NCT7491

Remote Thermal Monitor
and Fan Controller with
PECI 3.0 Interface and
SMBus Compatible Master

The NCT7491 is a two-wire serially programmable hardware
monitor. It can monitor 2 remote temperature zones and its own
ambient temperature. A PECI 3.0 single wire interface allows the
NCT7491 to monitor CPU temperatures. The NCT74940 al
implements an SMBus compatible master, allowing oit read
automaticallyfrom thermal sensors on the SMBus. The NCT7491 can
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automatically control the speed of 3 fans using PWM control, and QFN24 QSoP24
monitor the speed of 4 fans. There are 4 analogténpised for MN SUFFIX RQ SUFFIX
CASE 485L CASE 492B

measuring 12V, 5V, 2.5 V and Vccp channels. TRER491 supply
voltage and PECI ¥ voltage are also monitored. Each of the
measured temperature, voltage and fan speed values are compared
with programmable limits and if any channel is adgs the

MARKING DIAGRAMS

programmedimit an interrupt is generated via the ALERT outpin. ° nNeT
A THERM output is also available for fail-safe thermal cohtUp to 7491
3 GPIO pins are available for digital control ayrsalling. ALYWe=
Communication with the NCT7491 is accomplished e t -
(Top View)

SMBus/PC interface which is compatible with industry stardi

protocols. The SMBus address is set by 2 addrésstien pins. A = Assembly Location
The NCT7491 is available in a 24-lead QFN or QSCGikage and L = Wafer Lot
operates over a supply range of 3.0 V to 3.6 V. Y = Year
W = Work Week

Features . = Pb-Free Package

o (Note: Microdot may be in either location)
e PECI 3.0 Master for CPU Monitoring
* SMBus Compatible Master RARAAAAAAARE  AAAAAARAAAAA
® On-chip Temperature Sensor NCT7491 A
e 2 Remote Sensor Channels o YYWWG
® Series Resistance Cancellation on Remote Sensors TIEELTERTTL TIELTEEELT
e 3 PWM Fan Control Outputs (Top View) (Bottom View)
® 4 Tach Monitoring Input NCT7491 = Specific Device Code
e PWM Automatic Fan Speed Control o fé:zfmb'y Location
® 4 Analog Inputs for Voltage Monitoring WW = Work Week
e Vdd Supply Voltage Monitoring G = Pb-Free Package
e PECI i1 Voltage Monitoring
e Overtemperature Outputs ORDERING INFORMATION
® | imit Comparison of Monitored Channels See detailed ordering and shipping information in the package
e SMBus Address Selection Allows up to 3 Devices dimensions section on page 79 of this data sheet.
® Meets SMBus 2.0 Electrical Specifications (fully Bivs 1.1

compliant)
® These Devices are Pb—Free, Halogen Free/BFR FreararRoHS
Compliant
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Table 1. ABSOLUTE MAXIMUM RATINGS

Parameter Rating
Positive Supply Voltage (Vcc) 36V
Maximum Voltage on +12Vy Pin 14V
Maximum Voltage on +5V|y Pin 6.25V
Maximum Voltage on All Open-Drain Outputs (excluding PWM pins) 36V
Maximum Voltage on PWM Pins +5.5V
Maximum Voltage on TACH Pins +5.5V
Voltage on Remaining Input or Output Pins -0.3Vto+4.2V
Input Current at Any Pin 5 mA
Package Input Current +20 mA
Maximum Junction Temperature (T3 max) 150°C

Storage Temperature Range

—65°C to +150°C

Lead Temperature, Soldering

IR Reflow Peak Temperature 220°C
Pb-Free Peak Temperature 260°C
Lead Temperature (Soldering, 10 sec) 300°C
ESD Rating

HBM 2 kv

FICDM 0.5 kv

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

Specifications

Ta = Tmin 10 Tmax, Vec = Vmin to Vvax, unless
otherwise noted. All voltages are measured witheesto
GND, unless otherwise specified. Typical voltages afiat
= 25°C and represent a parametric norm. Logic inputsfacc
input high voltages up toax, even when the device is

Table 2. SPECIFICATIONS

operating down to Mn. Timing specificationsre tested at
logic levels of \fi = 0.8 V for a falling edge, and;y= 2.0V

for a rising edge. SMBus timing specifications are
guaranteed by design and are not production tested.

Parameter Min | Typ | Max | Unit | Test Conditions/Comments
POWER SUPPLY
Supply Voltage 3.0 3.3 3.6 \%
Supply Current, lcc 15 5 mA Interface inactive, ADC active
TEMP-TO-DIGITAL CONVERTER
Local Sensor Accuracy +0.5 +3.5 °C 0°C <Tp<85°C
Local Sensor Resolution 0.25 °C
Remote Diode Sensor Accuracy +0.5 +3.5 °C 0°C <Tp<85°C
-40°C < Tp £125°C

Remote Sensor Resolution 0.25 °C
Remote Sensor Source Current 30 uA Low Level 1

240 uA High Level 1

375 uA Low Level 2

300 uA High Level 2
Series Resistance Cancellation 270 Q

WWW. onsemi.com
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Table 2. SPECIFICATIONS

NCT7491

Parameter Min | Typ | Max | Unit Test Conditions/Comments
ANALOG-TO-DIGITAL CONVERTER (INCLUDING MUX AND ATTENTUATORS)
Total Unadjusted Error (TUE) +2 % For 12 V channel
1.5 % For all other channels
Differential Nonlinearity (DNL) +1 LSB 8 bits
Power Supply Sensitivity +0.1 %IV
Conversion Time (Voltage Input) 11 ms Averaging enabled, 16 samples per
averaged reading.
Conversion Time (Local Temperature) 38 ms Averaging enabled, 16 samples per
averaged reading.
Conversion Time (Remote Temperature) 38 ms Averaging enabled, 16 samples per
averaged reading.
Input Resistance 224 kQ For +12 V channel
110 kQ For all other channels
FAN RPM-TO-DIGITAL CONVERTER
Accuracy +10 % 0°C <Tp<85°C
+14 % —40°C < Tp <125°C
Full-Scale Count 65,535
Nominal Input RPM 109 RPM Fan count = OxBFFF
329 RPM Fan count = Ox3FFF
5,000 RPM Fan count = 0x0438
10,000 RPM Fan count = 0x021C
OPEN-DRAIN DIGITAL OUTPUTS, PWM1 TO PWM3, XTO
Current Sink, lo 8.0 mA
Output Low Voltage, Vo 0.4 \% lout = -8.0 MA
High Level Output Current, lgy 0.1 20 uA Vout = Vece
OPEN-DRAIN SERIAL DATA BUS OUTPUTS (SDA, SDA_M, SCL _M)
Output Low Voltage, Vo, 0.4 \% lout = 4.0 MA
High Level Output Current, lgy 0.1 1.0 UA Vout = Vece
SMBus DIGITAL INPUTS (SCL, SDA, SDA_M)
Input High Voltage, V|4 2.0 \%
Input Low Voltage, V). 0.4 \%
Hysteresis 500 mV
DIGITAL 1/O (PECI PIN)
V11 Supply Voltage 0.85 1.26 \%
Input High Voltage, V|4 0.55*Vy \%
Input Low Voltage, V,_ 0.5*Vy \Y
Hysteresis 0.1Vy \Y Hysteresis between input switching levels
High level output source current, Isoyrce -6 mA Output High Voltage, Von = 0.75*Vy
Low level output sink current, lg;nk 0.5 1.0 mA Output Low Voltage, Vo = 0.25*Vy
Signal noise immunity, Vpgise 300 mVp—p Noise glitches from 10 — 100MHz

Width up to 50ns

WWW. onsemi.com
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Table 2. SPECIFICATIONS

NCT7491

Parameter Min | Typ | Max | Unit | Test Conditions/Comments
DIGITAL INPUT LOGIC LEVELS (TACH INPUTS)
Input High Voltage, V|4 2.0 \Y
55 \% Maximum input voltage
Input Low Voltage, V). 0.8 \Y
-0.3 \% Minimum input voltage
Hysteresis 0.5 Vp-p
DIGITAL INPUT LOGIC LEVELS (THERM)
Input High Voltage, V|4 0.75 x \%
VT
Input Low Voltage, V). 0.4 \%
DIGITAL INPUT CURRENT
Input High Current, Iy +1 uA VN = Vee
Input Low Current, I;_ +1 uA Vin=0
Input Capacitance, Cy 5 pF
SLAVE SERIAL BUS TIMING (See Figure 1)
Clock Frequency, fsck 10 100 kHz
Glitch Immunity, tsyy 50 ns
Bus Free Time, tgug 4.7 us
SCL Low Time, t ow 4.7 us
SCL High Time, tyigH 4.0 50 us
SCL, SDA Rise Time, t; 1,000 ns
SCL, SDA Fall Time, t; 300 ns
Data Setup Time, tsy:paT 250 ns
Detect Clock Low Timeout, trjyeout 15 35 ms Can be optionally disabled
MASTER SERIAL BUS TIMING
Clock Frequency, fscik 100 | kHz |
tF r—1
__ I
]
- i . |
thp; paT| tHiGH  Isu; DAT I 'T|
X 7\
5]

Figure 1. SMBus Timing Diagram for Slave Port and M

WWW. onsemi.com

6

aster Port



 http://www.onsemi.com/

NCT7491

Table 3. QSOP & QFN PACKAGE PIN ASSIGNMENTS

QSOP QFN
Pin No. Pin No. Pin Name Description
1 22 SDA_S SMBus/I2C Slave Serial Bi-directional Data Input/Output. Open—drain pin; Re-
quires a pull-up resistor.
2 23 SCL_S Serial Clock Slave Input. Open-drain pin; Requires a pull-up resistor.
3 24 GND Ground
4 1 VvDD Positive Supply Voltage
5 2 SDA_M/GPIO1 Open—drain pin; Requires a pull-up resistor.
GPIO1 = General purpose /O pin
SDA_M = SMBus/I2C Master Serial Bi—directional Data Input/Output.
6 3 SCL_M/GPIO2 Open-—drain pin; Requires a pull-up resistor.
GPIO2 = General purpose /O pin
SCL_M = Serial Clock Master Output.
7 4 PECI PECI input to report CPU Thermal Information. PECI voltage level is referenced
to the VTT input.
8 5 VTT Voltage reference for PECI. This is the supply voltage for the PECI interface and
must be present to communicate over the PECI interface.
9 6 TACH3 Fan tachometer input to measure Fan3
10 7 PWM2 / #SMBALERT PWM output to control Fan2. Can be configured as an SMBALERT output.
Open—drain pin; Requires a pull-up resistor.
11 8 TACH1 Fan tachometer input to measure Fanl
12 9 TACH2 Fan tachometer input to measure Fan2
13 10 PWM3 / PWM output to control Fan3. If pulled low on power—up the NCT7491 enters
#ADDREN Address Select mode and the ADDRESS SELECT pin determines the slave
address. Open—drain pin; Requires a pull-up resistor.
14 11 TACH4/ Fan Tachometer Input to Measure Speed of Fan 4. May be reconfigured as a
HTHERM/ bidirectional THERM. Can be connected to thePROCHOT output of a processor,
#SMBALERT/ to time and monitor PROCHOT assertions. Can be used as an output to signal
an overtemperature condition. The SMBALERT pin is used to signal out—of-limit
#ADDRESS SELECT comparisons of temperature, voltage, and fan speed. This is compatible with
SMBus alert. Can also be used at device powerup to assign the SMBus ad-
dress. If THERM or SMBALERT is enabled then a pull-up resistor is required.
15 12 D2- Negative Connection for Remote Temperature Sensor 2.
16 13 D2+ Positive Connection for Remote Temperature Sensor 2.
17 14 D1- Negative Connection for Remote Temperature Sensor 1.
18 15 D1+ Positive Connection for Remote Temperature Sensor 1.
19 16 GPIO3/ General-Purpose Open-Drain Digital Input/Output. Requires a pull-up resistor.
#THERM/ Can be configured as a bidirectional THERM pin or as an SMBALERT pin.
#SMBALERT
20 17 +5Vin Analog Input. 0Vto 5 V.
21 18 +12Vin Analog Input. 0 Vto 12 V.
22 19 +2.5V / #THERM Analog Input. 0 V to 2.5 V. May be reconfigured as a bidirectional THERM pin.
Can be connected to the PROCHOT output of a processor, to time and monitor
PROCHOT assertions. Can be used as an output to signal an overtemperature
condition. In THERM mode it is an open—drain bidirectional pin and requires a
pull up resistor.
23 20 Veep Analog input. Monitors CPU core voltage (to maximum 0f 3.0 V). This pin must
be connected to the NCT7491 supply voltage if it is unused.
24 21 PWM1/ XTO PWM output to control Fan 1. Open—drain pin; Requires a pull-up resistor. Also

functions as the output for the XNOR tree test enable mode.

WWW. onsemi.com
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Table 4. COMPARISON OF NCT7491 AND ADT7490 QSOP PIN OUTS

QSOP Pin No. NCT7491 ADT7490

1 SDA_S SDA

2 SCL_S SCL

3 GND GND

4 VDD VDD

5 SDA_M/ GPIO1 GPIO1

6 SCL_M/ GPIO2 GPI02

7 PECI PECI

8 VTT VTT

9 TACH3 TACH3

10 PWM2 / #SMBALERT PWM2 / #SMBALERT

1 TACH1 TACH1

12 TACH2 TACH2

13 PWM3 /#ADDREN PWM3 /#ADDREN

14 TACH4/#THERM/#SMBALERT/ TACH4/#THERM/#SMBALERT/

#ADDRESS SELECT #ADDRESS SELECT

15 D2- D2-

16 D2+ D2+

17 D1- D1-

18 D1+ D1+

19 GPIO3/#THERM/#SMBALERT IMON

20 +5Vin +5Vin

21 +12Vin +12Vin

22 +2.5V | #THERM +2.5V | #THERM

23 veep Veep

24 PWM1 / XTO PWM1 / XTO
Functional Comparison between the NCT7491 and the A DT7490

e NCT7491 supports PECI 3.0 commands

® NCT7491 uses an SMBus Master port to read digital
temperatures.

Imon Voltage monitoring pin (pin 19) on the ADT7490
is replaced with digital pin
(SMBALERT/THERM/GPIO) on the NCT7491

o NCT7491 does not support Dynamic Tmin fan control
o NCT7491 allows any combination of temperature
sources to control any fan.

NCT7491 allows individual PWM responses to
THERM events.

NCT7491 THERM behaviour is more flexible,
allowing stepped response to THERM events.
REPLACE mode for PECI is not supported by the
NCT7491

e The NCT7491 register map is organized into two page

0x00-0xFF (page 1) and 0x100-0x1FF (page 2)

® The NCT7491 supports PWM look—-up table automatic

fan control along with the Tmin/Trange control naath
used in the ADT7490

e The NCT7491 allows temperatures to be written ¢ th

device from an external master. These values can be
assigned for fan control and Limit/ THERM assertion
functions

e PECI fan control can be implemented in relative or

absolute modes. Absolute mode uses the Tjmax value
read from the CPU plus the PECI temperature to
determine the actual core temperature.

e The reference for voltage measurement has changed

from 2.25 V on the ADT7490 to 2 V on the NCT7491.

WWW. onsemi.com
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CONTROLLERS FAN SPEED REGISTERS
[HF AND LF) CONTROL
- INTERRUPT
- FAN MASKING [~
-~ SPEED
- COUNTER
o | PERFORMAMNCE
= MONITORING
- THERMAL
PROTECTION
INTERRUPT
PECI INTERFACE STATS
REGISTERS
- ACOUSTIC
e ENHANCEMENT
- CONTROL LT
- INPUT COMPARATORS
- SIGNAL
_ | conDITIONING
- AND
ANALOG VALUE AND
MULTIPLEXER LT
REGISTERS
- BAND GAP
REFEREMCE
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Figure 2. Functional Block Diagram of NCT7491
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Typical System Connections

5V 12v 2.5v Veoop

R

F
[ Graphics jﬁ"ﬂ‘,f h P _ -
-
Tachi @
PWM2
-~ NCT7491 Remotez
Tach2 —yip| Power Supply
>
PWM3 Fan
—b..
( DIMM1 )4-» . @
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( DIMM2 )4—» -
SMBus SMBus -
\_ Master Slave P vIT
( DIMM3 )4—»
THERM/
ALERT CPU
( DIMM4 )4-»:

I SMLINK1 Sl-lfdoéﬂt
Other Temperature «g—p- e
Devices PCH

Figure 3. System Connection Diagram
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SMBus Slave Interface the data line high after the 10th clock rising etigassert a
Control of the NCT7491 is carried out using the serial stopcondition. In read mode, the master device ovestide
system management bus (SMBus). The NCT7491 isacknowledge bit by floating the data line high during the low
connected teohis bus as a slave device, under the control of period before the ninth clock pulse; this is knoasmNo
a master controller. The NCT7491 has a 7-bit sdial acknowledge. The master takes the data line loingltine
address. When the device is powered up with the ADDRENIow period before the 10th clock rising edge, arnehthigh
pin high, the NCT7491 has a default SMBus address ofafetr the 10th clock rising edge to assert a stoplition.
0101110 oOx2E. The read/write bit must be added to getthe In the NCT7491, write operations contain either one or
8-bit address. two bytes, and read operations contain one bytevriie
If more than one NCT7491 is to be used in a systach data to one of the device data registers or retdfoam it,
additional NCT7491 is placed in address select mode bythe address pointer register must be set so thatdirect
strapping ADDREN low on power-up. The logic state of the data registeis addressed. Then data can be written into that
ADDRESS SELECT pin then determines the device’s register or read from it. The first byte of a write operation
SMBus address. always contains an address that is stored in the address
The device address is latched on the first valid SMBus pointerregister. Ifdata is to be written to the device, the write
transaction, more precisely on the low—to—high transition at operation must contain a second data byte thatifsewto
the beginning of the eighth SCL pulse, when the serial busthe register selected by the address pointer ezgist
address byte matches the selected slave address. Any This write operation is shown in Figure 4. The devi
attempted changes in the address have no effectthif. address is sent over the bus, and then R/¥¢ét to 0. This
is followed by two data bytes. The first data bigehe
address of the internal data register to be written to, which
is stored in the address pointer register. Thensbdata byte
is the data to be written to the internal datastegi

SMBus Addressing Options

Table 5. SETTING THE SMBUS ADDRESS

ADDREN ADDRESS SELECT When reading data from a register, there are two
pin state pin state Address S
possibilities:
0 Low (10 k& to GND) 0101100 (0x2C) e If the NCT7491 address pointer register value is
0 High (10 kQ pull-up) 0101101 (0x2D) unknown or not the desired value, it must firsebeto
1 Don't care 0101110 (0X2E) the correct value before data can be read from the

desired data register. This is done by performingite
to the NCT7491 as before, but only the data byte
containing the register address is sent becaudsatads
written to the register. This is shown in Figure 5.

Data is sent over the serial bus in sequencesefaiock
pulses: eight bits of data followed by an acknowledge bit
from the slave device. Transitions on the data line must

occur during the low period of the clock signal aadhain

stable during the high period, because a low-to-high

transition when the clock is high may be interpreted aspa st
signal.The number of data bytes that can be transmitted ov
the serial bus in a single read or write operaigoimited
only by what the master and slave devices can bandl

When all data bytes have been read or written, stop

conditions are established. In write mode, the endkiats

SCL

SDA

A read operation is then performed consisting ef th
serial bus address, R/Wit set to 1, followed by the
data byte read from the data register. This is shiow
Figure 6.

If the address pointer register is known to beaalyeat
the desired address, data can be read from the
corresponding data register without first writigthe
address pointer register, as shown in Figure 6.

o0oo

ooo

STARTBY

MASTER ACK.BY

ADT7490

ACK.BY
ADT7490

FRAME 1 FRAME 2
Fi SERIAL BUS ADDRESS BYTE 4%47 ADDRESS POINTER REGISTER BYTE 4>‘

SCL (CONTINUED) © 0 0

SDA (CONTINUED) © 0 ©

Figure 4. Writing a Register Address to the Address

Pointer Register, then Writing Data to the Selecte

ACK.BY STOPBY
ADT7490 MASTER

FRAME 3
‘4— DATA BYTE

d Register
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SCL

SDA

STARTBY ACK.BY ACK.BY STOPBY
MASTER ADT7490 ADT7490 MASTER
FRAME 1 FRAME 2

«———— SERIAL BUS ADDRESS BYTE 4>}<7 ADDRESS POINTER REGISTER BYTE 4>{

Figure 5. Writing to the Address Pointer Register O nly

STARTBY ACK.BY NOACK.BY STOPBY
MASTER ADT7490 MASTER MASTER

FRAME 1 FRAME 2
|<7 SERIAL BUS ADDRESS BYTE 4>|<7 DATA BYTE FROM ADT7490 44

Figure 6. Reading Data from a Previously Selected R  egister

It is possible to read a data byte from a datategwithout 6. The master asserts a stop condition on SDA and
first writing to the address pointer register if the address the transaction ends.
pointer register is already at the correct valuewelver, it For the NCT7491, the send byte protocol is usedriie

is not possible to write data to a register without writing to a register address to RAM for a subsequent singte-tkad
the address pointer register because the firstigdéaof a from the same address. This operation is illustiat&igure 7.

write is always written to the address pointer stagi 1 2 3 4 5 6
In addition to supporting the send byte and receive byte
protocols, the NCT7491 also supports the read byte protocol s| stave 1wla REGISTER | | p
(seeSystem Management Bus Specifications Rev. 2 for more ADDRESS ADDRESS
information; this document is available from the SMBus
organization). Figure 7. Setting a Register Address for
If several read or write operations must be peréatim Subsequent Read

succession, the master can send a repeat start condition

instead of a stop condition to begin a new openatio If the master is required to read data from thdsteg

immediately after setting up the address, it can assentatrep

Write Operations start condition immediately after the final ACK acdrry
The SMBus specification defines several protocols for out a single-byte read without asserting an interatecitop

different types of read and write operations. Thesoused ~ condition.

in the NCT7491 are discussed here. The following

abbreviations are used in the diagrams: Write Byte

In this operation, the master device sends a comtioyge

¢ S - Start and one data byte to the slave device, as follows:

e P —Stop 1. The master device asserts a start condition on. SDA
® R - Read 2. The master sends the 7-bit slave address followed
o /W — Write by the write bit (low).

. The addressed slave device asserts ACK on SDA.

. The master sends a command code.

. The slave asserts ACK on SDA.

. The master sends a data byte.

. The slave asserts ACK on SDA.

. The master asserts a stop condition on SDA, and
the transaction ends.

® A — Acknowledge
e /A — No acknowledge
The NCT7491 uses the following SMBus write protscol

0O~NO U1~ W

Send Byte
In this operation, the master device sends a single
command byte to a slave device, as follows:
1. The master device asserts a start condition on. SDA The byte write operation is illustrated in Figure 8
2. The master sends the 7-bit slave address followed 1 2 3 4 5 6 7 8

by the write bit (low).
3. The addressed slave device asserts ACK on SDA. S Agéé\éEss W(A iE%EETsEg A| DATA [A|P
4. The master sends a command code.
5. The slave asserts ACK on SDA. Figure 8. Single Byte Write to a Register

WWW. onsemi.com
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Read Operations the bus is locked and releases the bus. This pretea
The NCT7491 uses the following SMBus read protocols. device from locking or holding the SMBus expectitaja.
Some SMBus controllers cannot work with the SMBus

Rece.ive Byte . . timeout feature, so it can be disabled.
This operation is usefuthen repeatedly reading a single Register 0x11 <4> TODIS = 0, SMBus timeout enabled

register. The register address must be previously set up. lr{default) <4> TODIS = 1. SMBUS timeout disabled
this operation, the master device receives a stngéefrom ' ’ '

a slave device, as follows: Register Map Paging

;' me master devige ak\]ssgrtz_a sltart c%ndditionfo“. SDAd The NCT7491 register map is organized into two page
- The master sends the 7-bit slave address followed 4 Page 1 contains register addresses 0x00 to OXFF

by the read bit (high). . )
3. The addressed slave device asserts ACK on SDA. ® Page 2 contains register addresses 0x100 to Ox1FF
4. The master receives a data byte. The default page on power up is page 1, so any SMBus
5. The master asserts NO ACK on SDA. read/writes tahe NCT7491 will be to addresses in the range

6. The master asserts a stop condition on SDA, and 0X00-OxFF. . .
the transaction ends. To access page 2 of the register map, bit 0 (RGMP) of

In the NCT7491, the receive byte protocol is ugead register OXFF must be set to 1. Any subsequentweibels
a single byte of data from a register whose addhess afterthat bit is set will be to addresses in the randgé0 to

previously been set by a send byte or write byte operation.0X1FF, €.g. reading from address 0x22 when RGMP is set
This operation is illustrated in Figure 9. will read from register 0x122. Bit 0 of register OxFF is, in

effect, the MSb of the address pointer. To returpage 1,
L 2 3 4 5 6 bit 0 (RGMPCL) of register Ox1FF must be cleare@.to
All register read/writes referenced in this docutrefer
to registers on SMBus Page 1 unless stated otherwis

s SLAVE
ADDRESS

>
o

R|A DATA

Analog Temperature Measurement
A simple method of measuring temperature is to@kpl
Alert Response Address the negative temperature coefficient of a diodeneaied
Alert response address (ARA) is a feature of SMBus transistor, measuring the base emitter voltagee\\of a
devices that allows an interrupting device to identify itself transistor operated at constant current. However, this
to the host when multiple devices exist on the shuse technique requires calibration to null the effect of the
The SMBALERT output cabe used as either an interrupt - absolute value of ¥, which varies from device to device.
output or an SMBALERT. One or more outputs can be The technique used in the NCT7491 measures the ehang
connected to aommon SMBALERT line connected to the in Vgg when the device operates at four different cusient
master. If a device's SMBALERT line goes low, the Figure 10 shows the input signal conditioning used
following events occur: measure the output of an external temperature sensor. This
1. SMBALERT is pulled low. figure shows the external sensor as a substratsdtar, but
2. The master initiates a read operation and séweds t it can equally be a discrete transistor. If a digetransistor
alert response address (ARA = 0001 100). This is is used, the collector is ngtounded but is linketb the base.
a general call address that must notbe usedasa  To prevent ground noise interfering with the
specific device address. measurement, the more negative terminal of the sensor is not
3. The device whose SMBALERT output is low referenced to ground, but is biased above ground by an
responds to the alert response address, and the ipternal diode at the D- input. .Cl may be added asise
master reads its device address. The address of thefilter (a recommended maximum value of 1000 pF).
device is now known and can be interrogated in However, a better option in noisy environments is to add a

Figure 9. Single-Byte Read from a Register

the usual way. filter, as described in the Noise Filtering section

4. If more than one device’s SMBALERT output is low, To measureAVgg, the operating current through the
the one with the lowest device address has priority Sensor is switcheamong 4 currents, 2 x 2 related currents.
in accordance with normal SMBus arbitration. As shown in Figure 10, N1 x is a multiple of { and N2 x

5. Once the NCT7491 has responded to the alert I>is a multiple of . The currents through the temperature

response address, the master must read the status diode are switched between | and N1 x |, givigge1; and
registers, and the SMBALERT is cleared only if then between | and N2 x |, givingV gg». The temperature

the error condition is gone. is then calculated using the tlY gg measurements. This
. method cancels the effect of any series resistance on the
SMBus Timeout temperature measurement.

The NCT7491 includes an SMBus timeout feature. If
there is nSMBus activity for 25 ms, the NCT7491 assumes

WWW. onsemi.com
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Figure 10. Analog Temperature Measurement Method
Series Resistance Cancellation ensures that the results read back from the two registers

Parasitic resistance to the D+ and D- inputs to the come from the same measurement.
NCT7491, seen in series with the remote diode, is caysed b  Theoretically, the temperature sensor and ADC can
a variety of factors, including PCB track resistaaad track measure temperatures from <64to +127.8C with a
length and internal resistance in the CPU. This seriesresolution of +0.25C. However, this exceeds the operating
resistance appears as a temperature offset in the remot@mperature range of the device, so local temperature
sensor’'s temperature measurement. This error typicallymeasuremenisutside the NCT7491 operating temperature
causes a 0.5 degree C offset per ohm of parasgistance  range are not possible.

in series with the remote diode. e Remotel result registers: 0x25 (MSB), 0x77 bit2=3:
The NCT7491 automatically cancels the effect af series (2 LSh)

resistance on the temperature reading, giving & agurate 4 Local result registers: 0x26 (MSB), 0x77 bits <5:4>
result, without the need for user characterization of this (2 LSh) ' ' '

resistance. The NCT7491 is designed to automaticaficel . ) . )
typically up to 2732 of resistance in series with the thermal * Remotel result registers: 0x27 (MSB), Ox77 bit5=7.
diode. By using an advanced temperature measurement (2LSb)
method, this process is transparent to the useés.fé&ature

. . Table 6. TWO'S COMPLEMENT FORMAT
permits resistances to be added to the sensor pattdtecpro

a filter, allowing the part to be used in noisy ieorments. Temperature Digital Output (10-Bit)
-64°C 1100 0000 00
Temperature Measurement Results -

The results of the Local, Remote 1 and Remote Rerature “Se°C 1100 1001 00
measurements are stored in the local (0x26), remote 1 (0x25 -40°C 1101 1000 00
and remote 2 (0x27) temperature value registets/ar's -10°C 1111 0110 00
F:omp_lemenformat or Offset 64 format, depending on bit O 10 1111 1111 00
if register 0x7C (1= 2’s complement, 0 = Offset.6Mese
results are then compared with limits programmeéal fine ~0.25°C i
local, remote 1 and remote 2 high and low limit registers. 0°C 0000 0000 00
The high, low and THERM limitkor the local, remote 1 and 10.25°C 0000 1010 01
remote 2 channels must be in the same format as th Py 0001 1001 00
temperature reading i.e. 2's complement or Offdet 6

All the temperature measuremeiatta for each channel is 125°C 0111 1101 00
stored intwo registers, one for the MSB and one for the LSB. 127.5°C 0111 1111 10
This gives the temperature measurement resolution o[~ ———"—"-—C o111 1111 11

0.25°C. When reading the full external temperature vialue

read the LSB first. This causes the MSB to be Iddfteat NOTE: Bold numbers denote the LSB bits from
is, the ADC does not write to it) until it is redkhis feature extended resolution register Ox77.

