ADT7462

Flexible Temperature,
Voltage Monitor, and
System Fan Controller

The ADT7462 is a flexible systems monitor IC, suitdfor use in a
wide variety of applications. It can monitor termgtere in up to three
remote locations, as well as its ambient tempegatur

There araup to four PWM outputs. These can be used to chothieo
speed of a cooling fan by varying the % duty cyflthe PWM drive

signal applied to the fan. The ADT7462 supports high frequency

PWM for 4-wire fans and low frequency PWM for 2-aviand 3-wire

ON Semiconductor®

fans. Up to eight TACH inputs can be used to measure the speed of

3-wire and 4-wire fans. There are up to 13 voltagmitoring inputs,
ranging from 12 Vto 0.9 V.

The ADT7462 is fully compatible with SMBus 1.1 a8MBus 1.0.
The ADT7462 also includes a THERND and a RESET/O.

The ADT7462 is available in a 32-lead LFCSP_VQ. Many of the

pins are multi-functional. Five easy configuration options can be set

up using the easy configuration register. Users shothe

configuration closest to their requirements; individual pins can be

reconfigured after the easy configuration optioa been chosen.

Features

® One Local and Up to Three Remote Temperature ClaSegies
Resistance Cancellation On Remote Channels

e Thermal Protection Using THERMins

e Up to Four PWM Fan Drive Outputs Supports Both Higial
Low Frequency PWM Drives

e Up to Eight TACH Inputs Measures the Speed of Zwind
4-wire Fans

e Automatic Fan Speed Control Loop Includes DynamjgyTControl

e Monitors Up to 13 V Inputs

e Monitors Up to 7 VID Inputs; Includes On-The-FlyTE)
VID Support

® Bidirectional Reset

® Chassis Intrusion Detect

® SMBus 1.1 and SMBus 1.0 Compatible

e 3.3V and 5.0V Operation

e Extended Operating Range from <@0to +125C

® Space-saving 32-lead Chip Scale Package

® This is a Pb-Free Device*

Applications

® Servers and Personal Computers

® Telecommunications Equipment

e Test Equipment and Measurement Instruments

*For additional information on our Pb-Free strategy and soldering details, please

download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.
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ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 81 of this data sheet.
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Figure 1. Functional Block Diagram

Table 1. ABSOLUTE MAXIMUM RATINGS

Parameter Rating Unit
Supply Voltage 6.5 \%
Voltage on +12V Pin 20 Y
Voltage on VgarT Pin 4.0 \%
Voltage on Any Other Input or Output Pin -0.3t0 +6.5 Y
Input Current at Any Pin 15 mA
Package Input Current +20 mA
Maximum Junction Temperature (T3 max) 150 °C
Operating Temperature Range -40to +125 °C
Storage Temperature Range —-65 to +150 °C
Lead Temperature, Soldering °C
Lead Temperature (Soldering, 10 sec) 300
IR Reflow Peak Temperature 260
ESD Rating 1500 Y

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.

NOTE: This device is ESD sensitive. Use standard ESD precautions when handling.

Table 2. THERMAL CHARACTERISTICS

Package Type

03a

05c

Unit

32-lead LFCSP_VQ

32.5

32.71

°C/W

1. 034 is specified for the worst-case conditions, that is, a device soldered in a circuit board for surface-mount packages.

WWW. onsemi.com

2


 http://www.onsemi.com/

ADT7462

Table 3. PIN ASSIGNMENT
Pin POR
No. Mnemonic Description Default
1 VIDO/GPIO1/TACH1 VIDO: Digital Input (Open Drain). Voltage supply readouts from CPU. This value TACH1
is read in to the VID value register (0x97).
GPIO1: Open-Drain 1/0O. General-purpose input/output.
TACHZ1: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 1.
2 VID1/GPIO2/TACH2 VID1: Digital Input (Open Drain). Voltage supply readouts from CPU. This value TACH2
is read in to the VID value register (0x97).
GPI0O2: Open-Drain I/0. General-purpose input/output.
TACH2: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 2.
3 VID2/GPIO3/TACH3 VID2: Digital Input (Open Drain). Voltage supply readouts from CPU. This value TACH3
is read in to the VID value register (0x97).
GPIO3: Open-Drain 1/0. General-purpose input/output.
TACHS3: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 3.
4 VID3/GPIO4/TACH4 VID3: Digital Input (Open Drain). Voltage supply readouts from CPU. This value TACH4
is read in to the VID value register (0x97).
GPI104: Open-Drain 1/0. General-purpose input/output.
TACHA4: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 4.
5 Vee Power Supply. Can be powered by 3.3 V standby if monitoring in low power Vee
states is required. The ADT7462 can also be powered from a 5.0 V supply.
GND Ground Pin. GND
TACH5/+12V1 TACHS: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 5. TACH5
+12V1: Analog Input. Monitors 12 V Power Supply 1. Attenuators switched on by
default.
8 TACH6/+12V2 TACHS: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 6. TACH®6
+12V2: Analog Input. Monitors 12 V Power Supply 2. Attenuators switched on by
default.
9 SCL Digital Input (Open Drain). SMBus serial clock input. Requires SMBus pullup. SCL
10 SDA Digital I/O (Open Drain). SMBus bidirectional serial data. Requires SMBus SDA
pullup.
11 ADD The state of this pin on powerup determines the SMBus device address. ADD
12 ALERT Active Low Open-Drain Digital Output. Requires 10 k< typical pullup. The ALERT
ALERT pin is used to signal out-of-limit comparisons of temperature, voltage,
and fan speed. This is compatible with SMBus ALERT.
13 PWM4/+3.3V PWM4: Digital Output (Open Drain). Requires 10 kQ typical pullup. Pulse-width PWM4
modulated output to control the speed of Fan 4.
+3.3V: Analog Input. Monitors 3.3 V power supply.
14 RESET Active Low Open-Drain Digital I/O. Power-on reset, 5 mA driver (weak 100 kQ2 RESET
pullup), active low output (100 kQ pullup) with a 180 ms typical pulse width.
RESET is asserted whenever V¢ is below the reset threshold. It remains
asserted for approximately 180 ms after V¢ rises above the reset threshold.
Pin 14 also functions as an active low RESET input and resets all unlocked
registers to their default values.
15 D1+/+2.5V/+1.8V D1+: Anode Connection to Thermal Diode 1. D1+
+2.5V: Monitors 2.5 V analog input.
+1.8V: Monitors 1.8 V analog input.
16 D1-/SCSI_TERM1 D1-: Cathode Connection to Thermal Diode 1. D1-
SCSI_TERM1: Digital Input, SCSI Termination 1.
17 D2+ Anode Connection to Thermal Diode 2. D2+
18 D2- Cathode Connection to Thermal Diode 2. D2-
19 D3+/+1.25V/+0.9V D3+: Anode Connection to Thermal Diode 3. D3+
+1.25V: Monitors 1.25 V analog input.
+0.9V: Monitors 0.9 V analog input.
20 D3-/SCSI_TERM2 D3-: Cathode connection to Thermal Diode 3. D3-
SCSI_TERMZ2: Digital Input, SCSI Termination 2.
21 TACH7/+5V TACHY: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 7. TACH7
+5V: Analog Input. Monitors 5.0 V power supply.

