference Selection

The foldback and soft start voltages vary during different modes
of operation and are, therefore, clamped to minimum levels of
200 mV and 100 mV, respectively, to prevent zero current flow
due to the current limit being too low. Figure 51 provides an
example of how the soft start, foldback, and ISET voltages
interact during startup as the ADM1275 is enhancing the FET
and charging the load capacitances. Depending on how the soft
start and foldback features are configured, the hand-off point
can vary to ensure that the FET is operated correctly.

v 4
SS
FLB
1V ISET
CURRENT LIMIT
REFERENCE
0.2v
0.1v 2
8

Figure 51. Interaction of Soft Start, Foldback, and ISET Current Limits

SETTING THE CURRENT LIMIT (ISET)

The maximum current limit is partially determined by selecting
a sense resistor to match the current sense voltage limit on the
controller for the desired load current. However, as currents
become larger, the sense resistor requirements become smaller,
and resolution can be difficult to achieve when selecting the
appropriate sense resistor. The ADM1275 provides an adjustable
current sense voltage limit to handle this issue. The device allows
the user to program the required current sense voltage limit
from 5 mV to 25 mV.

The default value of 20 mV is achieved by connecting the ISET
pin directly to the VCAP pin. This configures the device to use
an internal 1 V reference, which equates to 20 mV at the sense
inputs (see Figure 52).

VCAP(J>

C1=—=

et | ADM1275

)

TGND

08931-034

Figure 52. Fixed 20 mV Current Sense Limit

To program the sense voltage from 5 mV to 25 mV, a resistor
divider is used to set a reference voltage on the ISET pin (see
Figure 53).
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Figure 53. Adjustable 5 mV to 25 mV Current Sense Limit
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The VCAP pin has a 2.7 V (+1.5%) internal generated voltage
that can be used to set a voltage at the ISET pin. Assuming that
Viser equals the voltage on the ISET pin, the resistor divider
should be sized to set the ISET voltage as follows:

Viser = Visense X 50
where Visense is the current sense voltage limit.

The VCAP rail can also be used as the pull-up supply for setting
the I*C address. The VCAP pin should not be used for any other
purpose. To guarantee accuracy specifications, care should be
taken not to load the VCAP pin by more than 100 pA.

SOFT START

A capacitor connected to the SS pin determines the inrush
current profile. Before the FET is enabled, the output voltage of
the current limit reference selector block is clamped at 100 mV.
This, in turn, holds the hot-swap sense voltage current limit,
Vsensect, at approximately 2 mV. When the FET is requested to
turn on, the SS pin is held at ground until the voltage between
the SENSE+ and SENSE- pins (Vsexse) reaches the circuit
breaker voltage, Vcs.

Vs = Vsenseer — Vesos
where Vepos is typically 0.88 mV, making Ves = 1.12 mV.

When the load current generates a sense voltage equal to Vs, a
10 pA current source is enabled, which charges the SS capacitor
and results in a linear ramping voltage on the SS pin. The current
limit reference also ramps up accordingly, allowing the regulated
load current to ramp up while avoiding sudden transients during
power-up. The SS capacitor value is given by

Iy xt

SS
VISET

where:
Iss =10 pA.
t =SS ramp time.

For example, a 10 nF capacitor gives a soft start time of 1 ms.

Note that the SS voltage may intersect with the FLB (foldback)
voltage, and the current limit reference may change to follow
FLB (see Figure 51). This change has minimal impact on startup
because the output voltage rises at a similar rate to the SS voltage.
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1SET C LIMIT
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Ky CURRENT
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ss + 10uA LIMIT
CONTROL

‘[ = (l) FLB
. JGND

Figure 54. Soft Start
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FOLDBACK

Foldback is a method to actively reduce the current limit as the
voltage drop across the FET increases. It keeps the power across
the FET to a minimum during power-up, overcurrent, or short-
circuit events. It also avoids the need to oversize the FET to
accommodate worst-case conditions, resulting in board size
and cost savings.

The ADM1275 detects the voltage drop across the FET by
looking at a resistor-divided version of the output voltage. It is
assumed that the supply voltage remains constant and within
tolerance. The device therefore relies on the principle that the
drain of the FET is at the maximum expected supply voltage,
and that the magnitude of the output voltage is relative to that
of the Vs of the FET. Using a resistor divider from the output
voltage to the FLB pin, a relationship from Vour, and thus Vps,
to Vs can be derived.

The resistor divider should be designed to output a voltage
equal to ISET when Vour falls below the desired level. This
should be well below the working tolerance of the supply rail.
As Vour continues to drop, the current limit reference follows
Ve because it is now the lowest voltage input to the current
limit reference selector block. This results in a reduction of the
current limit and, therefore, the regulated load current. To
prevent complete current flow restriction, a clamp becomes
active when the current limit reference reaches 200 mV. The
current limit cannot drop below this level.