WWW. onsemi.com
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Offset 64 Format

In Offset 64 mode the range of values monitore#EC
to 191.8C (as opposed to -6@ to +127.8C in 2's
complement mode). To read the temperature in thiedb
the user must subtract 64 from the value returraad the
temperatureegister. Ofset 64mode is enabled by setting bit
0 if register Ox7C to zero.

Local Low Limit register: 0x50
Local High Limit register: 0x51
Remote2 Low Limit register: 0x52
Remote2 High Limit register: 0x53

Offset Registers

Offset errors can be introduced into the tempeeatur
Table 7. OFESET64 measurements by clock noise or when the thermded®
located away from the hot spot. To achieve the specified

Register Code Temperature accuracy on this channel, these offsets must bewved
0 -64°C The offset value is stored as an 8-bit, twos complement
32 -32°C value. The value in the offset register is added to, or
o4 0°C subtracted from, the measured value of the relevant
temperature. The offset register has a default valué@®f 0
100 36°C and has no effect unless the user writes a differ@ine to
255 191°C it. The resolution of the value in the offset register is
determined by bit df register 0x7C. If the bit is O then the
Round Robin Temperature Measurement resolution is 0.%C. If the bit is 1 then the resolution i%CL

The local and remote sensors are read in sequence in & Remotel Offset, register 0x70
continuous loop when monitoring is enabled (setting bit 0 of e |ocal Offset, register 0x71
register 0x40). The user may decide which temperatureq Remote2 Offset, register 0x72
channels are included in the monitoring loop using bits

<2:0> in register 0x13. Push Registers

® Setting <0> of register 0x13 includes the localroted The NCT7491 allows the user to program 4 tempersture
in the monitoring loop. into the device that can then be used for fan control and

e Setting <1> of register 0x13 includes the remotel THERM/SMBALERT functions in the same way as other
channel in the monitoring loop. temperature sources. These temperatures can benoit

the system SMBus master and should be programnigsl as
complement values.

® PushO, register 0xC8

® Setting <2> of register 0x13 includes the remote2
channel in the monitoring loop.
Any channel not required in an application shoudd b
removed from the loop to reduce the overall monitoring ® Pushl, register 0xC9
time. Voltage channels may also be selected for thee Push2, register OXCA
monitoring loop. See the Voltage Monitoring section for e pysh3, register OXCB
more information.
Push Limit Registers
Temperature Averaging There are high, low and THERM limits associatedhwie

The number of samples over which the temperature pysh channels. The same limits are applied to atdngHs.
readings (and voltage readings) are averaged is set by bitg Push Low Limit register, OXCF

<7:6> of register 0x40. The options are:
® 4 samples per averaged reading, <7:6> = <00>
e 8 samples per averaged reading, <7:6> = <01>

e Push High limit register, OXCE
e Push THERM Limit register, 0XDO

® 16 samples per averaged reading, <7:6> = <10> Push Tmin/Trange Registers
® 32 samples per averaged reading, <7:6> = <11> The Push channels also have associated Tmin/Trange
Averaging can be disabled for temperature readings byvaluesfor Automatic Fan Control. The hysteresis applied a
setting bit <4> of register 0x73. the Tmin value can also be programmed.
® Push Tmin, OXCC
Temperature Limits e Push Trange, OXCD bits <3:0>

Temperature !imits can be set for each channel to detect N bush Hysteresis, OXEB bits <3:0>
out of limit condition. These registers are programinehe ' :
same format as the temperature readingf Offseté4 mode  pec| 3.0 Interface
is enabled then these registers must be prograrmmibet The PECI 3.0 interface reads thermal data fronufht
format, otherwise theay are programmed as 2'S 4 cpys jocated at PECI addresses between 0x30x8d 0

complement. o (the first 4 addresses populated are used), and from 1 or 2
® Remotel Low Limit register: Ox4E domains per CPU. The hottest reading from the domains for
® Remotel High Limit register: Ox4F each CPU is stored in the PECI temperature regidtaran

WWW. onsemi.com
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also write thermal data to the Package Configungdipace

in the CPU. A PECI reading is a negative valueldgrees
Celsius, which represents the offset from the thermataont
circuit (Tce) activation temperature. PECI information is
returned as a 16-bit 2's complement value from tiie
8-bit 2's complement value is derived. See the Platform
Environment Control Interface (PECI) Specification from
Intel for more details on the PECI data format. The PECI
temperature stored for each CPU is an averaged value; th
averaging window is user programmable.

The NCT7491 automatically detects the presence of a
CPU at each of the supported addresses, and aéstigie
number of supported domains for each CPU. The pcese
of each CPU is indicated in the NCT7491 statusstecs.

On power up, the PECI interface will become actWen
the voltage measured on VTT is above 0.5 V anddhage
on Vccp is above 0.5 .\Mhe returned CPU temperature will
determine the behavior of the fans on power-up.

Thermal data that is collected by the NCT7491 (éng.
DIMM temperatures) can be written to the CPU’s Ragk
Configuration Space (PCS) over the PECI 3.0 interface.
This data can be used by the CPU to modify memory
operations based on the DIMM temperature.

There are associated high and low limits for each PECI
reading that can be programmed. The limit values take thg
same format as the PECI reading. Therefore, the
programmed limits are not absolute temperatures but g

also beset to indicate that at least one CPU was detelfted.
any processors are detected then the PECI morgttworap
will automatically start.

The Vccep pin must be connected to an input voltagehe
PECIinterface to function correctly. If it isot connected to
the CPU supply voltage then it should be connetdtie
NCT7491supply voltage, Vcc. If the system processor does
not support PECI 3.0 then the PECI monitoring lodprvait
automatically start. In that case the user can write to the
PECI registers to manually configure the interface. The
register descriptions are given below.

PECI Error Detection

The PECI 3.0 protocol includes FCS (Frame Check
Sequence) bytes to guarantee data integrity. If there is a
mismatch between the data and the FCS then a status bit
indicates the communication failure (COMM status bit,
register 0x43 bit <2>). PECI 3.0 also supports processor
specific error codes to indicate error conditions relating to
the temperature sensor within the processor (DA&£us
bit, register 0x43 bit <1>). These codes are shown in
Table 8:

Table 8. DATA ERROR CODES

relative offset in degrees Celcius from the TCC activation
temperature. Alut-of-limit event is recorded as follows:

e High Limit > comparison performed
® Low Limit < comparison performed

DATA code bits DATA
<6:4>, 0x43 Error code Description
<000> 0x8000 General Sensor Error
<001> 0x8002 Temperature below
operational range
<010> 0x8003 Temperature above
operational range

An out-of-limit event is recorded in the associattdus
register and can be used to assert the SMBALERT pin

A generic PECI 3.0 interface command structurdss a
available to allow an externaiaster to issue any PECI 3.0
command iraddition to the commands implemented by the
NCT7491 monitoring loops

PECI V17 Input

PECI Completion Code

Each read or write operation to the CPU Package
Configuration Space returns a completion code to indicate
the success or failure of the operation. The cotoplebdes
supported are shown in Table 9:

Table 9. COMPLETION CODES

The PECI {7 voltage is used as the reference voltage for
the PECI interface. This voltage must be connetdetie

NCT7491 in ordefor the PECI interface to be operational.

The PECI \f7 input is also monitored by the NCT7491 and
has associated high and low limits to allow out—of-limit
detection orthe V-1 channel. The valid operational voltage

range for PECI V7 is 0.85 V to 1.26 V.

PECI Startup Operation

On power up of the NCT7491 the PEC\in and the
Vccep pin are monitored. If the voltage on bothtafde pins

risesabove 0.5 V then the NCT7491 will wait 5 ms andthe
automatically scan the PECI port to check for thesence
of PECI 3.0 enabled processors. For any procedsatraite

Completion

Code Description

0x40 Command Passed, data is valid

0x80 Command timed out. Processor cannot gener-
ate required response in a timely fashion.
Retry is appropriate.

0x81 Command timed out. Processor cannot alloc-
ate resources for the request. Retry is appro-
priate.

0x90 Unknown/Invalid/lllegal request

0x91 PECI Control hardware, firmware or associ-
ated logic error. The processor cannot process
the request.

detected the PECI address, the domain count, the TCOﬂtrO"rhe Comp|eti0n code status bit in the NCT7491 (register

value and the Tjmax value will be read and stored in the
NCT7491. The CPU count bits will be set (bits <7:6> of
register 0x88). The PDET bit (bit <0> Of regista&B®) will

WWWw. onsem
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PECI Registers

PECI CPU Addresses:

The registers relating to the operation of the PECI 3.0 ¢ PECIO CPU Address, 0x00

interface are as follows:

Enabling the Interface:
e PECI Monitor, 0x40 bit 4

Setting PECMonitor to 1 enables the PECI temperature
monitoring loop. This will be automatically enabled on
power up ithe Virt and \ecpvoltages have exceeded preset
thresholds and any PECI 3.0 enabled processorshesre
automatically detected.
NOTE: The PDET bit (bit <0> 0x37) must also be set

for correct operation.

Detected number of CPUs:
® CPU Count, 0x88 bits <7:6>
e PDET, 0x37 <0>

CPU Count indicates the number of populated CPUs.
CPUs are automatically detected on power up by the
NCT7491and the number found is set here. The number can

be overwritten by the user and sets the numbePdfsto
be included in the temperature monitoring loop. fitn@aber
of CPUs is 1 to 4, and the format is as shown lerao.

e PECI1 CPU Address, 0x01
e PECI2 CPU Address, 0x02
e PECI3 CPU Address, 0x03

These are the addresses used to access each CPU on the

PECI interface and are automatically populated by the
NCT7491 orpower up. The values can be overwritten by the
user.

PECI Temperature Values:

PECIO Temperature, 0x33

PECI1 Temperature, OX1A

PECI2 Temperature, 0x1B

PECI3 Temperature, 0x1C

These are the relative temperature values retimeide
CPU. If a CPU is not populated then its associated
temperature register can be written to by an external master.
Data is tored in 2's complement format.

PECI Absolute Temperature Values:

e PECIO_Abs Temperature, 0x04

PDET is set if at least one PECI enabled processor ise PECI1_Abs Temperature, 0x05

detected. If it is not automaticalbet then it must be set by
the user.

Table 10. CPU COUNT

e PECI2_Abs Temperature, 0x06
e PECI3_Abs Temperature, 0x07

Theseare the absolute CPU temperature values. They are
automatically calculated by the NCT7491 from tHatiee
temperature and the CPUjjax value. See thé’ECI
Tmax Values section. Data is stored in unsigned format.

Domain Count bits:
e DOMO, 0x36 hit 3
e DOM1, 0x88 hit 5
e DOM2, 0x88 hit 4
e DOMS3, 0x88 hit 3

These bits indicate the number of supported donzens
CPU (0 = 1 domain, 1 = 2 domains). THE NCT7491
automatically detects these values on power upsatsdthe
appropriate bits. They can be overwritten by ther.us
PECI Interval:
e PECI Update Rate, 0x37 bits <5:4>

This determines the rate at which the PECI tempezat
registers are updated.

Table 11. UPDATE RATE

0x37 <5:4> PECI Update Rate
<00> 1/sec
<01> 2/sec
<10> 5/sec
<11> 10/sec

The user can enable Absolute PECI mode by settir®y bi
of register 0x73 (ABS/REL) which will use the vaktered
in the PECI absolute temperature registers for fan control,
THERM béhaviour and SMBALERT behaviour rather than
the relative PECI values.

PECI Averaging
The number of samples over which the PECI mastiér wi

calculate amveraged temperature reading for each CPU can
be set in register 0x36, bits <2:0>:
<000> = No averaging
<001> = Averaged over 2 samples
<010> = Averaged over 4 samples
<011> = Averaged over 8 samples
<100> to <111> are reserved
PECI Offsets:
e PECIO Offset, 0x94
e PECI1 Offset, 0x95
e PECI2 Offset, 0x96
e PECI3 Offset, 0x97
Offset values can be assigned to each temperdtanmel

by programming these registers. The value programmed
should be in 2’€omplement format. The resolution RC1

0x88 <7:6> CPU Count
<00> 1
<01> 2 Absolute PECI mode
<10> 3
<11> 4

WWW. onsemi.com
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PECI Limits: The user can choose to use the relative or absSekm
e PECI Low Limit, 0x34 temperature values for fan control. If Absolute PE@de
e PECI High Limit, 0x35 is used then the maximum valid Tmin value isI75

These registers are used to set the allowable PECI For full details on the Fan Control implementation thee

temperatureange. If the temperature is above the high limit an Control” section of this document
or below the low limit then a status bit is set and pins PECI Status Bits:
configured as SMBALERT will assert. The high and low e PECIO limit error, 0x43 bit O
limit values are common to all PECI channels. The format e PECI1 limit error, 0x81 bit 3
depend®n whether Absolute PECI mode is enabled. If itis 4 PECI2 limit error. 0x81 bit 4
then the limits are in unsigned format. If AbsolRECI PECI3 limit error, 0x81 bit 5
mode is not enabled then the format is 2’'s compigme ’
DATA error, 0x43 bit 1

PECI TconTrOL Values: COMM 0x43 bit 2

® PECIO TconTROL, OX3D error, Lx ] I
DATA type, 0x43 bits <6:4>

e PECI1 TCONTROLa 0x08 . .
PECI completion code, 0x81 bit 0

® PECI2 TconTrROL, 0X09 .
PECIO TconTrOL €Xceeded, 0x89 bit 0

® PECI3 TconTROL, OX0A .
These values set the fail-safe fan assertion temperature® PEC!1 TconTroL exceeded, 0x89 bit 1

The response of the fans is determined by the THERM® PECI2 TcontroL exceeded, 0x89 bit 2

configuration registers and is described in the ‘THERM e PECI3 TconTrROL €Xceeded, 0x89 bit 3

Assertion’ section of this document. These values can be The Data Type field indicates the returned codeDRARA

read from the CPU via the PECI interface or progret error is generated. Status bits in 0x43 and 0x81 can be

directly by the user. masked by setting the corresponding mask bits in registers
The format depends on whether Absolute PECI mode isOx82 and 0x83.

enabled. If it is then the limit is in unsigned format. If

Absolute PECI mode is not enabled then the format is 2's Generic PECI Command Block

complement. CPU Address, 0xD1

PECI Tyuax Values: Data Write Length, 0xD2

® PECIO Tjmax , 0XOB Data Read Length, 0xD3

PECI1 Tymax , 0XOC Data Write Buffer, 0xD4 to OXEQ

PECI2 Tymax , OXOD Data Read Buffer, 0xE1 to OXE9

PECI3 Tymax , OXOE Generic PECI Configuration, OXEA

Each CPU has a maximum junction temperatufgak. These registers define the generic PECI interface. An

These values for the pdpied CPUs are read via the PECI external master can populate these registers in order to

3.0 interface by the NCT7491. They can also be execute any supported PECI 3.0 commands.

over-written bythe user. They are used to determine the The byte definitions for this block are as follows:

absolute PECI temperature. These values are stored agPU Address sets the target address of the PECI client that

unsigned data. is to be accessed.

PECI Fan Control: Data Write Length sets the number of bytes to be
e PECI Tmin, Ox3B transferred to the PECI clierithis byte should include the

e PECI Trange, 0x3C bits <7:4> AW FCS byte in its count. The AW FCS byte is
e PWM1 Sourcel. Ox8A bits <6:3> automatically calculated and appended by the NCT749

e PWM?2 Sourcel. 0x8D bits <6:3> Data Read Length sets the number of bytes to be returned
® PWM3 Sourcel, 0x90 bits <6:3> from the PECI client.

Tmin sets the turn-on temperature for any fan that is Data Write Buffer is a 13 byte buffer that holds the data to
controlled by a PECI temperature. be transferred to the client. The first byte of thiffer is the
Trange sets the range over which the PWM output wil command code that defines the command to be exkcute

increase from PWMmin to PWMmax. Data Read Buffer is a 9 byte buffer that will hold the data
The PECI Tmin and PECI Trange values are common toreturned from the client.

all PECI channels.
The PWMX Source registers are used to assign

temperature control to a fan. The PECI assignnsedbne

with bits <6:3> in those registers.
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The PECI Configuration 5 register (address OXEA) functions. Enabling the SMBus master port overrides any
enables the generic block and allows the command to beGPIO1/GPIO2 configuration settings.
executed. The configuration bits are:

o AW, bit 1 . .

i The registers relating to the control of the SMBus
* PEX, bit 2 compatible master interface are as follows:
SettingAW to 1 indicates that the transfer is an Assured Enabling the SMBus Master port:

Write transaction. e SMBus Master Enable, 0xB5 bit 0

Setting PEX to 1 causes the NCT7491 to execute the Setting this bit configures pins 5 and 6 on the ®SO

command that has been set up in the generic comman%ackage, opins 2 and 3 on the QFN package as the SMBus

block. This bit will automatically clear when the tractsan Master Port. It also enables the Thermal slave temperature

has completed. monitoring loop which will gather data from the devices
If a communication error occurs when a Generic PECI configured in the SMBus Master Addressing table.

command isent then the GCOMM status bit is set. This bit  \yhen this bit is 0 and pins 5 and 6 on the QSOP packag

SMBus Compatible Master Registers

can be masked. or pins 2 and 3 on the QFN package are not configured as
® GCOMM, register 0x81 <2> GPIOs then the SMBus slave port is internally connetcted
o GCOMM mask, register 0x83 <2> the SMBus master port. This allows the master cdadeo

the NCT7491 to communicate directly with deviced #ra
SMBus Compatible Master Port on the NCT7491 master port.

Thermal data is gathered from temperature monijorin
devices attached to the SMBus Master port on the NCT7491 Temperature Addressing Table:
This port is used to automatically read temperatiat ® DeviceO Address, 0x98
from DIMM sensors, the PCH chipset sensor, graphics e Device0 Pointer, 0x99
thermal sensors, or any thermal sensor with an SMBU ¢ peyicel Address, 0x9A
interface. Up to &hermal slave devices are supported on the . .
SMBus master port. The SMBus slave address for each. Dev!cel Pointer, 0x98
device is user programmable. The register address of the Device2 Address, 0x9C
thermal data within the slave device is also user ® Device2 Pointer, 0x9D
programmable. This is assumed to be a 1-byte address s® Device3 Address, Ox9E
devices with a register address range of 0x00 to OXFF ares Device3 Pointer, 0X9F
suitable. Each slave device has associated programmablg Device4 Address, OXAQ
configuration bits to indicate the protocol required to e Deviced Pointer. OxAL
communicate over the SMBus and the temperature data ) k
format returned by the slave device. Status bilsndicate * DeviceS Address, OxA2
if any checksum errors arise from communicatindnwlie ® Device5 Pointer, 0XA3
slave devices. ® Device6 Address, 0xA4

The NCT7491 can be connected to the SMLINK1 port of ¢ Device6 Pointer, 0xA5
the PCH to allow the PCH thermal data to be readals :
automatically read from the PCH using the SMBus Block ° Dev!ce7 AdFiress, 0xAB

Device7 Pointer, OXA7

Read protocol. The device can be configured to read the® . . )
The DeviceX Address register sets the 7-bit (R/\Whbit

DIMM temperature registers from the PCH. )
The SMBus master and slave ports on the NCT7491 car"cluded) SMBus address of the thermal sensor.
The DeviceX Pointer register sets the register esidof

be connected together if required.

Temperature readings returned from the thermal devicestn® témperature data in the thermal slave device.
on the SMBus master port are available for use in the D€vice0 can be usédr SMBus Block Read commands.

Automatic Fan Control algorithm. In that case the block read command code shoulditien

The SMBus thermal devices have associated highoand | to the DeviceO Pointer register. If the NCT7491 tdaport
temperaturdimit registers to allow out-of—limit conditions IS connected to tBMLINK1 port of the Intel PCH then the

to be detected. If the SMBus Master interface is disabledPCH témperature (and possibly the DIMM temperatures)

then the SMBus master is internally connectedécstave a0 be read from this port. In that case Devicellishbe
interface, if the pins have not been assigned to Gploreserved for th®CH temperature and Devicel to Device 4

reserved for DIMMO to DIMM3.
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The NCT7491 will not attempt to read from a devitatt

Table 15. Device3 FORMATS

has a Device Address byte that is set to 0. XB2 <705 m——
Temperature Values:
. 00 2's Complement
® Device0O (PCH), OxA8
e Devicel (DIMMO), OXA9 01 JEDEC SPD standard
e Device2 (DIMM1), OxAA 10 Unsigned binary
e Device3 (DIMM2), OXAB u reserved
* Device4 (DIMM), OxAC Table 16. Device4 FORMATS
¢ Dev?ce5, OXAD 0xB3 <1:0> Format
® Device6, OXAE
. 00 2's Complement
® Device7, OXAF "
The results of the readings from each of the thestaak ot JEDEC SPD standar
devices are stored here 10 Unsigned binary
11 reserved
Thermal Slave Data Formats
It is necessary for the NCT7491 to be configured so that 14pe 17. Device5 FORMATS
the data format for each SMBus client device is kmasvg. XB3 <3 > Format
if the data i's Complement or unsigned data, or if a JEDEC '
standard SPD device is used so that the data can betlgorrec 00 2's Complement
read from the device. Each SMBus device has aehit fo 01 JEDEC SPD standard
determine the data fqrmat for th_at de_V|ce. The_ format 10 Unsigned binary
selected for the device determines its behaviour for .
out-of-limit comparisons, THERM assertions and fan 1 VR12 Literal
control operation. For DeV|c'eO, if the'format i$ tsePCH. Table 18. Device6 FORMATS
Block Read then the resulting data is stored as unsigne
binary. The VR12 literal mode can be selected to allow| B3 <54> Format
temperature or power data be read from a VR12 controller| 00 2's Complement
via the PMBus. o1 JEDEC SPD standard
Table 12. DeviceO FORMATS 10 Unsigned binary
0xB2 <1:0> Format 1 VRI12 Literal
00 2's Complement Table 19. Device7 FORMATS
01 JEDEC SPD standard 0xB3 <7:6> Format
10 Unsigned binary 00 2's Complement
un PCH block reads 01 JEDEC SPD standard
. 10 Unsigned bi
Table 13. Devicel FORMATS nsigned binary
OxB2 <3.2> Format 11 VR12 Literal
00 2's Complement SMBus Master Update Rate
o1 JEDEC SPD standard The interval between successive reads from an SMBus
o Unsigned binary client device is determined by register OxC7 bitsb:
11 reserved Table 20. SMBus UPDATE
0xC7 bits <7:6> SMBus Update Rate
Table 14. Device2 FORMATS 00 250 s
0xB2 <5:4> Format
01 500 ms
00 2's Complement
10 750 ms
01 JEDEC SPD standard
11 1 sec
10 Unsigned binary
11 reserved Thermal Slave Limits:

WWWw. onsem

e SMB Slave High Limit, 0xC1
e SMB Slave Low Limit, 0OxC2
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These registers are used to set the allowable Thelaval s
temperatureange. If the temperature is above the high limit
or below the low limit then a status bit is set and pins
configured as SMBALERT will assert. The high and low
limit values are common to all SMBus Thermal slave
readingsThe low limit is programmed as a Zomplement
value. The high limit is programmed as an unsigredde.
The difference between the two formats is neceseaigver
the alternate formats available for the SMBus stisxgces.

Thermal Slave THERM Value:
e SMBus THERM Limit, OxC3

This value sets the fail-safe THERM assertion
temperature. The response of the fans is deternbindioe
THERM configuration registers and is described in the
‘THERM Assertion’ section of this document. Thiduais
programmed as ar+bit unsigned value.
Thermal Slave Fan Control:
e SMB Device Tmin, 0xC6
SMB Device Trange, O0xC7 bits <3:0>
PWM1 Source2, 0x8B
PWM2 Source2, Ox8E
PWM3 Source2, 0x91

Tmin sets the turn—on temperature for any fan that is

If OxB5 <5> is 1 then registers 0xA9 and OxAA are
overwritten by the Remotel temperature reading.

If OxB5 <6> is 1 then registers OXAB and OxXAC are
overwritten by the Remote2 temperature reading.

If bit 7 of 0xB5 (DIMM from PCH) is set then bitseéhd
6 have no effect.

Writing DIMM temperatures to the CPUs

The DIMM temperatures collected from SPD devices,
from the PCH or from the analog thermal sensors can be
automatically written to the CPU via PECI. To enable this
function set the PWEN bit, register 0x37 <7>. The
temperatures written will be the maximum DIMM
temperature for each CPU.
DIMM CPU assignments:
DIMMO CPU, OxOF bits <1:0>
DIMM1 CPU, OxOF bits <3:2>
DIMM2 CPU, OxOF bits <5:4>
DIMM3 CPU, OxOF bits <7:6>
These bits set the CPU associated with each DIMN& T
information is necessary in order for the PECI loop to
program the maximum DIMM temperature for each CPU.
Selecting DIMMs To Be Written

Each DIMM register can be enabled to be writtethto

controlled by a Thermal slave device. Trange sets thecpy individually. This is done in register OX87sbit7:4>.

temperature range over which /M output will increase
from PWMmin to PWMmax. The Tmin and Trange values
apply to all Thermal slave devices. SMB Tmin is

programmed as an 8-bit unsigned value. The maximum

valid SMBus Tmin value is 17&.

If a DIMM is not populated then the correspondiitdrbthis
register should be set to zero:

Setting0x87 bit <4> to 1 includes DIMMO in the PECI write
Setting 0x87 bit <5> to 1 includes DIMML1 in the PE@ite

The PWMX Source registers are used to assign Setting 0x87 bit <6> to 1 includes DIMM2 in the PE@ite

temperature control to a fan.
For full details on the Fan Control implementation thee
‘Fan Control’ section of this document.

SMBus Master Communication Settings
e Repeated Start Enable, 0xBO hitsG:7:
® PEC Supported, OxB1 bits <7:0>

The Repeated Start bits enable/disable the repeated stay

protocol for each device.

The PEC Supported bits can be set if an SMBus client

device supports CRC-8 PEC. If this bit is set for a client

Setting 0x87 bit <7> to 1 includes DIMM3 in the PE®@ite

SMBus Thermal Slave Error Response
How the NCT7491 responds to errors on the SMBus
master port can be configured in the following ways
® SMBus Retry Interval, 0x10 bits <4:3>
¢ PWM1 Response, 0x11 bit 5
PWM2 Response, 0x11 bit 6
® PWM3 Response, 0x11 bit 7
SMBus Retry Interval: If an error is encountered when

device then the NCT7491 will read the PEC byte after the COMMunicating with a Thermal slave device then the

data andset the corresponding bit in the PEC status registe
(OxB7) if the PEC byte is incorrect.

DIMM Temperatures from PCH
e Read DIMM from PCH, 0xB5 bit 7

If this bit is set to 1 then the SMBus master palitread
the DIMM registers from the SMLINK1 port of the PGiHd
store the results in registers 0xA9 to OxAC. I6iD then it
will read DIMM temperatures from SMBus slave degice

DIMM Temperatures from Remote Sensors
e DIMM 0/1 from Remotel, 0xB5 bit 5
o DIMM 2/3 from Remote2, 0xB5 bit 6

NCT7491 will attempt to carry out the command up to 3
times.These bits set the interval between the retry gitem

Table 21. SMBUS ERROR RETRY TIMES

0x10 bits <4:3> SMBus Retry Interval
00 1ms
01 2ms
10 4 ms
11 8 ms

If the device fails 3 consecutive read attempts tthe
PWMx Response bits determine the fan behaviour.
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If bit 5 of 0x11 is 1 then PWM1 will go to 100% gut

or Max duty. If bit 5 is 0 then the error is igndre

If bit 6 of 0x11 is 1 then PWM2 will go to 100% gut

or Max duty. If bit 6 is 0 then the error is igndre

If bit 7 of Ox11 is 1 then PWM3 will go to 100% gut

or Max duty If bit 7 is 0 then the error is ignored.
Whether the PWM outputs go to 100% or Max duty is
determined byits <4:2> of register 0x16. See thel ERM
ASSERTION section of this document for more details.