WWW. onsemi.com
3



 http://www.onsemi.com/

Table 3. PIN ASSIGNMENT

ADT7462

Pin POR
No. Mnemonic Description Default
22 TACH8/+12V3 TACHS: Digital Input (Open Drain). Fan tachometer input to measure speed of Fan 8. TACH8
+12V3: Analog Input. Monitors 12 V Power Supply 3.
23 Veepp/+1.5V/I+1.8V/+2.5V Vcep1: Monitors 1.2 V analog input. +1.8V
+1.5V: Monitors 1.5 V analog input.
+1.8V: Monitors 1.8 V analog input.
+2.5V: Monitors 2.5 V analog input.
24 Veepo/+1.5V/+1.8V/+2.5V Vcep2: Monitors 1.2 V analog input. +2.5V
+1.5V: Monitors 1.5 V analog input.
+1.8V: Monitors 1.8 V analog input.
+2.5V: Monitors 2.5 V analog input.
25 VR_HOT1/+1.2V1/+3.3V VR_HOT1: Digital Input Indicating Overtemperature Event on Voltage Regulator. +3.3V
+1.2V1: 0 V to 1.2 V Analog Input. For example, can be used to monitor Ggt-
+3.3V: Analog Input. Monitors 3.3 V power supply.
26 VR_HOT2/+1.2V2/NgaTT VR_HOT2: Digital Input Indicating Overtemperature Event on Voltage Regulator. VBATT
+1.2V2: 0V to 1.2 V Analog Input. For example, can be used to monitor FSB_Vt.
VparT: Analog Input. Monitors battery voltage, nominally 3.0 V.
27 FAN2MAX/CI FAN2MAX: Sets fan to maximum speed when a fan fault condition occurs. (¢]]
Bidirectional open drain, active low 1/O.
ClI: An active high input that captures a chassis intrusion event in Bit 7 of the
digital status register. This bit remains set until cleared, as long as battery
voltage is applied to the Va7 input, even when the ADT7462 is powered off.
28 THERM1/+1.5V1/GPIO7/VID6 THERMZ1: Can be reconfigured as a bidirectional THERM pin. Can be connected THERM1
to the PROCHOT output of the Intel® Pentium® 4 processor to time and monitor
PROCHOT assertions. Can be used as an output to signal overtemperature
conditions or for clock modulation purposes.
+1.5V1: 0 V to 1.5 V Analog Input. Can be used to monitor ICH.
GPIO7: Open-Drain 1/0O. General-purpose input/output.
VID6: Digital Input (Open Drain). Voltage supply readouts from CPU. This value
is read in to the VID value register (0x97).
29 THERM2/+1.5V2/GPIO8 THERM2: Can be reconfigured as a bidirectional THERM pin. Can be connected | THERM2
to the PROCHOT output of the Intel® Pentium® 4 processor to time and monitor
PROCHOT assertions. Can be used as an output to signal overtemperature
conditions or for clock modulation purposes.
+1.5V2: 0 Vto 1.5 V Analog Input. Can be used to monitor 3GIO.
GPI0O8: Open-Drain 1/0. General-purpose input/output.
30 PWM3 Digital Output (Open Drain). Requires 10 kQ typical pullup. Pulse-width PWM3
modulated output to control the speed of Fan 3.
31 VID4/GPIO5/PWM1 VID4: Digital Input (Open Drain). Voltage supply readouts from CPU. This value PWM1
is read in to the VID value register (0x97).
GPIO5: Open-Drain 1/0. General-purpose input/output.
PWMZ1.: Digital Output (Open Drain). Requires 10 k2 typical pullup. Pulse-width
modulated output to control the speed of Fan 1.
32 VID5/GPIO6/PWM2 VIDS5: Digital Input (Open Drain). Voltage supply readouts from CPU. This value PWM2

is read in to the VID value register (0x97).
GPIO6: Open-Drain /0. General-purpose input/output.

PWM2: Digital Output (Open Drain). Requires 10 k< typical pullup. Pulse-width
modulated output to control the speed of Fan 2.

WWW. onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS (Ta = Tyin t0 Tmax: Vec = Vmin 10 Vmax, unless otherwise noted.) (Note 1)

ADT7462

Parameter Test Conditions/Comments Min | Typ | Max | Unit
Power Supply
Supply Voltage 3.0 3.3 5.5 \Y
Supply Current, lcc ADC Active, Interface Inactive (Note 2) - 15 4.0 mA
Temperature-to-Digital Converter T A Conditions V ¢c Conditions
Internal Sensor, T, Accuracy 0°C <Tp<85°C 3V<Vcc<36V - +0.5 +2.25 °C
—-40°C < Tp £ +100°C 3V<Vec<36V - - +3.25
0°C < Tp <85°C 45V <Vec <55V - - 3.0
—-40°C < Tp < +100°C 45V <Vec <55V - - +4.0
Resolution - - 0.25 °C
Remote Sensor, Tp, Accuracy 0°C <Tp<85°C 3V<Vcc<36V - +0.5 +2.25 °C
(-40°C < Tp < +125°C) -40°C < Tp < +100°C 3V<Vcc<36V - - +3.25
0°C < Tp <85°C 45V <Vec <55V - - +2.75
—-40°C < Tp < +100°C 45V <Vec <55V - - +3.5
Resolution - - 0.25 °C
Remote Sensor Source Current High Level - 85 - uA
(Note 3) Mid Level - 34 -
Low Level - 5.0 -
Series Resistance Cancellation The ADT7462 Cancels 2 kQ in Series with - 2.0 - kQ
(Note 3) the Remote Thermal Diode
ANALOG-TO-DIGITAL CONVERTER
Total Unadjusted Error, TUE - - +3.5 %
(Note 4 and 5)
Differential Non-linearity, DNL 8 Bits - - +1.0 LSB
Conversion Time (Voltage Input) (Note 3) - 8.53 9.86 ms
Conversion Time (Local Temperature) - 9.01 10.38 ms
(Note 3)
Conversion Time - 38.36 42.09 ms
(Remote Temperature) (Note 3)
INPUT RESISTANCE
Pin 7, Pin 8, Pin 13, Pin 21, Pin 22, Attenuators Enabled - 140 - ke
Pin 25, Pin 28, Pin 29
Pin 15, Pin 19 Attenuators Enabled - 225 - ke
Pin 23, Pin 24 Attenuators Enabled - 66 - kQ
Pin 26, VgatT @nd +1.2V2 Attenuators Cannot Be Disabled 100 120 140 ke
(When Measured)
VparT Current Drain CR2032 Battery Life > 10 Years - 80 100 nA
(When Measured)
VgatT Current Drain CR2032 Battery Life > 10 Years - 16 - nA
(When Not Measured)
FAN RPM TO DIGITAL CONVERTER
Accuracy - - +8.0 %
Internal Clock Frequency 82.8 90 97.2 kHz
OPEN-DRAIN OUTPUTS (PWM, GPIO)
High Level Output Leakage Current, loy Vourt = Vee - 0.1 +1.0 uA
Output Low Voltage, Vo louT =—-3mMA, Ve =+3.3V - - 0.4 Y
DIGITAL OUTPUT (RESET,ALERT, THERM)
Output Low Voltage, Vo louT = -3 mMA, Vcc =+3.3V - - 0.4 \Y
RESET Pulse Width (Note 3) 140 180 - ms
RESET Threshold Falling Voltage 3.0 3.05 3.1 \%
RESET Hysteresis (Note 3) - 70 - mV

