FEATURES

Supervises 6 Power Supplies

I2C Adjustable UV and OV Trip Points
Guaranteed Threshold Accuracy: +1% (Maximum)
12C/SMBus Interface

Internal EEPROM

Six Comparator Outputs

Fast Comparator Response Time: 7.5)iS

256 Programmable Thresholds per Channel
Three Range Settings per Channel

Two General Purpose Inputs

Three General Purpose Inputs/Outputs
Programmable Output Delays

Can Be Powered from 3.3V, or 3.4V to 13.9V
24-Pin 4mm x 5mm QFN and SSOP Packages

APPLICATIONS

High Availability Computer Systems
Network Servers

Telecom Equipment

Data Storage Systems

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. All other trademarks are the property of their respective owners.
Patent Pending.
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TECHNOLOGY programmuble Hex Voltuge
Supervisor with EEPROM aund

Compurator Outputs

DESCRIPTION

The LTC®2936 is an EEPROM configurable voltage super-
visor which can simultaneously monitor up to six power
supply voltage inputs. Each voltage detector offers 12C
programmable overvoltage/undervoltage thresholds in
various ranges and increments and a dedicated compara-
tor output.

Two general purpose inputs (GPI) can be configured as

PI)
programmable manual reset (MR), UV disable (UVDIS),
margin (MARG), Write Protect (WP) or auxiliary compara-
tor (AUXC) inputs. Three general purpose pins (GPIO)
can be configured for input or output operation. When
configured as an input, a GPI0 pin can be mapped to any
other GPIO configured as output. The GPIO pins can also
be configured as ALERT or fault outputs. Faults can be
configured with programmable delay-on-release times.

Output type and polarity are also configurable.

Status and history registers log faults and can be polled
via the 12C interface. A fault snapshot is also backed up
in internal EEPROM. All parameters are programmable
via the 12C interface. Configuration EEPROM supports
autonomous operation without additional software.
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LTC2936

ABSOLUTE MAXIMUM RATINGS (notes 1, 2)

Supply Voltages Operating Temperature Range
VPR eeeveeereeeeeereseeseememmmmsesesmeseessesemmmneennnne ~0.3V to 14V LTC2936C ... 0°C to 70°C
VD33 eeeeeerrrerreerseeeeeeeeeeeeeeeeeeeeeeee e ~0.3V to 3.6V LTC29361 oo ~40°C 10 85°C
Digital Input/Output Voltages Storage Temperature Range ................ -65°C to 150°C*
SDA, SCL, GPI1, GPI2 ... -0.3Vto 6V Maximum Junction Temperature ..........c..c.c....... 125°C*
GPI01-GPI03, CMP1-CMP6.................... -0.3Vto 14V  Lead Temperature Range (Soldering, 10 sec)
ASELQ, ASELT ... -0.3V to Vppas SSOP PaCKage ......covveeeriieeieeceeeeeeeens 300°C
Analog Voltages . . . . .
* See Applications Information section for detailed EEPROM derating
VAVB oo ~0.3V10 8Y  jytormation or junction temperatres in xcess of 85°C.
PIN CONFIGURATION
TOP VIEW TOP VIEW
v3 [1] [24] v4 S
v2 [2] 23] V5 [ 1241,231,22(;211,20] _|
vl 119 GPI1
v [ 22] vo Vowa [ 21 T 1 18] api2
Vewr [4] 21] GPIf Vooas _3—'; I I ﬁ; soL
Vooss (5] 20] ci2 o4 |25 1 g soa
oo [6] 9] sc ] | | EE
GPI03 [7] 18] SDA aseLof! L 1] pioe
ASELO [8] 17] GPio1 AseL1[71 73] cmps
ASEL1 [9] [16] GPI02 [~ [81rgioltlival
CMP4 [10) [15] CMP5 fggzg
CMP3 E E CMPG S O O O O
cmp2 [12) [13] CMP1 UFD PACKAGE
24-LEAD (4mm x 5mm) PLASTIC QFN
Tymax = 125°C, 6,0 = 88°C/W, 6,c1op = 30°C/W PCB CONNECTION IS OPTIONAL

ORDGR InFOﬂmﬂTIOn http://www.linear.com/product/LTC29364#orderinfo

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC2936CGN#PBF LTC2936CGN#TRPBF LTG2936GN 24-Lead Plastic SSOP 0°Cto 70°C
LTC2936IGN#PBF LTC29361GN#TRPBF LTC2936GN 24-Lead Plastic SSOP -40°C to 85°C
LTC2936CUFD#PBF LTC2936CUFD#TRPBF | 2936 24-Lead (4mm x 5mm) Plastic QFN 0°Cto 70°C
LTC29361UFD#PBF LTC29361UFD#TRPBF 2936 24-Lead (4mm x 5mm) Plastic QFN -40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/
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LTC2936

GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C and Vpyg = 12V (Note 2).

SYMBOL | PARAMETER | CONDITIONS | MmN TYP  MAX | UNITS
Power Supply Characteristics
VPwr Vpwr Supply Voltage Range ) 34 13.9 v
Vb33 Vppas Regulator Output Voltage lyppaz =-1mA o 3.23 3.3 3.37 V
Ipp Vppas Regulator Current Limit Vbp3z = 0V o -10 mA
VDpEXT Vbpas Supply Voltage Range Vb33 = Vpwr ® 3.13 3.3 3.47 v
lpwr Vpwr Supply Current ° 0.7 mA
Writing to EEPROM o 15 mA
lvppEXT Vppext Supply Current (] 0.7 mA
Writing to EEPROM o 15 mA
Voltage Supervisor Characteristics
VRANGE \Vn Monitoring Range Precision Range ] 0.2 1.2 V
Low Range ) 0.5 3
Medium Range o 1 5.8
Vstep Vn Threshold Programming Step (LSB) | Precision Range 4 mV
Low Range 10
Medium Range 20
VERR VnThreshold Accuracy Precision Range, 0.6V < Vn< 1.2V ° +1 %
Precision Range, 0.2V <Vn< 0.6V [ +6 mV
Low Range, 1.5V <Vn< 3V ) +1 %
Low Range, 0.5V <Vn< 1.5V o +15 mV
Medium Range, 3V <Vn< 5.8V [ +1 %
Medium Range, 1V< Vn <3V ) +30 mV
Rin Vn Input Impedance Low and Medium Range and High Range o 400 600 kQ
In Vn Input Current Precision Range, 1.2V Input [ 10 nA
tRT Vn Comparator Response Time 2 LSB of Overdrive 15 Hs
20 LSB of Qverdrive ) 7.5 10 us
Manual Reset Characteristics
tvRI Input Pulse Width Active Low ° 5 HS
tvMRR Glitch Rejection 1 us
CMPn Output Characteristics
VoL Low Qutput Voltage Isink = 3mA ) 0.4 V
ILEAK Leakage Current Vomp = 13.9V () +2 HA
lpy Internal Pull-up Current Vewp =2V ] -5 -15 -30 HA
GPIn Characteristics
ViTH Input Threshold Voltage ° 0.6 1 1.4 v
ILEAK Leakage Current Vgpy = 6V o +2 HA
Ipy Internal Pull-up Current Vgpr =2V () -5 -15 -30 HA
Auxiliary Comparator Characteristics
Vacin Input Threshold Voltage ] 0.49 0.5 0.51 v
laci Input Current Input Voltage = 0.5V ° +10 nA
taCRT Response time 40mV Overdrive 25 us
GPI0n Characteristics
VoL Low Qutput Voltage Isink = 3mA ) 04 V
Vith Input Threshold Voltage [ 0.6 1 14 v
[ Ak Leakage Current Vgpio = 13.9V ] +2 HA
lpy Internal Pull-up Current Vgpio =2V ] -5 -15 -30 HA
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LTC2936

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C and Vpyg = 12V (Note 2).