SMBus Master Status Registers

Bad Block read byte count, 0x81 bit 6

NACK bits, OxB6 bits <7:0>

PEC error bits, 0xB7 bits <7:0>

SMBus Timeout bits, 0xB8 bits <7:0>

High/Low Limit exceeded bits, 0xB9 bits <7:0>

PCH Data Invalid, OxBA bits <4:0>

THERM Limit exceeded, 0xBB bits <7:0>

Bad Block Read Count will assert if the byte count returned

by the block read command is insufficient to read the
required temperatures.

NACK bits will assert if a device does not acknowletige
SMBus address.

PEC error bits will assert if the PEC byte is incotrec
SMBus Timeout bits will assert if the bus is locked.

High/L ow Limit bits will assert if the temperature returned
is at or below the programmed low limit value.

PCH Data Invalid bits will assert if the PCH returns
reserved temperature codes

THERM Limit bits will assert if the returned temperature
is greater than the programmed THERM limit
The status bits ((except THERM status) will hold their

will be calculated for each temperature and the highest
calculated PWM value will be output. If no temperature
sources are selected then the associated PWM channel
defaults to manual mode.
Registers for assigning zones to PWM1:
e | ocal/Remotel/Remote2 Control, 0x8A bits <2:0>
PECI Control, 0x8A, bits <6:3>
SMBus Thermal Slave Control, 0x8B bits <7:0>
Push Temperature Control, 0x8C bits <3:0>
Registers for assigning zones to PWM2:
e | ocal/Remotel/Remote2 Control, 0x8D bits <2:0>
PECI Control, 0x8D, bits <6:3>
SMBus Thermal Slave Control, Ox8E bits <7:0>
Push Temperature Control, Ox8F bits <3:0>
Registers for assigning zones to PWM3:
® [ ocal/Remotel/Remote2 Control, 0x90 bits <2:0>
e PECI Control, 0x90, bits <6:3>
® SMBus Thermal Slave Control, 0x91 bits <7:0>
® Push Temperature Control, 0x92 bits <3:0>
For example if the user wants to control PWML fribve
hottest of the CPU temperatufeCH temperature and the

Remotelsensor then the Control Source registers would be
programmed as:

® Ox8A<3>=1 (PECIO)
® Ox8A<1>=1 (Remotel)
® 0x8B<0>=1  (SMBus Device 0, PCH)

Tmin/Trange Automatic Fan Control
The PWM channels can be put into Tmin/Trange in the
following way:
e Setting bit <0> of register 0x10 to 0 puts PWM1 in
Tmin/Trange mode

value until the registers are read through the SMBus slaves Setting bit <1> of register 0x10 to 0 puts PWM2 in

port. Status bits (except THERM status) can be etagly
setting the corresponding bits in registers OxBB to OXBF.
THERM Limit status bits will automatically clear when the
temperature is below the SMBus THERM limit, unless
THERM hysteresis is enabled (setting bit O of regidtdd)

in which case the temperature must drop below THERM
limit — Hysteresis

Automatic Fan Control

There are two automatic fan control methods thatea
selected inhe NCT7491. Each PWM channel can be set to
use the Tmin/Trange control method or to use an 8 point
PWM Look-Up Table In both cases one or more
temperature channels can be assigned to contiolFRARAM
output.

Assigning Temperature Zones for Automatic Fan Contr ol

Theseregisters allow the temperature zone to be assigned

to a PWM channel by setting the appropriate bit. Any
combination otemperature zones can&ssigned to control
any fan. If more than one zone is selected then & R#ue
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Tmin/Trange mode
® Setting bit <2> of register 0x10 to 0 puts PWM3 in
Tmin/Trange mode
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Figure 11. PWM Control Curve in Tmin/Trange Mode
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The control loop behaviour in Tmin/Trange mode is
determined by the Tmin, PWMmin, Trange and PWMmax
values. Tmin setthe temperature at which the fan turns on
and PWMmin is the PWM value at Tmin. Trange se¢s th

PECI Tmin

PECI Tmin values must be programmed in the same
format selected for PECI fan control (selected by bit 2 of
register 0x73). If relative mode is selected then Tmin is

temperature range over which the PWM output increasesprogrammed in 2€omplement format. If absolute mode is

from PWMmin to PWMmax. These settings set the stdpe
the curve. Each temperature source has its owrciassd
Tmin/Trange valuesThe THERM limit associated with the
temperature channel can override the fan contmviecifi a
THERM event occurs.
Minimum PWM values:
e PWM1 Minimum Duty, 0x64
o PWM2 Minimum Duty, 0x65
e PWMS3 Minimum Duty, 0x66

These set the lowest PWM at which the fan will @ne
Lsb equals 0.39% duty cycle. Minimum PWM valuesyonl
apply in Tmin/Trange mode.
Maximum PWM values:
o PWM1 Maximum Duty, 0x38
o PWM2 Maximum Duty, 0x39
o PWM3 Maximum Duty, Ox3A

These set the maximum duty at which the fans will run.
THERM assertions can be configured to over-ride this to
allow the fans to go to 100% duty on a THERM ev&ee
theTHERM ASSERTION section for more details.
PWM duty cycle registers:
e PWM1 Duty, 0x30
e PWM2 Duty, 0x31
® PWMS3 Duty, 0x32

The current duty cycle calculated by the controploan
be read in these registers. If the PWM channelat n
associated with a temperature zone then that chaudogy
cycle register will become writeable (manual mode).
Tmin/Trange values for all Temperature Sources:
PECI Tmin. 0x3B
PECI Trange, 0x3C bits <7:4>
Remotel Tmin, Ox67
Remotel Trange, OX5F bits <7:4>
Local Tmin, Ox68
Local Trange, 0x60 bits <7:4>
Remote2 Tmin, 0x69
Remote2 Trange, 0x61 bits <7:4>
SMBus slave Tmin, OxC6
SMBus slave Trange, 0xC7 bits <3:0>
Push temperature Tmin, OXCC
Push temperature Trange, 0xCD bits <3:0>

selected then Tmin is programmaslan unsigned value. If
Absolute PECI mode is used then the maximum valid Tmin
value is 178C.

Analog Sensor Tmin

The Tmin value for the analog sensors (Remotel/
Remote2/Local) must be written in the same format as the
measurement registers, i.e. if they are in Offset 64 format
then theTmin value for these channels must also be written
in Offset 64 format. If they are in 2’'s Complement format
then Tmin must be written in the rang&0to 127C.

SMBus Tmin
The SMBus Tmin value should be programmed as an
unsigned 8-bit value in the rang&to 175C.

Push Tmin
The Push register Tmin value should be programmed as
a value in the range’G to 127C.

Tmin Hysteresis
Hysteresis can be applied to the Tmin temperature to

preventthe fan from turning on and off rajty around Tmin.
Each temperature has its own hysteresis valuectirabe
applied. The range of possible values€ o 15C.

Table 22. HYSTERESIS REGISTERS

Temperature Hystersis
Remotel Register Ox6D <7:4>
Local Register 0x6D <3:0>
Remote2 Register OX6E <7:4>
PECI Register OX6E <3:0>
SMBus slave Register OxB5 <4:1>
Push registers Register OXEB <3:0>

PWM Behaviour below Tmin:
e PWM1 on below Tmin, 0x62 bit 5
® PWM2 on below Tmin, 0x62 bit 6
® PWMS3 on below Tmin, 0x62 bit 7

Setting these bits to 1 will cause the associalMP
output to remain at the minimum PWM value rathemth
shut off when the control temperature is below its Tmin
value minus hysteresis. This setting applies to both
Tmin/Trange mode and to Look-Up Table mode.

Trange Values
The Trange values determine the temperature ravgye o

which the fan control curve will increase from the PWM
minimum value to the PWM maximum value associated
with the PWM output.
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The 4-bit Trange values that can be assigned for eacttetting the PWM Frequency
channel are shown in the following table:

Table 23. TRANGE OPTIONS

Trange Bit Field Trange Value
0000 2°C
0001 2.5°C
0010 3.33°C
0011 4°C
0100 5°C
0101 6.67°C
0110 8°C
0111 10°C
1000 13.33°C
1001 16°C
1010 20°C
1011 26.67°C
1100 32°C
1101 40°C
1110 53.33°C
1111 80°C

Enabling Enhanced Acoustics on the PWM Outputs:

® PWM1 Max Ramp Rate, 0x62 bits <2:0>
e PWML1 enable acoustics, 0x62 bit 3
o PWM2 Max Ramp Rate, 0x63 bits <6:4>
e PWM2 enable acoustics, 0x63 bit 7
® PWM3 Max Ramp Rate, 0x63 bits <2:0>

® PWMS3 enable acoustics, 0x63 bit 3
These settings allow the user to limit the ratetsith the
PWM output changes whenever the fan control loop channel that is the hottest will control the output. The
calculates a new value. As this prevents instant changes irxception to this is if PECI relative temperatures are
PWM the acoustic response of the system is improved.assigned to contol a channel. Since PECI relatieeg are
These settings apply to both Tmin/Trange mode and toalways negative they cannot be combined with other

Look-Up Table mode.

Table 24. ENHANCED ACOUSTICS TIMES

Ramp Rate code Settling time
000 31.75 sec
001 15.7 sec
010 10.5 sec
011 6.33 sec
100 4 sec
101 2.66 sec
110 1.28 sec
111 0.75 sec

Each PWM output can be set to high frequency PWM
mode or low frequency PWM mode. In high frequency
mode theoutput will run at 22 kHz. In low frequency mode
the frequency can be selected for each PWM output.

Settingbit <3> of register Ox5F to 1 enables high freqyenc
for PWM1

Settingbit <3> of register 0x60 to 1 enables high freqyenc
for PWM2

Settingbit <3> of register Ox61 to 1 enables high freqyenc
for PWM3

If low frequency is enabled (if bit <3> in Ox5F,@xor 0x61
is 0) then the frequency is set as follows:

Table 25. LOW FREQUENCY PWM SELECTION

0x5F, 0x60 or 0x61 bits <2:0> Frequency
000 11.0 Hz
001 14.7 Hz
010 22.1Hz
011 29.4 Hz
100 35.3Hz
101 441 Hz
110 58.8 Hz
111 88.2 Hz

Look-Up Table Automatic Fan Control

In this mode the selected PWM output is contratigcn
8-point look-up table, where a temperature and P¥&Me
is programmed for each point. Each channel hagvits
control table. Any combination of temperature sesrcan
be assigned to control the PWM output. When morne ting
channel is assigned to control a PWM output inrtiisle the

channels, since the other channels would always dominate

due to the fact that they are positive values.|lbwaPECI

readings to beombined with other readings the user can set
bit 2 of register 0x73 (ABS/REL)This will cause the
absolutePECI readings to be used for fan control, rathesn th
the relative readings.

o |f relative PECI readings are assigned for fan mont
then the control temperature values for that PWM
channel must be programmed in negative 2's
complement format (-128 to 127C).

e |f any temperature source other threfative PECI is
assigned for fan control (including absolute PECI
readings) then the control temperatures for thaMPW
channel must be programmed in unsigned fornfat (0
to 255C).
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® PWM values are programmed in the range 0x00 to ® Setting bit <1> of register 0x10 to 1 puts PWM2 in

OXFF. The resolution for this register is 1 I1sb.392% Look-up Table mode

The NCT7491 linearly interpolates between the e Setting bit <2> of register 0x10 to 1 puts PWM3 in
programmed points. It is not necessary to program all 8 | gok-up Table mode
points. If fewer than 8 points are required then the user The registers used feetting the control temperatures and
should program from the lowest to the highest required pwMs for each channel are on page 2 of the register map.
control temperature and set the unused controlgeaiires  To access these registers the user must first set bit 0 of
to the maximum value (0x00 if relative PECI is assigned, register OxFF to 1This will set the register page to page 2.
OxFF if the PWM channel is controlled by any other when programming the table is complete the user should

temperature source).

® Setting bit <0> of register 0x10 to 1 puts PWM1 in

Look-up Table mode

Table 26. PWM1 LOOK-UP TABLE VAL

UES

clear bit0 of register OxFF to zero to return to page hef t
register map.

PWM1 Control Points

Temperature Address

PWM Address

PWML1 Control Point 1

0x00 (0x100)

0x01 (0x101)

PWM1 Control Point 2

0x02 (0x102)

0x03 (0x103)

PWM1 Control Point 3

0x04 (0x104)

0x05 (0x105)

PWM1 Control Point 4 0x06 (0x106) 0x07 (0x107)
PWM1 Control Point 5 0x08 (0x108) 0x09 (0x109)
PWM1 Control Point 6 0x0A (0x10A) 0x0B (0x10B)

PWM1 Control Point 7

0x0C (0x10C)

0x0D (0x10D)

PWM1 Control Point 8

0xOE (0x10E)

0xOF (Ox10F)

Table 27. PWM2 LOOK-UP TABLE VAL

UES

PWM2 Control Points

Temperature Address

PWM Address

PWM2 Control Point 1

0x10 (0x110)

Ox11 (0x111)

PWM2 Control Point 2

0x12 (0x112)

0x13 (0x113)

PWM2 Control Point 3

0x14 (0x114)

0x15 (0x115)

PWM2 Control Point 4

0x16 (0x116)

0x17 (0x117)

PWM2 Control Point 5

0x18 (0x118)

0x19 (0x119)

PWM2 Control Point 6

Ox1A (0x11A)

Ox1B (0x11B)

PWM2 Control Point 7

0x1C (0x11C)

0x1D (0x11D)

PWM2 Control Point 8

OX1E (OX11E)

OX1F (Ox11F)

Table 28. PWM3 LOOK-UP TABLE VAL

UES

PWM3 Control Points

Temperature Address

PWM Address

PWM3 Control Point 1

0x20 (0x120)

0x21 (0x121)

PWM3 Control Point 2

0x22 (0x122)

0x23 (0x123)

PWM3 Control Point 3

0x24 (0x124)

0x25 (0x125)

PWM3 Control Point 4

0x26 (0x126)

0x27 (0x127)

PWM3 Control Point 5

0x28 (0x128)

0x29 (0x129)

PWM3 Control Point 6

0x2A (0x12A)

0x2B (0x12B)

PWM3 Control Point 7

0x2C (0x12C)

0x2D (0x12D)

PWM3 Control Point 8

Ox2E (0x12E)

0x2F (0x12F)
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Fan Override Settings

L There are bits in the NCT7491 that allow the PWM

outputsto be overdriven so that the outputs goEximum

speed (aprogrammed in the maximum PWM registers), to

go to full speed (100% duty) tw be shut off. These bits will

override all other fan control settings.

e Setting bit 1 of register 0x11 to 1 runs the fantha
maximum programmed PWM duty cycle

e Setting bit 3 of register 0x40 to 1 runs the fan$0%
duty cycle. This bit has precedence over all others

® Setting bit0 of register 0x87 to 1 turns off PWM1

e Setting bit 1 of register 0x87 to 1 turns off PWM2

® Setting bit 2 of register 0x87 to 1 turns off PWM3

PWM
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1 2 6,7.8
0°C Temperature 255°C THERM Override _ _
Settingbit 5 of register 0x40 will allow assertions on any

Figure 12. pin configured as a THERM pin to drive the fans to 100%
duty cycle or Max PWM, deending on bits <4:2> afister
0x16 This will override all other fan settingbhis allows an
Bxternal device to bypass the register settings of the
NCT7491 for fail safe operation.

Figure 12 shows a typical look-up table curve. The
temperatures are programmed as unsigned data. In thi
example 5 othe 8 control points are used and the remaining
3 are set to the maximum value of 265This curve applies
if relative PECI values are nassigned to control the PWM  Fan Drive

channel. The NCT7491 uses pulse width modulation (PWM) to
control fan speed. This relies on varying the duty cycle (or
100% 5 — — — — — — — — — — — — — — on/off ratio) of a square wave applied to the famary the
fan speed. The external circuitry required to daan using
PWM control is extremely simple. For 4-wire fans, the
PWM drive may need only a pullup resistor. In maages
the 4-wire fan PWM input has an internal pullupists.
The NCT7491 PWM frequency can be set to a selecfion
low frequencies or a single high PWM frequency. Tdve
frequency options are used for 3—wire fans, whikehigh
frequency option is usually used with 4-wire fans. For
3-wire fans, a single N-channel MOSFET is the ainiye
device required. The specifications of the MOSFEpeaihd
on the maximum current required by the fan being driven
and the input capacitance of the FET. Because la (b0
6,78 greateryesistor must be used as a PWM pullup, an FET with
0°C large input capacitance can cause the PWM output to
becomdlistorted and adversely affect the fan control eang
Figure 13. This is arequirement only when using high frequency PWM
mode. Typical notebook fans draw a nominal 170 mA,
therefore, SOT devices can be used where boare $pac
concern. Irdesktops, fans typically draw 250 mA to 300 mA
each. If several fans are driven in parallel from a single
PWM output or drive larger server fans, the MOSFISt
handle the higher current requirements. The only other
stipulation is that the MOSFET should have a gate voltage
drive, VGS < 3.3V, for direct interfacing to thévi®R1 output

pin.

1F———

Al

I
I
I
I
I
I
I
I
3

1 2

-128°C Temperature

Figure 13shows a typical look—up table curve that applies
when relative PECI values are assigned to contrdPWhi&/
channel. The temperatures are programmed as ne@iv
complementalues. Inthis example 5 of the 8 control points
are used and the remaining 3 are set to the maxivailue
of 0°C, as this is the maximum value for relative PECI
values.
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12V 12v
TACH( 12V & 1N4148
NCT7491 R X
10k
a1
PWM O } NDT3055L

Figure 14. Driving a 3-Wire Fan Using an N-Channel =~ MOSFET

Figure 14uses a 10 k pullup resistor for the TACH signal. these devices are inexpensive, they tend to have rowein |
This assumes that the TACH signal is an open—-dollec  current handling capabilities and higher on resistathan
from the fan. In all cases, the TACH signal from therfarst MOSFETsWhen choosing a transistor, care should be taken
be kept below 3.6 V maximum to prevent damaging the to ensure that it meetise fan’scurrent requirements. Ensure
NCT7491 that the base resistor is chosen so that the $tansis

Figure 15 shows a fan drive circuit using an NPN saturated when the fan is powered on.
transistor such as a general purpose MMBT2222. While

12V 12V
TACH( 12V & 1Na148
NCT7491
4700
PWM O -

MMBT 2222

Figure 15. Driving a 3—Wire Fan Using an NPN Transi  stor

Because the fan drive circuitry in 4-wire fans is not enables the internal fan drive circuit to perform better than
switched on or off, as with previous PWM driven/myed 3-wire fans, especially for high frequency applications.
fans, the internal drive circuit is always on and uses theFigure 16 shows a typical drive circuit for 4—-wiens.

PWM input as a signal instead of a power supply. This
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12V 12v
o]
12V. 4-WIRE FAN

TACH

NCT7491

= 3V T

2k

PWM ?

Figure 16. Driving a 4-Wire Fan

Driving Two Fans from PWM3

The NCT7491 has four TACH inputs available for fan is simply a matter of connecting another fan diyeat
speedmeasurement, but ontiiree PWM drive outputs. Ifa  parallel with the first. Care should be taken in designing
fourth fan is being used in the system, it should be drivendrive circuits with transistors a€ETs to ensure the PWM
from the PWMS3 output in parallel with the third fan. outputs are not required to source current, and thasthky
Figure 17 shows how to drive two fans in parallel using a less than the 5 mA maximum current specified in the data
MOSFET. Because tHdOSFET can handle upto 3.5 A, it sheet.

3.3V
10kQ
TYPICAL
TACH4(
+V +V
NCT7491 ’ T
1N4148
5V OR
TACH3 12vFANS oo
5V OR
12V FAN
Qt
PWM3 ( Hnoraossa.

Figure 17. Interfacing Two Fans in Parallel to the ~ PWMS3 Output Using a Single N-Channel MOSFET

Driving up to Three Fans from PWM3 Synchronization is not required in high frequency mode
TACH measurements for fans are synchronized to when used with 4-wire fans.

particular PWM channels; for example, TACH1 is  Setting bit 4 of register 0x62 (SYNC) to 1 synclires

synchronized to PWM1. TACH3 and TACH4 are both TACH2, TACHS3, and TACH4 to PWM3.

synchronized to PWMS3, so PWM3 can drive two fans.

Alternatively, PWM3 can be programmed to synchronize TACH Inputs _

TACH2, TACH3, and TACH4 to the PWM3 output. This ~ Pins 9, 11, 12 and 14 on the QSOP package or pins 6, 8,

allows PWMS3 to drive two or three fans. In this case, the 9 @and 11 on the QFN package (when configured as TACH

drive circuitry looks the same, as shown in FiglifeThe ~ inputs) are high impedance inputs intended for fan speed

SYNC bit in Register 0x62 enables this function, measurement. Signal conditioning in the NCT7491
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accommodates the slow rise and fall times typical of fan clamping must be included to keep inputs within an
tachometer outputs. The maximum input signal range is 0 Vacceptable range. Figure 18 to Figure 20 show itéréor

to 3.6 V, even though VCC is 3.3 V. In the event thase the most common fan TACH outputs. If the fan TACH
inputs aresupplied from fan outputs that exceed 0 V to 3.6 V, output has a resistive pullup to VCC, it can benzated
either resistive attenuation of the fan signal ovdd directly to the fan input, as shown in Figure 18.

Vee
ke i
PULLUP
' 47kQ $
, L 2 FAN SPEED
\
TACH TACH S
' e NCT7491
é y

Figure 18. Fan with TACH Pullup to VCC

If the fan output has a resistive pullup to 12 Vother TACH input but less than 3.6 V, allowing for the voltage
voltage greater than 3.6 V, the fan output can be clampedolerance of the zener. A value of between 3.0 ¥ 26 V
with a zener diode, as shown in Figure 19. Therzeioele is suitable.
voltage should be chosen so that it is greater than ¥ikto

12v Vee
] g - - 1
| PULLUP | . et
el B
1 1
R AL FAN SPEED
| / COUNTER
' é NCT7491

*CHOOSE ZD1 VOLTAGE APPROXIMATELY 0.8 x ¥¢
Figure 19. Fan with TACH Pullup to Voltage > 3.6 V,  for Example, 12 V Clamped with Zener Diode

If the fan has a strong pullup (less than 1 k )2/ or a totem—pole output, a series resistoreaadded to limit the zener
current, as shown in Figure 20.

5V OR 12V Vee
. _FAN{% S I
' PULLUP TYP| el
, <1kQOR ¢ R1 TACH
TOTEM POLE 10k Q =
' COUNTER
é NCT7491

= *CHOOSE ZD1 VOLTAGE APPROXIMATELY 0.8 x ¥¢
Figure 20. Fan with Strong TACH Pullup to >VCC or T  otem-Pole Output, Clamped with Zener Diode and Resi  stor
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TACH Measurement Overview
The fan counter does not count the fan TACH output
pulses directly because the fan speed could be les$Qan

491

the fan TACH output (see Figure 21) so the accutedla
count is actually proportional to the fan tachometer period
and inversely proportional to the fan speed. N,ninaber

RPM, and it takes several seconds to accumulate aof pulses counted, is determined by the settingjseoTACH
reasonably large and accurate count. Instead, the period obulses perevolution register (0x7B). This register contains

the fan revolution is measured by gating an on—¢BigHz
oscillatorinto the input of a 16—bit counter for N periods of

(Il

CLOCK

two bits for each fan, allowing one, two (defaullyee, or
four TACH pulses to be counted.

PWM

'
; l. 1
- D

TACH

I--l—:3 — I

. ] ————

Figure 21. Fan Speed

Fan Speed Measurement Registers
The fan tachometer registers are 16-bit values stimgi
of a 2-byte read from the NCT7491

Register 0x28, TACH1 Low Byte
Register 0x29, TACH1 High Byte
Register 0x2A, TACH2 Low Byte
Register 0x2B, TACH2 High Byte
Register 0x2C, TACH3 Low Byte
Register 0x2D, TACH3 High Byte
Register 0x2E, TACH4 Low Byte
Register 0x2F, TACH4 High Byte

Reading Fan Speed from the NCT7491
The measurement of fan speeds involves a 2-registér
for each measurement. The low byte should be read first.
This causes the high byte to be frozen until both highlaw
byte registers have been read, preventing errornbd0si

readings. The fan tachometer reading registers report bacly

the number of 12.82 us period clocks (78 kHz cetuil)

Measurement

Fan TACH Limit Registers

The fan ACH limit registers are 16-bit values consisting
of two bytes.
® Register 0x54, TACH1 Minimum Low Byte = OXFF
default
Register 0x55, TACH1 Minimum High Byte = OxFF
default
Register 0x56, TACH2 Minimum Low Byte = OXFF
default
Register 0x57, TACH2 Minimum High Byte = OxFF
default
Register 0x58, TACH3 Minimum Low Byte = OxXFF
default
Register 0x59, TACH3 Minimum High Byte = OXFF
default
Register 0xX5A, TACH4 Minimum Low Byte = OxFF
default
Register 0x5B, TACH4 Minimum High Byte = OXFF
default

gated to the fan speed counter, from the rising edge of the

first fan TACH pulse to the rising edge of thedHan TACH

Fan Speed Measurement Rate

pulse (assuming two pulses per revolution are being The fan TACH readings are normally updated onceyever
counted). Because the device is essentially measuring theecond. When set, the FAST bit (Bit 3) of Configuration

fan TACH period, the higher the count value, timsvelr the Register 3 (0x78), updates the fan TACH readings every
fan is actually running. A 16-bit fan tachometeadimg of 250 ms.

OXFFFF indicates that either the faas stalled or is running
very slowly (<100 RPM).

Because the actual fan TACH period is being measured,
falling below a fan TACH limit by 1 sets the appriape
status bit and can be used to generate an SMBALERT

DC Bits

If any of the fans are not being driven by a PWhrutrel
but are powered directly from 5.0 V or 12 V, thes@sated
dc bit in Configuration Register 3 (0x78) shouldse& This
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allows TACHreadings to be taken on a continuous basis for TACH Pulses per Revolution Register 0x7B
fans connected directly to a dc source. For 4—fains, once e Bits [1:0], FAN1 default = 2 pulses per revolution
high frequency mode is enabled, the dc bits daret to
be set because this is automatically done intgrnall

If any tach channels are not connected then tleiassd
DC bit should be set for that fan.

Bits [3:2], FAN2 default = 2 pulses per revolution
Bits [5:4], FAN3 default = 2 pulses per revolution
Bits [7:6], FAN4 default = 2 pulses per revolution
00 =1 pulse per revolution

01 = 2 pulses per revolution

® 10 = 3 pulses per revolution

Calculating Fan Speed From Register Values

Assuming dan with a two pulses per revolution, and with
the NCT7491 programmed to measure two pulses per )
revolution, fan speed is calculated by Fan Speed (RPM) =® 11 = 4 pulses per revolution
(78,000 x 60)/Fan TACH Reading where Fan TACH Fan Spin-Up

Reading is the 16-bit fan tachometer reading. The NCT7491 has a unique fan spin—up function.iltssp
Example: the fan at 100% PWM duty cycle until two TACH pulses
TACH1 High Byte (Register 0x29) = 0x17 detected orthe TACH input. When two TACH pulses have
TACH1 Low Byte (Register 0x28) = OXFF been detected, the PWM duty cycle goes to the expected
What is Fan 1 speed in RPM? running value, for example, 33%. The advantagdisfis
Fan 1 TACH Reading = 0x17FF = 6143 (decimal) that fans have different spin—up characteristicd ke
RPM = (f x 60)/Fan 1 TACH Reading different times to overcomiaertia. The NCT7491 runs the
RPM = (78000 x 60)/6143 fans just fast enough to overcome inertia and istgquon
Fan Speed = 762 RPM spin—up than fans programmed to spin up for a given

Fan Pulses per Revolution spin—up time.

Different fan models can output one, two, three, or four Fan Startup Timeout
TACH pulses per revolution. Once the number offaGH To prevent the generation of false interrupts hapins
pulses has been determined, it can be programrt@thia up, because the fan is below running speed, the/d@T
TACH pulses per revolution register (0x7B) for each fan. includes dan startup timeout function. During this time, the
Alternatively, this register can be used to determine the NCT7491looks for two TACH pulses. If two TACH pulses
number or pulses per revolution output by a givaem By are not detected, an interrupt is generated. Fan startup
plotting fan speed measurements at 100% speed witimeout can be disabled by setting Bit 3 (FSPDIS) of
different pulses per revolution setting, the smestilgraph ~ Configuration Register 7 (0x11).
with the lowest ripple determines the correct pailper
revolution value.