WWW. onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS (Ta = Tyin to Tmaxs Vec = Vuin 10 Vmax, unless otherwise noted.) (Note 1)

ADT7462

Parameter Test Conditions/Comments Min | Typ | Max | Unit |
OPEN-DRAIN SERIAL BUS OUTPUT (SDA)
Output Low Voltage, Vo, loutr = =3 mMA, Ve =+3.3V - - \%
High Level Output Leakage Current, Ion Vout = Vee - 0.1 +1.0 uA
SERIAL BUS DIGITAL INPUTS (SDA AND SCL)
Input High Voltage, V|4 2.1 - - Y
Input Low Voltage, V| - - 0.8 \%
Hysteresis - 500 - mV
DIGITAL INPUT LOGIC LEVELS (VIDO to VID6) AND THERM , TACH, GPIO, VR_HOT, SCSI_TERM)
Input High Voltage, V|4 Bit 3 and Bit 4 of Configuration Register 3 =0 1.7 - - \%
Input Low Voltage, V. Bit 3 and Bit 4 of Configuration Register 3 =0 - - 0.8 \%
Input High Voltage, V| (VIDO to VID6) Bit 3 of Configuration Register 3 =1 0.65 - - \%
Input High Voltage, V|4 (THERM) Bit 4 of Configuration Register 3 =1 2/3 Veepr - - \Y
Input Low Voltage, V. Bit 3 and Bit 4 of Configuration Register 3 =1 - - 0.4 \%
Hysteresis - 500 - mV
DIGITAL INPUT CURRENTS
Input High Current, Iy Vin = Vee -1.0 - - uA
Input Low Current, I ViN=0 - - +1.0 uA
Input Capacitance (Note 3) - 5.0 - pF
SERIAL BUS TIMING (Note 3)
Clock Frequency See Figure 2 - - 400 kHz
Glitch Immunity, tsw See Figure 2 - 50 - ns
Bus Free Time See Figure 2 13 - - us
Start Setup Time, tsy:sTA See Figure 2 0.6 - - us
Start Hold Time, typ.sTa See Figure 2 0.6 - - us
SCL Low Time, t_ ow See Figure 2 1.3 - - us
SCL High Time, tyigH See Figure 2 0.6 - - us
SCL, SDA Rise Time, tg See Figure 2 - - 1000 ns
SCL, SDA Fall Time, tg See Figure 2 - - 300 ns
Data Setup Time, tsy.paT See Figure 2 100 - - ns
Detect Clock Low Timeout Can Be Optionally Enabled - 25 - ms

Pwn

All voltages are measured with respect to GND, unless otherwise specified. Typical values are at Ty = 25°C and represent the most likely
parametric norm. Logic inputs accept input high voltages up to 5.0 V, even when the device is operating at supply voltages below 5.0 V. Timing

specifications are tested at logic levels of V|_= 0.8 V for a falling edge and V4 = 2.0 V for a rising edge.

Unused digital inputs connected to GND.

Guaranteed by design, not production tested.
Note that this specification does not apply if Pin 26 (VgarT, +1.2V) is being measured in single-channel mode. See Figure 16 in the Typical
Performance Characteristics section for VgarT accuracy.

For Pin 23 and Pin 24 configured as +1.8V or +2.5V only, restricted conditions of Ve 2 3.3 V and +25°C < Ta < +125°C apply.

SCL

tHiGH

SDA

(]

Figure 2. Serial Bus Timing Diagram

WWW. onsemi.com
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ADT7462

TYPICAL PERFORMANCE CHARACTERISTICS
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ADT7462

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
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ADT7462

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd)
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ADT7462

Function Description: Easy Configuration
Options

There are a number of multifunctional pins on the
ADT7462that need to be configured on powerugud the
desired application. Note that due to the lamgeber of pins
that need to be configured, it could take seveMB®&s
transactions to achieve the required configuration. For this
reason, the ADT7462 has five easy configuration options.
The user sets a bit in the easy configuration aptgister
(Ox14) to set up the required configuration (sel@da).

TACH1
TACH2
TACH3
TACH4
Vee
GND
TACHS
TACH6

© N OO AW N R

N |
vy oZfZ E>
SSZEE E3
S22 2T - 865
aoalk-lFO> <+
S e83888Q
24
PIN 1
INDICATOR {2
22
ADT7462 H 21

TOP VIEW f 20
19
f 18
17

(Not to Scale)

+2.5V
+1.8V
TACH8
TACH7
D3-
D3+
D2-
D2+

Table 5. EASY CONFIGURATION REGISTER e Hd993349y
- = |
SETTINGS 33 S(E %‘5 33
Easy Configuration Option Register 0x14 Setting T e
Option 1 Bit0=1 Figure 19. Configuration Option 1
Option 2 Bitl=1
Option 3 Bit2=1 Table 6. CONFIGURATION OPTION 1
Option 4 Bit3=1 Pin | Function Configuration Register Bit Value
Option 5 Bit4=1 1t TACH1 Pin Configuration Reg 1 | Bit4=1
. . . . 2t TACH2 Pin Configuration Reg 1 | Bit3=1
Once the most convenient easy configuration option ha - ' fgu ' g '
been set, the user can figare any of the pins individually. 3 TACH3 | Pin ConfigurationReg1 | Bit2=1
The setup complete bit (Bit 5 of Register 0x01) mhshtbe 4t TACH4 Pin Configuration Reg1 | Bit1=1
setto1to indigatg that the ADT7462 is configunede_‘ctly, 7 TACHS5 Pin Configuration Reg1 | Bit0=1
and then monitoring of the selected channels begins 5 TACHS Pin Configuration Reg 2 | Bit7 = 1
The following is a detailed description of the five easy : — :
configuration options that are available. 13 | PWM4 | PinConfigurationReg2 | Bit6=1
15 D1+ Pin Configuration Reg 1 Bit6 =1
Configuration Option 1 - - - -
. . . . . . . 16 D1- Pin Configuration Reg 1 Bit6=1
Configuration Option 1 is the default configuration. It is : _g : 9 :
also the most suitable for thermal monitoring, voltage | 1° D3+ Pin Configuration Reg1 | Bit5=1
monitoring, and fan control for single and dual processor| 20 D3~ Pin Configuration Reg 1 | Bit5=1
syster_ns. Features of Configuration Option 1 include the| 5 TACH7 Pin Configuration Reg 2 | Bit3=1
following: 22 | TACH8 | Pin Configuration Reg2 | Bit2=1
® One Local and Three Remote Temperature Channels , — .
. . 23 +1.8V Pin Configuration Reg 2 Bits [1:0] = 10
e Four PWM Drives and Eight TACH Inputs - - - -
Two THERM /0 24 +2.5V Pin Configuration Reg 3 Bits [7:6] = 01
® Two s
. Voltage Monitoring 25 +3.3V Pin Configuration Reg 3 Bits [5:4] = 00
e +3.3V 26 VBATT Pin Configuration Reg 3 Bits [3:2] = 00
. +2' iy 27 cl Pin Configuration Reg 3 | Bit1=1
e +1.8V 28t | THERMI Pin Configuration Reg 4 Bits [7:6] = 1x
® VgarT 29 THERM2 Pin Configuration Reg 4 Bits [5:4] = 1x
¢ RESETI/O 31t PWM1 Pin Configuration Reg 4 Bit3=1
e CI (Chassis Intrusion) or FAN2MAX 32f PWM2 Pin Configuration Reg 4 Bit2=1