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
torRo Programmable Output Delay-On-Release | 000b ) 0.001 0.050 ms
GPIO1_DELAY_ON_RELEASE, 001b ° 1 1.6 2.1 ms
GPI02_DELAY_ON_RELEASE and 010b ° 45 6.4 8.3 ms
GPIO3_DELAY_ON_RELEASE 011b e | 179 25.6 33.3 ms
100b ® | 358 51.2 66.6 ms
101b ® | 1433 2048 266.3 ms
110b ® | 2866 4096 532.6 ms
111b ® | 1146 1638 2130 ms
EEPROM Characteristics
Retention Retention (Notes 5, 6) o 10 Years
Endurance | Endurance (Notes 5, 6) e | 10,000 Cycles
tEEFS Fault Storage Time (Note 4) Backup Fault Storage Operation 10 ms
teEPR Programming Time 12C NAK’s During STORE_USER Operation 100 ms
tEERU Restore Time RESTORE_USER Command 1 ms
Digital Inputs SCL, SDA
ViH High Level Input Voltage [ 2.0 V
ViL Low Level Input Voltage ° 0.8 V
Vhyst Input Hysteresis (Note 4) 40 mV
I EAk Input Leakage Current SCL, SDA = GND to 5.5V ] -1 1 pA
Digital Output SDA
VoL Digital Output Low Voltage Isink = 3mA ) 0.4 V
Digital Inputs ASELO, ASEL1
Vi Input High Threshold Voltage ° V08343 - v
Vi Input Low Threshold Voltage [ 0.4 V
I, High, Low Input Current ASELn =0, Vpps3 ® -20 20 pA
[FLoAT High Z Input Current 0.5V< ASELn < Vpp33 — 0.5V ] -10 10 HA
Serial Bus Timing Characteristics (Note 3)
fscL Serial Clock Frequency ° 10 400 kHz
tLow Serial Clock Low Period ) 1.3 Hs
tHigH Serial Clock High Period ) 0.6 Hs
tRuF Bus Free Time Between Stop and Start ° 1.3 Hs
tHp, STA Start Condition Hold Time ° 600 ns
tsu STA Start Condition Setup Time ° 600 ns
tsu sTo Stop Condition Setup Time o 600 ns
tHD DAT Data Hold Time LTC2936 Receiving Data [ 0 ns
LTC2936 Transmitting Data ) 300 ns
tsu paT Data Setup Time ° 100 ns
tsp Pulse Width of Spike Suppressed 100 ns
trimeout Bus | Time Allowed to Complete Any PMBus 32 ms
Command After Which Time SDA Will
Be Released and Command Terminated

2936fa
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LTC2936

ELECTRICAL CHARACTERISTICS

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime. The LTC2936 is tested with Tp = Tgase.
Note 2: All currents into device pins are positive; all currents out of device
pins are negative. All voltages are referenced to GND unless otherwise
specified.
Note 3: Maximum capacitive load, Cg, for SCL and SDA is 400pF. Data and
clock rise time (t;) and fall time (tf) are:

(20 + 0.1« Cg) (ns) < t; < 300ns, and

(20 + 0.1+ Cg) (ns) < t; < 300ns
Cpg = capacitance of one bus line in pfk SCL and SDA external pull-up
voltage, Vg, is 3V < Vg < 5.5V.

Note 4: Guaranteed by design, not directly tested.

Note 5: EEPROM endurance and retention are guaranteed by design,
characterization and correlation with statistical process controls. The
minimum retention specification applies for devices whose EEPROM has
been cycled less than the minimum endurance specification.

Note 6: EEPROM endurance and retention will be degraded when T; > 85°C.

TIMING DIAGRAMS
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LTC2936
TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

ASELO, ASEL1: 12C Bus Address Select Inputs. Can be
connected to ground, Vpps3 or can be left unconnected
to select 1 out of 9 addresses.

CMP1-CMP6: Comparator Open-Drain Outputs. These pins
assert low in response to a user-programmable combina-
tion of UV and OV conditions on the associated channels.
Each output has a 15pA pull-up to Vppss.

Exposed Pad (QFN Package Only): Ground. The exposed
pad may be left open or connected to device ground.

GND: Ground.

GPI1, GPI2: General Purpose Inputs. Configurable as one
of five possibilities (no duplication):

« Manual reset (MR) input, active low, 15pA pull-up to
Vbp33

e UVdisable (UVDIS), active low, 15pA pull-up to Vppas.
Outputs ignore UV faults.

* Margin (MARG), active low, 15pA pull-up to Vppass.
Outputs ignore both UV and OV faults.

Write Protect (WP), active low, 15pA pull-up to Vpp3s.
12C write commands are ignored.

e Hi-Z Auxiliary Comparator (AUXC) Input. Program-
mable polarity.

GPIO1, GPI02, GP103: General Purpose Input/Output.
Each GPIO is configurable as either input, open-drain
output, or weak pull-up output. OQutput polarity is pro-
grammable. When configured as outputs, these pins
respond to selectable UV conditions, OV conditions, MR,
auxiliary comparator output, or other input-configured
GPIOn with programmable delay-on-release. These pins
can also be configured as ALERT per SMBus standard.
When configured as inputs, each pin can be mapped to
any other output. These pins have an optional 15pA pull-
up to Vppss. Unused GPIO pins should be tied to Vppss
or have their pull-up enabled.

SCL: 12C Serial Clock (400kHz Maximum). Needs external
pull-up resistor.

SDA: 12C Serial Data. Needs external pull-up resistor.

V1-V6: Voltage Supervisor Input. Programmable thresh-
olds from 0.2V to 1.2V in 4mV increments (precision
range), from 0.5V to 3V in 10mV increments (low range)
or from 1V t0 5.8V in 20mV increments (medium range).
See the Applications Information section for information
on unused channels.

Vppss: 3.3V Internal Regulator Output. A 100nF capaci-
tor to ground is required. The internal regulator can be
disabled by connecting Vpyr to Vppas and operating from
an external 3.3V supply.

Vpwr: Power Supply Input (Internal Regulator Input).
Power supply range is 3.4V to 13.9V. Bypass this pin to
ground with a 100nF (or greater) capacitor. The internal
regulator can be disabled by connecting Vpwr t0 Vppss
and operating from an external 3.3V supply.

PIN NAME PIN TYPE PIN (SSOP) PIN (QFN)
V3 IN 1 23
V2 IN 2 2
Vi IN 3 1

Vown IN 4 2
VD33 OUT/IN 5 3
GND GND 6 4,25
GPI03 IN/OUT 7 5
ASELO IN 8 6
ASEL1 IN 9 7
CMP4 ouT 10 8
CMP3 ouT 11 9
CMP2 ouT 12 10
CMP1 ouT 13 11
CMP6 ouT 14 12
CMP5 ouT 15 13
GPI02 IN/OUT 16 14
GPIO1 IN/OUT 17 15
SDA IN/OUT 18 16
ScL IN 19 17
GPI2 IN 20 18
GPI1 IN 21 19
V6 IN 22 20
V5 IN 23 21
V4 IN 2 22

2936fa
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OPERATION

The LTC2936 can perform the following operations:
*  Accept I2C bus programming commands.

e Simultaneously monitor up to sixinputs with respectto
12C bus programmed fault limits and assert/de-assert
the associated CMPn outputs in response to OV and/
or UV faults.

* (Configure and monitor for OV/UV faults using two
independent comparators per channel.

*  Configure two general purpose inputs as manual reset
(MR), undervoltage disable (UVDIS), margin (MARG),
write protect (WP) or auxiliary comparator (AUXC)
inputs.

* (Configure three general purpose inputs/outputs
(GPIOn) to output faults, inputs from GPIn or from
other GPIOn.

* Independently select each general purpose output
polarity and type (open-drain or weak pull-up).