WWW. onsemi.com
31



 http://www.onsemi.com/

NCT7491

THERM Assertion °
Pins 14, 19 and 22 on the QSOP package, or pins 11, 16

If Offset64 mode is enabled then
Remotel/Local/Remote2 THERM limits should be

and 19 on the QFN package can be configured as MHER
I/O pins. These are open—drain active low pins tsaignal
that a critical temperature limit has been exceedfed

temperature measurement exceeds its associated THERM

limit (or Tcontrol limit for PECI) then the THERM pin will
assert lowTHERM assertion can be enabled or disabled for

each thermal measurement channel. PWM outputs can be

configured to respond to THERM assertions. By default
THERM assertion will cause the PWM outputs to go to
100% duty cycle for fail safe cooling. This can be
individually disabled for each PWM output. THERM

assertion behavior can be modified so that the outputstdo n
immediately go to 100% when THERM asserts. If this

function is enabled then an associated temperature ste

programmed in that format. Otherwise those limits
should be programmed as 2’s complement values.

If PECI Absolute mode is enabled than PECI Tcontrol
limits should be programmed as unsigned values,
otherwise they should be programmed as 2's
complement values.

® SMBus THERM limit should be programmed as an
unsigned value.

Push THERM limit should be programmed as a 2's
complement value.

THERM Status Bits
o PECI Tcontrol status bits = 0x89 <3:0>

p

register is used to increase the PWM duty in steps. For® Remotel THERM status bit = 0x89 <4>
example, ithe step register is set to 4 degrees then the PWMe Local THERM status bit = 0x89 <5>

output will go to PWMStepl at the THERM limit, to
PWMStep2 at THERM+4 and 100% at THERM+2x4,

where PWMStepl and PWMStep2 are programmable

PWM levels.

THERM Pin Configuration

ConfiguringPin 14 (QSOP), Pin 11 (QFN) as a THERM pin:
Setting bits <1:0> of register Ox7D to <01> setsJl on the
QSOP package or pin 11 on the QFN package as a VTHER
pin.

Configuring Pin 19 (QSOP), Pin 16 (QFN) as a THERM pin:
Setting bits <3:2> of register 0x7C to <01> sets18 on the
QSOP package or pin 16 on the QFN package as a VHER
pin.

Configuring Pin 22 (QSOP), Pin 19 (QFN) as a THERM pin:
Setting bit 1 of register 0x78 to 1 enables pim22he QSOP
package or pin 19 on the QFN package as a THERM pin

THERM/Tcontrol Limit Registers

Remotel THERM Limit, OX6A

Local THERM Limit, Ox6B

Remote2 THERM Limit, Ox6C

PECIO Tcontrol Limit, Ox3D

PECI1 Tcontrol Limit, 0x08

PECI2 Tcontrol Limit, 0x09

PECI3 Tcontrol Limit, OX0A

SMBus Device THERM Limit, OxC3 (applies to all
SMBus devices)

Push temperature THERM Limit, 0xDO (applies to all
Push channels)

e Remote2 THERM status bit = 0x89 <6>
e SMBus slave THERM status bits = 0xBB <7:0>
o Push THERM status bits = OX7E <7:4>

Enabling THERM/Tcontrol Assertions for the
Temperature Channels

® Set Ox7C bit 4 to 1 to enable PEGdnTROL PIN
assertions

Set 0x7C bit 5 to 1 to enable Remotel THERM pin
assertions,

Set 0x7C bit 6 to 1 to enable Local THERM pin
assertions,

Set 0x7C bit 7 to 1 to enable Remote2 THERM pin
assertions,

Set 0x16 bit 5 to 1 to enable Push temperature THER
pin assertions,

Set 0x16 bit 6 to 1 to enable SMBus slave THERM pin
assertions

PECI TconTroL enable bit applies to all PECI channels

Push temperature THERM enable applies to all Push
channels

SMBus dave enable bit applies to all SMBus channels

The user should also ensure that the THERM Disable b
0x7D <2>, is 0. This is the THERM disable bit and when
to 1 will disable all THERM pin assertions.

Enabling the PWM Response to THERM Assertions
e PWM1 responds to THERM, 0x17 bit O
o PWM2 responds to THERM, 0x17 bit 1
o PWMS3 responds to THERM, 0x17 bit 2

THERM limit then a status bit will be set to indicate the
condition. If that channel is enabled for pin asses and a
THERM pin has been configured then the pin willeasdf
the temperature value goes below its THERM liminttie
status bit will automatically clear and the pinlwlié—assert.

will be afected by a THERM assertiohhere are 3 possible
responses: go to 100%, go to Maximum PWM or implgme
the THERM Stepping function.
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Setting the PWM Level for THERM Events
o PWM1 Max/Full, 0x16, bit 2
o PWM2 Max/Full, 0x16, bit 3
o PWM3 Max/Full, 0x16, bit 4

If these bits are set to 1 then the fans will g&¢@6% on
THERM assertion. If they are 0 then they will go to the
Maximum PWM value.

These bits are ignored if the THERM stepping function i
enabled.

100%

PWMStep2

PWMStepl

PWM

Step

|
|
|
|
|
|
|
|
Step :
|
]

Tmin THERM
Temperature

Figure 22. THERM Stepping Function

THERM Stepping Function
If the THERM Stepping function is enabled then the

Setting the PWM Levels for THERM Stepping
o PWMStepl Value, 0x14

® PWMStep2 Value, 0x15

PWMStepl sets the PWM level that is output when a
temperature exceeds its THERM limit (and Stepping is
enabled). PWMStep2 sets the PWM level if the temperature
exceeds THERM Limit + Step, where Step is the
programmed step size for the temperature channel.

PWMStepl and PWMStep2 are absolute PWM values
and have a resolution of 1 Isb = 0.392%.

NOTE: If stepping is enabled for a temperature clkebnn
controlling a PWM output, then that PWM
output will only respond to THERM events
generated by its own temperature control
sources and will not respond to THERM events
from other temperature sources.

THERM Timer

The NCT7491 has an internal timer to measure THERM
assertion time. For example, the THERM input can be
connected to the PROCHOT output of a CPU to measure
system performance. The THERM input can also be
connected to the output of a trip point temperature sensor.
The timer is started on the assertion of the NCT7491
THERM input and stopped when THERM is deasserted.
The timer counts THERM times cumulatively, that is, the
timer resumesounting on the next THERM assertion. The
THERM timer continues to accumulate THERM assertion
times until the timer is read (it is cleared ondear until it

associated PWM output goes to PWMStepl when thereaches full scale. If the counter reaches full scale, it stops

temperature is higher than THERM. The PWM outp&sgo

to PWMStep2 when the temperature is higher than

THERM+Step and goes to 100% if the temperaturehesac
THERM+2xStep. THERM stepping does not apply to PWM
channels inook—-up table mode.

THERM Stepping is enabled by writing a value greater

than OC to the THERM Step Size registers
Setting the THERM Step Size
® SMBus slave THERM Step, 0x18, bits <3:0>
e PECI THERM Step, 0x18 bits <7:4>
o Remotel/Local/Remote2 THERM Step, 0x19 bits <3:0>
® Push temperature THERM Step, 0x19 bits <7:4>
The range of temperature values that can be progeamm

for the Step size is 0 to 16. If set to O then the stepping
function is disabled.

at that reading until cleared.

The 8-bit THERM timer value register (0x79) is desid
so that Bit 0 is set to 1 on the first THERM adsertOnce
the cumulative THERM assertion time has exceedeal45
ms, Bit 1 of the THERM timer is set and Bit O noecbmes
the LSB of the timer with a resolution of 22.76 (sse
Figure 23).

After apin has been configured as a THERM pin the timer
function can be enabled on the pin using bits <1:0> of
register Ox16:

e <00> = Timer disabled

e <01> = Timer enabled on pin 14 (QSOP), pin 11 (QFN)
<10> = Timer enabled on pin 19 (QSOP), pin 16 (QFN)
e <11> = Timer enabled on pin 22 (QSOP), pin 19 (QFN)
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TRERM ]:L___N\

THERM 00000001
TIMER
(REG. 0x73) 1 THERM ASSERTED
= 2. T6ms
THERM
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Figure 23. THERM Timer

THERM Timer Limit
The THERM Timer limit register can be used to assert

SMBALERT output when the timer measurement exceeds ¢

the programmed limit value. If the value N is progmed
to the limit register then the limit time will bBl & 1) x 22.76
ms.

SMBALERT Functions
All of the measured temperatures, voltages andgaeds
have associated limit registers to detect when anfdumit

condition occurs on any channel. Each of these channels has

an associated status bit that can be read ov&Ntigus to
determine the limit. There are also status bitada@ate the

success or failure of various functions, such as the PECI.

interface or the SMBus Master Port interface. If a pin is
configured as aBMBALERT pin then any of the status bits
can assert the pin when they are set by the NCT 04t

of the status bits can be masked, allowing thetogarevent
assertion of the SMBALERT pins by functions tha aot
required in arapplication. Descriptions of the limit registers

Enabling Pins as SMBALERT Pins

® Setting bit O of register 0x78 sets pin 10 on tIBO@
package, or pin 7 on the QFN package as an
SMBALERT pin

® Setting bits <1:0> of register Ox7D to <10> sets pi
on the QSOP package or pin 11 on the QFN package as
an SMBALERT pin.

® Setting bits <3:2> of register 0x7C to <00> sets 19
on the QSOP package or pin 16 on the QFN package as
an SMBALERT pin.

NCT7491 Status Bits
When astatus bit is set and the SMBALERT output asserts

it may be necessary to read the status registeletéomine

the source of the assertion. To minimize to number o

registerreads required the NCT7491 usast Of Limit bits

(OOL bits) to indicate in which registers an assertion has

occurred.

By first reading Status OOL register address 0xt2m

be determined which other status registers areea@nce

set, a status bit will remain set until the register that it is

contained in is read over the SMBus interface, even if the
fault that caused the assertion is no longer ptesen

OOL regqister 0x12 Definitions:

e Bit 0 of 0x12 = 1 indicates an assertion in regiStet1

(Analog temperature and Voltage limit errors)

Bit 1 of 0x12 = 1 indicates an assertion in regiSterE

(Push register limit errors)

e Bit 2 of 0x12 = 1 indicates an assertion in regiStB6
(SMBus Master NACK errors)

e Bit 3 of 0x12 = 1 indicates an assertion in regiSteB7
(SMBus Master PEC errors)

® Bit 4 of 0x12 = 1 indicates an assertion in regiSteB8

(SMBus Master Timeout errors)

e Bit 5 of 0x12 = 1 indicates an assertion in regiSteB9

(SMBus Master limit errors)

Bit 6 of 0x12 = 1 indicates an assertion in registe

O0xBA (SMBus Master Data Invalid errors)

e Bit 7 of 0x12 = 1 indicates an assertion in regiSt89
(Tcontrol/THERM assertions). This bit relates to
THERM function and does not affect the SMBALERT
pins.

for each temperature, voltage or fan channel are described

in their relevant sections of this document.
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List of Status Registers

The complete list of status registers is given Wwedtong
with their associated mask registers. The defingifor the

NCT7491

the nominal input voltage, and so has adequatetaadto
cope with overvoltages.

status bits for each of the registers can be found in theVoltage Input Circuitry

register tables at the end of this document. O®@d.ibiany

The internal structure for the analog inputs is shown in

register danot require to be masked as they do not assert the-igure 24. The input circuit consists of an inprdtpction

SMBALERT pin.

Table 29. STATUS REGISTERS

Voltage Monitoring

diode, an attenuator, plus a capacitor to form a first—order
low—pass filter thagives input immunity to high frequency
noise. The attenuators can be disabled for the voltage
channels, except for the Vcc channel.

Status Mask
Register Register
Status Bits Address Address Dy 215.7 k
Indicates status assertions in re- 0x12 Not ° 26 F‘L
gisters 0x41, Ox7E, 0xB6, 0xB7, applicable L 30.2k3 <°P T
0xB8, 0xB9, 0XBA and 0x89. <7
Voltage & Analog temperature 0x41 0x74 o 85.9 k
out of limit bits. OOL bit for re- 5V T
gister 0x42. Y.y 36.6 ks 2.6 pF-l-
Voltage, Fans, Diode Faults. 0x42 0x75 \b
OOL bit for register 0x43. 49.4 k
25Vo T
PECIO out of limit, PECI COMM/ 0x43 0x82 = 74 k$ 2.6 pF
DATA error, THERM assertion, T Mux
DATA error code. OOL bit for re- v
gister 0x81. 66.7 k
Vce o T
PECI completion code error, 0x81 0x83 * 55.8k$ 2.6 pF
THERM timer error, Generic T
COMM error, PECI1-3 out of lim- v
it bits, PCH pyte count error, V1t 41.1 k
out of limit bit. Veep o T
- — .y . 2.6 pF
Push register out of limit bits OX7E Ox7F 82.3k P T
SMBus Master NACK errors 0xB6 0xBC 137k ¢
SMBus Master PEC errors 0xB7 OxBD VT e T
X 109.7 kg 26 pF-l-
SMBus Master Timeout errors 0xB8 0xBE T
SMBus Master out of limit bits 0xB9 0xBF
SMBus Master Data Invalid errors OxBA 0xCO Figure 24. Voltage Input Structures

Voltage Measurement Registers
® Reg. OX1E, W1 Reading = 0x00 default

The NCT7491 has 5 exte_rnal voltage measurement Reg. 0x20, 2.5 V Reading = 0x00 default
channels. It can also measure its own supply ve|tsgc. )
The NCT7491 can measure 5V, 12 V, and 2.5 V supplies,® R€9- 0x21, ¥cpReading = 0x00 default
and the processor core voltageds (0 V to 3 Vinput). The ~ ® Reg. 0x22, \¢c Reading = 0x00 default
2.5V input can be used to monitor a chipset suppliage ® Reg. 0x23, 5 V Reading = 0x00 default
in computer systems. Thec¥ supply voltage measurement e Reg. 0x24, 12 V Reading = 0x00 default
is carried out through the@d¢ pin. The PECI Yt voltage
is also measured and is the dedicated referentageoior
the PECI circuitry.

Extended Resolution Registers
\oltage measurements can be made with higher ancura
using the extended resolution registers (Ox1F, Oaiié
Analog-to—Digital Converter 0x77). Whenever thextended resolution registers are read,
All analog inputs are multiplexed into the on-—chip, the corresponding data in the voltage measuremgistees
successive— approximation, analog-to-digital converter. (ox1E, 0x20 tx24) is locked until their data is read. That
Thishas a resolution of 10 bits. The basic input rasa@V s if extended resolution is required, the exten@solution

core voltage ¥cp without any external components. To
allow the tolerance of these supply voltages, the ADC
produces aoutput of 3/4 full scale (768 dec or 300 hex) for
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Voltage Measurement Selection Additional ADC Functions for Voltage Measurements

The user can select which voltage channels to diecin A number of other functions are available on the
the monitoring loop. By only including the channiblat are NCT7491to offer the system designer increased flexibility.
required the loop monitoring time can be reduced. The functions described below are enabled by setting the
e Setting <2> of register 0x11 includes ther\ehannel appropriate bit in configuration register 2 (0x73).

in the monitoring loop.
® Setting <3> of register 0x13 includes the 12V cle@nn
in the monitoring loop.

Turn—Off Voltage Averaging
The averager length that is applied to the temperature
readings i®lso applied to the voltage readings. The averager

e Setting <4> of register 0x13 includes the 5V clemm length is programmable as 4, 8, 16 or 32 samples. These
the monitoring loop. values can be selected in register 0x40 bits <7:6>.
e Setting <5> of register 0x13 includes the Vccp ctan When faster conversions are needed, setting Bit 3 of
in the monitoring loop. Configuration Register 2 (Reg. 0x73) turns voltage
e Setting <6> of register 0x13 includes the 2.5 Vrotel averaging off. This gives a faster reading, but the reading
in the monitoring loop. can be noisier. The default round-robin cycle titalees
TBD ms.

® Setting <7> of register Ox13 includes the Vcc clenn

in the monitoring loop. Bypass Individual Voltage Input Attenuators
Bits <7:3> of Configuration Register 4 (0x7D) can be

Voltage Measurement Resolution o
9 used to bypass individual voltage channel attemsato

The NCT7491 uses a reference voltage of 2 V. Th€ AD

is 10—bit giving a resolution of 1.953 mV per [3lhis is the Table 30. BYPASSING VOLTAGE ATTENUATORS
resolution that applies when the attenuators are disabled

With attenuators enabled the resolution for eaemohl is
as follows: Bit Channel Attenuated

12 V resolution = 15.92 mV per Isb
5 V resolution = 6.54 mV per Isb
2.5 V resolution = 3.26 mV per Isb
Vcep resolution = 2.93 mV per Isb
Vcce resolution = 4.29 mV per Isb
V17 resolution = 2.2 mV per Isb

Configuration Register 4 (0x7D)

Bypass V1t attenuator

Bypass 2.5 V attenuator

Bypass Vccp attenuator

Bypass 5 V attenuator

N~N|jJlo|lo|l A W

Bypass 12 V attenuator

The input range of the ADC without the attenuatef@ V
Voltage Limit Registers to2V.
Associated with each voltage measurement channel is a
high and low limit register. Exceeding the prograearhigh ~ GPIO Functions
or low limit causes the appropriate status bit to be set. There are up to 3 pins that can be configured es-apain
Exceeding either limit can also generate SMBALERT general purpose digital I/O pins. These are pi(GRIO1),

interrupts. 6 (GP102) and 19 (GPIO3) on the QSOP package ared pi
e Reg. 0x84, 7 Low Limit 2 (GPIO1), 3 (GPIO2) and 16 (GEIOB) on the QFN pgek
o Reg. 0x86, \f7 High Limit GPIO1 and GPIO2 are shared with the SMBus Master Po
' ' o pins SCL_M and SDA_M. GPIO3 is shared with THERM
® Reg. 0x44, 2.5 V Low Limit and SMBALERT functions.
® Reg. 0x45, 2.5 V High Limit There are 2 bits that must be programmed to enable the
® Reg. 0x46, \¢cpLow Limit GPIO1 and GPIO2 functions:
® Reg. 0x47, \écpHigh Limit e Setting bit 1 of register 0x80 to 1 enables GPI@d a
e Reg. 0x48, \¢c Low Limit GPIO2
e Reg. 0x49, \&¢c High Limit e Clearing bit O of register 0xB5 to O disables tihdBsis
e Reg. Ox4A, 5V Low Limit Master Port. This bit has priority over the GPIGlele
’ . . bit so must be cleared for GPIOs to function.
® Reg. 0x4B, 5 V High Limit i ) . .
e Reg. 0x4C, 12 V Low Limit (<31POI£)3 is enabled by setting bits <3:2> of regiStefC to
* Reg. 0x4D, 12 V High Limit Each GPIO pin has associated direction, polarity data
bits.
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GPIO1

® Bit 7 of register 0x80 sets GPIOL1 direction. 1=Ihpu
0=Output

e Bit 5 of register 0x80 sets GPIO1 polarity. 1=aetiv
high, O=active low

® Bit 3 of register 0x80 is GPIO1 data. If GPIO11s a
input this bit shows the pin state. If it is anmuitthen
this bit sets the output state.

GPIO2

® Bit 6 of register 0x80 sets GPIO2 direction. 1=Ifpu
0=Output

® Bit 4 of register 0x80 sets GPIO2 polarity. 1=agtiv
high, O=active low

® Bit 2 of register 0x80 is GPIO2 data. If GPIO21s a
input this bit shows the pin state. If it is anputtthen
this bit sets the output state.

GPIO3

® Bit 7 of register 0x85 sets GPIO3 direction. 1=Ifpu
0=Output

® Bit 6 of register 0x85 sets GPIO3 polarity. 1=aetiv
high, O=active low

® Bit 5 of register 0x85 is GPIO3 data. If GPIO3 s a
input this bit shows the pin state. If it is anpuitthen
this bit sets the output state.

Setting bit 6 of register 0x10 enables the Vccp Low
function. In this mode, if the Vccp voltage falls below the
value in the Vccp Low Limit register (0x46) theretdccp
status bit is sethe THERM timer function is disabled, PECI
errors are cleared, SMBus Master errors are clearddll
PWM outputs shut down. When the Vccp voltage inesa
above the Vccp Low Limit then any of the above tiores
that were previously enabled will become activeiraga

XNOR Tree Test Mode

The NCT7491 includes an XNOR tree test mode. This
mode is useful for in—circuit test equipment atroedevel
testing. By applying stimulus to the pins included in the
XNOR tree, it is possible to detect opens, or shorts, on the
system board.

The XNOR tree test is invoked by setting Bit 0 (XEi)
the XNOR Tree Test Enable register (Register Ox6F).
Figure 25 shows the signals that are exercisectiX MOR
tree test mode.

PWM2
PWM3

TACH1

When writing to a GPIO pin that is configured as apatu
the polarity must be taken into account. For exapyipthe
pin is set as active low then writing a 1 to thexdst will pull
the GPIO pin low.

When GPIOsare configured as inputs the data bit always
shows the actual pin state.

VCCP Low Detection

If the processor core voltage is being monitoredhmn
Vcep channel and the NCT7491 is run from the auxiliary
rail, then the user can enable a function to suspend various
functions inthe NCT7491 when the core voltage falls below
a programmable threshold.
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Address | R/W Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00 R/W PECIO Address 7 6 5 4 3 2 1 0
0x01 R/W PECI1 Address 7 6 5 4 3 2 1 0
0x02 R/W PECI2 Address 7 6 5 4 3 2 1 0
0x03 R/W PECI3 Address 7 6 5 4 3 2 1 0
0x04 R PECIO_Abs 7 6 5 4 3 2 1 0
0x05 R PECI1_Abs 7 6 5 4 3 2 1 0
0x06 R PECI2_Abs 7 6 5 4 3 2 1 0
0x07 R PECI3_Abs 7 6 5 4 3 2 1 0
0x08 R/W PECI1 Tcontrol 7 6 5 4 3 2 1 0
0x09 R/W PECI2 Tcontrol 7 6 5 4 3 2 1 0
Ox0A R/W PECI3 Tcontrol 7 6 5 4 3 2 1 0
0x0B R PECIO Tjmax 7 6 5 4 3 2 1 0
0x0C R PECI1 Tjmax 7 6 5 4 3 2 1 0
0x0D R PECI2 Tjmax 7 6 5 4 3 2 1 0
O0xO0E R PECI3 Tjmax 7 6 5 4 3 2 1 0
Ox0F R/W PECI Config 4 DM3CPU DM3CPU DM2CPU DM2CPU DM1CPU DM1CPU DMOCPU DMOCPU
0x10 R/W Config. 6 Vcep Low IFT SMBRT1 SMBRTO PWM3 PWM2 PWM1

Mode Mode Mode
0x11 R/W Config. 7 SMBFS3 SMBFS2 SMBFS1 TODIS FSPDIS VTT FSPD THERMHys
0x12 R Interrupt Status 6 OO0L10 OO0L9 OoOoL8 OOoL7 OO0oL6 OO0L5 ooL4 OO0LO0
0x13 Config. 8 Vce 2.5V Vceep 5V 12v Rem2 Rem1l Local
0x14 R/W PWMStepl 7 6 5 4 3 2 1 0
0x15 R/W PWMStep2 7 6 5 4 3 2 1 0
0x16 R/W THERM Configl SMBus Push Max/Full 3 | Max/Full 2 | Max/Full 1 TMRP1 TMRPO

THERM THERM
0x17 R/W THERM Config2 P3TH P2TH P1TH
0x18 R/W THERM Config3 PECSTEP | PECSTEP | PECSTEP | PECSTEP | SMBSTEP | SMBSTEP | SMBSTEP | SMBSTEP
0x19 R/W THERM Configd PSHSTEP | PSHSTEP | PSHSTEP | PSHSTEP | SNRSTEP | SNRSTEP | SNRSTEP | SNRSTEP
Ox1A R PECI1 7 6 5 4 3 2 1 0
0x1B R PECI2 7 5 4 3 2 1 0
0x1C R PECI3 7 6 5 4 3 2 1 0
0x1D R Device ID 7 6 5 4 3 2 1 0
Ox1E R Vit measurement 9 8 7 6 5 4 3 2
Ox1F R Extended resolution 3 Vit Vit
0x20 R 2.5V Measurement 9 8 7 6 5 4 3 2
0x21 R Vcep Measurement 9 8 7 6 5 4 3 2
0x22 R Ve Measurement 9 8 7 6 5 4 3 2
0x23 R 5V Measurement 9 8 7 6 5 4 3 2
0x24 R 12 V Measurement 9 8 7 6 5 4 3 2
0x25 R Remote 1 Temperature 9 8 7 6 5 4 3 2
0x26 R Local Temperature 9 8 7 6 5 4 3 2
0x27 R Remote 2 Temperature 9 8 7 6 5 4 3 2
0x28 R TACH 1 Low Byte 7 6 5 4 3 2 1 0
0x29 R TACH 1 High Byte 15 14 13 12 11 10 9 8
Ox2A R TACH 2 Low Byte 7 6 5 4 3 2 1 0
0x2B R TACH 2 High Byte 15 14 13 12 11 10 9 8
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AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x2C R TACH 3 Low Byte 7 6 5 4 3 2 1 0
0x2D R TACH 3 High Byte 15 14 13 12 11 10 9 8
Ox2E R TACH 4 Low Byte 7 6 5 4 3 2 1 0
Ox2F R TACH 4 High Byte 15 14 13 12 11 10 9 8
0x30 R/W PWM1 Current Duty Cycle 7 6 5 4 3 2 1 0
0x31 R/W PWM2 Current Duty Cycle 7 6 5 4 3 2 1 0
0x32 R/W PWM3 Current Duty Cycle 7 6 5 4 3 2 1 0
0x33 R PECIO 7 6 5 4 3 2 1 0
0x34 R/W PECI Low Limit 7 6 5 4 3 2 1 0
0x35 R/W PECI High Limit 7 6 5 4 3 2 1 0
0x36 R/W | PECI configuration Register 1 DOMO AVG2 AVG1l AVGO
0x37 R/W PECI Config 3 PWEN Ratel Rate0 RTYDIS PDET
0x38 R/W Max PWM 1 Duty Cycle 7 6 5 4 3 2 1 0
0x39 R/W Max PWM 2 Duty Cycle 7 6 5 4 3 2 1 0
0x3A R/W Max PWM 3 Duty Cycle 7 6 5 4 3 2 1 0
0x3B RIW PECI Tmin 7 6 5 4 3 2 1 0
0x3C R/W PECI TRaNGE RANGE RANGE RANGE RANGE
0x3D RIW PECIO TconTROL 7 6 5 4 3 2 1 0
Ox3E R Company ID Number 7 6 5 4 3 2 1 0
O0x3F R Version/Revision Ver3 Ver2 Verl Ver0 4-wire PECI REV1 REVO
0x40 R/W Configuration 1 AVELN1 AVELNO THERM PECI Fan RDY LOCK STRT

Override Monitor Boost
0x41 R Interrupt Status 1 ooL R2T LT R1T 5V Vee Veep 25V
0x42 R Interrupt Status 2 D2 D1 FAN4 FAN3 FAN2 FAN1 OOL 12v
FAULT FAULT
0x43 R Interrupt Status 3 ooL3 DAT2 DAT1 DATO ~OVT COMM DATA PECIO
(THERM

Temp

Limit)
0x44 R/W 2.5V Low Limit 7 6 5 4 3 2 1 0
0x45 R/W 2.5V High Limit 7 6 5 4 3 2 1 0
0x46 R/W Vcep Low Limit 7 6 5 4 3 2 1 0
0x47 R/W Vcep High Limit 7 6 5 4 3 2 1 0
0x48 R/W Ve Low Limit 7 6 5 4 3 2 1 0
0x49 R/W Vcc High Limit 7 6 5 4 3 2 1 0
Ox4A R/W 5V Low Limit 7 6 5 4 3 2 1 0
0x4B R/W 5V High Limit 7 6 5 4 3 2 1 0
0x4C R/W 12 V Low Limit 7 6 5 4 3 2 1 0
0x4D R/W 12 V High Limit 7 6 5 4 3 2 1 0
Ox4E R/W Remote 1 Temp Low Limit 7 6 5 4 3 2 1 0
Ox4F R/W Remote 1 Temp High Limit 7 6 5 4 3 2 1 0
0x50 R/W Local Temp Low Limit 7 6 5 4 3 2 1 0
0x51 R/W Local Temp High Limit 7 6 5 4 3 2 1 0
0x52 R/W Remote 2 Temp Low Limit 7 6 5 4 3 2 1 0
0x53 R/W Remote 2 Temp High Limit 7 6 5 4 3 2 1 0
0x54 R/W TACH1 Minimum Low Byte 7 6 5 4 3 2 1 0
0x55 R/W TACH1 Minimum High Byte 15 14 13 12 11 10 9 8
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AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x56 R/W TACH2 Minimum Low Byte 7 6 5 4 3 2 1 0
0x57 R/W | TACH2 Minimum High Byte 15 14 13 12 11 10 9 8
0x58 R/W TACH3 Minimum Low Byte 7 6 5 4 3 2 1 0
0x59 R/W TACH3 Minimum High Byte 15 14 13 12 11 10 9 8
Ox5A R/W TACH4 Minimum Low Byte 7 6 5 4 3 2 1 0
0x5B R/W TACH4 Minimum High Byte 15 14 13 12 11 10 9 8
0x5C R/W PWM?1 Configuration INV SPIN SPIN SPIN