TIf VIDs are selected, these pins are configured as VIDs. To enable

Figure 19 shows the pin configuration when Configare
Option 1 is chosen.

WWW. onsemi.com

10

VIDs, set Bit 7 of Pin Configuration Register 1 (0x10) = 1.



 http://www.onsemi.com/

ADT7462

Configuration Option 2~ __ Table 7. CONFIGURATION OPTION 2
Configuration Option 2 is used for thermal monitoring

and fan control for Processor 1 and Processor 2dnah Pin | Function | Configuration Register Bit Value

processor system. It can also monitor one set of VIDs, if| 17 TACH1 Pin Configuration Reg 1 | Bit4=1

required. Features of Configuration Option 2 inclube ot TACH2 Pin Configuration Reg 1 | Bit3=1

following:

3t TACH3 Pin Configuraton Reg 1 | Bit2=1

® One Local and Three Remote Thermal Channels

) ) 4t TACH4 Pin Configuration Reg1 | Bit1=1
e Up to Four PWM Drives and Up to Eight TACH Inputs

(VID Pins and TACHs/PWMs are Muxed Together) ! TACHS Pin Configuration Reg 1 | Bit0=1
e Two THERM I/Os 8 TACH®6 Pin Configuration Reg 2 Bit7=1
e Two VRD Inputs 13 PWM4 Pin Configuration Reg 2 Bit6=1
e RESETI/O 15 D1+ Pin Configuration Reg 1 Bit6=1
e Two Vccp Voltage Monitoring Channels 16 D1- Pin Configuration Reg1 | Bit6=1
. . . . . 19 D3+ Pin Configuration Reg 1 Bit5=1
Figure 20 shows the pin configuration when Configjara . —— .
20 D3- Pin Configuration Reg 1 Bit5=1

Option 2 is chosen.

21 TACH7 Pin Configuration Reg 2 Bit3=1

M. - y - -
sgg E E § g‘ g‘ 22 TACHS8 Pin Configuration Reg 2 Bit2=1
FEEEElR g 23 Veepr Pin Configuration Reg 2 | Bits [1:0] = 00
558 g g R g ﬁ 24 Vcep2 Pin Configuration Reg 3 Bits [7:6] = 00
TACHL 1 25 VR_HOT1 Pin Configuration Reg 3 Bits [5:4] = 1x
PIN 1
Iﬁg:z 2 INDICATOR 26 | VR_HOT2 | Pin Configuration Reg 3 | Bits [3:2] = 1x
TACH4 4 ADT7462 27 | FAN2MAX | Pin Configuration Reg3 | Bit1=0
Vee 5 TOP VIEW
GND 6 (Notto Scale) 28" | THERMI | Pin Configuration Reg4 | Bits [7:6] = 1x
TACH5 7 p— - y ) —
TACHG & 29 THERM2 Pin Configuration Reg 4 Bits [5:4] = 1x

31t PWM1 Pin Configuration Reg 4 Bit3=1

9
12
14

32f PWM2 Pin Configuration Reg 4 | Bit2=1

ADD 11
D1+ 15
D1- 16

SDA 10
ALERT

SCL
PWM4 13

RESET

TIf VIDs are selected, these pins are configured as VIDs. To enable
VIDs, set Bit 7 of Pin Configuration Register 1 (0x10) = 1.

Figure 20. Configuration Option 2

WWW. onsemi.com
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Configuration Option 3 _ Table 8. CONFIGURATION OPTION 3
ConfigurationOption 3 is used to monitor all the voltages _ _ S _ _
in the system for Processor 1 and Processor 2. Additiona] P | Function | Configuration Register Bit Value
pins can be configured for fan control, VIDs, or GPIOs, as| 17 TACH1 Pin Configuration Reg1 | Bit4=1
requirgd. Features of Configuration Option 3 inclubde ot TACH?2 Pin Configuration Reg 1 | Bit3=1
following: _ 3" | TACH3 | PinConfiguration Regl | Bit2=1
e Up to 13 Different Voltages Monitored . —— .
4t TACH4 Pin Configuration Reg 1 Bitl1=1
® Three +12V - - - -
7 +12V1 Pin Configuration Reg 1 Bit0=0
e +3.3V 8 +12Vv2 Pin Configuration Reg 2 Bit7=0
® +25V 13 +3.3V Pin Configuration Reg 2 Bit6=0
® +1.8V 15 +1.8V Pin Configuration Reg 1 Bit6=0
16 SCSI_ Pin Configuration Reg 1 Bit6=0
e Two +1.5V TERML
o Two +1.2V (V V
0 9(\)/ (Vecps Vece2 19 +0.9V Pin Configuration Reg 1 | Bit5 =0
e (.
20 SCSI_ Pin Configuration Reg 1 Bit5=0
® VparT TERM2
® One Local and One Remote Temperature Channels 21 +5V Pin Configuration Reg 2 | Bit3=0
® Up to Three PWM Drives and Up to Four TACH Inputs [, +12v3 Pin Configuration Reg 2 | Bit2 =0
* RESETI/O 23 Veep1 Pin Configuration Reg 2 Bits [1:0] = 00
Figure 21 shows the pin configuration when Configara 24 Veer2 Pin Configuration Reg 3 | Bits [7:6] = 00
Option 3 is chosen. 25 +1.2V Pin Configuration Reg 3 | Bits [5:4] = 01
RS 26 VBATT Pin Configuration Reg 3 Bits [3:2] = 00
oo
a5 - —— o
gzg E % £z 27 Cl Pin Configuration Reg 3 Bitl1=1
ZEZsvo0 Ly 28" | +15v/ | Pin Configuration Reg4 | Bits [7:6] = 01
NE388K88% GPIO7
29 +1.5V/ Pin Configuration Reg 4 Bits [5:4] = 01
TACH1 1 H24 Vcep2 GPIO8
TACH2 21 mgléATOR 23 Veepr
TACH3 3| H22 +12v3 31t PWM1 Pin Configuration Reg 4 Bit3=1
TACH4 41 ADT7462 H21 +5v - - - -
Vee SH TOP VIEW H20 SCSI TERM2 32t PWM2 Pin Configuration Reg 4 Bit2=1
GND 6] (Notto Scale) o +0.0v : .
) TIf VIDs are selected, these pins are configured as VIDs. To enable
12Vl 7y e b2- VIDs, set Bit 7 of Pin Configuration Register 1 (0x10) = 1.
+12V2 8 17 D2+
1Ll >->d
Ry iR
< Fle EI
7]
O
%]