* Independently select each general purpose output
response delay-on-release (with respect to the mo-
ment its condition is internally cleared).

* (Generateinterrupt (ALERT) signals in response to any
voltage faults, as well as the logic state of the inputs.

o Store register contents to EEPROM.
» Store voltage and timing fault history to EEPROM.

* Restore EEPROM contents into the operating memory,
by 12C command and at power-up.

e Report voltage fault status and history.

* Hardware and/or software write-protect the operating
memory.

THRESHOLD ACCURACY

The LTC2936 +1% threshold accuracy specification
improves the reliability of the system over supervisors
with wider threshold tolerances. A less accurate voltage
supervisor increases the required system voltage margin.
Thisinturnincreasesthe probability of system malfunction.

Considera 5V £10% supply: it may vary between 4.5V and
5.5V and the circuitry powered by it must operate reliably
within this band. An ideal, perfectly accurate supervisor
would generate a reset at exactly 4.5V. The LTC2936
threshold varies +1% around the nominal threshold volt-
age, in the medium range, if the selected value is greater
than 3V. The reset threshold band and the power supply
tolerance bands should not overlap, in order to prevent
false alarms when the power supply actually meets its
specified tolerance band (see Figure 1).

A +10% threshold is usually setto 11% below the nominal
input voltage, or 4.45V in this example. The threshold is
guaranteed to be within the 4.4V to 4.5V band over tem-
perature. To prevent malfunction, the powered system
must operate reliably down to 4.4V.

NOMINAL SUPPLY VOLTAGE
P

SUPPLY TOLERANCE

SYSTEM VOLTAGE THRESHOLD

45V l -10%

448V frmmmmm m et m e e e 1%

4.4v ~12%
REGION OF POTENTIAL MALFUNCTION

2936 FO1

MINIMUM RELIABLE | IDEAL SUPERVISOR

Figure 1. 1% Threshold Accuracy Improves System Reliability

2936fa
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OPERATION

I2C Serial Digital Interface

The LTC2936 communicates with a host (master) using
the 12C serial bus interface. The Timing Diagram shows
the timing relationship of the signals on the bus. The two
bus lines, SDA and SCL, must be high when the bus is
not in use. External pull-up resistors or current sources
are required on these lines.

The LTC2936 is a transmit/receive slave only device. The
master device must initiate data transfer on the bus by

LTC2936 Address Look-Up Table

generating SCL to allow the transfer. In the event of an
OV/UV fault, the LTC2936 can be configured to assert the
ALERT output low in order to notify the host.

Slave Address

The LTC2936 can respond to one of 9 addresses. By con-
necting the address ASELO and ASEL1 inputs to Vppss,
GND, or by floating them, the slave address is determined
as shown in the following table. The LTC2936 always
responds to the special addresses.

ASELO 0 Hi-Z 1 0 Hi-Z 1 0 Hi-Z 1
ASEL1 0 0 0 Hi-Z Hi-Z Hi-Z 1 1 1
7-Bit Address 0x50 0x51 0x52 0x53 0x54 0x55 0x58 0x59 0x5A
8-Bit Address 0xA0 0xA2 0xA4 OxA6 0xA8 0xAA 0xBO 0xB2 0xB4

LTC2936 Special Slave Addresses

7-BIT ADDRESS | 8-BIT ADDRESS | DESCRIPTION

0x0C 0x19

Alert Response Address, Independent of the ASEL pin.

0x73 OxE6

Global address to which all LTC2936's will respond. Independent of the ASEL pin.

Communication Protocols

S START CONDITION

Sr REPEATED START CONDITION
Rd  READ (BIT VALUE OF 1)

Wr WRITE (BIT VALUE OF 0)
ACKNOWLEDGE

NOT ACKNOWLEDGE

STOP CONDITION

MASTER TO SLAVE

SLAVE TO MASTER

DDT p

Send Byte Format
1 7 11 8 11

[ s | sLAvE ADDRESS [wr| A | commanD copE| A | P |

Write Word Format
1 7 11 8 1 8 1

11

[ s | SLAVE ADDRESS [wr| A | coMMAND CODE| A | DATABYTE LOW | A | DATABYTEHIGH | A | P |

Read Word Format
1 7 11 8 11 7 11

8 1 8 11

[ s | SLAVE ADDRESS [wr| A [ COMMAND GODE| A | Sr| SLAVE ADDRESS |Rd | A | DATA BYTE LOW | A | DATABYTE HIGH | A | P |

2936 FOO
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LTC2936

OPERATION
Register Command Set
COMMAND R/W/S | DATA LENGTH | COMMAND
FUNCTION DESCRIPTION (See Note) (BITS) BYTE DEFAULT VALUE
WRITE_PROTECT Contains lock key code and write lock. R/W 16 0x00 1010_1010_1010_1000b
GPI_CONFIG Configure GP12 and GPI1 assignment, GPI0n mapping R/W 16 0x01 X001_0000_X000_0000b
and MR internal response.
GPI01_CONFIG Configure GP101 type, delay-on-release and mapping to R/W 16 0x02 X000_0000_0010_1011b
GP102, GPI103.
GP102_3_CONFIG Configure GPI103 type, delay-on-release and mapping R/W 16 0x03 0010_1011_0010_1011b
to GPI01 and GPI02. Configure GP102 type, delay-on-
release and mapping to GP101 and GPI03.
V1_THR Encode high and low voltage thresholds on channel V1. R/W 16 0x04 1110_0110_1011_0100b
V2_THR Encode high and low voltage thresholds on channel V2. R/W 16 0x05 1000_1001_0110_1000b
V3_THR Encode high and low voltage thresholds on channel V3. R/W 16 0x06 0101_1101_0100_0100b
V4_THR Encode high and low voltage thresholds on channel V4. R/W 16 0x07 1001_1001_0111_0101b
V5_THR Encode high and low voltage thresholds on channel V5 R/W 16 0x08 0111_1000_0101_1010b
V6_THR Encode high and low voltage thresholds on channel V6. R/W 16 0x09 0101_0111_0011_1111b
V1_CONFIG Encode comparator range, polarity and GPIOn mapping. R/W 16 0x0A XXX0_1100_1000_1001b
V2_CONFIG Encode comparator range, polarity and GPIOn mapping. R/W 16 0x0B XXX0_1100_1000_1001b
V3_CONFIG Encode comparator range, polarity and GPIOn mapping. R/W 16 0x0C XXX0_1100_1000_1001b
V4_CONFIG Encode comparator range, polarity and GPIOn mapping. R/W 16 0x0D XXX0_1101_1000_1001b
V5_CONFIG Encode comparator range, polarity and GPIOn mapping. R/W 16 0x0E XXX0_1101_1000_1001b
V6_CONFIG Encode comparator range, polarity and GPIOn mapping. R/W 16 0xOF XXX0_1101_1000_1001b
HISTORY_WORD Read the fault history. Read only. R 16 0x11 NA
PADS Return the status of the GPIn, GP10n and CMPn pins. R 16 Ox1A NA
CLEAR_HISTORY Clear volatile memory history register. Write only. S 0x1B NA
STORE_USER Store volatile memory to EEPROM. Write only. S 0x1C NA
RESTORE_USER Restore volatile memory from EEPROM. Write only. S 0x1D NA
BACKUP_WORD Read the EEPROM backup of the first fault history. R 16 0x1E NA
Read only.
STATUS_WORD Read the fault status. Read only. R 16 0x1F NA

Note: R = Read, W = Write, S = Send Byte.
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OPERATION

DETAILED COMMAND REGISTER DESCRIPTIONS When locked, WRITE_LOCK can only be written to 0 if
KEY matches the existing value in memory. For effective

WRITE_PROTECT (Command Byte 0x00) protection against false writes, KEY should contain at

The WRITE_PROTECT command provides the ability to ~ [éast one bit setto 1.

prevent any write operations into the volatile memory, if  Writes to supported commands are ignored when

WRITE_LOCK=1.KEY may bechangedwhenWRITE_LOCK  WRITE_LOCK = 1 or when a GPIn input configured for

=0, orinthe same command that sets WRITE_LOCK=1." WP is held low. All commands may be read regardless of
the WRITE_LOCK bit setting.