Register
0x5D R/W PWM2 Configuration INV SPIN SPIN SPIN
Register
Ox5E R/W PWM3 Configuration INV SPIN SPIN SPIN
Register
Ox5F R/W Remote 1 Trange/PWM RANGE RANGE RANGE RANGE HF/LF FREQ FREQ FREQ
1 Frequency
0x60 R/W Local TRange/PWM 2 RANGE RANGE RANGE RANGE HF/LF FREQ FREQ FREQ
Frequency
0x61 R/W Remote 2 TRange/PWM3 RANGE RANGE RANGE RANGE HF/LF FREQ FREQ FREQ
Frequency
0x62 RIW Enhance Acoustics Reg. 1 MIN3 MIN2 MIN1 SYNC EN1 ACOU1 ACOU1 ACOU1
0x63 RIW Enhance Acoustics Reg. 2 EN2 ACOU2 ACOU2 ACOU2 EN3 ACOU3 ACOU3 ACOU3
0x64 R/W PWM1 Min Duty Cycle 7 6 5 4 3 2 1 0
0x65 R/W PWM2 Min Duty Cycle 7 6 5 4 3 2 1 0
0x66 R/W PWM3 Min Duty Cycle 7 6 5 4 3 2 1 0
0x67 R/IW Remote 1 Temp Ty 7 6 5 4 3 2 1 0
0x68 R/W Local Temp Tmin 7 6 5 4 3 2 1 0
0x69 RIW Remote 2 Temp Tyin 7 6 5 4 3 2 1 0
Ox6A R/W Remote 1 THERM Temp 7 6 5 4 3 2 1 0
Limit
0x6B R/W Local THERM Temp Limit 7 6 5 4 3 2 1 0
0x6C R/W Remote 2 THERM Temp 7 6 5 4 3 2 1 0
Limit
0x6D R/W Remote 1 and Local HYSR1 HYSR1 HYSR1 HYSR1 HYSL HYSL HYSL HYSL
Temp/Tyn Hysteresis
OX6E R/W Remote 2 and PECI HYSR2 HYSR2 HYSR2 HYRS HYSP HYSP HYSP HYSP
Temp/Tyn Hysteresis
Ox6F RIW XNOR Tree Test Enable XEN
0x70 R/W Remote 1 Temperature 7 6 5 4 3 2 1 0
Offset
0x71 R/W Local Temperature Offset 7 6 5 4 3 2 1 0
0x72 R/W Remote 2 Temperature 7 6 5 4 3 2 1 0
Offset
0x73 R/W Configuration Register 2 Shutdown FQ1 FQO TAVG VAVG ABS/REL
Ox74 R/W Interrupt Mask 1 Register R2T LT RIT 5V Vee Veep 25V
0x75 R/W Interrupt Mask 2 Register D2 D1 FAN4 FAN3 FAN2 FAN1 12v
0x76 R Extended Resolution 1 5V 5V Vce Vce Vcep Vcep 25V 25V
0x77 R Extended Resolution 2 TDM2 TDM2 LTMP LTMP TDM1 TDM1 12V 12v
0x78 R/W Config. 3 DC4 DC3 DC2 DC1 FAST THERM/2. ALERT
5V Enable
0x79 R THERM Timer Value TMR TMR TMR TMR TMR TMR TMR ASRT/
TMRO
OX7A R/W THERM Timer Limit LIMT LIMT LIMT LIMT LIMT LIMT LIMT LIMT
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AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x7B R/IW TACH Pulses per FAN4 FAN4 FAN3 FAN3 FAN2 FAN2 FAN1 FAN1
Revolution
0x7C R/W Configuration Register 5 R2 Local R1 PECI PIN19 PIN19 Temp TWOS
THERM THERM THERM THERM Func Func Offset COMPL
o/P o/P O/P O/P
0x7D R/IW Configuration Register 4 BpAtt 12 V BpAtt BpAtt BpAtt BpAtt Vit THERM Pin 14 Pin 14
5V Veep 25V Disable Func Func
OX7E R Interrupt Status 5 OVT_P3 OVT_P2 OVT_P1 OVT_PO PUSH3 PUSH2 PUSH1 PUSHO
Ox7F R/W Interrupt Mask 5 PUSH3 PUSH2 PUSH1 PUSHO
0x80 R/W GPIO Configuration GPIO1 GPIO2 GPIO1 GPIO2 GPIO1 GPIO2 GPEN
register DIR DIR POL POL
0x81 R Interrupt Status 4 V1T SMBCNT PECI3 PECI2 PECI1 GCOMM TTS PCC
0x82 R/W Interrupt Mask 3 ~OVT COMM DATA PECIO
THERM
Temp
Limit
0x83 R/W Interrupt Mask 4 V1T SMBCNT PECI3 PECI2 PECI1 GCOMM TTS PCC
0x84 R/W V11 Low Limit 7 6 5 4 3 2 1 0
0x85 RIW GPIO Config 2 GPIO3 DIR |GPIO3 POL| GPIO3
0x86 RIW V17 High Limit 7 6 5 4 3 2 1 0
0x87 RIW Configuration 9 D4V D3V D2V D1V PWM3OFF | PWM20OFF | PWM1OFF
0x88 RIW PECI Config 2 #CPU #CPU DOM1 DOM2 DOM3
0x89 R Interrupt Status 7 OooL11 OVT_R2 | OVT_LOC | OVT_R1 OVT3 OovT2 OVT1 OVTO
O0x8A R/W PWM1 Source Control 1 PEC3 PEC2 PEC1 PECO REM2 REM1 LOC
0x8B R/W PWM1 Source Control 2 SMB7 SMB6 SMB5 SMB4 SMB3 SMB2 SMB1 SMBO
0x8C R/W PWM1 Source Control 3 PUSH3 PUSH2 PUSH1 PUSHO
0x8D R/W PWM2 Source Control 1 PEC3 PEC2 PEC1 PECO REM2 REM1 LOC
Ox8E R/W PWM2 Source Control 2 SMB7 SMB6 SMB5 SMB4 SMB3 SMB2 SMB1 SMBO
O0x8F R/W PWM2 Source Control 3 PUSH3 PUSH2 PUSH1 PUSHO
0x90 R/W PWM3 Source Control 1 PEC3 PEC2 PEC1 PECO REM2 REM1 LOC
0x91 R/W PWM3 Source Control 2 SMB7 SMB6 SMB5 SMB4 SMB3 SMB2 SMB1 SMBO
0x92 R/W PWM3 Source Control 3 PUSH3 PUSH2 PUSH1 PUSHO
0x93 Revision 7 6 5 4 3 2 1 0
0x94 RIW PECIO Offset 7 6 5 4 3 2 1 0
0x95 R/W PECI1 Offset 7 6 5 4 3 2 1 0
0x96 R/W PECI2 Offset 7 6 5 4 3 2 1 0
0x97 R/W PECI3 Offset 7 6 5 4 3 2 1 0
0x98 R/W SMB DeviceO Address 6 5 4 3 2 1 0
0x99 R/W SMB Device 0 Command 7 6 5 4 3 2 1 0
Code
0x9A R/W SMB Devicel Address 6 5 4 3 2 1 0
0x9B R/W SMB Devicel Pointer 7 6 5 4 3 2 1 0
0x9C R/W SMB Device2 Address 6 5 4 3 2 1 0
0x9D R/W SMB Device2 Pointer 7 6 5 4 3 2 1 0
O0X9E R/W SMB Device3 Address 6 5 4 3 2 1 0
O0x9F R/W SMB Device3 Pointer 7 6 5 4 3 2 1 0
0xAO0 R/W SMB Device4 Address 6 5 4 3 2 1 0
OxA1 RIW SMB Device4 Pointer 7 6 5 4 3 2 1 0
0xA2 RIW SMB Device5 Address 6 5 4 3 2 1 0
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AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
O0xA3 R/IW SMB Device5 Pointer 7 6 5 4 3 2 1 0
O0xA4 RIW SMB Device6 Address 6 5 4 3 2 1 0
0xA5 R/W SMB Device6 Pointer 7 6 5 4 3 2 1 0
0xA6 R/W SMB Device7 Address 6 5 4 3 2 1 0
O0xA7 R/W SMB Device7 Pointer 7 6 5 4 3 2 1 0
0xA8 R SMB Device0 Value (PCH) 7 6 5 4 3 2 1 0
OxA9 R SMB Devicel Value (DIMMO) 7 6 5 4 3 2 1 0
OxAA R SMB Device2 Value (DIMM1) 7 6 5 4 3 2 1 0
OxAB R SMB Device3 Value (DIMM2) 7 6 5 4 3 2 1 0
O0xAC R SMB Device4 Value (DIMM3) 7 6 5 4 3 2 1 0
OxAD R SMB Device5 Value 7 6 5 4 3 2 1 0
OXAE R SMB Device6 Value 7 6 5 4 3 2 1 0
OXAF R SMB Device7 Value 7 6 5 4 3 2 1 0
0xBO RIW SMB Configl RS7 RS6 RS5 RS4 RS3 RS2 RS1 RSO
0xB1 RIW SMB Config2 PEC7 PEC6 PEC5 PEC4 PEC3 PEC2 PEC1 PECO
0xB2 R/W SMB Config3 TFMT3 TFMT3 TEMT2 TFMT2 TFMT1 TFMT1 TFEMTO TEMTO
0xB3 R/W SMB Config4 TEMT7 TEMT7 TFEMT6 TFMT6 TFMT5 TFEMT5 TFMT4 TFEMT4
0xB4 R Reserved
0xB5 R/W SMB Config5 PCHDIMM | R2DIMM R1DIMM SHYS3 SHYS2 SHYS1 SHYSO0 SMBMEN
0xB6 R SMB Status 1 NACK?7 NACK6 NACKS5 NACK4 NACK3 NACK2 NACK1 NACKO
0xB7 R SMB Status 2 PEC7 PEC6 PEC5 PEC4 PEC3 PEC2 PEC1 PECO
0xB8 R SMB Status 3 TO7 TO6 TO5 TO4 TO3 TO2 TO1 TOO
0xB9 R SMB Status 4 HILO7 HILO6 HILO5 HILO4 HILO3 HILO2 HILO1 HILOO
OxBA R SMB Status 5 TIV7 TIV6 TIVS TIV4 TIV3 TIV2 TIV1 TIVO
0xBB R SMB Status 6 TH7 TH6 TH5 TH4 TH3 TH2 TH1 THO
0xBC RIW SMB Mask 1 NACK7 NACK6 NACKS5 NACK4 NACK3 NACK2 NACK1 NACKO
0xBD RIW SMB Mask 2 PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
OxBE RIW SMB Mask 3 TO7 TO6 TO5 TO4 TO3 TO2 TO1 TOO
OxBF R/W SMB Mask 4 HILO7 HILO6 HILO5 HILO4 HILO3 HILO2 HILO1 HILOO
0xCO0 R/W SMB Mask 5 TIV7 TIV6 TIVS TIV4 TIV3 TIV2 TIV1 TIVO
0xC1 R/W SMB High Limit 7 6 5 4 3 2 1 0
0xC2 R/W SMB Low Limit 7 5 4 3 2 1 0
0xC3 R/W SMB THERM Limit 7 6 5 4 3 2 1 0
0xC4 R Reserved 7 6 5 4 3 2 1 0
0xC5 R Reserved 7 6 5 4 3 2 1 0
0xC6 R/W SMB Device Tmin 7 6 5 4 3 2 1 0
0xC7 R/W SMB Device Trange SMBINT1 | SMBINTO RNG RNG RNG RNG
0xC8 RIW Push0 Value 7 6 5 4 3 2 1 0
0xC9 RIW Push1 Value 7 6 5 4 3 2 1 0
O0xCA RIW Push2 Value 7 6 5 4 3 2 1 0
0xCB R/W Push3 Value 7 6 5 4 3 2 1 0
0xCC R/W Push Tmin 7 6 5 4 3 2 1 0
0xCD R/W Push Trange RNG RNG RNG RNG
O0xCE R/W Push High Limit 6 5 4 3 2 1 0
OxCF R/W Push Low Limit 7 6 5 4 3 2 1 0
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AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0xDO R/W Push THERM Limit 7 6 5 4 3 2 1 0
0xD1 RIW Generic PECI Address 7 6 5 4 3 2 1 0
0xD2 R/W Write Length 7 6 5 4 3 2 1 0
0xD3 R/W Read Length 7 6 5 4 3 2 1 0
0xD4 R/W WRDATO 7 6 5 4 3 2 1 0
0xD5 R/W WRDAT1 7 6 5 4 3 2 1 0
0xD6 R/W WRDAT2 7 6 5 4 3 2 1 0
0xD7 R/W WRDAT3 7 6 5 4 3 2 1 0
0xD8 R/W WRDAT4 7 6 5 4 3 2 1 0
0xD9 R/W WRDAT5 7 6 5 4 3 2 1 0
O0xDA R/W WRDAT6 7 6 5 4 3 2 1 0
0xDB R/W WRDAT7 7 6 5 4 3 2 1 0
0xDC R/W WRDAT8 7 6 5 4 3 2 1 0
0xDD R/W WRDAT9 7 6 5 4 3 2 1 0
OxDE R/W WRDAT10 7 6 5 4 3 2 1 0
OxDF R/W WRDAT11 7 6 5 4 3 2 1 0
OxEO R/W WRDAT12 7 6 5 4 3 2 1 0
OxE1 R/W RDDATO 7 6 5 4 3 2 1 0
OxE2 R/W RDDAT1 7 6 5 4 3 2 1 0
OxE3 R/W RDDAT2 7 6 5 4 3 2 1 0
OxE4 R/W RDDAT3 7 6 5 4 3 2 1 0
OXE5 R/W RDDAT4 7 6 5 4 3 2 1 0
OXE6 R/W RDDAT5 7 6 5 4 3 2 1 0
OXE7 R/W RDDAT6 7 6 5 4 3 2 1 0
OXE8 R/W RDDAT7 7 6 5 4 3 2 1 0
OxE9 R/W RDDAT8 7 6 5 4 3 2 1 0
OXEA R/W PECI Config 5 PEX AW
OXEB R/W Push Hyst PushHys3 | PushHys2 | PushHysl | PushHysO
OxEC R Reserved

to OXFE
OxFF R/W Page Select RGMP
0x100 R/W Fanl LUT Templ 7 6 5 4 3 2 1 0
0x101 R/W Fanl LUT PWM1 7 6 5 4 3 2 1 0
0x102 R/W Fanl LUT Temp2 7 6 5 4 3 2 1 0
0x103 R/W Fanl LUT PWM2 7 6 5 4 3 2 1 0
0x104 R/W Fanl LUT Temp3 7 6 5 4 3 2 1 0
0x105 R/W Fanl LUT PWM3 7 6 5 4 3 2 1 0
0x106 R/W Fanl LUT Temp4 7 6 5 4 3 2 1 0
0x107 R/W Fanl LUT PWM4 7 6 5 4 3 2 1 0
0x108 R/W Fanl LUT Temp5 7 6 5 4 3 2 1 0
0x109 R/W Fanl LUT PWM5 7 6 5 4 3 2 1 0
0x10A R/W Fanl LUT Temp6 7 6 5 4 3 2 1 0
0x10B R/W Fanl LUT PWM6 7 6 5 4 3 2 1 0
0x10C R/W Fanl LUT Temp7 7 6 5 4 3 2 1 0
0x10D R/W Fanl LUT PWM7 7 6 5 4 3 2 1 0
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Table 31. REGISTER TABLES

NCT7491

AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x10E R/W Fanl LUT Temp8 7 6 5 4 3 2 1 0
Ox10F R/W Fanl LUT PWM8 7 6 5 4 3 2 1 0
0x110 R/W Fan2 LUT Templ 7 6 5 4 3 2 1 0
0x111 R/W Fan2 LUT PWM1 7 6 5 4 3 2 1 0
0x112 R/W Fan2 LUT Temp2 7 6 5 4 3 2 1 0
0x113 R/W Fan2 LUT PWM2 7 6 5 4 3 2 1 0
0x114 R/W Fan2 LUT Temp3 7 6 5 4 3 2 1 0
0x115 R/W Fan2 LUT PWM3 7 6 5 4 3 2 1 0
0x116 R/W Fan2 LUT Temp4 7 6 5 4 3 2 1 0
0x117 R/W Fan2 LUT PWM4 7 6 5 4 3 2 1 0
0x118 R/W Fan2 LUT Temp5 7 6 5 4 3 2 1 0
0x119 R/W Fan2 LUT PWM5 7 6 5 4 3 2 1 0
Ox11A R/W Fan2 LUT Temp6 7 6 5 4 3 2 1 0
0x11B R/W Fan2 LUT PWM6 7 6 5 4 3 2 1 0
0x11C R/W Fan2 LUT Temp7 7 6 5 4 3 2 1 0
0x11D R/W Fan2 LUT PWM7 7 6 5 4 3 2 1 0
Ox11E R/W Fan2 LUT Temp8 7 6 5 4 3 2 1 0
Ox11F R/W Fan2 LUT PWM8 7 6 5 4 3 2 1 0
0x120 R/W Fan3 LUT Templ 7 6 5 4 3 2 1 0
0x121 R/W Fan3 LUT PWM1 7 6 5 4 3 2 1 0
0x122 R/W Fan3 LUT Temp2 7 6 5 4 3 2 1 0
0x123 R/W Fan3 LUT PWM2 7 6 5 4 3 2 1 0
0x124 R/W Fan3 LUT Temp3 7 6 5 4 3 2 1 0
0x125 R/W Fan3 LUT PWM3 7 6 5 4 3 2 1 0
0x126 R/W Fan3 LUT Temp4 7 6 5 4 3 2 1 0
0x127 R/W Fan3 LUT PWM4 7 6 5 4 3 2 1 0
0x128 R/W Fan3 LUT Temp5 7 6 5 4 3 2 1 0
0x129 R/W Fan3 LUT PWM5 7 6 5 4 3 2 1 0
0x12A R/W Fan3 LUT Temp6 7 6 5 4 3 2 1 0
0x12B R/W Fan3 LUT PWM6 7 6 5 4 3 2 1 0
0x12C R/W Fan3 LUT Temp7 7 6 5 4 3 2 1 0
0x12D R/W Fan3 LUT PWM7 7 6 5 4 3 2 1 0
Ox12E R/W Fan3 LUT Temp8 7 6 5 4 3 2 1 0
Ox12F R/W Fan3 LUT PWM8 7 6 5 4 3 2 1 0
0x130- Reserved
0x1CF
0x1D0 R/W Test Reg 1 7 6 5 4 3 2 1 0
0x1D1 R/W Test Reg 2 7 6 5 4 3 2 1 0
0x1D2 R/W Test Reg 3 7 6 5 4 3 2 1 0
0x1D3 R/W Test Reg 4 7 6 5 4 3 2 1 0
0x1D4 R/W Test Reg 5 7 6 5 4 3 2 1 0
0x1D5 R/W Test Reg 6 7 6 5 4 3 2 1 0
0x1D6 R/W Test Reg 7 7 6 5 4 3 2 1 0
0x1D7 R/W Test Reg 8 7 6 5 4 3 2 1 0
0x1D8 R/W Test Reg 9 7 6 5 4 3 2 1 0
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Table 31. REGISTER TABLES

AddressRfwW Description Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x1D9 — Reserved
0x1DF
Ox1EO R/W Fuse Reg 1 7 6 5 4 3 2 1 0
Ox1E1 R/W Fuse Reg 2 7 6 5 4 3 2 1 0
Ox1E2 R/W Fuse Reg 3 7 6 5 4 3 2 1 0
Ox1E3 R/W Fuse Reg 4 7 6 5 4 3 2 1 0
Oxle4 R/W Fuse Reg 5 7 6 5 4 3 2 1 0
Ox1E5 R/W Fuse Reg 6 7 6 5 4 3 2 1 0
Ox1E6 R/W Fuse Reg 7 7 6 5 4 3 2 1 0
Ox1E7 R/W Fuse Reg 8 7 6 5 4 3 2 1 0
Ox1E8 R/W Fuse Reg 9 7 6 5 4 3 2 1 0
O0x1E9 R/W Fuse Reg 10 7 6 5 4 3 2 1 0
OxX1EA R/W Fuse Reg 11 7 6 5 4 3 2 1 0
O0x1EB R/W Fuse Reg 12 7 6 5 4 3 2 1 0
Ox1FF R/W Page Select Clear RGMPCL

Table 32. PEC|I ADDRESS REGISTERS (Note 1) (Power—On Default = 0x00)

Register Address R/W Description
0x00 R/W PECIO CPU Address
0x01 R/W PECI1 CPU Address
0x02 R/W PECI2 CPU Address
0x03 RIW PECI3 CPU Address

1. These registers are automatically populated when the PECI interface is enabled. They can be over—written if necessary.

Table 33. PECI_Abs REGISTERS (Note 2) (Power—On Default = 0x00)

Register Address R/W Description
0x04 R/W PECIO absolute value. 8 bit unsigned.
0x05 R/W PECI1 absolute value. 8 bit unsigned.
0x06 R/W PECI2 absolute value. 8 bit unsigned.
0x07 R/W PECI3 absolute value. 8 bit unsigned.

2. These registers return the absolute CPU temperature calculated using the Tjmax value for each PECI channel.

Table 34. PECI Tcontrol LIMIT REGISTERS (Note 3) (Power—On Default = 0x00)

Register Address R/W Description
0x3D R/IW PECIO Tcontrol
0x08 R/IW PECI1 Tcontrol
0x09 R/W PECI2 Tcontrol
Ox0A R/W PECI3 Tcontrol

3. If any PECI reading exceeds its TconTroL limit, all PWM outputs drive their fans at 100% duty cycle. This is a fail-safe mechanism
incorporated to cool the system in the event of a critical over—-temperature. It also ensures some level of cooling in the event that software
or hardware locks up. If set to 0x80, this feature is disabled. The PWM output remains at 100% until the temperature drops below TconTRO
limit — hysteresis.
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Table 35. PECI TIMAX REGISTERS (Note 4) (Power—On Default = 0x00)

Register Address R/W Description
0x0B R PECIO Tjmax
0x0C R PECI1 Tjmax
0x0D R PECI2 Tjmax
Ox0E R PECI3 Tjmaxl

4. The maximum junction temperature for each CPU is returned in these registers. These are automatically read from the PECI interface on
power—up

Table 36. REGISTER 0xOF — PECI Configuration Regist er 4 (Power—-On Default = 0x00)
Bit Mnemonic R/W Description

<1:0> DMOCPU R/W Sets the DIMMO CPU assignment:
00 = CPUO
01 =CPU1
10 = CPU2
11 = CPU3

<3:2> DM1CPU R/W Sets the DIMM1 CPU assignment:
00 = CPUO
01 =CPU1
10 = CPU2
11 = CPU3

<5:4> DM2CPU R/W Sets the DIMM2 CPU assignment:
00 = CPUO
01 =CPU1
10 = CPU2
11 = CPU3

<7:6> DM3CPU R/W Sets the DIMM3 CPU assignment:
00 = CPUO
01 =CPU1
10 = CPU2
11 = CPU3

Table 37. REGISTER 0x10 - Configuration Register 6  (Power—On Default = 0x18)

Bit Mnemonic R/W Description
<0> PWM1Mode R/W 0 = PWM1 uses Tmin/Trange control
1 =PWM1 uses LUT control
<1> PWM2Mode R/W 0 = PWM 2 uses Tmin/Trange control
1 =PWM2 uses LUT control
<2> PWM3Mode R/W 0 = PWM3 uses Tmin/Trange control
1 =PWM3 uses LUT control
<4:3> SMBRT R/W Sets the SMBus Master Retry delay time:
(Note 5) 00=1ms
0l1=2ms
10=4ms
11=8ms
<5> IFT R/W 1 = Ignore first tach pulse during tach measurement. This can be used to stabilize readings from

fans that produce erroneous glitches in 3—wire mode.

5. If an error occurs in the SMBus Master sequence then the interface will attempt to read from the slave device again. The interval between
read attempts is set by SMBRT
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Table 37. REGISTER 0x10 - Configuration Register 6  (Power—On Default = 0x18)

Bit Mnemonic R/W Description
<6> Vceplow R/W VCCPLow = 1. When the power is supplied from 3.3 V STANDBY and the core voltage (VCCP)
drops below its VCCP low limit value (Reg. 0x46), the following occurs:
Status Bit 1 in Status Register 1 is set.
SMBALERT is generated, if enabled.
PROCHOT monitoring is disabled.
Everything is re—enabled once VCCP increases above the VCCP low limit.
When VCCP increases above the low limit:
PROCHOT monitoring is enabled.
Fans return to their programmed state after a spin—up cycle.
<7> Reserved R

5. If an error occurs in the SMBus Master sequence then the interface will attempt to read from the slave device again. The interval between
read attempts is set by SMBRT

Table 38. REGISTER 0x11 - Configuration Register 7 (Power—On Default = 0x04)

Bit Mnemonic R/W Description

<0> THERMHys R/W Setting this bit to 1 enables THERM hysteresis. Note that hysteresis on THERM is disabled
by default. To enable hysteresis this bit must be set to logic 1 and also bit <2> of register
0x7D must be cleared to 0.

<1> FSPD R/W When set to 1, this bit runs all fans at max speed as programmed in the max PWM duty
cycle registers (0x38 to 0x3A). Power—on default = 0. This bit is not locked at any time.

<2> Vit R/W Setting this bit to 1 includes Vit in the analog monitoring cycle

<3> FSPDIS R/W Logic 1 disables fan spin—up for two TACH pulses. Instead, the PWM outputs go high for the
entire fan spin—up timeout selected.

<4> TODIS R/W When this bit is set to 1, the SMBus timeout feature is disabled.
In this state, if at any point during an SMBus transaction involving the NCT7491 activity
ceases for more than 35 ms, the NCT7491 assumes the bus is locked and releases the bus.
This allows the NCT7491 to be used with SMBus controllers that cannot handle SMBus
timeouts. (Lockable.)

<5> SMBFS1 R/W PWM1 response to 3 consecutive SMBus Slave device errors; 0=no response; 1=PWM1 go
to max speed or 100%

<6> SMBFS2 R/W PWM2 response to 3 consecutive SMBus Slave device errors; 0=no response; 1=PWM2 go
to max speed or 100%

<7> SMBFS3 R/W PWM3 response to 3 consecutive SMBus Slave device errors; 0=no response; 1=PWM3 go

to max speed or 100%

Table 39. REGISTER 0x12 - Interrupt Status 6 (Power —On Default = 0x00)

Bit Mnemonic R/W Description
<0> OooLo R 1 = ALERT assertion in register 0x41
<1> ooL4 R 1 = ALERT assertion in register OX7E
<2> OOL5 R 1 = ALERT assertion in register 0xB6
<3> OO0L6 R 1 = ALERT assertion in register 0xB7
<4> OooL7 R 1 = ALERT assertion in register 0xB8
<5> ooL8 R 1 = ALERT assertion in register 0xB9
<6> ooL9 R 1 = ALERT assertion in register OXBA
<7> OooL10 R 1 = ALERT assertion in register 0x89
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Table 40. REGISTER 0x13 - Configuration Register 8 (Power—On Default = OxFF)

Bit Mnemonic R/W Description

<0> Local R/W Setting this bit to 1 includes Local temperature in the analog monitoring cycle
<1> Rem1 R/W Setting this bit to 1 includes Rem1 temperature in the analog monitoring cycle
<2> Rem2 R/W Setting this bit to 1 includes Rem2 temperature in the analog monitoring cycle
<3> 12v R/W Setting this bit to 1 includes 12V in the analog monitoring cycle

<4> 5V R/W Setting this bit to 1 includes 5V in the analog monitoring cycle

<5> Vceep R/W Setting this bit to 1 includes Vccp in the analog monitoring cycle

<6> 2.5V R/W Setting this bit to 1 includes 2.5V in the analog monitoring cycle

<7> Vce R/W Setting this bit to 1 includes Vcc in the analog monitoring cycle errors.