Figure 21. Configuration Option 3

WWW. onsemi.com
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Configuration Option 4

Configuration Option 4 is used to monitor temperature,

Table 9. CONFIGURATION OPTION 4

voltages, and fans for Processor1 in a dual processof PN | Function | Configuration Register Bit Value
system. Features of Configuration Option 4 include the| 1t TACH1 Pin Configuraton Reg 1 | Bit4=1
following: 2t | TACH2 | Pin Configuraton Reg1 | Bit3=1
® One Local and Two Remote Temperature Channels 3t TACH3 | Pin Configuration Reg 1 | Bit2 =1
® Up to Four PWM Drives and Six TACH Inputs at TACHA Pin Configuration Reg 1 | Bit1 =1
R . .
Up to Eight Voltages Monitored 7 | TACH5 | PinConfiguration Reg1 | Bit0=1
o +12V - y - -
8 TACHG6 Pin Configuration Reg 2 Bit7=1
® +5V , — ;
13 PWM4 Pin Configuration Reg 2 Bit6=1
e +3.3V - y - -
15 D1+ Pin Configuration Reg 1 Bit6=1
* Two+1.5V 16 D1 Pin Configuration Reg 1 | Bit6=1
- in Configuration Re: it6=
o +1.2V (Vcepd) 9 9
19 +0.9V Pin Configuration Reg 1 Bit5=0
e +0.984V (Mem_\f1) 9 9
20 SCSI_ Pin Configuration Reg 1 Bit5=0
® VearT TERM2
°
THERMI/O 21 +5V Pin Configuration Reg 2 Bit3=0
e VRD Input - —— -
P 22 +12V3 Pin Configuration Reg 2 Bit2=0
e RESETI/O - y - -
23 Veep: Pin Configuration Reg 2 Bits [1:0] = 00
Figure 22 shows the pin configuration when Confitiare 24 +2.5V Pin Configuration Reg 3 | Bits [7:6] = 01
Option 4 is chosen. 25 | VR HOTL | Pin Configuration Reg3 | Bits [5:4] = 1x
%o 26 VBATT Pin Configuration Reg 3 | Bits [3:2] = 00
32 g 27 | FAN2MAX | Pin Configuration Reg3 | Bit1=0
9 IdQx|x|d £
SSSjEZ 2y 28 | THERMT | Pin Configuration Reg4 | See Table 51
aadalFliFle>> +* ¥15V
/ \ 29* THERM2/ Pin Configuration Reg 4 See Table 51
TACH1 1( PIN 1 [ 24 +2.5V +1.5V
TACH2 2§ INDICATOR {2 Voer 31t PWM1 Pin Configuration Reg4 | Bit3=1
TACH3 3] {22 +12v3
TACH4 41l ADT7462 Ha1 +5v 32t PWM2 Pin Configuration Reg4 | Bit2=1
Vee 5f TOP VIEW 20 SCSI_TERM2 - -
GND 6 f (Not to Scale) His +0.0v t1f VIDs are selected, these pins are configured as VIDs. To enable
TacHs 7 H His D2- VIDs, set Bit 7 of Pin Configuration Register 1 (0x10) = 1.
TACH6 sH H17 D2+ *It is not possible to configure +1.5V monitoring on Pin 29 and
THERMI1 on Pin 28. Pin 28 must both be configured as either
N e .
o9 dom s ng +1.5V monitoring or as THERM I/O (see Table 51).
A<olE =L
G38zhas
ol

Figure 22. Configuration Option 4

WWW. onsemi.com
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Configuration Option 5

Configuration Option 5 is used to monitor temperature,
voltages, and fans for Processor 2 in a dual processo
system. Features of Configuration Option 5 include the
following:

One Local and Two Remote Temperature Channels
Up to Three PWM Drives and Up to Six TACH Inputs
\oltage Monitoring

Two +12V

+3.3V

Mem_Core (+1.969V)

+1.8V

Two +1.5V

+1.2V (Vccp2

RESETI/O

Figure 23 shows the pin configuration when Configara
Option 5 is chosen.

25 +1.2V

27 FAN2MAX
26 VR_HOT2

29 THERM2/+1.5V
28 THERM1/+1.5V

32 PWM2
31 PWM1
30 PWM3

TACH1 1 Veep?
TACH2 2 m’[“)ILATOR +1.8V
TACH3 3 TACH8
TACH4 4 ADT7462 i TACH7
Ve S (Not to Scale) i
GND 6 D3+
+12V1 7 D2-
+12V2 8 D2+

9

SCL
SDA 10
ADD 11
+3.3V 13
RESET 14
+2.5V 15
SCSI_TERM1 16

ALERT 12

Figure 23. Configuration Option 5

WWW. onsemi.com

Table 10. CONFIGURATION OPTION 5

Pin Function Configuration Register Bit Value
1t TACH1 Pin Configuration Reg 1 | Bit4=1
2t TACH2 Pin Configuration Reg 1 Bit3=1
3t TACH3 Pin Configuration Reg 1 | Bit2=1
4t TACHA4 Pin Configuration Reg 1 Bit1=1
7 +12V1 Pin Configuration Reg 1 Bit0=0
8 +12V2 Pin Configuration Reg 2 Bit7=0
13 +3.3V Pin Configuration Reg 2 Bit6=0
15 +2.5V Pin Configuration Reg 1 Bit6=0
16 SCSI_ Pin Configuration Reg 1 Bit6=0
TERM1
19 D3+ Pin Configuration Reg 1 Bit5=1
20 D3- Pin Configuration Reg 1 Bit5=1
21 TACH7 Pin Configuration Reg 2 Bit3=1
22 TACHS8 Pin Configuration Reg 2 Bit2=1
23 +1.8V Pin Configuration Reg 2 Bits [1:0] = 10
24 Veep2 Pin Configuration Reg 3 Bits [7:6] = 00
25 +1.2V Pin Configuration Reg 3 Bits [5:4] = 01
26 VR_HOT2 Pin Configuration Reg 3 Bits [3:2] = 1x
27 | FAN2MAX | Pin Configuration Reg 3 Bit1=0
28 THERMI/ | Pin Configuration Reg4 | See Table 51
t* +15V
29* | THERM2/ | Pin Configuration Reg 4 | See Table 51
+1.5V
31t PWM1 Pin Configuration Reg 4 Bit3=1
32f PWM2 Pin Configuration Reg 4 | Bit2=1

TIf VIDs are selected, these pins are configured as VIDs. To enable
VIDs, set Bit 7 of Pin Configuration Register 1 (0x10) = 1.
*It is not possible to configure +1.5V monitoring on Pin 29 and
THERMI1 on Pin 28. Pin 28 must both be configured as either
+1.5V monitoring or as THERM 1/O (see Table 51).