WRITE_PROTECT Data Contents

BIT(S) SYMBOL PURPOSE
b[15:2] KEY Must match against programmed combination in order to deactivate write lock.
Factory default 10_1010_1010_1010b (0x2AAA).
b[1] Reserved Ignore
b[0] WRITE_LOCK 0: Unlocked. Writes to volatile memory are permitted.

1: Locked. Writing to volatile memory is not permitted. To unlock, set WRITE_LOCK = 0 with the
appropriate key. If a GPIn input is configured for WP, and is low, then reading WRITE_PROTECT will
always return WRITE_LOCK = 1.

Factory default 0.

2936fa

1 2 For more information www.linear.com/LTC2936 L’ LE'(DE’L}(B



http://www.linear.com/LTC2936

LTC2936

OPERATION

GPI_CONFIG (Command Byte 0x01)

The GPI_CONFIG command configures internal response
to a manual reset, sets each GPI function, and option-
ally maps GPI pins configured as Manual Reset (MR) or
Auxiliary Comparator (AUXC) to one or more GPIO pins.

GPI_CONFIG Data Contents

BIT(S)

SYMBOL

OPERATION

b[15]

Reserved

Ignore

b[14]

GPI2_MR_RESPONSE

Effective only if the input GPI2 is MR configured.

0: Disable CLEAR_HISTORY response.

1: Enable CLEAR_HISTORY response on falling edge of GPI2.
Factory default 0.

b[13:11]

GPI2_CONFIG

000b: Manual Reset (MR) active low, 15pA pull-up.

001b: Reserved.

010b: Margin (MARG) active low, 15pA pull-up. Overvoltage and undervoltage faults are inhibited.
011b: UV Disable (UVDIS) active low, 15pA pull-up. Undervoltage faults are inhibited.

100b: Write Protect (WP).

101h: Auxiliary Comparator (AUXC) positive input on GPI2.

110b: and 111b: Auxiliary Comparator (AUXC) negative input on GPI2.

Factory default 010b.

b[10]

MAP_GPI2_TO_GPIO3

0: GPI2 input is not mapped to GPI03. -
1: GPI2 input is mapped to GPIO3 if configured as MR or AUXC.
Factory default 0.

b[9]

MAP_GPI2_TO_GPI02

0: GPI2 input is not mapped to GPI02. L
1: GPI2 input is mapped to GPI02 if configured as MR or AUXC.
Factory default 0.

MAP_GPI2_TO_GPIO1

0: GPI2 input is not mapped to GPIO1. o
1: GPI2 input is mapped to GPI01 if configured as MR or AUXC.
Factory default 0.

Reserved

Ignore

GPI1_MR_RESPONSE

Effective only if the input GPI1 is MR configured.

0: Disable CLEAR_HISTORY response.

1: Enable CLEAR_HISTORY response on falling edge of GPI1.
Factory default 0.

b[5:3]

GPI1_CONFIG

000b: Manual Reset (MR) active low, 15pA pull-up.

001b: Reserved.

010b: Margin (MARG) active low, 15pA pull-up. Overvoltage and undervoltage faults are inhibited.
011b: UV Disable (UVDIS) active low, 15pA pull-up. Undervoltage faults are inhibited.

100b: Write Protect (WP).

101b: Auxiliary Comparator (AUXC) positive input on GPI1.

110b: and 111b: Auxiliary Comparator (AUXC) negative input on GPI1.

Factory default 000b.

b[2]

MAP_GPI1_TO_GPIO3

0: GPI input is not mapped to GPI03. L
1: GPI1 input is mapped to GPI03 if configured as MR or AUXC.
Factory default 0.

b[1]

MAP_GPI1_TO_GPIO2

0: GPI1 input is not mapped to GPI02. L
1: GPI1 input is mapped to GP102 if configured as MR or AUXC.
Factory default 0.

b[0]

MAP_GPI1_TO_GPIO1

0: GPI1 input is not mapped to GPIO1. o
1: GPI1 input is mapped to GPI01 if configured as MR or AUXC.
Factory default 0.

2936fa
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GPI0O1_CONFIG (Command Byte 0x02)

The GPIO1_CONFIG command configures the GPIO1
mapping, delay-on-release time, output type, and polarity.
If GPIO1_TYPE_AND_POLARITY is configured as ALERT
(100b or 111b), the outputis latched and cleared after the

WD_GPIO1_CONFIG Data Contents

LTC2936 acknowledges the alert response address (see
SMBus protocol), HISTORY_WORD is read, or a CLEAR_
HISTORY commandis received. Only one GPI0Onpinshould
be configured as ALERT. GP10n_DELAY_ON_RELEASE
does not apply to a GPIOn pin configured as ALERT.

BIT(S) SYMBOL OPERATION

b[15:8] Reserved Ignore

b[7] MAP_GPIO1_TO_GPIO3

0: GPIOT1 input is not mapped to GPI103.
1: GPIO1 input is mapped to GPI03.
Factory default 0.

b[6] MAP_GPI01_TO_GPI02

0: GP101 input is not mapped to GP102.
1: GPIO1 input is mapped to GPI102.
Factory default 0.

b[5:3]

GPIO1_DELAY_ON_RELEASE 000b: Delay selected is 0.
001h: Delay selected is 1.6ms.
010b: Delay selected is 6.4ms.
011b: Delay selected is 26ms.
100b: Delay selected is 51ms.
101b: Delay selected is 205ms.
110b: Delay selected is 410ms.
111b: Delay selected is 1.64s.
Factory default 101b (205ms).

b[2:0] GPIO1_TYPE_AND_POLARITY

000b: Active H input.

001b: Active L input.

010b: Active H open-drain output.

011b: Active L open-drain output.

100b: Active L open-drain ALERT output.

101b: Active H, weak pull-up output.

110b: Active L, weak pull-up output.

111b: Active L, weak pull-up ALERT output.
Factory default 011b (Active L open-drain output).

2936fa
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GPI02_3_CONFIG (Command Byte 0x03)

The GPI102_3_CONFIG command configures GPI02 and
GPI03 mapping, delay-on-release time, output type, and
polarity. If GPIO2_TYPE_AND_POLARITY is configured as
ALERT (100bor111b),or GPIO3_TYPE_AND_POLARITYis
configuredas ALERT (100b or 111hb), the outputis latched,

GPI102_3_CONFIG Data Contents

and is cleared after the LTC2936 acknowledges the alert
response address (see SMBus protocol), HISTORY_WORD
is read, or a CLEAR_HISTORY command is received.
Only one GPIOn pin should be configured as ALERT.
GPIOn_DELAY_ON_RELEASE does not apply to a GP10n
pin configured as ALERT.

BIT(S)

SYMBOL

OPERATION

b[15]

MAP_GPI03_TO_GPI02

0: GPI03 is not mapped into GPI02.
1: GPI03 is mapped into GPI102.
Factory default 0.

b[14]

MAP_GPI03_TO_GPIO1

0: GPI03 is not mapped into GPIO1.
1: GPI03 is mapped into GPIO1.
Factory default 0.

b[13:11]

GPIO3_DELAY_ON_RELEASE

000b: Delay selected is 0.
001h: Delay selected is 1.6ms.
010b: Delay selected is 6.4ms.
011b: Delay selected is 26ms.
100b: Delay selected is 51ms.
101b: Delay selected is 205ms.
110b: Delay selected is 410ms.
111b: Delay selected is 1.64s.
Factory default 101b (205ms).

b[10:8]

GPIO3_TYPE_AND_POLARITY

000b: Active H input.