Table 41. PWM STEPPING LEVEL REGISTERS (Power—-On De fault = 0x00)

Register Address Register R/W Description
0x14 PWMStepl R/W Sets the PWM level on a THERM assertion if THERM stepping is enabled
0x15 PWMStep2 R/W Sets the PWM level if THERM stepping is enabled and the temperature is greater
than THERM + Step (Note 6)

6. The temperature interval for each step is programmed in registers 0x18 and 0x19

Table 42. REGISTER 0x16 - THERM Configuration Regis ter 1 (Power—On Default = 0x1C)

Bit Mnemonic R/W Description
<1:0> TMRP R/W 00 = Disabled
01 = Pin 14 (QSOP), Pin 11 (QFN) is THERM timer input
10 = Pin 19 (QSOP), Pin 16 (QFN) is THERM timer input
11 = Pin 22 (QSOP), Pin 19 (QFN) is THERM timer input
<2> Max/Full 1 R/W 1= PWML1 goes to 100% on THERM
0= PWML1 goes to Max programmed PWM on THERM
<3> Max/Full 2 RIW 1= PWM2 goes to 100% on THERM
0= PWM2 goes to Max programmed PWM on THERM
<4> Max/Full 3 RIW 1= PWM3 goes to 100% on THERM
0= PWM3 goes to Max programmed PWM on THERM
<5> Push R/W 1 = THERM assertions enabled for Push temperatures
THERM 0 = THERM assertions disabled for Push temperatures
<6> SMBus R/W 1 = THERM assertions enabled for SMBus slave temperatures
THERM 0 = THERM assertions disabled for SMBus slave temperatures
<7> Reserved R

Table 43. REGISTER 0x17 - THERM Configuration Regis ter 2 (Power—On Default = 0x07)

Bit Mnemonic R/W Description
<0> P1TH R/W If set to 1 then PWM1 will respond to THERM events
<1> P2TH R/W If set to 1 then PWM2 will respond to THERM events
<2> P3TH R/W If set to 1 then PWMS3 will respond to THERM events
<3> Reserved R

<4> Reserved R

<5> Reserved R

<6> Reserved R

<7> Reserved R
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Table 44. REGISTER 0x18 — THERM Configuration Regis

NCT7491

ter 3 (Power—On Default = 0x00)

Bit Mnemonic R/W Description
<3:0> SMBSTEP R/W Sets the Step size used by the THERM stepping function when applied to SMBus Master
device THERM assertions
<7:4> PECSTEP R/W Sets the Step size used by the THERM stepping function when applied to PECI Tcontrol

assertions

Table 45. REGISTER 0x19 - THERM Configuration Regis

ter 4 (Power—On Default = 0x00)

Bit Mnemonic R/W Description
<3:0> SNRSTEP R/W Sets the Step size used by the THERM stepping function when applied to Remotel/Local/
Remote2 sensor THERM assertions
<7:4> PSHSTEP R/W Sets the Step size used by the THERM stepping function when applied to Push temperature

THERM assertions

Table 46. PECI READING REGISTERS (Power—On Default = 0x80)

Register Address R/W Description
0x33 R PECIO: This register reads the 8 bits representative of PECIO
Ox1A R PECI1: This register reads the 8 bits representative of PECI1
0x1B R PECI2: This register reads the 8 bits representative of PECI2
0x1C R PECI3: This register reads the 8 bits representative of PECI 3

Table 47. DEVICE ID REGISTER (Power—On Default = 0x 91)

Register Address R/W Description Power-On Default
0x1D R Device ID 0x91
Table 48. V11 READING REGISTER (Power—On Default = 0x00)
Register Address R/W Description
Ox1E R Reflects the voltage measurement at the V11 input on Pin 8 of the QSOP package, Pin 5 of the

QFN package (8 MSBs of reading). Input range of 0 to 2v

Table 49. REGISTER 0x1F EXTE

NDED RESOLUTION 3 (Powe r—On Default = 0x00)

Bits R/W Description

<3:0> RESERVED

<5:4> Bits <5:4> hold the two LSB'’s of the 10-bit V1T measurement
<7:6> RESERVED

Table 50. VOLTAGE

READING REGISTERS (Power—On Defau It = 0x00) (Note 7)

Register Address R/W Description

0x20 R Reflects the voltage measurement at the 2.5 V input on Pin 22 of the QSOP package, Pin 19 of
the QFN package (8 MSBs of reading).

0x21 R Reflects the voltage measurement (Note 8) at the Vccp input on Pin 23 of the QSOP package,
Pin 20 of the QFN package (8 MSBs of reading).

0x22 R Reflects the voltage measurement (Note 9) at the V¢ input on Pin 4 of the QSOP package,
Pin 1 of the QFN package (8 MSBs of reading).

0x23 R Reflects the voltage measurement at the 5 V input on Pin 20 of the QSOP package, Pin 17 of
the QFN package (8 MSBs of reading).

0x24 R Reflects the voltage measurement at the 12 V input on Pin 21 of the QSOP package, Pin 18 of
the QFN package (8 MSBs of reading).

7. If the extended resolution bits of these readings are also being read, the extended resolution registers (Reg. 0x76, 0x77) must be read first.
Once the extended resolution registers have been read, the associated MSB reading registers are frozen until read. Both the extended
resolution registers and the MSB registers are frozen.

8. If Veeplow (Bit 6 of 0x10) is set, Vccp can control the sleep state of the NCT7491.

9. Vcc (Pin 4 on the QSOP package, Pinl on the QFN package) is the supply voltage for the NCT7491.
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Table 51. TEMPERATURE READING REGISTERS (Power-On D efault = 0x80) (Notes 10, 11, 12)

Register Address R/W Description
0x25 R Remote 1 temperature reading (Notes 12, 13) (8 MSB of reading).
0x26 R Local temperature reading (8 MSB of reading).
0x27 R Remote 2 temperature reading (Notes 12, 13) (8 MSB of reading).

10. If the extended resolution bits of these readings are also being read, the extended resolution registers (Reg. 0x76, 0x77) must be read first.
Once the extended resolution registers have been read, all associated MSB reading registers are frozen until read. Both the extended
resolution registers and the MSB registers are frozen.

11. These temperature readings can be in twos complement or offset 64 format; this interpretation is determined by Bit O of Configuration Register
5 (0x7C).

12.1n twos complement mode, a temperature reading of —128°C (0x80) indicates a diode fault (open or short) on that channel.

13.1In offset 64 mode, a temperature reading of -64°C (0x00) indicates a diode fault (open or short) on that channel.

Table 52. FAN TACHOMETER READING REGISTERS (Power—O n Default = 0x00) (Note 14)

Register Address R/W Description
0x28 R TACHL low byte.
0x29 R TACHL1 high byte.
Ox2A R TACH2 low byte.
0x2B R TACH2 high byte.
0x2C R TACHS low byte.
0x2D R TACH3 high byte.
0x2E R TACH4 low byte.
Ox2F R TACH4 high byte.

14.These registers count the number of 11.11 us periods (based on an internal 90 kHz clock) that occur between a number of consecutive fan
TACH pulses (default = 2). The number of TACH pulses used to count can be changed using the fan pulses per revolution register (Reg.
0x7B). This allows the fan speed to be accurately measured. Because a valid fan tachometer reading requires that two bytes be read, the
low byte must be read first. Both the low and high bytes are then frozen until read. At power—on, these registers contain 0x0000 until the first
valid fan TACH measurement is read into these registers. This prevents false interrupts from occurring while the fans are spinning up.
A count of OxFFFF indicates that a fan is one of the following: stalled or blocked (object jamming the fan), failed (internal circuitry destroyed),
or not populated. (The NCT7491 expects to see a fan connected to each TACH. If a fan is not connected to that TACH, its TACH minimum
high and low bytes should be set to OxFF.)

Table 53. CURRENT PWM DUTY CYCLE REGISTERS (Power—0O n Default = OXFF) (Note 15)

Register Address R/W Description
0x30 R/W PWM1 current duty cycle (0% to 100% duty cycle = 0x00 to OxFF).
0x31 R/W PWM2 current duty cycle (0% to 100% duty cycle = 0x00 to OxFF).
0x32 R/W PWMS3 current duty cycle (0% to 100% duty cycle = 0x00 to OxFF).

15. These registers reflect the PWM duty cycle driving each fan at any given time. When in automatic fan speed control mode, the NCT7491
reports the PWM duty cycles back through these registers. The PWM duty cycle values vary according to temperature in automatic fan speed
control mode. During fan startup, these registers report back 0x00. In manual mode, the PWM duty cycle outputs can be set to any duty cycle
value by writing to these registers.

Table 54. REGISTER 0x33 PECIO READING REGISTER (Pow er-On Default = 0x80)
Register Address R/W Description

0x33 R PECIO: This register reads the 8 bits representative of PECI Client Address stored in register 0x00

Table 55. PECI LIMIT REGISTERS REGISTER

Register Address R/W Description Power-On Default
0x34 R/W PECI Low Limit 0x81
0x35 R/W PECI High Limit 0x00
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Table 56. REGISTER 0x36 PECI CONFIGURATION REGISTER 1 (Power—On Default = 0x00)

BIT NAME R/W Description
<2:0> AVG R/W PECI Averaging Count
Code Averaged Samples
000 1
001 2
010 4
011 8
100 Reserved
101 Reserved
110 Reserved
111 Reserved
<3> DOMO R/W CPU Domain Count information. Set to O indicates that CPU 1 associated with the PECIO reading
has a single domain (Default). Set to 1 indicates that the system CPU 1 contains two domains.
<4> Reserved
<5> Reserved

<7:6> Reserved

Table 57. REGISTER 0x37 PEC

| CONFIGURATION REGISTER 3 (Power—On Default = 0x32)

Bit Name R/W Description
<0> PDET R/W 1 = at least one PECI enabled processor detected
0 = no processors detected
<1> RTYDIS R/W 1 = PECI retry bit is disabled
0 = PECI retry bit is enabled
This bit allows the user to disable the PECI retry bit for any subsequent commands following a
bad Completion Code from the CPU. It is enabled by default.
<2> Reserved R
<3> Reserved R
<5:4> Rate R/W PECI update rate
00 = 1/sec
01 =2/sec
10 = 5/sec
11 = 10/sec
<6> Reserved
<7> PWEN R/W 1=PECI CPU writes are enabled

0=PECI CPU writes are disabled

Table 58. MAXIMUM PWM DUTY CYCLE (Power-On Default = OxFF) (Note 16)

Register Address R/W?2 Description
0x38 R/W Maximum duty cycle for PWM1 output, default = 100% (OxFF.)
0x39 R/W Maximum duty cycle for PWM2 output, default = 100% (OxFF).
Ox3A R/W Maximum duty cycle for PWM3 output, default = 100% (OxFF).

16. These registers set the maximum PWM duty cycle of the PWM output.
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Table 59. PECI Ty REGISTER (Power—On Default = 0x80)

Register Address

R/W

Description

Power-On Default

0x3B

R/IW

PECI Tyin

When the PECI measurement exceeds PECI Ty the appropriate fans run at
PWMyn and increase according to the automatic fan speed control slope.

If Absolute PECI mode is used then the maximum valid Tmin value is 175°C.

0XD6 (-42°C)

Table 60. REGISTER 0x3C — PECI T grange (Power—On Default = 0xCO0)

Bit Name

R/W1 Description

<2:0> Reserved

R

<3> Reserved

R

<r:4> TRANGE

R/W These bits determine the PWM duty cycle vs. the PECI temperature range for automatic

fan control.
0000 = 2°C
0001 = 2.5°C
0010 =3.33°C
0011 = 4°C
0100 =5°C
0101 =6.67°C
0110 = 8°C
0111 = 10°C
1000 = 13.33°C
1001 = 16°C
1010 = 20°C
1011 = 26.67°C
1100 = 32°C (default)
1101 = 40°C
1110 = 53.33°C
1111 = 80°C

Table 61. PECIO T conTroL LIMIT REGISTER (Note 17)

Register Address

R/W Description

Power-On Default

0x3D

R/W PECIO TconTROL limit.

0x00

17.1f any PECI reading exceeds the TconTroL limit, all PWM outputs drive their fans at 100% duty cycle. This is a fail-safe mechanism
incorporated to cool the system in the event of a critical overtemperature. It also ensures some level of cooling in the event that software
or hardware locks up. If set to 0x80, this feature is disabled. The PWM output remains at 100% until the temperature drops below TconTRO

limit — hysteresis.

Table 62. COMPANY ID REGISTER

Register Address

R/W Description

Power—On Default

Ox3E

Read Company ID

Ox1A

Table 63. REGISTER 0x3F VERSION/REVISION REGISTER (Power—-On-Default = 0x6C)

Bit Name R/W Description
<1:.0> REV Read These two bits indicate the NCT7491 silicon revision number. 0x00 indicates rev 0, 0x01 indic-
ates Rev 1 etc...
<2> PECI Read This bit is set to 1 indicating that the NCT7491 supports the PECI interface
<3> 4 Wire Read This bit is set to 1 indicating that the NCT7491 may be configured to drive 4-wire fans using high
frequency PWM.
<7:4> VER Read These bits indicate the Heceta version number of the device.
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Table 64. REGISTER 0x40 - Configuration Register 1

NCT7491

(Power—-0On Default = 0x84)

Bit Name R/W Description
<0> STRT R/W Logic 1 enables monitoring and PWM control outputs based on the limit settings programmed.
(Notes 18, 19) Logic 0 disables monitoring and PWM control is based on the default power-up limit settings.
Note that the limit values programmed are preserved even if a Logic 0 is written to this bit and
the default settings are enabled. This bit does not become locked once Bit 1 (LOCK bit) has
been set.
<1> LOCK Write once | Logic 1 locks all limit values to their current settings. Once this bit is set, all lockable registers
become read-only and cannot be modified until the NCT7491 is powered down and powered
up again. This prevents rogue programs such as viruses from modifying critical system limit
settings. (Lockable.)
<2> RDY R This bit is set to 1 by the NCT7491 to indicate that the device is fully powered-up and ready
to begin system monitoring.
<3> Fan Boost R/W When this bit is set to logic 1 all PWM outputs go to 100% regardless of other fan speed
configurations and automatic fan speed control settings. When this bit is set to 0 the fan
speed control returns to the fan speed setting calculated by the pre—programmed fan speed
control settings. This bit remains writable after the lock bit is set.
<4> PECI Monitor R/W Set this bit to logic 1 to enable CPU thermal monitoring via PECI interface. This bit becomes
read only when the lock bit is set.
<5> THERM R/W When this bit is set to logic 1, any THERM pin assertion will cause the fans to go to 100% or
Override Max PWM, depending on bits <4:2> of register 0x16, overriding any other fan setting, even
when the PWM's are configured for manual mode, or disabled. This bit becomes read only
when the lock bit is set.
<7:6> AVELN R/W Sets the averaging length for all analog channels

00 = 4 readings per averaged value
01 = 8 readings per averaged value
10 = 16 readings per averaged value
11 = 32 readings per averaged value

18.Bit 0 (STRT) of Configuration Register 1 (0x40) remains writable after lock bit is set.
19.When monitoring (STRT) is disabled, PWM outputs always go to 100% for thermal protection.

Table 65. REGISTER 0x41 - Interrupt Status Register

1 (Power—On Default = 0x00)

Bit Name R/W Description

<0> 25V R 2.5V =1 indicates that the 2.5 V high or low limit has been exceeded. This bit is cleared on a read of
the status register only if the error condition has subsided.

<1> Veep R Vcep = 1indicates that the Vcp high or low limit has been exceeded. This bit is cleared on a read of
the status register only if the error condition has subsided.

<2> Vee R Vcc = 1 indicates that the V¢ high or low limit has been exceeded. This bit is cleared on a read of
the status register only if the error condition has subsided.

<3> 5V R A 1 indicates that the 5 V high or low limit has been exceeded. This bit is cleared on a read of the
status register only if the error condition has subsided.

<4> RIT R RIT = 1 indicates that the Remote 1 low or high temperature has been exceeded. This bit is cleared
on a read of the status register only if the error condition has subsided.

<5> LT R LT = 1 indicates that the local low or high temperature has been exceeded. This bit is cleared on a
read of the status register only if the error condition has subsided.

<6> R2T R R2T = 1 indicates that the Remote 2 low or high temperature has been exceeded. This bit is cleared
on a read of the status register only if the error condition has subsided.

<7> OoOoL R OOL = 1 indicates that an out—of-limit event has been latched in Status Register 2. This bit is a logic-
al OR of all status bits in Status Register 2 (0x42). Software can test this bit in isolation to determine
whether any of the voltage, temperature, or fan speed readings represented by Status Register 2 are
out—-of-limit, which eliminates the need to read Status Register 2 during every interrupt or polling
cycle.
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Table 66. REGISTER 0x42 - Interrupt Status Register 2 (Power—On Default = 0x00)
Bit Name R/W Description

<0> 12V R A 1 indicates that the 12 V high or low limit has been exceeded. This bit is cleared on a read of the
status register only if the error condition has subsided.

<1> ooL R OOL =1 indicates that an out—of-limit event has been latched in Status Register 3 (0x43). This bitis a
logical OR of all status bits in Status Register 3 Software can test this bit in isolation to determine
whether any of the voltage, temperature, or fan speed readings represented by Status Register 3 are
out-of-limit, which eliminates the need to read Status Register 3 during every interrupt or polling cycle.

<2> FAN1 R FAN1 = 1 indicates that Fan 1 has dropped below minimum speed or has stalled. This bit is not set
when the PWM 1 output is off.

<3> FAN2 R FAN2 = 1 indicates that Fan 2 has dropped below minimum speed or has stalled. This bit is not set
when the PWM 2 output is off.

<4> FAN3 R FAN3 = 1 indicates that Fan 3 has dropped below minimum speed or has stalled. This bit is not set
when the PWM 3 output is off.

<5> FAN4 R When Pin 14 on the QSOP package, Pin 11 on the QFN package is programmed as a TACH4 input,
FAN4 = 1 indicates that Fan 4 has dropped below minimum speed or has stalled. This bit is not set
when the PWM3 output is off.

<6> D1 R D1 = 1 indicates either an open or short circuit on the Thermal Diode 1 inputs.

<7> D2 R D2 = 1 indicates either an open or short circuit on the Thermal Diode 2 inputs.

Table 67. REGISTER 0x43 - Interrupt Status Register 3 (Power—On Default = 0x00)

Bit Name R/W Description

<0> PECIO R A logic 1 indicates that the PECI high or low limit has been exceeded by the PECI value from PECI client
address 0x30. This bit is cleared on a read of the status register only if the error condition has subsided.

<1> Data R A logic 1 indicates that valid PECI data cannot be obtained for the processor and a specified error code
has been recorded.

<2> Comm R A logic 1 indicates that there is a communications error (e.g. invalid FCS) on the PECI interface.

<3> ovT R OVT = 1 indicates that one of the THERM over temperature limits has been exceeded. This bit is cleared

on a read of the status register when the temperature drops below THERM - TyysT.

<6:4> DAT R If a DATA error occurs then bits <6:4> indicate the error type
<000> = General sensor error (0x8000)

<001> = Sensor underflow (0x8002)

<010> = Sensor overflow (0x8003)

<111> = Other

<7> ooL3 R OOL3 =1 indicates that an out—of-limit event has been latched in Status Register 4 (0x81). This bit is a
logical OR of all status bits in Status Register 4 Software can test this bit in isolation to determine wheth-
er any of the voltage, temperature, or fan speed readings represented by Status Register 4 are out—of-
limit, which eliminates the need to read Status Register 4 during every interrupt or polling cycle.

Table 68. VOLTAGE LIMIT REGISTERS (Note 20)

Register Address R/W Description (Note 21) Power-On Default
0x44 R/W 2.5V low limit. 0x00
0x45 R/W 2.5V high limit. OXFF
0x46 R/W Vcep low limit. 0x00
0x47 R/W Vcep high limit. OXFF
0x48 R/W Ve low limit. 0x00
0x49 R/W Ve high limit. OxXFF
0x4A R/W 5V low limit. 0x00
0x4B R/W 5V high limit. OxFF
0x4C R/W 12 V low limit. 0x00
0x4D R/W 12 V high limit. OxFF

20. Setting the Configuration Register 1 lock bit has no effect on these registers.
21.High limits: An interrupt is generated when a value exceeds its high limit (> comparison). Low limits: An interrupt is generated when a value
is equal to or below its low limit (&l comparison).
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Table 69. TEMPERATURE LIMIT REGISTERS (Note 22)

Register Address R/W Description (Note 23) Power-On Default
Ox4E R/W Remote 1 temperature low limit. 0x81
0x4F R/W Remote 1 temperature high limit. Ox7F
0x50 R/W Local temperature low limit. 0x81
0x51 R/W Local temperature high limit. OX7F
0x52 R/W Remote 2 temperature low limit. 0x81
0x53 R/W Remote 2 temperature high limit. OX7F

22.Exceeding any of these temperature limits by 1°C causes the appropriate status bit to be set in the interrupt status register. Setting the
Configuration Register 1 lock bit has no effect on these registers.
23.High limits: An interrupt is generated when a value exceeds its high limit (> comparison). Low limits: An interrupt is generated when a value

is equal to or below its low limit (< comparison).

Table 70. FAN TACHOMETER LIMIT REGISTERS (Note 24)

Register Address R/W Description Power-On Default
0x54 R/W TACH1 minimum low byte. OXFF
0x55 R/W TACH1 minimum high byte OxFF
0x56 R/W TACH2 minimum low byte. OXFF
0x57 R/W TACH2 minimum high byte. OXFF
0x58 R/W TACH3 minimum low byte. OxFF
0x59 R/W TACH3 minimum high byte. OxFF
Ox5A R/W TACH4 minimum low byte. OxFF
0x5B R/W TACH4 minimum high byte. OxFF

24.Exceeding any of the TACH limit registers by 1 indicates that the fan is running too slowly or has stalled. The appropriate status bit is set
in Interrupt Status Register 2 to indicate the fan failure.

Table 71. PWM CONFIGURATION REGISTERS

Register Address R/W Description Power-On Default
0x5C R/W PWM1 configuration. 0x02
0x5D R/W PWM2 configuration. 0x02
Ox5E R/W PWMS3 configuration. 0x02
Bit Name R/W Description
<2:0> SPIN R/W These bits control the startup timeout for PWMx. The PWM output stays high until two valid TACH
rising edges are seen from the fan. If there is not a valid TACH signal during the fan TACH meas-
urement directly after the fan startup timeout period, then the TACH measurement reads OxFFFF
and Status Register 2 reflects the fan fault. If the TACH minimum high and low bytes contain
OxFFFF or 0x0000, then the Status Register 2 bit is not set, even if the fan has not started.
000 = No startup timeout
001 =100 ms
010 = 250 ms (default)
011 = 400 ms
100 =667 ms
101 =1sec
110 =2 sec
111 =4 sec
<3> Reserved
<4> INV R/W This bit inverts the PWM output. The default is 0, which corresponds to a logic high output for
100% duty cycle. Setting this bit to 1 inverts the PWM output, so 100% duty cycle corresponds to
a logic low output.
<7:5> Reserved
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Table 72. TEMP TRANGE/PWM FREQUENCY REGISTERS

Register Address R/W Description Power-On Default
O0x5F R/W Remote 1 Trange/PWML1 frequency. 0xC3
0x60 R/W Local temperature TrRange/PWM2 frequency. 0xC3
0x61 R/W Remote 2 Trange/PWMS3 frequency. 0xC3
Bit Name R/W Description
<2:0> FREQ R/W These bits control the PWMx frequency (only apply when PWM channel is in low frequency
mode).
000 =11.0Hz
001 =14.7 Hz
010=22.1Hz
011 = 29.4 Hz (default)
100 = 35.3 Hz
101 =44.1Hz
110 =58.8 Hz
111 = 88.2 Hz
<3> HF/LF R/W HF/LF = 1, High frequency PWM mode is enabled for PWMXx.
HF/LF = 0, Low frequency PWM mode is enabled for PWMx.
<7:4> RANGE R/W These bits determine the PWM duty cycle vs. the temperature range for automatic fan control.

0000 = 2°C

0001 = 2.5°C

0010 = 3.33°C

0011 = 4°C

0100 =5°C

0101 =6.67°C

0110 =8°C

0111 =10°C

1000 =13.33°C

1001 = 16°C

1010 = 20°C

1011 = 26.67°C

1100 = 32°C (default)

1101 = 40°C

1110 = 53.33°C

1111 = 80°C
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Table 73. REGISTER 0x62 - Enhanced Acoustics Regist er 1 (Power—On Default = 0x20)

Bit

Name

R/W

Description

<2:0>

ACOU

RIW

These bits define the maximum rate of change of the PWML1 output. Instead of the fan speed jumping
instantaneously to its newly determined speed, it ramps gracefully at the rate determined by these bits.
This feature ultimately enhances the acoustics of the fan.

Time Slot Increase Time for 0% to 100%

000=1 37.5 sec

001=2 18.8 sec

010=3 12.5 sec

011 =4 7.5 sec

100=8 4.7 sec

101 =12 3.1sec

110=24 1.6 sec

111 =48 0.8 sec

<3>

EN1

RIW

When this bit is 1, smoothing is enabled on PWM1 output.

<4>

SYNC

RIW

SYNC = 1 synchronizes fan speed measurements on TACH2, TACH3, and TACH4 to PWM3. This
allows up to three fans to be driven from PWMS3 output and their speeds to be measured.

SYNC = 0 synchronizes only TACH3 and TACH4 to PWM3 output.

<5>

MIN1

R/IW

When the NCT7491 is in automatic fan control mode, this bit defines whether PWM1 is off (0% duty
cycle) or at PWM1 minimum duty cycle when the controlling temperature is below its Tyyn — hysteresis
value.

0 = 0% duty cycle below Ty — hysteresis.
1 = PWM1 minimum duty cycle below Ty — hysteresis.

<6>

MIN2

R/IW

When the NCT7491 is in automatic fan speed control mode, this bit defines whether PWM2 is off (0%
duty cycle) or at PWM2 minimum duty cycle when the controlling temperature is below its Ty — hys-
teresis value.

0 = 0% duty cycle below Ty — hysteresis.
1 = PWM 2 minimum duty cycle below Ty N — hysteresis.

<7>

MIN3

RIW

When the NCT7491 is in automatic fan speed control mode, this bit defines whether PWM3 is off (0%
duty cycle) or at PWM3 minimum duty cycle when the controlling temperature is below its Ty — hys-
teresis value.

0 = 0% duty cycle below Ty — hysteresis.
1 = PWM3 minimum duty cycle below TN — hysteresis.

Table 74. REGISTER 0x63 — Enhanced Acoustics Regist er 2 (Power—On Default = 0x00)

Bit Name R/W (Note 25) Description

<2:0> ACOU3 R/W These bits define the maximum rate of change of the PWM3 output. Instead of the fan speed
jumping instantaneously to its newly determined speed, it ramps gracefully at the rate determ-
ined by these bits. This feature ultimately enhances the acoustics of the fan.
Time Slot Increase Time for 0% to 100%
000=1 37.5 sec
001=2 18.8 sec
010=3 12.5 sec
011=4 7.5 sec
100=8 4.7 sec
101=12 3.1sec
110=24 1.6 sec
111 =48 0.8 sec

<3> EN3 R/W When this bit is 1, smoothing is enabled on the PWM3 output.

25.These registers become read-only when the NCT7491 is in automatic fan control mode.
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Table 74. REGISTER 0x63 - Enhanced Acoustics Regist er 2 (Power—On Default = 0x00)

Bit Name |R/W (Note 25) Description
<6:4> ACOU2 R/W These bits define the maximum rate of change of the PWM2 output. Instead of the fan speed

jumping instantaneously to its newly determined speed, it ramps gracefully at the rate determ-
ined by these bits. This feature ultimately enhances the acoustics of the fan.
Time Slot Increase Time for 0% to 100%
000=1 37.5sec
001=2 18.8 sec
010=3 12.5 sec
011=4 7.5 sec
100=8 4.7 sec
101=12 3.1sec
110=24 1.6 sec
111 =48 0.8 sec

<7> EN2 R/W When this bit is 1, smoothing is enabled on the PWM2 output.

25.These registers become read—only when the NCT7491 is in automatic fan control mode.

Table 75. PWM MINIMUM DUTY CYCLE REGISTERS

Register Address R/W (Note 26) Description Power-On Default
0x64 R/W PWM1 minimum duty cycle. 0x80 (50% duty cycle)
0x65 R/W PWM2 minimum duty cycle. 0x80 (50% duty cycle)
0x66 R/W PWMS3 minimum duty cycle. 0x80 (50% duty cycle)

Bit Name R/W (Note 26) Description
<7:0> PWM duty cycle R/W These bits define the PWM)\ duty cycle for PWMx.

0x00 = 0% duty cycle (fan off).

0x40 = 25% duty cycle.

0x80 = 50% duty cycle.

OxFF = 100% duty cycle (fan full speed).

26.These registers become read-only when the NCT7491 is in automatic fan control mode.