14
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Serial Bus Interface
The ADT7462 is controlled through use of the serial

3. Data is sent over the serial bus in sequences of

system management bus (SMBus). The ADT7462 is
connected tohis bus as a slave device, under the control of

a master controller. The SMBus interface in the XBg2
is fully SMBus 1.1 and SMBus 1.0 compliant. The SMB

address is determined by the state of the ADD input on

powerup.

ADD Input

The ADD pin is a three-state input to the ADT7462s

used to determine the SMBus address used. This pin is 4
sampled on powerup only. Any changes subsequent to
powerup are not reflected until the ADT7462 is powered
down and back up again. The corresponding 7-bit SMBus

address for the state of the ADD pin is shown ibl@4.1.

Table 11. CORRESPONDING SMBUS ADDRESSES

FOR ADD INPUT

nine clock pulses: eight bits of data followed loy a
acknowledge bit from the slave device. Transitions
on the data line must occur during the low period
of the clock signal and remain stable during the
high period, because a low-to-high transition when
the clock is high can be interpreted as a stop
signal. The number of data bytes that can be
transmitted over the serial bus in a single read or
write operation is limited only by what the master
and slave devices can handle.

. When all data bytes have been read or written,
stop conditions are established. In write mode, the
master releases the data line during the 10th clock
pulse to assert a stop condition. In read mode, the
master device overrides the acknowledge bit by
pulling the data line high during the low period
before the 9th clock pulse. This is known as a no
acknowledge. The master then takes the data line

ADD Pin SMBus Version SMBus Address low during the low period before the 10th clock
High N/A N/A pulse and then takes it high during the 10th clock
Float SMBus 1.1 0x5C pulse to assert a stop condition.

Low SMBus 1.1 0x58

Any number of bytes of data can be transferred ther

SMBuUSs Fixed Address serialbus in one operation, but it is not possible to read

The ADT7462 supports SMBus fixed address mode ang@nd wri_te in one operat_ion_ because the type ofaleT is
is fully backward compatible with SMBus 1.1 and SMBus d€termined at the beginning and cannot subsequently be
1.0. The ADT7462 powers up with a fixed SMBus addre ~ ¢"anged without starting a new operation.
that cainot be changed by the assign address call. Tee fix  FOF the ADT7462, write operations contain eithee on
address is set hiffe state of the ADD input pin on powerup. WO bytes, and read operations contain one bytevriie

The ADT7462 also responds to the SMBus device defaultdata to one of the device data registers or to dealfrom
address of Ox61. it, the address pointer register must be set sdhbaorrect

data register is addressed. Then data can berwintt@that
SMBus Operation register or read from it. The first byte of a write operation
The SMBus specification defines specific conditifors always contains an address that is stored in the address
different types of read and write operations. The generalpointerregister. Ifdata is to be written to the device, the write
SMBus protocol operates as follows: operation contains a second data byte that is written to the
1. The master initiates data transfer by estabigshin register selected by the address pointer register.
start condition, defined as a high-to-low transitio This write operation is shown in Figure 24. The devi
on the serial data line, SDA, while the serial kloc  address is sent over the bus, and then R/g¢ét to 0. This
line, SCL, remains high. This indicates that an is followed by two data bytes. The first data bigehe
address/data stream follows. All slave peripherals address of the internal data register to be written to, which
connected to the serial bus respond to the start is stored in the address pointer register. Thengbdata byte
condition and shift in the next eight bits, coriaigt is the data to be written to the internal datagtegi
of a 7-bit address (MSB first) plus a R, When reading data from a register, there are two
which determines the direction of the data transfer possibilities.
that is, whether data is written to or read from th e |f the ADT7462 address pointer register value is
slave device. unknown or not the desired value, it must be séteo
2. The peripheral whose address corresponds to the  correct value before data can be read from theatksi
transmitted address responds by pulling the data data register. This is done by performing a witéhe
line low during the low period before the 9th clock  ADT7462 as before, but only the data byte containin

pulse, known as the acknowledge bit. All other the register address is sent because no datatieio
devices on the bus remain idle while the selected the register (see Figure 25).

device waits for data to be read from it or written A read operation is then performed, consistingef t
to it. If the R/Whit = 0, the master writes to the serial bus address and the Rbiv/set to 1, followed by
slave device. If the R/\Wit = 1, the master reads

from the slave device.

WWW. onsemi.com
15



 http://www.onsemi.com/

ADT7462

the data byte read from the data register first data byte of a write is always written to the address
(see Figure 26). pointer register.

e If the address pointer register is known to beaalyeat In addition to supporting the send byte and receive byte
the desired address, data can be read from the protocols, the ADT7462 also supports the read byte protocol
corresponding data register without first writimgthe (see System Management Bus Specifications Rev. 2.0 for
address pointer register (see Figure 26). more information).

If several read or write operations must be peréatnm
It is possible to read a data byte from a data registersuccession, then the master can send a repeat start condition

without first writing to the address pointer register, if the instead of a stop condition, to begin a new openati
address pointer register is already at the couadoe.

However, it is not possible to write data to a register
without writing to the address pointer register, because the

START BY ACK. BY

ACK. BY
MASTER ADT7462 ADT7462
" FRAME 1 >l FRAME 2 N
SERIAL BUS ADDRESS BYTE ST ADDRESS POINTER REGISTER BYTE
1 9

SCL (CONTINUED) eee
THH L
sonconmy e (o X oo Yoo Yo XX

ACK. BY STOP BY
ADT7462 MASTER

| FRAME 3 4»{
I DATA BYTE

Figure 24. Writing a Register Address to the Addres s Pointer Register, then Writing Data to the Select  ed Register

START BY ACK. BY ACK.BY  STOPBY
MASTER ADT7462 ADT7462  MASTER
FRAME 1 L FRAME 2
n SERIAL BUS ADDRESS BYTE ™ ADDRESS POINTER REGISTER BYTE >

Figure 25. Writing to the Address Pointer Register Only

AW OO OO CYEANWED ) O G O CV

START BY ACK. BY NO ACK. STOP BY
MASTER ADT7462 BY MASTER MASTER
FRAME 1 >l FRAME 2 ’
SERIAL BUS ADDRESS BYTE ST DATA BYTE FROM ADT7462

Figure 26. Reading Data from a Previously Selected  Register

WWW. onsemi.com
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Write Operations
The SMBus specification defines several protocols for
different types of read and write operations. Thesoused

in the ADT7462 are discussed below. The following 3
abbreviations are used in the diagrams: 4
® S — Start 5
e P - Stop 6
® R - Read 7
® W - Write 8
e A — Acknowledge

e A - No Acknowledge

The ADT7462 uses the following SMBus write protacol

Send Byte
In this operation, the master device sends a single
command byte to a slave device as follows:
1.
2. The master sends the 7-bit slave address followed
by the write bit (low).
. The addressed slave device asserts an ACK on SDA
. The master sends a command code.
. The slave asserts an ACK on SDA.
. The master asserts a stop condition on SDA to en
the transaction.

toasl

o0k W

For the ADT7462, theend byte protocol is used to write
a register address to RAM for a subsequent singteread
from the same address. This operation is showiginé-27.