001b: Active L input.

010b: Active H open-drain output.

011b: Active L open-drain output.

100b: Active L open-drain ALERT output.
101b: Active H, weak pull-up output.

110b: Active L, weak pull-up output.

111b: Active L, weak pull-up ALERT output.

Factory default 011b (Active L open-drain output).

b[7]

MAP_GPI02_TO_GPIO3

0: GPI02 is not mapped into GPIO3.
1: GPI02 is mapped into GPI03.
Factory default 0.

b[6]

MAP_GP102_TO_GPI01

0: GP102 is not mapped into GPIO1.
1: GPI02 is mapped into GPIO1.
Factory default 0.

b[5:3]

GPI02_DELAY_ON_RELEASE

000b: Delay selected is 0.
001h: Delay selected is 1.6ms.
010b: Delay selected is 6.4ms.
011b: Delay selected is 26ms.
100b: Delay selected is 51ms.
101b: Delay selected is 205ms.
110b: Delay selected is 410ms.
111b: Delay selected is 1.64s.
Factory default 101b (205ms).

b[2:0]

GPI02_TYPE_AND_POLARITY

000b: Active H input.

001b: Active L input.

010b: Active H open-drain output.

011b: Active L open-drain output.

100b: Active L open-drain ALERT output.
101b: Active H, weak pull-up output.

110b: Active L, weak pull-up output.

111b: Active L, weak pull-up ALERT output.

Factory default 011b (Active L open-drain output).
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V1_THR (Command Byte 0x04), V2_THR (0x05),
V3_THR (0x06), V4_THR (0x07),V5_THR (0x08),
V6_THR (0x09)

The Vn_THR command allows the user to specify the high
and low threshold monitoring voltages on each channel.

Vn_THR Data Contents Channels V1 to V6
BIT(S) SYMBOL OPERATION

b[15:8] Vn_THR_HI The GOMPn_HI threshold. See the Applications Information section. Factory default settings of OXE6, 0x89, 0x5D, 0x99,
0x78, 0x57 correspond to 5.5V, 3.64V, 2.76V, 1.98V, 1.65V and 1.32V for channels V1 to V6, respectively.

b[7:0] Vn_THR_LO The COMPn_LO threshold. See the Applications Information section. Factory default settings of 0xB4, 0x68, 0x44, 0x75,
0x5A, 0x3F correspond to 4.5V, 2.98V, 2.26V, 1.62V 1.35V and 1.08V for channels V1 to V6, respectively.

V1_CONFIG (Command Byte 0x0A), V2_CONFIG (0x0B),
V'3_CONFIG (0x0C), V4_CONFIG (0x0D),
V5_CONFIG (0xOE), V6_CONFIG (0xOF)

The Vn_CONFIG command programs V1 through V6
comparator range, polarity and mapping to GPI0nand CMPn.

Vn_CONFIG Data Contents Channels V1 to V6

BIT(S) SYMBOL OPERATION
b[15:13] | Reserved Ignore

b[12] CMPn_LATCH 0: CMPn output not latched.
1: CMPn output latched.
Factory default 0.

b[11] MAP_COMPn_HI_TQ_CMPn 0: High comparator not mapped to CMPn.
1: High comparator mapped to CMPn.
Factory default 1.

b[10] MAP_COMPn_LO_TO_CMPn 0: Low comparator not mapped to CMPn.
1: Low comparator mapped to CMPn.
Factory default 1.

b[9:8] Vn_RANGE 00b: Medium Range.

01b: Low Range.
10b and 11b: Precision Range.
Factory defaults are 00b on V1-V3 and 01b on V4-V6.

b[7] Vn_POL_HI Controls polarity of COMPn_HI output reported by STATUS_WORD. See STATUS_WORD
description for details.

0: Undervoltage. Indicates a fault when the input voltage is below Vn_THR_HI.

1: Overvoltage. Indicates a fault when the input voltage is above Vn_THR_HI.

Factory default 1.

b[6] Vn_POL_LO Controls polarity of COMPn_LO output reported by STATUS_WORD. See STATUS_WORD
description for details.

0: Undervoltage. Indicates a fault when the input voltage is below Vn_THR_LO.

1: Overvoltage. Indicates a fault when the input voltage is above Vn_THR_LO.

Factory default 0.

b[5] MAP_COMPn_HI_TO_GPIO3 0: High comparator not mapped to GPI103.

1: High comparator mapped to GPI03.

Factory default 0.

b[4] MAP_COMPn_HI_TO_GPI02 0: High comparator not mapped to GP102.

1: High comparator mapped to GPI102.
Factory default 0.
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Vn_CONFIG Data Contents Channels V1 to V6

b[3]

MAP_COMPn_HI_TO_GPIO1

1: High comparator mapped to GPI01.
Factory default 1.

0: High comparator not mapped to GPI101.

b[2]

MAP_COMPn_LO_TO_GPIO3

1: Low comparator mapped to GPI03.
Factory default 0.

0: Low comparator not mapped to GP103.

b[1]

MAP_COMPn_LO_TO_GPI02

1: Low comparator mapped to GPI02.
Factory default 0.

0: Low comparator not mapped to GPI02.

b[0]

MAP_COMPn_LO_TO_GPIO1

1: Low comparator mapped to GPIO1.
Factory default 1.

0: Low comparator not mapped to GPIO1.

HISTORY_WORD (Command Byte 0x11)

The HISTORY_WORD command returns two bytes of
information with a summary of the faults since power was
applied or HISTORY_WORD was last cleared. HISTORY_
WORD is located in volatile memory and is automatically
updated each time a fault occurs. HISTORY_WORD is
cleared using the CLEAR_HISTORY command.

HISTORY_WORD Data Contents

BIT(S) SYMBOL OPERATION
b[15:13] Reserved Ignore
b[12] \/6_HI_LATCHED_FAULT 1: Latched V6_HI_FAULT.
0: No fault.
b[11] V6_LO_LATCHED_FAULT 1: Latched V6_LO_FAULT.
0: No fault.
b[10] V5_HI_LATCHED_FAULT 1: Latched V5_HI_FAULT.
0: No fault.
b[9] V/5_LO_LATCHED_FAULT 1: Latched V5_LO_FAULT.
0: No fault.
b[8] V4_HI_LATCHED_FAULT 1: Latched V4_HI_FAULT.
0: No fault.
b[7] V4_LO_LATCHED_FAULT 1: Latched V4_LO_FAULT.
0: No fault.
b[6] V3_HI_LATCHED_FAULT 1: Latched V3_HI_FAULT.
0: No fault.
b[5] VV3_LO_LATCHED_FAULT 1: Latched V3_LO_FAULT.
0: No fault.
b[4] V2_HI_LATCHED_FAULT 1: Latched V2_HI_FAULT.
0: No fault.
b[3] V2_LO_LATCHED_FAULT 1: Latched V2_LO_FAULT.
0: No fault.
b[2] \/1_HI_LATCHED_FAULT 1: Latched V1_HI_FAULT.
0: No fault.
b[1] \/1_LO_LATCHED_FAULT 1: Latched V1_LO_FAULT.
0: No fault.
b[0] Reserved Ignore
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OPERATION
PADS (Command Byte 0x1A)

The PADS register returns the status of the GPIn, GPIOn
and CMPn pads.