To suit the SOA characteristics of a particular FET, the required
minimum current for this clamp varies from design to design.
However, the current limit reference fixes this clamp at 200 mV,
which equates to 4 mV at the sense resistor. Therefore, the main
ISET voltage can be adjusted to align this clamp to the required
percentage current reduction. For example, if ISET equals 0.8 V,
the clamp can be set at 25% of the maximum current.
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TIMER

The TIMER pin handles several timing functions with an
external capacitor, Criver. The two comparator thresholds are
Vrmvere. (0.2 V) and Vrnvera (1 V). There are four timing current
sources: a 3 pA pull-up, a 60 pA pull-up, a 2 pA pull-down, and
a 100 pA pull-down.

These current and voltage levels, together with the value of
Criver chosen by the user, determine the initial timing cycle
time, the fault current limit time, and the hot-swap retry duty
cycle. The TIMER capacitor value is determined using the
following equation:

Crmer = (fon X 60 HA)/ Vinera

where fon is the time that the FET is allowed to spend in regu-
lation at the set current limit. The choice of FET is based on
matching this time with the SOA requirements of the FET.
Foldback can be used to simplify the selection.

When VCC is connected to the backplane supply, the internal
supply of the ADM1275 must be charged up. In a very short
time, the internal supply is fully charged up and, because the
undervoltage lockout (UVLO) voltage is exceeded at VCC, the
device comes out of reset. During this first short reset period,
the GATE and TIMER pins are both held low.

The ADM1275 then goes through an initial timing cycle. The
TIMER pin is pulled high with 3 pA. When the TIMER reaches
the Vrvern threshold (1.0 V), the first portion of the initial timing
cycle is complete. The 100 pA current source then pulls down the
TIMER pin until it reaches Vrivere (0.2 V). The initial timing
cycle duration is related to Crimer by the following equation:

\% xC V.

TIMERH TIMER + ( TIMERH — VTIMERL) X CTIMER

INITIAL = 30A 100 pA

For example, a 100 nF capacitor results in a delay of approxi-
mately 34 ms. If the UV and OV inputs indicate that the supply
is within the defined window of operation when the initial
timing cycle terminates, the device is ready to start a hot-swap
operation.

t

When the voltage across the sense resistor reaches the circuit
breaker trip voltage, Vcs, the 60 pA timer pull-up current is
activated, and the gate begins to regulate the current at the
current limit. This initiates a ramp-up on the TIMER pin. If the
sense voltage falls below this circuit breaker trip voltage before
the TIMER pin reaches Vrivern, the 60 pA pull-up is disabled
and the 2 pA pull-down is enabled.

The circuit breaker trip voltage is not the same as the hot-swap
sense voltage current limit. There is a small circuit breaker offset,
Vcsos, which means that the timer actually starts a short time
before the current reaches the defined current limit.

However, if the overcurrent condition is continuous and the
sense voltage remains above the circuit breaker trip voltage, the
60 pA pull-up remains active and the FET remains in regulation.

This allows the TIMER pin to reach Vrveru and initiate the
GATE shutdown. On the ADM1275-1 and ADM1275-3, the

LATCH pin is pulled low immediately.

In latch-off mode, the TIMER pin is switched to the 2 pA
pull-down when it reaches the Vimeru threshold. The LATCH
pin (ADM1275-1 and ADM1275-3) remains low. While the
TIMER pin is being pulled down, the hot-swap controller is
kept off and cannot be turned back on.

When the voltage on the TIMER pin goes below the Vrnvere
threshold, the hot-swap controller can be reenabled by toggling
the UV pin or by using the PMBus OPERATION command to
toggle the ON bit from on to off and then on again.

HOT-SWAP RETRY DUTY CYCLE

The ADM1275-1 and ADM1275-3 turn off the FET after an
overcurrent fault and then use the capacitor on the TIMER pin
to provide a delay before automatically retrying the hot-swap
operation. To configure the ADM1275-1 and ADM1275-3 for
autoretry mode, the LATCH pin is tied to the UV pin or to the
ENABLE pin (ADM1275-3 only). Note that a pull-up is
required on the LATCH pin.

When an overcurrent fault occurs, the TIMER capacitor is
charged with a 60 pA pull-up current. When the TIMER pin
reaches Vrvern, the GATE pin is pulled down. When the
LATCH pin is tied to the UV pin or the ENABLE pin for
autoretry mode, the TIMER pin is pulled down with a 2 pA
current sink. When the TIMER pin reaches Vrivere. (0.2 V),
it automatically restarts the hot-swap operation.

The duty cycle of this automatic retry cycle is set by the ratio of
2 uA/60 pA, which approximates to being on about 4% of the
time. The value of the timer capacitor determines the on time of
this cycle, which is calculated as follows:

ton = Vimere X (Criver/60 pA)
torr = (Vrvere — Vrere) X (Criver/2 pA)

A 100 nF TIMER capacitor gives an on time of 1.67 ms and an
off time of 40 ms. The device retries indefinitely in this manner
and can be disabled manually by holding the UV or ENABLE
pin low or by disconnecting the LATCH pin. To prevent thermal

stress, an RC network can be used to extend the retry time to
any desired level.

FET GATE DRIVE CLAMPS

The charge pump used on the GATE pin is capable of driving
the pin to Vee + (2 X Vec), but it is clamped to less than 14 V
above the SENSE pins and less than 31 V. These clamps ensure
that the maximum Vs rating of the FET is not exceeded.
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