1 2 3 4 5 6

SLAVE
ADDRESS

REGISTER

ADDRESS AlP

9

Figure 27. Setting a Register Address for
Subsequent Read

If it is required to read data from the registemediately
after setting up the address, the master can assert a repeat
start condition immediately after the final ACK and carry
out a single byte read without asserting an interateditop
condition.

Write Byte
In this operation, the master device sends a comhioge
and one data byte to the slave device as follows:

1 2 3 4 5

3.
4.

10.

. The master device asserts a start condition on SDA
. The master sends the 7-bit slave address followed

by the write bit (low).

. The addressed slave device asserts an ACK on SDA.
. The master sends a command code.

. The slave asserts an ACK on SDA.

. The master sends a data byte.

. The slave asserts an ACK on SDA.

. The master asserts a stop condition on SDA to end

the transaction.

1 2 3 4

SLAVE
ADDRESS

SLAVE
ADDRESS

[

A DATA

Figure 28. Single-byte Write to a Register

The master device asserts a start condition on SDA Block Write . .
In this operation, the master device writes a blufoflata

ave device. The start address for a blodk wrust be

set previously. In the case of the ADT7462, thiddae by

a send byte operation to set a RAM address. Thearges
the number of registers to be written to in theckloead

d command tahe #Bytes bits of the Configuration 0 register.

1. The master device asserts a start condition on SDA

2.

The master sends the 7-bit slave address followed

by the write bit (low).

The addressed slave device asserts an ACK on SDA.

The master sends a command code that tells the

slave device to expect a block write. The

ADT7462 command code for a block write is

0xA0 (1010 0000).

. The slave asserts an ACK on SDA.

. The master sends the data bytes (the number of
data bytes sent is written to the #Bytes bits of th
Configuration O register).

. The slave asserts an ACK on SDA after each data

byte.

8. The master sends a packet error checking (PEE) byt
9. The ADT7462 checks the PEC byte and issues an

ACK, if correct. If incorrect (NO ACK), the

master resends the data bytes.

The master asserts a stop condition on SDAdo en
the transaction.

10 11 12

COMMAND
0xA0
BLOCK
WRITE

SLAVE
ADDRESS

BYTE
COUNT

[}

DATA 1

A |DATA 2 PEC

Figure 29. Block Write to ADT7462
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Read Operations 12. The master asserts an ACK on SDA after each
The ADT7462 uses the following SMBus read protocols. data byte.
] 13. The ADT7462 issues a PEC byte to the master.
Recelve Byte The master should check the PEC byte and issue

The receive byte is useful when repeatedly reading a another block read if the PEC byte is incorrect.

single register. The register address must be set up 14. A NO ACK is generated after the PEC byte to
previously. In this operation, the master device receives a .signal the end of the read

single byte from a slav_e device as follows: . 15. The master asserts a stop condition on SDAdo en
1. The master device asserts a start condition on SDA the transaction.
2. The master sends the 7-bit slave address followed

by the read bit (high). r 2 3 4 5 6 !

3. The addressed slave device asserts an ACK on SDA. LAVE COMMAND LAVE
4. The master receives a data byte. abbress V| A PALELOCK | A | S| bpcss | °
5. The master asserts a NO ACK on SDA.
6. The master asserts a stop condition on SDA to end R ) SR UL

the transaction. BYTE
COUNT

"

DATA A | PEC

32 AP

>

A|DATAL [ A

b))
A4

For the ADT7462, the receive byte protocol is usedad
a single byte of data from a register whose addness Figure 31. Block Read from RAM

previously been set by a send byte or write a byte operation
Note that although the ADT7462 supports packet error

SR 8 4 56 checking (PEC), its use is optional. The PEC byte is

s |asbress|r (4| paTa |A [P calculated usin@RC-8. The frame check sequence (FCS)
conforms to CRC-8y the polynomial.
Figure 30. Single-byte Read from a Register CHX) =x®+x2+x+1

Consult the SMBus 1.1 specifications for more information
Block Read

In this operation, the master device reads a bdbdata Alert Response Address
from a slavedevice. The start address for a block read must ~ Alert Response Address (ARA) is a feature of SMBus
be set previously, as well as the number of byidgetread  devices that allows an interrupting device to identify itself
(maximum = 32). In the case of the ADT7462, the start to the host when multiple devices exist on the shuse
address is activated by a send byte operation to set a RAM The SMBALERToutput can be used as either an interrupt
address. The number of bytes to be read should be wditten output or an SMBALERTOne or more outputs can be
the #Bytes bits in the Configuration O registereTock  connected to aommon SMBALERTIine connected to the
read operation consists of a send byte operatarstnds  master. If a device's SMBALERTine goes low, the
a block read command to the slave, immediatelpviaid by following procedure occurs:

a repeated start and a read operation that readsuttiple 1. SMBALERT is pulled low.
data bytes, as follows: 2. The master initiates a read operation and sdwds t
1. The master device asserts a start condition on SDA alert response address (ARA = 0001 100). This is
2. The master sends the 7-bit slave address followed a general call address that must not be used as a
by the write bit (low). specific device address.
3. The addressed slave device asserts an ACK on SDA. 3. The device whose SMBALERdutput is low
4. The master sends a command code that tells tlee sla responds to the ARA, and the master reads its
device to expect a block read. The ADT7462 device address. The address of the device is now
command code for a block read is OxAl (1010 0001). known and can be interrogated in the usual way.
5. The slave asserts an ACK on SDA. 4. If more than one device’'s SMBALERJutput is
6. The master asserts a repeat start condition on SDA low, the one with the lowest device address has
7. The master sends the 7-bit slave address followed priority in accordance with normal SMBus
by the read bit (high). arbitration.
8. The slave asserts an ACK on SDA. 5. Once the ADT7462 has responded to the ARA, the
9. The ADT7462 sends a byte count telling the master must read the status registers, and the
master how many data bytes to expect. The SMBALERT is cleared only if the error condition
maximum number of bytes is 32. has gone away.