PADS Data Contents
BIT(S) SYMBOL OPERATION
b[15:11] Reserved Ignore
b[10] GPI2_STATUS 0: GPI2 pin is logic low.
1: GPI2 pin is logic high.
b[9] GPI1_STATUS 0: GPI1 pin is logic low.
1: GPI1 pin is logic high.
b[8] GPIO3_STATUS 0: GPIO3 pin is logic low.
1: GPIO3 pin is logic high.
b[7] GPI02_STATUS 0: GPIO2 pin is logic low.
1: GPI02 pin is logic high.
b[6] GPIO1_STATUS 0: GPIO1 pin is logic low.
1: GPIO1 pin is logic high.
b[5] CMP6_STATUS 0: CMP®6 pin is logic low.
1: CMP6 pin is logic high.
b[4] CMP5_STATUS 0: CMP5 pin is logic low.
1: CMP5 pin is logic high.
b[3] CMP4_STATUS 0: CMP4 pin is logic low.
1: CMP4 pin is logic high.
b[2] CMP3_STATUS 0: CMP3 pin is logic low.
1: CMP3 pin is logic high.
b[1] CMP2_STATUS 0: CMP2 pin is logic low.
1: CMP2 pin is logic high.
b[0] CMP1_STATUS 0: CMP1 pin is logic low.
1: CMP1 pin is logic high.

CLEAR_HISTORY (Command Byte 0x1B)

The CLEAR_HISTORY command clears all the faults logged
in the volatile HISTORY_WORD register. A manual reset
performsthe same operationif GPIn_MR_RESPONSE=1.
Clearing HISTORY_WORD does not affect the STATUS_
WORD content. Processing of the CLEAR_HISTORY
command typically takes less than 10ms, and the part will
not acknowledge other 12C operations during that time.

STORE_USER (Command Byte 0x1C)
RESTORE_USER (Command Byte 0x1D)

The STORE_USER and RESTORE_USER commands
access nonvolatile EEPROM memory. Once acommand is

stored in EEPROM using STORE_USER, it will be restored
to volatile operating memory with the RESTORE_USER
command or when the part powers up.

BACKUP_WORD (Command Byte Ox1E)

After the first fault occurs, HISTORY_WORD is written to
EEPROM for backup. Any subsequent BACKUP_WORD
write following afaultis inhibited untilthe CLEAR_HISTORY
command is issued. BACKUP_WORD can be retrieved
by sending a RESTORE_USER command followed by a
BACKUP_WORD read. BACKUP_WORD can be cleared
in EEPROM by sending a CLEAR_HISTORY command
followed by a STORE_USER command.
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STATUS_WORD (Command Byte 0x1F)

The STATUS_WORD command returns two bytes of
information with a summary of the current faults. The
STATUS_WORD contentis read directly fromthe compara-

faults may be disabled by setting GPI1_CONFIG = 010b

torsandisasnapshot ofthe current state. STATUS_WORD

STATUS_WORD Data Contents

(MARG), GPI1_CONFIG = 011b (UVDIS), GPI2_CONFIG
= 010b (MARG) or GPI2_CONFIG = 011b (UVDIS) and
asserting the appropriate GPIn pin.

BIT(S)

SYMBOL

OPERATION

b[15:13]

Reserved

Ignore

b[12]

V6_HI_FAULT

V6_POL_HI =1 (default).
1: Fault (V6 greater than V6_THR_HI).
0: No fault (V6 less than V6_THR_HI).

V6_POL_HI = 0.
1: Fault (V6 less than V6_THR_HI).
0: No fault (V6 greater than V6_THR_HI).

b[11]

V6_LO_FAULT

V6_POL_LO=1.
1: Fault (V6 greater than V6_THR_LO).
0: No fault (V6 less than V6_THR_LO).

V6_POL_LO = 0 (default).
1: Fault (V6 less than V6_THR_LO).
0: No fault (V6 greater than V6_THR_LO).

b[10]

V5_HI_FAULT

V5_POL_HI =1 (default).
1: Fault (V5 greater than V5_THR_HI).
0: No fault (V5 less than V5_THR_HI).

V5_POL_HI=0.
1: Fault (V5 less than V5_THR_HI).
0: No fault (V5 greater than V5_THR_HI).

b[9]

V5_LO_FAULT

V5_POL_LO=1.
1: Fault (V5 greater than V5_THR_LO).
0: No fault (V5 less than V5_THR_LO).

V5_POL_LO =0 (default).
1: Fault (V5 less than V5_THR_LO).
0: No fault (V5 greater than V5_THR_LO).

b[8]

V4_HI_FAULT

V4_POL_HI =1 (default).
1: Fault (V4 greater than V4_THR_HI).
0: No fault (V4 less than V4_THR_HI).

V4_POL_HI=0.
1: Fault (V4 less than V4_THR_HI).
0: No fault (V4 greater than V4_THR_HI).

b[7]

V4_LO_FAULT

V4_POL_LO=1.
1: Fault (V4 greater than V4_THR_LO).
0: No fault (V4 less than V4_THR_LO).

V4_POL_LO = 0 (default).
1: Fault (V4 less than V4_THR_LO).
0: No fault (V4 greater than V4_THR_LO).
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STATUS_WORD Data Contents

b[6]

V3_HI_FAULT

V3_POL_HI =1 (default).
1: Fault (V3 greater than V3_THR_HI).
0: No fault (V3 less than V3_THR_HI).

V3_POL_HI = 0.
1: Fault (V3 less than V3_THR_HI).
0: No fault (V3 greater than V3_THR_HI).

b[5]

V3_LO_FAULT

V3_POL_LO=1.
1: Fault (V3 greater than V3_THR_LO).
0: No fault (V3 less than V3_THR_LO).

V3_POL_LO = 0 (default).
1: Fault (V3 less than V3_THR_LO).

0: No fault (V3 greater than V3_THR_LO).

b[4]

V2_HI_FAULT

V2_POL_HI =1 (default).
1: Fault (V2 greater than V2_THR_HI).
0: No fault (V2 less than V2_THR_HI).

V2_POL_HI=0.
1: Fault (V2 less than V2_THR_HI).
0: No fault (V2 greater than V2_THR_HI).

b[3]

V2_LO_FAULT

V2_POL_LO =1.
1: Fault (V2 greater than V2_THR_LO).
0: No fault (V2 less than V2_THR_LO).

V2_POL_LO = 0 (default).
1: Fault (V2 less than V2_THR_LO).

0: No fault (V2 greater than V2_THR_LO).

b[2]

V1_HI_FAULT

V1_POL_HI =1 (default).
1: Fault (V1 greater than VI_THR_HI).
0: No fault (V1 less than V1_THR_HI).

V1_POL_HI =0.
1: Fault (V1 less than V1_THR_HI).
0: No fault (V1 greater than V1_THR_HI).

b[1]

V1_LO_FAULT

Vi_POL_LO=1.
1: Fault (V1 greater than V1_THR_LO).
0: No fault (V1 less than V1_THR_LO).

V1_POL_LO = 0 (default).
1: Fault (V1 less than V1_THR_LO).

0: No fault (V1 greater than Vi_THR_LO).

b[0]

Reserved

Ignore
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APPLICATIONS INFORMATION

Power Supply

The LTC2936 is powered from the Vpyg input and gen-
erates a regulated 3.3V supply on the Vppss. A 100nF
external capacitor from Vpyg to GND is required in order
to decouple any supply noise. A 100nF external capacitor
from Vpps3 to GND is required to properly compensate
the internal voltage regulator.

Topowerthe LTC2936 directly froman external 3.3V power
supply, connect the Vpygr and Vppss pins together and
connect them to the external 3.3V supply. This mode of
operation is useful for reducing power dissipation.

Power-Up Condition

When power is applied, the part turns on and the EEPROM
contents are loaded into the volatile operating memory.
This operation typically takes less than 200ps.

Voltage Threshold Programming

The medium range is based on a full scale of 0.9V to 6V.
The 8-bit programming step size is 20mV. On the medium
range, threshold accuracy below 1V and above 5.8V is not
specified, but the thresholds are reachable.

The command byte for the voltage threshold can be cal-
culated for the medium range with the following equation:

Command Byte = ROUND [50 « (Vyy - 0.9)]

The low range is based on a full scale of 0.45V to 3V. The
8-bit programming step size is 10mV. On the low range,
threshold accuracy below 0.5V is not specified, but the
thresholds are reachable.