Table 76. Ty REGISTERS (Note 27)

Register Address R/W Description Power-On Default
0x67 R/W Remote 1 Temperature Tyn- 0x5A (90°C)
0x68 R/W Local Temperature Tyn- 0x5A (90°C)
0x69 R/W Remote 2 Temperature Tyn- 0x5A (90°C)

27.These are the Ty registers for each temperature channel. When the temperature measured exceeds Ty, the appropriate fan runs at

minimum speed and increases with temperature according to TranGE-

Table 77. THERM LIMIT REGISTERS (Note 28)

Register Address R/W Description Power-On Default
OX6A R/W Remote 1 THERM limit. 0x64 (100°C)
0x6B R/W Local THERM limit. 0x64 (100°C)
0x6C R/W Remote 2 THERM limit. 0x64 (100°C)

28.If any temperature measured exceeds its THERM limit, all PWM outputs drive their fans at 100% duty cycle. This is a fail-safe mechanism
incorporated to cool the system in the event of a critical over temperature. It also ensures some level of cooling in the event that software
or hardware locks up. If set to 0x80, this feature is disabled. The PWM output remains at 100% until the temperature drops below THERM
limit — hysteresis. If the THERM pin is programmed as an output, exceeding these limits by 0.25°C can cause the THERM pin to assert low
as an output.
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Table 78. TEMPERATURE/T \ny HYSTERESIS REGISTERS (Note 29)

Register Address R/W Description Power-On Default
0x6D R/W Remote 1 and Local Temperature hysteresis. 0x44
<3:0> HYSL Local Temperature hysteresis. 0°C to 15°C of hys-

teresis can be applied to the Local temperature
AFC control loops.
<7:4> HYSR1 Remote 1 Temperature hysteresis. 0°C to 15°C of
hysteresis can be applied to the Remote 1 Temper-
ature AFC control loops.
Ox6E R/W PECI and Remote 2 Temperature hysteresis. 0x44
<3:.0> HYSP PECI Temperature hysteresis. 0°C to 15°C of hys-
teresis can be applied to the PECI AFC control
loops.
<7:4> HYSR2 Remote 2 Temperature hysteresis. 0°C to 15°C of

hysteresis can be applied to the Local Temperature
AFC control loops.

29.Each 4-bit value controls the amount of temperature hysteresis applied to a particular temperature channel. Once the temperature for that
channel falls below its Ty value, the fan remains running at PWMy\ duty cycle until the temperature = Ty n — hysteresis. Up to 15°C of
hysteresis can be assigned to any temperature channel. The hysteresis value chosen also applies to that temperature channel, if its THERM
limit is exceeded. The PWM output being controlled goes to 100%, if the THERM limit is exceeded and remains at 100% until the temperature
drops below THERM — hysteresis. For acoustic reasons, it is recommended that the hysteresis value not be programmed less than 4°C.
Setting the hysteresis value lower than 4°C causes the fan to switch on and off regularly when the temperature is close to Tyn-

Table 79. REGISTER 0x6F — XNOR Tree Test Enable (Po wer—On Default = 0x00)

Register Address R/W (Note 30) Description
<0> XEN If the XEN bit is set to 1, the device enters the XNOR tree test mode. Clearing
the bit removes the device from the XNOR tree test mode.
<7:1> Reserved Unused. Do not write to these bits.

30. This register becomes read—only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have no effect.

Table 80. REMOTE 1 TEMPERATURE OFFSET (Note 31)

plied to the remote temperature 1 channel meas-
urement. Bit 1 of 0x7C (Configuration Register 5)
determines the range and resolution of this register.

Register Address R/W (Note 31) Description Power-On Default
0x70 R/W Remote 1 temperature offset. 0x00
<7:0> R/W Allows a temperature offset to be automatically ap-

31.This register becomes read—only when the Configurati

Table 81. LOCAL TEMPERATURE OFFSET (Note 32)

ion Register 1 lock bit is set to 1. Any further attempts to write to this register have no effect.

plied to the local temperature measurement. Bit 1 of
0x7C (Configuration Register 5) determines the

range and resolution of this register.

Register Address R/W (Note 32) Description Power—On Default
0x71 R/W Local temperature offset. 0x00
<7:0> R/W Allows a temperature offset to be automatically ap-

32.This register becomes read—only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have no effect.

Table 82. REMOTE 2 TEMPERATURE OFFSET (Note 33)

plied to the remote temperature 2 channel meas-
urement. Bit 1 of Ox7C (Configuration Register 5)
determines the range and resolution of this register.

Register Address R/W (Note 33) Description Power—On Default
0x72 R/W Remote 2 temperature offset. 0x00
<7:0> R/W Allows a temperature offset to be automatically ap-

33. This register becomes read-only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have no effect.
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Table 83. REGISTER 0x73 - Configuration Register 2  (Power—On Default = 0x00) (Note 34)

Bit Name R/W (Note 34) Description
0 Reserved R

1 Reserved R

2 ABS/REL R/W 0 = PECI uses relative values for fan control

1 = PECI uses absolute value for fan control

3 VAVG R/W VAVG = 1 indicates that averaging on the voltage measurements is turned off. This
allows measurements on each channel to be made much faster.

4 TAVG R/W TAVG = 1 indicates that averaging on the temperature measurements is turned off.
This allows measurements on each channel to be made much faster.

<6:5> FQ R/W Sets the fault queue length:
<00> =1 event

<01> = 2 events

<10> = 3 events

<11> =4 events

7 Shutdown R/W

34.This register becomes read—only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have no effect.

Table 84. REGISTER 0x74 - Interrupt Mask Register 1  (Power—On Default = 0x00)

Bit Name R/W Description

0 25V R/W 2.5V =1, masks SMBALERT for out—of-limit conditions on the 2.5 V channel.

1 Vcep R/W Vcep = 1 masks SMBALERT for out—of-limit conditions on the Vccp channel.

2 Vee R/W Vce = 1 masks SMBALERT for out-of-limit conditions on the V¢ channel.

3 5V R/W 5V = 1 masks SMBALERT for out-of-limit conditions on the 5 V channel.

4 RIT R/W RIT = 1 masks SMBALERT for out-of-limit conditions on the Remote 1 Temperature channel.
5 LT R/W LT = 1 masks SMBALERT for out-of-limit conditions on the Local Temperature channel.

6 R2T R/W R2T = 1 masks SMBALERT for out—of-limit conditions on the Remote 2 Temperature channel.
7 R Reserved

Table 85. REGISTER 0x75 - Interrupt Mask Register 2 (Power—On Default = 0x00)

Bit Name R/W Description

0 12V R/IW 12 V = 1, masks SMBALERT for out—of-limit conditions on the 12 V channel.
1 R Reserved

2 FAN1 R/IW FANL1 = 1 masks SMBALERT for a Fan 1 fault.

3 FAN2 R/IW FAN2 = 1 masks SMBALERT for a Fan 2 fault.

4 FAN3 R/W FAN3 = 1 masks SMBALERT for a Fan 3 fault.

5 FAN4 R/W FAN4 = 1 masks SMBALERT for a Fan 4 fault.

6 D1 R/W D1 = 1 masks SMBALERT for a diode open or short on a Remote 1 channel.
7 D2 R/W D2 = 1 masks SMBALERT for a diode open or short on a Remote 2 channel.

Table 86. REGISTER 0x76 — Extended Resolution Regis ter 1 (Note 35) (Power—On Default = 0x00)

Bit Name R/W Description
<1:0> 25V R 2.5V LSBs. Holds the 2 LSBs of the 10-bit 2.5 V measurement.
<3:2> Veep R Vcep LSBs. Holds the 2 LSBs of the 10-bit Vccp measurement.
<5:4> Vee R Vcc LSBs. Holds the 2 LSBs of the 10-bit Vcc measurement.
<7:6> 5V R 5V LSBs. Holds the 2 LSBs of the 10-bit 5 V measurement.

35.If this register is read, this register and the registers holding the MSB of each reading are frozen until read.
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Table 87. REGISTER 0x77 - Extended Resolution Regis ter 2 (Note 36) (Power—On Default = 0x00)

Bit Name R/W Description
<1:.0> 12v R 12 V LSBs. Holds the 2 LSBs of the 10-bit 12 V measurement.
<3:2> | TDM1 R Remote 1 Temperature LSBs. Holds the 2 LSBs of the 10-bit Remote 1 temperature measurement.
<5:4> LTMP R Local Temperature LSBs. Holds the 2 LSBs of the 10-bit local temperature measurement.
<7:6> | TDM2 R Remote 2 Temperature LSBs. Holds the 2 LSBs of the 10-bit Remote 2 temperature measurement.

36.1f this register is read, this register and the registers holding the MSB of each reading are frozen until read.

Table 88. REGISTER 0x78 — Configuration Register 3  (Power—On Default = 0x00)

R/W

Bit Name (Note 37) Description

<0> ALERT R/W ALERT =1, Pin 10 on the QSOP package, Pin 7 on the QFN package (PWM2/SMBALERT) is
configured as an SMBALERT interrupt output to indicate out—of-limit error conditions.
ALERT =0, Pin 10 on the QSOP package, Pin 7 on the QFN package (PWM2/SMBALERT ) is
configured as the PWM2 output.

<1> THERM / R/W THERM = 1 enables THERM functionality on Pin 22 on the QSOP package, Pin 19 on the QFN

25V package

<2> Reserved R

<3> FAST R/W FAST = 1 enables fast TACH measurements on all channels. This increases the TACH measure-
ment rate from once per second to once every 250 ms (4 x).

<4> DC1 R/W DC1 =1 enables TACH measurements to be continuously made on TACH1. Fans must be driven
by dc. Setting this bit prevents pulse stretching because it is not required for dc—driven motors.

<5> DC2 R/W DC2 =1 enables TACH measurements to be continuously made on TACH2. Fans must be driven
by dc. Setting this bit prevents pulse stretching because it is not required for dc—driven motors.

<6> DC3 R/W DC3 =1 enables TACH measurements to be continuously made on TACH3. Setting this bit pre-
vents pulse stretching because it is not required for dc—driven motors.

<7> DC4 R/W DC4 =1 enables TACH measurements to be continuously made on TACH4. Setting this bit pre-
vents pulse stretching because it is not required for dc—driven motors.

37.Bits <3:0> of this register become read—only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to bits <3:0>
have no effect.

Table 89. REGISTER 0x79 - THERM Timer Value Register (Power—On Default = 0x00)

Bit Name R/W Description
<7:1> TMR R Times how long THERM input is asserted. These seven bits read zero until the THERM assertion time
exceeds 45.52 ms.
<0> ASRT/ R This bit is set high on the assertion of the THERM input and is cleared on read. If the THERM asser-
TMRO tion time exceeds 45.52 ms, this bit is set and becomes the LSB of the 8-bit TMR reading. This allows

THERM assertion times from 45.52 ms to 5.82 sec to be reported back with a resolution of 22.76 ms.

Table 90. REGISTER 0x7A - THERM Timer Limit Register (Power—On Default = OXFF)
Bit Name R/W Description

<7:0> LIMT R/W Sets maximum THERM assertion length allowed before an interrupt is generated. This is an
8-bit limit with a resolution of 22.76 ms allowing THERM assertion limits of 45.52 mst0 5.82 s
to be programmed. If the THERM assertion time exceeds this limit, Bit 5 (F4P) of Interrupt
Status Register 2 (Reg. 0x42) is set. If the limit value is 0x00, an interrupt is generated immedi-
ately on the assertion of the THERM input. If THERM is configured as an output the THERM
timer limit should be set to OxFF to avoid unwanted alerts from being generated.
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Table 91. REGISTER 0x7B — TACH Pulses per Revolutio n Register (Power—On Default = 0x55)

Bit

Name

R/W

Description

<1:.0>

FAN1

R/W

Sets number of pulses to be counted when measuring Fan 1 speed. Can be used to determine fan
pulses per revolution for unknown fan type.

Pulses Counted

00=1

01 = 2 (default)

10=3

11=4

<3:2>

FAN2

R/W

Sets number of pulses to be counted when measuring Fan 2 speed. Can be used to determine fan
pulses per revolution for unknown fan type.

Pulses Counted

00=1

01 = 2 (default)

10=3

11=4

<5:4>

FAN3

R/W

Sets number of pulses to be counted when measuring Fan 3 speed. Can be used to determine fan
pulses per revolution for unknown fan type.

Pulses Counted

00=1

01 = 2 (default)

10=3

11=4

<7:6>

FAN4

R/W

Sets number of pulses to be counted when measuring Fan 4 speed. Can be used to determine fan
pulses per revolution for unknown fan type.

Pulses Counted

00=1

01 = 2 (default)

10=3

11=4

Table 92. REGISTER 0x7C — Configuration Register 5  (Power—On Default = 0x05)

Bit

Name

R/IW
(Note 38) Description

<0>

2sC

R/W 2sC =1 sets the temperature range to the twos complement temperature range.

2sC = 0 changes the temperature range to the offset 64 temperature range. When this bit is
changed, the NCT7491 interprets all relevant temperature register values as defined by this bit.

<1>

TempOffset

R/W TempOffset = 0 sets offset range to -63C to +64C with 0.5°C resolution.

TempOffset = 1 sets offset range to -63°C to +127°C with 1°C resolution.

These settings apply to registers 0x70, 0x71, and 0x72 (Remote 1, Internal and Remote2 Tem-
perature offset registers. Note: PECI offset is always 1°C resolution.)

<3:2>

Pin19
Function

R/W 00 = Pin 19 is SMBALERT

01 = Pin 19 is THERM

10 = Pin 19 is GPIO3

11 = reserved

Note: Pin 19 refers to the QSOP package. The equivalent pin on the QFN package is pin 16.

38. This register becomes read-only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have
no effect.
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Table 92. REGISTER 0x7C — Configuration Register 5

NCT7491

(Power—0On Default = 0x05)

Bit

Name

R/W
(Note 38)

Description

<4>

PECI
TconTROL

R/W

PECI = 1 enables THERM assertions when the PECI temperature read is higher than the PECI
TconTroL limit and the THERM pin is bidirectional. If THERM is configured as an output the
THERM timer limit (register 0x7A) should be set to OxFF to avoid unwanted alerts from being
generated.

PECI = 0 indicates that the THERM pin is configured as a timer input only. Can also be disabled
by writing —128°C to the relevant PECI TconTRroL limit register.

<5>

R1 THERM

R/W

R1 =1 enables THERM assertions when the Remote 1 temperature read is higher than the
Remote 1 THERM limit and the THERM pin is bidirectional. If THERM is configured as an out-
put the THERM timer limit (register 0x7A) should be set to OxFF to avoid unwanted alerts from
being generated.

R1 = 0 indicatesthat the THERM pin is configured as a timer input only.

can also be disabled by writing one of the below values to the Remote 1 THERM limit register
(0x6A): Writing —64°C in offset 64 mode.

Writing —128°C in twos complement mode.

<6>

Local
THERM

R/W

Local = 1 enables THERM assertions when the Local temperature read is higher than the Local
THERM limit and the THERM pin is bidirectional. If THERM is configured as an output the
THERM timer limit (register 0x7A) should be set to OxFF to avoid unwanted alerts from being
generated.

can also be disabled by writing one of the below values to the Remote 1 THERM limit register
(0x6B): Writing —64°C in offset 64 mode.

Writing —=128°C in twos complement mode.

<7>

R/IW

R2 = 1 enables THERM assertions when the Remote 2 temperature read is higher than the
Remote 2 THERM limit and the THERM pin is bidirectional. If THERM is configured as an out-
put the THERM timer limit (register 0x7A) should be set to OxFF to avoid unwanted alerts from
being generated.

can also be disabled by writing one of the below values to the Remote 1 THERM limit register
(0x6C): Writing —64°C in offset 64 mode.

Writing —=128°C in twos complement mode.

38. This register becomes read—only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have
no effect.

Table 93. REGISTER 0x7D — Configuration Register 4

(Power—0On Default = 0x00)

R/W
Bit Name (Note 39) Description
<1:0> PIN14FUNC R/W These bits set the functionality of Pin 14:
00 = TACHA (default)
01 = THERM
10 = SMBALERT
11 = RESERVED
Note: Pin 14 refers to the QSOP package. The equivalent pin on the QFN package is pin 11.
<2> THERM R/W THERM Disable = 0 enables THERM overtemperature output assuming THERM is correctly
Disable configured (registers 0x78, 0x7C, Ox7D).
THERM Disable = 1 disables THERM overtemperature output on all channels.
THERM can also be disabled on any channel by:
Writing —64°C to the appropriate THERM temperature limit in offset 64 mode.
Writing —128°C to the appropriate THERM temperature limit in twos complement mode.
<3> BpAtt Vit R/W Bypass Vit attenuator. When set, the measurement scale for this channel changes from 0 V
(0x00) to 2 V (OXFF).
<4> BpAtt2.5 V R/W Bypass 2.5 V attenuator. When set, the measurement scale for this channel changes from 0 V
(0x00) to 2 V (OXFF).
<5> BpAttVcep R/W Bypass Vccp attenuator. When set, the measurement scale for this channel changes from 0 V
(0x00) to 2 V (OxFF).
<6> BpAtt5 V R/W Bypass 5 V attenuator. When set, the measurement scale for this channel changes from 0 V
(0x00) to 2 V (OxFF).
<7> BpAttl12 V R/W Bypass 12 V attenuator. When set, the measurement scale for this channel changes from 0 V
(0x00) to 2 V (OxFF).

39. This register becomes read-only when the Configuration Register 1 lock bit is set to 1. Any further attempts to write to this register have no

effect.
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Table 94. REGISTER O0x7E - Interrupt Status 5 (Power —On Default = 0x00)

Bit Name R/W Description
<0> PUSHO R Logic 1 indicates ALERT assertion for Push0 temperature
<1> PUSH1 R Logic 1 indicates ALERT assertion for Push1 temperature
<2> PUSH2 R Logic 1 indicates ALERT assertion for Push2 temperature
<3> PUSH3 R Logic 1 indicates ALERT assertion for Push3 temperature
<4> OVT_PO R Logic 1 indicates THERM assertion for PushO temperature
<5> OVT_P1 R Logic 1 indicates THERM assertion for Pushl temperature
<6> OVT_P2 R Logic 1 indicates THERM assertion for Push2 temperature
<7> OVT_P3 R Logic 1 indicates THERM assertion for Push3 temperature
Table 95. REGISTER 0x7F — Interrupt Mask 5 (Power-O n Default = 0x00)
Bit Name R/W Description
<0> PUSHO R/W Logic 1 masks PUSHO ALERT assertions
<1> PUSH1 R/W Logic 1 masks PUSH1 ALERT assertions
<2> PUSH2 R/W Logic 1 masks PUSH2 ALERT assertions
<3> PUSH3 R/W Logic 1 masks PUSH3 ALERT assertions
<4> Reserved R Reserved
<5> Reserved R Reserved
<6> Reserved R Reserved
<7> Reserved R Reserved
Table 96. REGISTER 0x80 - GPIO Register (Power-On D efault = OXCE )
Bit Name R/W Description
<0> RES RESERVED
<1> GPEN 1= GPIO1 enabled on pin 5, GPIO2 enabled on pin 6
0 = GPIO1 and GPIO2 are disabled
This bit only has effect if the SMBus master port is disabled (0xB5 <0> =0)
<2> GPI02 R/W If GP102 is set to input, this register reflects the state of the pin. If GPIO2 is configured as
an output, writing to this register asserts the output high or low depending on the polarity.
<3> GPIO1 R/W If GPIOL1 is set to input, this register reflects the state of the pin. If GPIO1 is configured as
an output, writing to this register asserts the output high or low depending on the polarity.
<4> GPIO2 POL R/W GPIO2 polarity bit. Set to 0 for active low. Set tol for active high.
<5> GPIO1 POL R/W GPIO1 polarity bit. Set to 0 for active low. Set tol for active high.
<6> GPIO2 DIR R/W GPIO2 direction bit. Set to 1 for GPIO2 to act as an input, set to 0 for GPIO2 to act as an
output.
<7> GPIO1 DIR R/W GPIOL1 direction bit. Set to 1 for GPIOL1 to act as an input, set to 0 for GPIO1 to act as an
output.
Table 97. REGISTER 0x81 - Interrupt Status Register 4 (Power—On Default = 0x00)
Bit Name R/W Description
<0> PCC R PECI Completion code interrupt
<1> TTS R Logic 1 indicates that the THERM Timer limit has been exceeded.
<2> GCOMM R Logic 1 indicates a COMM error resulting from a Generic PECI instruction
<3> PECI1 R A logic 1 indicates that the PECI high or low limit has been exceeded by the PECI1 value.
<4> PECI2 R A logic 1 indicates that the PECI high or low limit has been exceeded by the PECI2 value.
<5> PECI3 R A logic 1 indicates that the PECI high or low limit has been exceeded by the PECI3 value.
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Table 97. REGISTER 0x81 - Interrupt Status Register 4 (Power—On Default = 0x00)
Bit Name R/W Description
<6> SMBCNT R Logic 1 indicates that the byte count returned by the SMBus Master Block Read is too low. If the
PCH temperature only is required then the returned byte count should be 2 or greater. If DIMM
temperatures are being read from the PCH then the returned byte count should be 9 or greater.
<7> V1T R A logic 1 indicates that the V1t high or low limit has been exceeded. This bit is cleared on a read
of the status register only if the error condition has subsided.
Table 98. REGISTER 0x82 - Interrupt Mask Register 3  (Power—On Default = 0x00)
Bit Name R/W Description
<0> PECIO R/W A logic 1 masks SMBALERT assertions for out—of-limit conditions on PECIO.
<1> DATA R/W A logic 1 masks SMBALERT assertions for PECI Data errors. This also disables the fan over-ride
function for PECI errors.
<2> COMM R/W A logic 1 masks SMBALERT assertions for PECI communications errors. This also disables the
fan over-ride function for PECI errors.
<3> ovT R/W OVT = 1 masks SMBALERT for over temperature THERM conditions.
<6:4> RES R/W Reserved
<7> R Reserved

NOTE: If the mask bits in register 0x82 are set it is also necessary to set the OOL mask bit in register 0x75 to ensure the SMBALERT
output is not asserted.

Table 99. REGISTER 0x83 - Interrupt Mask Register 4  (Power—On Default = 0x00)

Bit Name R/W Description

<0> PCC R/W Logic 1 masks ALERT assertions for PECI completion codes.

<1> TTS R/W Logic 1 masks assertions for THERM Timer status bit

<2> GCOMM R/W Logic 1 masks the GCOMM PECI status bit

<3> PECI1 R/W A logic 1 masks ALERT assertions for out—of-limit conditions on PECI1.

<4> PECI2 R/W A logic 1 masks ALERT assertions for out-of-limit conditions on PECI2.

<5> PECI3 R/W A logic 1 masks ALERT assertions for out—of-limit conditions on PECI3.

<6> SMBCNT R/W Logic 1 masks ALERT assertions for incorrect byte count values returned by the Block Read command
<7> V1T R/W A logic 1 masks ALERT assertions for out-of-limit conditions on V.

NOTE: If the mask bits in register 0x83 are set it is also necessary to set the OOL mask bit in register 0x82 to ensure the SMBALERT
output is not asserted.

Table 100. V11 LOW LIMIT REGISTER

Register Address

R/IW

Description Power-On Default

0x84

R/W

V1 Low Limit 0x00

Table 101. REGISTER 0x85 — GPIO Config2 (Power-On D efault = 0x80)

Bit Name R/W Description
<4:0> Reserved
<5> GPIO3 R/W If GP103 is set to input, this bit reflects the state of the pin. If GPIO3 is configured as an
output, writing to this register asserts the output high or low depending on the polarity.
<6> GPIO3 POL R/W GPIO3 polarity bit. Set to 0 for active low. Set tol for active high.
<7> GPIO3 DIR R/W GPIO3 direction bit. Set to 1 for GPIO3 to act as an input, set to 0 for GPIO3 to act as an

output, OOL must also be masked.

Table 102. V11 HIGH LIMIT REGISTER

Register Address

R/IW

Description Power-On Default

0x86

R/IW

Vr High Limit OXFF

WWW. onsemi.com
65



 http://www.onsemi.com/

NCT7491

Table 103. REGISTER 0x87 — Configuration 9 (Power-O n Default = 0x00)

Bit Name R/W Description

<0> PWM1OFF R/W 1= Disables PWM1

<1> PWM20OFF R/W 1= Disables PWM2

<2> PWM3OFF R/W 1 = Disables PWM3

<3> Reserved R

<4> DOV R/W 1 = DIMMO is populated, must be set to enable DIMMO temperature to be written to CPU
<5> D1V R/W 1 = DIMML1 is populated, must be set to enable DIMM1 temperature to be written to CPU
<6> D2V R/W 1 = DIMM2 is populated, must be set to enable DIMM2 temperature to be written to CPU
<7> D3V R/W 1 = DIMM3 is populated, must be set to enable DIMM3 temperature to be written to CPU

Table 104. REGISTER 0x88 — PECI Configuration Regis ter 2 (Power—On Default = 0x00)

Bit Name R/W Description

<2:0> RES R RESERVED

<3> DOM3 R/W CPU Domain Count information. Set to 0 indicates that CPU 4 associated with the PECI3 reading has
a single domain (Default). Set to 1 indicates that the system CPU4 contains two domains.

<4> DOM2 R/W CPU Domain Count information. Set to 0 indicates that CPU 3 associated with the PECI2 reading has
a single domain (Default). Set to 1 indicates that the system CPU3 contains two domains.

<5> DOM1 R/W CPU Domain Count information. Set to O indicates that CPU 2 associated with the PECI1 reading has
a single domain (Default). Set to 1 indicates that the system CPU2 contains two domains.

<7:6> #CPU R/W CPU Count. These bits indicate the number of CPU’s in the system. That will provide PECI thermal
information to the NCT7491.