The command byte for the voltage threshold can be
calculated for the low range with the following equation:

Command Byte = ROUND [100 « (Vi - 0.45)]

The precision range is based on a full scale of 0.18V to
1.2V. The 8-bit programming step size is 4mV. On the low
range, threshold accuracy below 0.2V is not specified, but
the thresholds are reachable.

The command byte for the voltage threshold can be
calculated for the V2 to V6 precision range with the fol-
lowing equation:

Command Byte = ROUND [250 « (V7 — 0.18)]

Unused Channels

The user must connect all unused channel inputs to
ground, program their configuration words (Vn_CONFIG)
to 0x01C0, and program their thresholds (Vn_THR) to
0x0000 in order to avoid false faults.

Auxiliary Comparators

Two additional auxiliary comparators can be connected
to the general purpose inputs with either their inverting
or their noninverting input while the other input internally
connectstoa 0.5V reference voltage. These low offset, low
drift comparators can be used for additional monitoring
purposes.

If the tap point on an external resistive divider from an
external voltage, Vitrip, to GND (see Figure 2) connects to
the auxiliary comparator input, the trip voltage is:

R1
V- =05Ve[1+—
TRIP ( +R2)

In a negative voltage application (also shown in Figure 2)
the resistive divider is connected between the negative
voltage being sensed and Vppss, and the trip voltage is:

R3

Vigp =0.5V-2.8Ve| —

TRIP (R4)
The minimum value for R4 is limited by the Vppa3 current

sourcing capability at:

3.3V-0.5V
mA

=2.8kQ

v
TRIP LTC2936 LTC2936

Vpp3z = 3.3V
R1 % R4
+ +
R2 = % R3 =
@5\/ VTR'P @5\/

WA wWA—

Figure 2. Auxiliary Comparator Usage
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Manual Reset

When a GPIn pin is configured as MR, the in-
put is active low. If GPIn_MR_RESPONSE = 1,
the HISTORY_WORD register s cleared when MR s pulled
low. An internal 15pA current source pulls MR to Vppas.
The MR input can also be mapped to a GPI0 pin and com-
bined with COMPn_HI and COMPn_LO faults to generate
a system reset signal.

UV Disable

When a GPIn pin is configured as UVDIS, the input is
active low. When UVDIS is grounded, the LTC2936 does
not respond to UV type faults. This feature is useful when
power cycling the monitored supply. An internal 15pA
current source pulls UVDIS to Vppss.

Margin

When a GPIn pin is configured as MARG, the input is
active low. When MARG is grounded, the LTC2936 does
not respond to any OV or UV faults. This feature is useful
when margining the monitored supply. An internal 15pA
current source pulls MARG to Vppss.

Outputs

The GPIOn and CMPn outputs are open-drain, with an
internal 15pA current source pulling to Vppss (optional
on the GPIOn outputs) and can tolerate a pull-up voltage
up to 14V.

All faults, GPIn, or other GPIOninputs mapped toa GPIOn
output are combined with a logical OR function.

The GPIOn pins have programmable delay-on-release
timing. The GPIOn pin asserts its active state immediately
and de-asserts after the delay-on-release time has elapsed.
Any fault causing a GP10n pin to assert while its delay-on-
release timeris active will reset the delay-on-release timer.

When a GPIOn indicates an alert, the alert may be cleared
using the standard SMBus Alert Response Address (ARA)
protocol. Alerts may also be cleared by reading (or clear-
ing) HISTORY_WORD unless the condition causing the
alert persists.

The CMPn outputs can be configured as non-latching
(default) or latching. Latched CMPn outputs can be reset

by asserting MR low or by issuing a CLEAR_HISTORY
command. The CMPn outputs are active low.

Write Protect Features

When the WRITE_LOCK bhit is set high, or a GPIn pin
configured as WP is pulled low, all 12C write word com-
mandsareignored. This feature protects againstaccidental
writing. The lock bit may still be written when the device
is write-protected if the provided value for KEY matches
the value in memory.

EEPROM

The user may save and restore configuration data to the
operating memory registersatany time with STORE_USER
and RESTORE_USER commands. Upon power-up, user-
stored data is automatically loaded into the operating
memory. The partignores I2C commands while performing
EEPROM transactions.

Nondestructive operation above Ty = 85°C is possible,
but may result in a slight degradation of the retention
characteristics. The degradation in EEPROM retention
for temperatures exceeding 85°C can be approximated
by calculating the acceleration factor:

(5 M 5™ e

where:
AF = acceleration factor
E, = activation energy = 1.5eV
k=8.617+107 eV/°K
Tyse = 85°C maximum specified junction temperature
TsTRESS = actual junction temperature °C

Example: calculate effect on retention when operating at
a junction temperature of 95°C for 10 hours.

TsTREss = 95°C, Tyge = 85°C, AF =3.74

So the overall retention of the EEPROM was degraded
by 37.4 hours as a result of operation at a junction tem-
perature of 95°C for 10 hours. Note that the effect of this
overstress is negligible when compared to the overall
EEPROM retention rating of 10 years (87,600 hours) ata
temperature of 85°C.
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Negative Supply Power Monitor

Figure 3illustrates how to configure the LTC2936 to moni-
tor a negative supply rail. Assume the need to monitor the
following supply rails: 1.5V, 3.3V, 5V and -5V, within a
+5% system specification.

Channels V1 and V2 are set to medium range, channel V3
is set to low range, channel V4 is set to precision range,
and channels V5 and V6 are not used.

Select medium range for V1 and V2 (1V to 6V):

Select low range for V3 (0.5V to 3V):
V3_THR_HI = ROUND[100* (1.5 1.06 -0.45)] = 114
V3_THR_LO = ROUND[100 * (1.5 0.94 -0.45)] = 96

Tomonitor-5V, use an external resistive divider connected
between Vpps3 and the negative rail. The voltage at Vppss
is 3.3V. In order to minimize the error introduced by the
leakage current into the V4 input pin, the output of this
divider is targeted to lie within the precision voltage range
(0.2Vto 1.2V). The OV and UV thresholds for the =5V rail

V1_THR_HI = ROUND[50+ (5+1.06-09)] =220 &€ calculated as follows:
V1_THR_LO = ROUND[50 (5 * 0.94 — 0.9)] = 190 v, = 32 'R1)R—11 ‘;5; *(5°R2) o0y
V2_THR_HI = ROUND[50 * (3.3 * 1.06 — 0.9)] = 130 "
(3.3+R1)-0.95+(5+R2)
V2_THR_LO = ROUNDI50 * (3.3 ¢ 0.94 — 0.9)] = 110 Vomax = <1.2V
R1+R2
12v
5V 5V
DC/DC 3.3V 3.3V
1.5V 1.5V
5V 5V
%270 __L__OwF 4.7k Ef ;E4.7k
J:‘ SYSTEM
100k Vewr VI V2 V3 V4 V5 VB
0.1pF
J__l Vo033 GPIO1 g >
= il LTC2936 GPI02 " >
W_I GPSIIg)z < ;
SCL |« —
‘i‘ GND  ASELO  AseL1  GPIZ|< M
< | I 2936 FO3

NOTE: INTERNAL GPI01-3 PULL-UP ENABLED

Figure 3. Negative Power Supply Monitor

2936fa

LY N

For more information www.linear.com/LTC2936

23


http://www.linear.com/LTC2936

LTC2936

APPLICATIONS INFORMATION

R1=270k+0.1% and R2 =100k £0.1% satisfy the previous
relationships. The programming codes can be calculated
as shown in the following equations:

Vi =
(3.3+0.98)+(270+0.999)— (1.05+5) (100 +1.001)
(270+0.999) + (100+1.001)

=0.938V

Vdyax =
(3.3+1.02)#(2701.001)— (0.95 +5)#(100 +0.999)
(270+1.001)+ (100+0.999)

=1.176V

V4_THR_HI = ROUND[250 * (0.938 « 0.99 - 0.18)] = 187
V4_THR_LO = ROUND[250+ (1.176 +1.01 - 0.18)] = 252

The normal polarities of the OV and UV comparators need
to be swapped, since a drop of the negative supply below
its specified absolute value increases V4yax beyond its
encoded threshold. An increase of the negative supply
above its specified absolute value decreases V4 below
its encoded threshold.

The GPIOn outputs are programmed as RST (active low
system reset), OV (active low system OV) and ALERT
(active low ALERT, see SMBus specification). The UV
comparators are mapped to GPI01 and GPI03. The OV
comparators are mapped to GP102 and GP103. The GPI1
input is configured as MR (manual reset) and is mapped
to GPIO1. The GPI2 input is configured as MARG (margin
testing) allowing the system to disable OV and UV faults
during margin testing.
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Five Supply Power-Up Sequencer

Figure 4illustrates how to use the LTC2936 CMPnoutputs
to enable DC/DC converters sequentially, at power-up.
The system is powered by a 12V source, which is also
monitored.

The system starts-up when the pushbutton is pressed
and the LTC2950-1 takes the RUN pin of the LTM4600
high. This forces the LTM4600 to generate 5V, which also
supplies the other 4 DC/DC converters.

The LTC2936 is configured to monitor 5V on V1, 3.3V on
V2, 2.5V on V3, -5V on V4, 1.8V on V5 and 12V on V6.
When the programmed threshold is reached on V1, CMP1

pulls high, which enables the 3.3V converter. When the
programmed threshold is reached on V2, CMP2 pulls high,
whichenablesthe 2.5V converter. When all converters have
been enabled and power is good, CMP5 pulls high. GPIO1
is configured to pull high 6.4ms after CMP5.

Ifthe KILL input of the LTC2950-1 is not forced high within
512ms of initial power-up, EN pulls low and the LTM4600
is powered down.

In the event that the external 12V supply drops below its
programmed threshold, CMP6 and GPI02 will pull low
after 1.6ms. The LTC2950-1 then receives a logic low on
the KILL input, which powers down the LTM4600 and the
sequencing circuit.

5V

3.3V

3.3V

1.8V

SYSTEM

GPI1

Vin  Vour
10k LT3028
q Y, SHDN
Vv Vour |22V
10k LT3028
[ N SHDN
1.8V
Vin ~ Vour 8
10k LT3028
q N SHDN
Vi Vour |2Y o
1oy 10k 73704 é
*— W\ RUN/UVLO > 270k
5V _ [ - o o
™1 Vin Vout ? 1
LTM4600 1 1 1
RUN GND CMP1 Vi Vv2 V3 V4 V5 V6 10k< 10k< 10k< 10k
= | CMP2
1k CMP3 CMP5 ?SVNETATUS ¢
<
CMP4 1762936 CMP6
— vy EN INT ™ VPWR SDA |«
LTC2950-1 $—W—¢ [ o0 SCL |«
PB  GND KILL — GPI02 GPI2 |«

GND ASELO ASEL1 Vpp33

vYyvVvYvY

01uF —— L

ON/OFF-I | <
:l: 0.1uF T 100k

2936 FO4

100k

AAA
\A4

_|_0.1uF

Figure 4. Five Supply Power-Up Sequencer
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Seven Power Supply Monitor

Figure 5 illustrates how to use the LTG2936 auxiliary
comparators to expand power supply monitoring to seven
channels. The system is powered by a 5V source, whichis
also monitored. The 9V rail can be monitored, in addition
to the six input channels (5V, 3.3V, 2.5V, 1.8V, 1.5V and
24V)), using an external resistive divider which feeds the
OV and UV tap voltages to the auxiliary comparators on
inputs GPI1 and GPI2.

Since the auxiliary comparators’ thresholds are fixed at
0.5V £10mV, to monitor a 9V £10% power supply, the
following equations apply:

R2+R3 _ 0.51V
R1+R2+R3 0.99V
R3 0.49V

R1+R2+R3  1.1e9V

24V

For R3 = 8.87k, the equations yield: R2 = 2.4k and R1 =
168k.

The GPI1 comparator monitors the UV limit and is pro-
grammed for negative polarity. The GP12 comparator moni-
tors the OV limit and is programmed for positive polarity.

A second resistive divider is used to divide the 24V rail
voltage down to 1.08V, in order to use the low leakage,
low range of the V6 channel.

9V

5V

DC/DC 3.3V

2.5V

1.8V

1.5V

S R1
168k

>

4SS4Tk
<

SYSTEM

4
4.7k | I

GND ASELO  ASEL1

V2 V3 V4 V5 V6

pel
@2
=

GPIO1
GPI02 —

LTC2936 aPIO3 E
SDA

SCL

VvV VvV Y

O
<<l

|
=
o)
=

A A

R2 = =
2.4k GPI1
GPI2
R3 v
DD33
8.87k |
% __L_ 0.1yF

2936 F05

NOTE: INTERNAL GPI01-3 PULL-UP ENABLED

|

Figure 5. Seven Power Supply Monitor
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LTC2936#packaging for the most recent package drawings.
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/product/LTC2936#packaging for the most recent package drawings.

UFD

Package

24-Lead Plastic QFN (4mm x 5mm)
(Reference LTC DWG # 05-08-1696 Rev A)
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REVISION HISTORY

REV | DATE |DESCRIPTION PAGE NUMBER
A 0117 | Added 4.7k pull-ups in Figure 3. 23
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TYPICAL APPLICATION

Seven Power Supply Monitor
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RELATED PARTS

PART NUMBER | DESCRIPTION

COMMENTS

LTC2908 Precision Six-Input Supply Monitor Reset: Vg = 0.5V, £1.5% Accuracy Overtemperature,
Internal Vg Auto Select
LTC2910 Octal Positive/Negative Supply Monitor 8 Adjustable Inputs (0.5V), £1.5% Accuracy, Input Glitch Rejection,
Pin-Selectable Input Polarity
LTC2930 Configurable Six-Supply Monitor with Adjustable Reset | 16 Selectable Thresholds
Timer, Manual Reset
LTC2931 Configurable Six-Supply Monitor with Adjustable Reset | 16 Selectable Thresholds, Threshold Tolerance, Separate Voltage
and Watchdog Timers Monitor Qutputs
LTC2932 Configurable Six-Supply Monitor with Adjustable Reset | 16 Selectable Thresholds, Reset Timer, Separate Voltage
Timer and Supply Tolerance Monitor Qutputs
LTC2933 Programmable Hex Voltage Supervisor with EEPROM 256 Programmable Thresholds, EEPROM, I12C Interface
LTC2937 Programmable Six Channel Sequencer and Voltage Time and Event Based Sequencing, 0.75% Accurate UV/OV Supervision,
Supervisor with EEPROM 12C Interface
LTC2939 Configurable Six-Supply Monitor with Processor 16 Selectable Thresholds, Adjustable Reset Timer, Watchdog Timeout,
Supervisory Functions Watchdog Status Output
LTC2977 8-Channel PMBus Power System Manager 0.25% TUE 16-Bit ADC, Voltage/Temperature Monitoring and Supervision
LTC2974 4-Channel PMBus Power System Manager 0.25% TUE 16-Bit ADC, Voltage/Current/Temperature Monitoring and
Supervision
LTC2975 4-Channel PMBus Power System Manager 0.25% TUE 16-Bit ADC, Voltage/Current/Temperature Monitoring and
Supervision, Input Current and Power, Input Energy Accumulator
LTC2980 16-Channel PMBus Power System Manager Dual LTC2977
LTC2970 Dual 12C Power Supply Monitor and Margining Controller | Monitors Voltage and Current on Two Power Supplies. Margins to 0.5%

Accuracy
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