00=1CPU

01=2CPUs
10 =3 CPUs
11 =4 CPUs

Table 105. REGISTER 0x89 — Interrupt Status 7 (Powe r—On Default = 0x00)

Bit Name R/W Description
<0> OVTO R 1 = PECIO Tcontrol exceeded

<1> OVT1 R 1 = PECI1 Tcontrol exceeded

<2> OoVvT2 R 1 = PECI2 Tcontrol exceeded

<3> OVT3 R 1 = PECI3 Tcontrol exceeded

<4> OVT_R1 R 1 = Remotel THERM exceeded

<5> OVT_LOC R 1 = Local THERM exceeded

<6> OVT_R2 R 1 = Remote2 THERM exceeded

<7> ooL11 R 1 indicates an out of limit condition in register OxBB

Table 106. REGISTER Ox8A — PWM1 Source Control 1 (P ower—-On Default = 0x08)

Bit Name R/W Description

<0> LOC R/W Logic 1 enables Local temperature to control PWM1 in automatic fan control loop
<1> REM1 R/W Logic 1 enables Remotel temperature to control PWM1 in automatic fan control loop
<2> REM2 R/W Logic 1 enables Remote2 temperature to control PWM1 in automatic fan control loop
<3> PECO R/W Logic 1 enables PECIO temperature to control PWM1 in automatic fan control loop
<4> PEC1 R/W Logic 1 enables PECI1 temperature to control PWM1 in automatic fan control loop
<5> PEC2 R/W Logic 1 enables PECI2 temperature to control PWM1 in automatic fan control loop
<6> PEC3 R/W Logic 1 enables PECI3 temperature to control PWM1 in automatic fan control loop
<7> Reserved
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Table 107. REGISTER 0x8B - PWM1 Source Control 2 (P ower—On Default = 0x00)

Bit Name R/W Description
<0> SMBO R/W Logic 1 enables SMBus Slave Device 0 to control PWML1 in automatic fan control loop
<1> SMB1 R/W Logic 1 enables SMBus Slave Device 1 to control PWML1 in automatic fan control loop
<2> SMB2 R/W Logic 1 enables SMBus Slave Device 2 to control PWML1 in automatic fan control loop
<3> SMB3 R/W Logic 1 enables SMBus Slave Device 3 to control PWM1 in automatic fan control loop
<4> SMB4 R/W Logic 1 enables SMBus Slave Device 4 to control PWML1 in automatic fan control loop
<5> SMB5 R/W Logic 1 enables SMBus Slave Device 5 to control PWML1 in automatic fan control loop
<6> SMB6 R/W Logic 1 enables SMBus Slave Device 6 to control PWM1 in automatic fan control loop
<7> SMB7 R/W Logic 1 enables SMBus Slave Device 7 to control PWML1 in automatic fan control loop
Table 108. REGISTER 0x8C - PWM1 Source Control 3 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> PUSHO R/W Logic 1 enables Externally written temperature O to control PWML1 in automatic fan control loop
<1> PUSH1 R/W Logic 1 enables Externally written temperature 1 to control PWM1 in automatic fan control loop
<2> PUSH2 R/W Logic 1 enables Externally written temperature 2 to control PWM1 in automatic fan control loop
<3> PUSH3 R/W Logic 1 enables Externally written temperature 3 to control PWM1 in automatic fan control loop
<4> Reserved
<5> Reserved
<6> Reserved
<7> Reserved
Table 109. REGISTER 0x8D — PWM2 Source Control 1 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> LOC R/W Logic 1 enables Local temperature to control PWM2 in automatic fan control loop
<1> REM1 R/W Logic 1 enables Remotel temperature to control PWM2 in automatic fan control loop
<2> REM2 R/W Logic 1 enables Remote2 temperature to control PWM2 in automatic fan control loop
<3> PECO R/W Logic 1 enables PECIO temperature to control PWM2 in automatic fan control loop
<4> PEC1 R/W Logic 1 enables PECI1 temperature to control PWM2 in automatic fan control loop
<5> PEC2 R/W Logic 1 enables PECI2 temperature to control PWM2 in automatic fan control loop
<6> PEC3 R/W Logic 1 enables PECI3 temperature to control PWM2 in automatic fan control loop
<7> Reserved
Table 110. REGISTER 0x8E - PWM2 Source Control 2 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> SMBO R/W Logic 1 enables SMBus Slave Device 0 to control PWM2 in automatic fan control loop
<1> SMB1 R/W Logic 1 enables SMBus Slave Device 1 to control PWM2 in automatic fan control loop
<2> SMB2 R/W Logic 1 enables SMBus Slave Device 2 to control PWM2 in automatic fan control loop
<3> SMB3 R/W Logic 1 enables SMBus Slave Device 3 to control PWM2 in automatic fan control loop
<4> SMB4 R/W Logic 1 enables SMBus Slave Device 4 to control PWM2 in automatic fan control loop
<5> SMB5 R/W Logic 1 enables SMBus Slave Device 5 to control PWM2 in automatic fan control loop
<6> SMB6 R/W Logic 1 enables SMBus Slave Device 6 to control PWM2 in automatic fan control loop
<7> SMB7 R/W Logic 1 enables SMBus Slave Device 7 to control PWM2 in automatic fan control loop
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Table 111. REGISTER 0x8F — PWM2 Source Control 3 (P ower—On Default = 0x00)

Bit Name R/W Description
<0> PUSHO R/W Logic 1 enables Externally written temperature 0 to control PWM2 in automatic fan control loop
<1> PUSH1 R/W Logic 1 enables Externally written temperature 1 to control PWM2 in automatic fan control loop
<2> PUSH2 R/W Logic 1 enables Externally written temperature 2 to control PWM2 in automatic fan control loop
<3> PUSH3 R/W Logic 1 enables Externally written temperature 3 to control PWM2 in automatic fan control loop
<4> Reserved
<5> Reserved
<6> Reserved
<7> Reserved
Table 112. REGISTER 0x90 - PWMS3 Source Control 1 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> LOC R/W Logic 1 enables Local temperature to control PWM3 in automatic fan control loop
<1> REM1 R/W Logic 1 enables Remotel temperature to control PWM3 in automatic fan control loop
<2> REM2 R/W Logic 1 enables Remote2 temperature to control PWM3 in automatic fan control loop
<3> PECO R/W Logic 1 enables PECIO temperature to control PWM3 in automatic fan control loop
<4> PEC1 R/W Logic 1 enables PECI1 temperature to control PWM3 in automatic fan control loop
<5> PEC2 R/W Logic 1 enables PECI2 temperature to control PWM3 in automatic fan control loop
<6> PEC3 R/W Logic 1 enables PECI3 temperature to control PWM3 in automatic fan control loop
<7> Reserved
Table 113. REGISTER 0x91 - PWMS3 Source Control 2 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> SMBO R/W Logic 1 enables SMBus Slave Device 0 to control PWM3 in automatic fan control loop
<1> SMB1 R/W Logic 1 enables SMBus Slave Device 1 to control PWM3 in automatic fan control loop
<2> SMB2 R/W Logic 1 enables SMBus Slave Device 2 to control PWM3 in automatic fan control loop
<3> SMB3 R/W Logic 1 enables SMBus Slave Device 3 to control PWM3 in automatic fan control loop
<4> SMB4 R/W Logic 1 enables SMBus Slave Device 4 to control PWM3 in automatic fan control loop
<5> SMB5 R/W Logic 1 enables SMBus Slave Device 5 to control PWM3 in automatic fan control loop
<6> SMB6 R/W Logic 1 enables SMBus Slave Device 6 to control PWM3 in automatic fan control loop
<7> SMB7 R/W Logic 1 enables SMBus Slave Device 7 to control PWM3 in automatic fan control loop
Table 114. REGISTER 0x92 - PWMS3 Source Control 3 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> PUSHO R/W Logic 1 enables Externally written temperature 0 to control PWMS3 in automatic fan control loop
<1> PUSH1 R/W Logic 1 enables Externally written temperature 1 to control PWM3 in automatic fan control loop
<2> PUSH2 R/W Logic 1 enables Externally written temperature 2 to control PWMS3 in automatic fan control loop
<3> PUSH3 R/W Logic 1 enables Externally written temperature 3 to control PWM3 in automatic fan control loop
<4> Reserved
<5> Reserved
<6> Reserved
<7> Reserved
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Table 115. DEVICE ID REGISTER

NCT7491

Register Address

R/W

Description

Power-On Default

0x93

Read

Device Revision

Table 116. PECI OFFSET REGISTERS

Register Address R/W Description Power-On Default
0x94 R/W PECIO Offset 0x00
0x95 R/W PECI1 Offset 0x00
0x96 RIW PECI2 Offset 0x00
0x97 RIW PECI3 Offset 0x00

Table 117. SMBus MASTER ADDRESS TABLE

Register Address R/W Description Default
0x98 R/W Device 0 (PCH) SMBus Address 0x00
0x99 R/W Device 0 (PCH) Block Read command code 0x40
0x9A RIW Device 1 SMBus Address 0x00
0x9B R/W Device 1 Temperature Address Pointer 0x00
0x9C R/IW Device 2 SMBus Address 0x00
0x9D R/W Device 2 Temperature Address Pointer 0x00
O0x9E R/IW Device 3 SMBus Address 0x00
O0x9F R/W Device 3 Temperature Address Pointer 0x00
0xAO0 R/IW Device 4 SMBus Address 0x00
OxAl R/W Device 4 Temperature Address Pointer 0x00
0xA2 R/W Device 5 SMBus Address 0x00
OxA3 R/W Device 5 Temperature Address Pointer 0x00
0xA4 R/W Device 6 SMBus Address 0x00
OxA5 R/W Device 6 Temperature Address Pointer 0x00
0xA6 R/IW Device 7 SMBus Address 0x00
0xA7 R/W Device 7 Temperature Address Pointer 0x00

Table 118. SMBus MASTER TEMPERATURE VALUES

Register Address R/W Description Default
OxA8 R/W SMBus Device 0 (PCH) Temperature 0x80
0xA9 R/W SMBus Device 1 (DIMMO) Temperature 0x80
OxAA R/W SMBus Device 2 (DIMM1) Temperature 0x80
O0xAB R/W SMBus Device 3 (DIMM2) Temperature 0x80
0xAC R/W SMBus Device 4 (DIMM3) Temperature 0x80
0xAD R/W SMBus Device 5 Temperature 0x80
OXAE R/W SMBus Device 6 Temperature 0x80
OXAF R/W SMBus Device 7 Temperature 0x80

Table 119. Register 0xBO - SMBus Master Configurati

on 1 (Power—On Default = OxFF)

Bit Name R/W
<0> RSO R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 0
<1> RS1 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 1
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Table 119. Register 0xBO - SMBus Master Configurati
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on 1 (Power—On Default = OxFF)

Bit Name R/W Description

<2> RS2 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 2
<3> RS3 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 3
<4> RS4 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 4
<5> RS5 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 5
<6> RS6 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 6
<7> RS7 R/W Logic 1 enables the Repeated Start protocol for SMBus Slave Device 7

Table 120. REGISTER 0xB1 - SMBus Master Configurati

on 2 (Power—-On Default = 0x00)

Bit Name R/W Description

<0> PECO R/W Logic 1 enables PEC byte support for SMBus Slave Device 0
<1> PEC1 R/W Logic 1 enables PEC byte support for SMBus Slave Device 1
<2> PEC2 R/W Logic 1 enables PEC byte support for SMBus Slave Device 2
<3> PEC3 R/W Logic 1 enables PEC byte support for SMBus Slave Device 3
<4> PEC4 R/W Logic 1 enables PEC byte support for SMBus Slave Device 4
<5> PEC5 R/W Logic 1 enables PEC byte support for SMBus Slave Device 5
<6> PEC6 R/W Logic 1 enables PEC byte support for SMBus Slave Device 6
<7> PEC7 R/W Logic 1 enables PEC byte support for SMBus Slave Device 7

Table 121. REGISTER 0xB2 — SMBus Master Configurati

on 3 (Power—-On Default = 0x03)

Bit

Name

R/W

Description

<1:0>

TMFTO

R/W

SMBus Device 0 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Block reads enabled

<3:2>

TMFT1

R/W

SMBus Device 1 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Block reads enabled

<5:4>

TMFT2

R/W

SMBus Device 2 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Block reads enabled

<7:6>

TMFT3

R/W

SMBus Device 3 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Block reads enabled
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Table 122. REGISTER 0xB3 - SMBus Master Configurati on 4 (Power—On Default = 0x00)

Bit Name R/W Description

<1:0> TMFT4 R/W SMBus Device 4 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Reserved

<3:2> TMFT5 R/W SMBus Device 5 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-hit straight binary

11 = Literal Format

<5:4> TMFT6 R/W SMBus Device 6 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Literal Format

<7:6> TMFT7 R/W SMBus Device 7 temperature format:
00 = 8-bit 2's Complement

01 = JEDEC SPD format

10 = 8-bit straight binary

11 = Literal Format

Table 123. REGISTER 0xB5 - SMBus Master Configurati on 5 (Power—On Default = 0x08)

Bit Name R/W Description
<0> SMBEN R/W 0 = SMBus Master disabled
1 = SMBus Master enabled
<4:1> SHYS R/W SMBus Device temperature hysteresis
<5> R1DIMM R/W 1 = Over-write DIMMO/DIMML value registers with Remotel value
<6> R2DIMM R/W 1 = Over-write DIMM2/DIMM3 value registers with Remote2 value

<7> PCHDIMM R/W 1 = Read DIMM temperatures from PCH. This setting overrides bits 5 and 6 of this register.
0 = Read DIMM temperatures from SMBus digital sensors

Table 124. REGISTER 0xB6 — SMBus Master Status 1 (P ower—On Default = 0x00)

Bit Name R/W Description

<0> NACKO Read Logic 1 indicates a No Acknowledge from SMBus Device 0
<1> NACK1 Read Logic 1 indicates a No Acknowledge from SMBus Device 1
<2> NACK2 Read Logic 1 indicates a No Acknowledge from SMBus Device 2
<3> NACK3 Read Logic 1 indicates a No Acknowledge from SMBus Device 3
<4> NACK4 Read Logic 1 indicates a No Acknowledge from SMBus Device 4
<5> NACK5 Read Logic 1 indicates a No Acknowledge from SMBus Device 5
<6> NACK6 Read Logic 1 indicates a No Acknowledge from SMBus Device 6
<7> NACK7 Read Logic 1 indicates a No Acknowledge from SMBus Device 7

Table 125. REGISTER 0xB7 - SMBus Master Status 2 (P ower—On Default = 0x00)

Bit Name R/W Description
<0> PECO Read Logic 1 indicates an SMBus Device 0 PEC error
<1> PEC1 Read Logic 1 indicates an SMBus Device 1 PEC error
<2> PEC2 Read Logic 1 indicates an SMBus Device 2 PEC error
<3> PEC3 Read Logic 1 indicates an SMBus Device 3 PEC error
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Table 125. REGISTER 0xB7 — SMBus Master Status 2 (P ower—On Default = 0x00)

Bit Name R/W Description
<4> PEC4 Read Logic 1 indicates an SMBus Device 4 PEC error
<5> PEC5 Read Logic 1 indicates an SMBus Device 5 PEC error
<6> PEC6 Read Logic 1 indicates an SMBus Device 6 PEC error
<7> PEC7 Read Logic 1 indicates an SMBus Device 7 PEC error
Table 126. REGISTER 0xB8 — SMBus Master Status 3 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> TOO Read Logic 1 indicates an SMBus Device 0 timeout error
<1> TO1 Read Logic 1 indicates an SMBus Device 1 timeout error
<2> TO2 Read Logic 1 indicates an SMBus Device 2 timeout error
<3> TO3 Read Logic 1 indicates an SMBus Device 3 timeout error
<4> TO4 Read Logic 1 indicates an SMBus Device 4 timeout error
<5> TO5 Read Logic 1 indicates an SMBus Device 5 timeout error
<6> TO6 Read Logic 1 indicates an SMBus Device 6 timeout error
<7> TO7 Read Logic 1 indicates an SMBus Device 7 timeout error
Table 127. REGISTER 0xB9 - SMBus Master Status 4 (P  ower—On Default = 0x00)
Bit Name R/W Description
<0> HILOO Read Logic 1 indicates that the SMBus Device 0 reading is out of limits
<1> HILO1 Read Logic 1 indicates that the SMBus Device 1 reading is out of limits
<2> HILO2 Read Logic 1 indicates that the SMBus Device 2 reading is out of limits
<3> HILO3 Read Logic 1 indicates that the SMBus Device 3 reading is out of limits
<4> HILO4 Read Logic 1 indicates that the SMBus Device 4 reading is out of limits
<5> HILO5 Read Logic 1 indicates that the SMBus Device 5 reading is out of limits
<6> HILO6 Read Logic 1 indicates that the SMBus Device 6 reading is out of limits
<7> HILO7 Read Logic 1 indicates that the SMBus Device 7 reading is out of limits
Table 128. REGISTER 0Xba — SMBus Master Status 5 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> TIVO Read Logic 1 indicates that the PCH returned a reserved temperature code
<1> TIV1 Read Logic 1 indicates that the PCH returned a reserved temperature code
<2> TIV2 Read Logic 1 indicates that the PCH returned a reserved temperature code
<3> TIV3 Read Logic 1 indicates that the PCH returned a reserved temperature code
<4> TIV4 Read Logic 1 indicates that the PCH returned a reserved temperature code
<5> Reserved Read Reserved
<6> Reserved Read Reserved
<7> Reserved Read Reserved
Table 129. REGISTER 0Xbb — SMBus Master Status 6 (P ower—On Default = 0x00)
Bit Name R/W Description
<0> THO Read Logic 1 indicates that the SMBus Device 0 reading is above the programmed THERM Limit
<1> TH1 Read Logic 1 indicates that the SMBus Device 1 reading is above the programmed THERM Limit
<2> TH2 Read Logic 1 indicates that the SMBus Device 2 reading is above the programmed THERM Limit
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Table 129. REGISTER 0Xbb — SMBus Master Status 6 (P ower—On Default = 0x00)

Bit Name R/W Description

<3> TH3 Read Logic 1 indicates that the SMBus Device 3 reading is above the programmed THERM Limit
<4> TH4 Read Logic 1 indicates that the SMBus Device 4 reading is above the programmed THERM Limit
<5> TH5 Read Logic 1 indicates that the SMBus Device 5 reading is above the programmed THERM Limit
<6> TH6 Read Logic 1 indicates that the SMBus Device 6 reading is above the programmed THERM Limit
<7> TH7 Read Logic 1 indicates that the SMBus Device 7 reading is above the programmed THERM Limit

Table 130. REGISTER 0xBC — SMBus Master Mask 1 (Pow er—On Default = 0x00)

Bit Name R/W Description

<0> NACKO R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 0
<1> NACK1 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 1
<2> NACK2 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 2
<3> NACK3 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 3
<4> NACK4 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 4
<5> NACK5 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 5
<6> NACK6 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 6
<7> NACK?7 R/W Logic 1 masks a No Acknowledge assertion for SMBus Device 7

Table 131. REGISTER 0xBD - SMBus Master Mask 2 (Pow er-On Default = 0x00)

Bit Name R/W Description

<0> PECO R/W Logic 1 masks a PEC error assertion for SMBus Device 0
<1> PEC1 R/W Logic 1 masks a PEC error assertion for SMBus Device 1
<2> PEC2 R/W Logic 1 masks a PEC error assertion for SMBus Device 2
<3> PEC3 R/W Logic 1 masks a PEC error assertion for SMBus Device 3
<4> PEC4 R/W Logic 1 masks a PEC error assertion for SMBus Device 4
<5> PEC5 R/W Logic 1 masks a PEC error assertion for SMBus Device 5
<6> PEC6 R/W Logic 1 masks a PEC error assertion for SMBus Device 6
<7> PEC7 R/W Logic 1 masks a PEC error assertion for SMBus Device 7

Table 132. REGISTER 0Xbe — SMBus Master Mask 3 (Pow er—On Default = 0x00)

Bit Name R/W Description

<0> TOO R/W Logic 1 masks a timeout error assertion for SMBus Device 0
<1> TO1 R/W Logic 1 masks a timeout error assertion for SMBus Device 1
<2> TO2 R/W Logic 1 masks a timeout error assertion for SMBus Device 2
<3> TO3 R/W Logic 1 masks a timeout error assertion for SMBus Device 3
<4> TO4 R/W Logic 1 masks a timeout error assertion for SMBus Device 4
<5> TO5 R/W Logic 1 masks a timeout error assertion for SMBus Device 5
<6> TO6 R/W Logic 1 masks a timeout error assertion for SMBus Device 6
<7> TO7 R/W Logic 1 masks a timeout error assertion for SMBus Device 7

Table 133. REGISTER 0Xbf — SMBus Master Mask 4 (Pow er—On Default = 0x00)

Bit Name R/W Description
<0> HILOO R/W Logic 1 masks limit assertions for SMBus Device 0
<1> HILO1 R/W Logic 1 masks limit assertions for SMBus Device 1
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Table 133. REGISTER 0Xbf — SMBus Master Mask 4 (Pow er—On Default = 0x00)

Bit Name R/W Description
<2> HILO2 R/W Logic 1 masks limit assertions for SMBus Device 2
<3> HILO3 R/W Logic 1 masks limit assertions for SMBus Device 3
<4> HILO4 R/W Logic 1 masks limit assertions for SMBus Device 4
<5> HILO5 R/W Logic 1 masks limit assertions for SMBus Device 5
<6> HILO6 R/W Logic 1 masks limit assertions for SMBus Device 6
<7> HILO7 R/W Logic 1 masks limit assertions for SMBus Device 7

Table 134. REGISTER 0xCO — SMBus Master Mask 5 (Pow er—On Default = 0x00)

Bit Name R/W Description

<0> TIVO R/W Logic 1 masks data invalid assertion for SMBus Device 0
<1> TIV1 R/W Logic 1 masks data invalid assertion for SMBus Device 1
<2> TIV2 R/W Logic 1 masks data invalid assertion for SMBus Device 2
<3> TIV3 R/W Logic 1 masks data invalid assertion for SMBus Device 3
<4> TIV4 R/W Logic 1 masks data invalid assertion for SMBus Device 4
<5> TIVS R/W Logic 1 masks data invalid assertion for SMBus Device 5
<6> TIV6 R/W Logic 1 masks data invalid assertion for SMBus Device 6
<7> TIV7 R/W Logic 1 masks data invalid assertion for SMBus Device 7

Table 135. SMBus MASTER LIMIT REGISTERS

Register Address R/W Description Power-On Default
0xC1 R/W SMBus Device High Limit. Ox7F
Programmed as an unsigned 8-bit value
0xC2 R/W SMBus Device Low Limit. 0x81

Programmed as an 8-bit 2’'s complement value.

Table 136. SMBus MASTER THERM LIMIT REGISTERS

Register Address

R/IW

Description

Power—On Default

0xC3

R/IW

SMBus Device THERM Limit.
Programmed as an unsigned 8-bit value

0x64

Table 137. SMBus DEVICE TMIN REGISTER

Register Address

R/IW

Description

Power-On Default

0xC6

R/IW

SMBus Device Tmin value. This sets the the temperature at which fans
controlled by any SMBus slave device will turn on.

Programmed as an unsigned 8-bit value in the range 0°C to 175°C.

Ox5A
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Table 138. REGISTER 0xC7 — SMBus Master Trange/Inte rval (Power—On Default = 0x0C)

Bit Name

R/W

Description

<3:0> RNG

RIW

These bits determine the PWM duty cycle vs. the temperature range for automatic fan control.
0000 = 2°C

0001 =2.5°C

0010 = 3.33°C

0011 = 4°C

0100 = 5°C

0101 =6.67°C

0110 = 8°C

0111 = 10°C

1000 = 13.33°C

1001 = 16°C

1010 = 20°C

1011 = 26.67°C

1100 = 32°C (default)
1101 = 40°C

1110 = 53.33°C

1111 = 80°C

<5:4> Reserved

<7:6> SMBINT

RIW

Sets the SMBus Master loop time
00 =250 ms

01 =500 ms

10 =750 ms

11=1sec

Table 139. PUSH TEMPERATURE REGISTERS

Register Address R/W Description Power-On Default

0xC8 R/W PushO. This register is programmable by an external master to allow tem- 0x00
peratures gathered externally to be used by the NCT7491 fan control loop

0xC9 R/W Pushl. This register is programmable by an external master to allow tem- 0x00
peratures gathered externally to be used by the NCT7491 fan control loop

OxCA R/W Push2. This register is programmable by an external master to allow tem- 0x00
peratures gathered externally to be used by the NCT7491 fan control loop

0xCB Push3. This register is programmable by an external master to allow tem- 0x00

peratures gathered externally to be used by the NCT7491 fan control loop

Table 140. PUSH TMIN REGISTER

Register Address

R/IW

Description Power-On Default

0xCC

R/IW

Push Device Tmin value. This sets the the temperature at which fans con- O0x5A
trolled by any SMBus slave device will turn on. This value applies to all 4
Push temperature registers.

This value should be programmed in the range 0°C to 127°C
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Table 141. REGISTER 0xCD - Push Trange (Power—-On De fault = 0x0C)

Bit Name R/W Description

<3:0> RNG R/W These bits determine the PWM duty cycle vs. the temperature range for automatic fan control.
0000 = 2°C

0001 =2.5°C

0010 = 3.33°C

0011 = 4°C

0100 =5°C

0101 =6.67°C

0110 = 8°C

0111 =10°C

1000 = 13.33°C
1001 = 16°C

1010 = 20°C

1011 = 26.67°C

1100 = 32°C (default)
1101 = 40°C

1110 = 53.33°C

1111 = 80°C

<7:4> Reserved

Table 142. PUSH TEMPERATURE LIMIT REGISTERS

Register Address R/W Description Power-On Default
0xCE R/W Push High Limit OX7F
OXCF RIW Push Low Limit 0x81
0xDO RIW Push THERM Limit 0x64

Table 143. GENERIC PECI INTERFACE BLOCK

Register Address R/W Description Default

0xD1 R/W Generic PECI CPU Address. This sets the target processor address for the 0x00
PECI command
0xD2 R/W Write Length. This sets the number of byte transferred to the target device 0x00
when the command is executed

0xD3 R/W Read Length. This specifies the number of bytes to be returned by the target. 0x00
0xD4 R/W WRDATO; The 1St byte to be transferred (Command Code) 0x00
0xD5 R/W WRDAT1; 2nd byte to be transferred 0x00
0xD6 R/W WRDAT?2; 3" byte to be transferred 0x00
0xD7 RIW WRDAT3; 4th byte to be transferred 0x00
0xD8 RIW WRDAT4; 5t byte to be transferred 0x00
0xD9 R/W WRDATS; 6th byte to be transferred 0x00
OxDA R/W WRDATS6; 7th byte to be transferred 0x00
0xDB R/W WRDATY7; 8th byte to be transferred 0x00
o0xDC R/W WRDATS; 9th byte to be transferred 0x00
0xDD R/W WRDAT?9; 10th byte to be transferred 0x00
OxDE R/W WRDAT10; 11th byte to be transferred 0x00
OxDF R/W WRDAT11; 12th byte to be transferred 0x00
O0xEO R/W WRDAT12; 13th byte to be transferred 0x00
OxE1l R/W RDDATO; The 18t byte returned 0x00
OxE2 RIW RDDATZ; The 2" pyte returned 0x00
OxE3 R/IW RDDAT2; The 3 byte returned 0x00
OxE4 R/W RDDAT3; The 4th byte returned 0x00
OXE5 R/W RDDAT4; The 5t byte returned 0x00
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Table 143. GENERIC PECI INTERFACE BLOCK

Register Address R/W Description Default
OXE6 RIW RDDATS5; The 6t byte returned 0x00
OXE7 RIW RDDAT6; The 7t byte returned 0x00
OxE8 RIW RDDATS6; The 8t byte returned 0x00
OxE9 RIW RDDAT6; The 9t byte returned 0x00

Table 144. REGISTER OxEA - PECI Configuration 5 (Po wer—On Default = 0x00)

Bit Name R/W Description
<0> Reserved
<1> AW R/W Logic 1 indicates that the command is an Assured Write command. The AW byte is automat-

ically calculated and appended by the NCT7491. Even though the user does not program the
AW value the Write Length register for an Assured Write command should include the AW
byte (for example, if 5 bytes are to be written the Write length register should be set to 6 as
the AW byte will be added to the end of the write sequence)

<2> PEX R/W Logic 1 will cause the programmed PECI command sequence to be executed. This bit will
automatically clear when the command has completed.

<7:3> Reserved

Table 145. REGISTER OxEB - Push Hysteresis (Power-O n Default = 0x04)

Bit Name R/W Description
<3:0> Push Hyst R/W Sets the hysteresis value associated with the Push temperature registers
<7:4> Reserved

Table 146. REGISTER OxFF — Page Select

Bit Name R/W Description
<0> RGMP R/W 1 = Selects register map page 1
<7:1> Reserved R

Table 147. FAN1 LOOK UP TABLE

Register Address R/W Description Default
0x100 R/W Sets the temperature for the 1st LUT point for Fanl 0x00
0x101 R/W Sets the PWM output for the 1st LUT point for Fanl OxXFF
0x102 R/W Sets the temperature for the 2nd LUT point for Fanl 0x00
0x103 R/W Sets the PWM output for the 2nd LUT point for Fanl OxFF
0x104 R/W Sets the temperature for the 3rd LUT point for Fanl 0x00
0x105 R/W Sets the PWM output for the 3rd LUT point for Fanl OXFF
0x106 R/W Sets the temperature for the 4th LUT point for Fanl 0x00
0x107 R/W Sets the PWM output for the 4th LUT point for Fanl OxFF
0x108 R/W Sets the temperature for the 5th LUT point for Fanl 0x00
0x109 R/W Sets the PWM output for the 5th LUT point for Fanl OxFF
0x10A R/W Sets the temperature for the 6th LUT point for Fanl 0x00
0x10B R/W Sets the PWM output for the 6th LUT point for Fanl OXFF
0x10C R/W Sets the temperature for the 7th LUT point for Fanl 0x00
0x10D R/W Sets the PWM output for the 7th LUT point for Fanl OXFF
0x10E R/W Sets the temperature for the 8th LUT point for Fanl 0x00
0x10F R/W Sets the PWM output for the 8th LUT point for Fanl OXFF
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Table 148. FAN2 LOOK UP TABLE

Register Address R/W Description Default
0x110 R/W Sets the temperature for the 1st LUT point for Fan2 OxFF
0x111 R/W Sets the PWM output for the 1st LUT point for Fan2 OxFF
0x112 R/W Sets the temperature for the 2nd LUT point for Fan2 OxFF
0x113 R/W Sets the PWM output for the 2nd LUT point for Fan2 OXFF
0x114 R/W Sets the temperature for the 3rd LUT point for Fan2 OxFF
0x115 R/W Sets the PWM output for the 3rd LUT point for Fan2 OXFF
0x116 R/W Sets the temperature for the 4th LUT point for Fan2 OxXFF
0x117 R/W Sets the PWM output for the 4th LUT point for Fan2 OXFF
0x118 R/W Sets the temperature for the 5th LUT point for Fan2 OXFF
0x119 R/W Sets the PWM output for the 5th LUT point for Fan2 OXFF
O0x11A R/W Sets the temperature for the 6th LUT point for Fan2 OXFF
0x11B R/W Sets the PWM output for the 6th LUT point for Fan2 OXFF
0x11C R/W Sets the temperature for the 7th LUT point for Fan2 OXFF
0x11D R/W Sets the PWM output for the 7th LUT point for Fan2 OxFF
Ox11E R/W Sets the temperature for the 8th LUT point for Fan2 OxFF
Ox11F R/W Sets the PWM output for the 8th LUT point for Fan2 OxFF

Table 149. FAN3 LOOK UP TABLE

Register Address R/W Description Default
0x120 R/W Sets the temperature for the 1st LUT point for Fan3 OxFF
0x121 R/W Sets the PWM output for the 1st LUT point for Fan3 OxFF
0x122 R/W Sets the temperature for the 2nd LUT point for Fan3 OxFF
0x123 R/W Sets the PWM output for the 2nd LUT point for Fan3 OxFF
0x124 R/W Sets the temperature for the 3rd LUT point for Fan3 OxFF
0x125 R/W Sets the PWM output for the 3rd LUT point for Fan3 OXFF
0x126 R/W Sets the temperature for the 4th LUT point for Fan3 OXFF
0x127 R/W Sets the PWM output for the 4th LUT point for Fan3 OxFF
0x128 R/W Sets the temperature for the 5th LUT point for Fan3 OXFF
0x129 R/W Sets the PWM output for the 5th LUT point for Fan3 OXFF
0x12A R/W Sets the temperature for the 6th LUT point for Fan3 OxXFF
0x12B R/W Sets the PWM output for the 6th LUT point for Fan3 OXFF
0x12C R/W Sets the temperature for the 7th LUT point for Fan3 OxXFF
0x12D R/W Sets the PWM output for the 7th LUT point for Fan3 OxFF
0x12E R/W Sets the temperature for the 8th LUT point for Fan3 OxFF
0x12F R/W Sets the PWM output for the 8th LUT point for Fan3 OxFF

Table 150. REGISTER 0x1FF — Page Select Clear

Bit Name R/W Description
<0> RGMP R/W 0 = Selects register map page 0
<7:1> Reserved R
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