10. The master asserts an ACK on SDA.
11. The master receives the expected number of data
bytes.

WWW. onsemi.com
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SMBus Timeout figure shows the external sensor as a substratgdtar, but

The ADT7462 includes an SMBus timeout feature. If it could equally be a discrete transistor. If a discrete
there is ncGMBus activity for 25 ms, the ADT7462 assumes transistor is used, the collector is not grounded and should
that the bus is locked and releases the bus. Téepts the  be linked to the base. To prevent ground noise from
device from locking or holding the SMBus while the devic interfering with the measurement, the more negative
is expecting data. Some SMBus controllers cannotilea  terminal of the sensor is not referenced to ground but is
the SMBus timeout feature, so it can be disabled. biasedabove ground by anternal diode at the D— input. C1
can optionally be added as a noise filter (recondedn

Configuration Register 3 (0x03) maximum value 1000 pF). Howeveretter option in noisy

Bit 1 SCL_Timeout = 1; SCL Timeout Enabled environments is to add a filter, as described in the Noise
Bit 1 SCL_Timeout = 0; SCL Timeout Disabled (Defjult  Filtering section.
Bit 2 SDA_Timeout = 1; SDA Timeout Enabled To measureAVgg, the operating current through the

sensor is switched among three related currentshéan

Bit 2 SDA_Timeout = 0; SDA Timeout Disabled (Defgult in Figure 33, NXx | and N2x | are different multiples of the

Temperature and Voltage Measurement Cu.rrent I. The currents through.the temperaturealiare
switched between | and M, giving AVggs, and then
Temperature Measurement _ _ between | and N2 |, giving AVggs. The temperature can
The ADT7462 can measure its own ambient tgmperaturethen be calculated using the tA¥ g measurements. This
and the temperature of up to three remote theriodes.  method canlao be shown to cancel the effect of any series

These diodes can be discrete diode-connected 2N3904/agistance on the temperature measurement.

2N3906s othey can be located on a processor die. Figure 32 The resultingAVge waveforms are passed through a
shows how to connect a remote NPN or PNP transistor g5 kHz low-pass filter to remove noise and thenato

2N3904 chopper-stabilized amplifier. This amplifies andtifees the
ADT7462 ADT7462 waveform to produce a dc voltage proportionaA\gg.

D+ D+ The ADC digitizes this voltage, and a temperature
D- measurement is produced. To reduce the effects of noise,
D- digital filtering is performed by averaging theuks of 16
2N3906 measurement cycles for low conversion rates.

Signal conditioning and measurement of the internal

Figure 32. How to Measure Temperature Using temperature sensor are performed in the same manner (see
Discrete Transistors Figure 33)

Remote Thermal Diode 1 connects to Pin 15 and Pin 16.  temperature Measurement Results

Remote Thermal Diode 2 connects to Pin 17 and Pin 18. The results of the local and remote temperature
Remote Thermal Diode 3 connects to Pin 19 and Pin 20. Mmeasurements are stored in the local and remote temperature
value registers and are compared with limits programmed

A simple method of measuring temperature is to@kpl into the local and remote high and low limit regist
the negative temperature coefficient of a diode, measuring
the base-emitter voltage g¥) of a transistor, operated at ~ Table 12. TEMPERATURE MEASUREMENT
constant current. Unfortunately, this technique requires REGISTERS
calibration tocancel the effect of the absolute value gV Temperature Value Register Address
which varies from device to device.

The technique used in the ADT7462 is to measure the
change in gg when the device is operated at thretedint
currents. Previous devices have used only two operatin
currents; use of a third currealtows automatic cancellation Remote 1 Temperature, MSB | Register 0x8B
of any resistances in series with the external temperaturg Remote 2 Temperature, LSB | Register 0x8C, Bits [7:6]
sensor. Remote 2 Temperature, MSB Register 0x8D

Figure 33 shows the input signal conditioning used t0 | Remote 3 Temperature, LSB | Register Ox8E, Bits [7:6]
measure the output of an external temperature sensor. Thi

Local Temperature, LSB Register 0x88, Bits [7:6]

Local Temperature, MSB Register 0x89
Remote 1 Temperature, LSB Register Ox8A, Bits [7:6]

5 Remote 3 Temperature, MSB Register Ox8F
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* * * O Vee
| N1 x| N2 x | IBlAS

|
|
|
|
|

D+ | . o - Vour+
REMOTE L-( L o ; o To ADC
SENSING 1 ’ ] |—o}:

|
I

TRANSISTOR D~ I ! Vour-
| BIAS LOW-PASS FILTER
I

DIODE fc = 65 kHz

*CAPACITOR C1 IS OPTIONAL. IT SHOULD ONLY BE USED IN NOISY ENVIRONMENTS.

Figure 33. Input Signal Conditioning

The temperature value is stored in two registers. MIBB appears as a temperature offset in the remote sensor’s
has a resolution of°C. Only two bits in the temperature temperature measurement. This error typically causes a
LSB register are used, Bit 7 and Bit 6, giving a terapure 0.8°C offset per ohm of parasitic resistance in sevidsthe
measurement resolution of 0°5 The temperature remote diode.
measurememange for both local and remote measurements The ADT7462 automatically cancels out the effedhisf
is from —-64C to +192C. However, the ADT7462 itself  series resistance on the temperature reading,ggévimore
should never be operated outside its operating eeatyre accurate result, without the need for user characterizatio
range, which is from —4C to +1258C. For the remote this resistance. The ADT7462 is designed to autioaiit

diode, the user should refer to the data shedisofiipde. cancel typically up to 2® of resistance. By using an
advanced temperature measurement method, the prigsces
Table 13. TEMPERATURE DATA FORMAT transparent tthe user. This feature also allows an RCR filter
Temperature Value MSB LSB to be added to the sensor path, allowing the paretused
—6a°C 0000 0000 0000 0000 accurately in noisy environments.
-50.25°C 0000 1110 0100 0000 Temperature Limits
-25°C 0010 0111 0000 0000 Each temperature measurement channel has a high and
0°C 0100 0000 0000 0000 low temperature limit associated with it. The tenapere
+25°C 0101 1001 0000 0000 measurements are compared with these limits, and the
150 25°C 0111 0010 0100 0000 resglts o.f th_ese compgris_on_s are storgd in stagisters. A
T100°C 1010 0100 0000 0000 Logic O indicates an in-limit comparison, and a Logic 1

indicates an out-of-limit comparison. The ADT7462 can
Whenreading the full temperature value, the LSB should 9enerate aALERT, if configured to do so, after a status bit

be read first and then the MSB. Reading the LSBsesathe 1S SEL. For more information on the status registend
current MSBs to be frozen until they are read. Reading theALERT, see the Status aMask Registers ALERBection.

MSBs onlydoes not cause any register to be locked. This is_ Each temperature channel also has a THERMA a
useful when a temperature reading witl Tesolution is THERMZ2 temperature limit associated with it. When these

required. temperature limits are exceeded, the corresponding
THERM pin is asserted low (if THERNS configured as an
Series Resistance Cancellation output), and the fans are boosted to full speetthéifooost

Parasitic resistance in series with the remote diode D+ andbit is set). Table 14 shows a complete list of &lé t
D- inputs can be caused by a variety of factors, including temperature limits and their default values.
PCB track resistance and track length. This sesistance
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Table 14. TEMPERATURE LIMIT REGISTERS

Register

Temperature Value Address Default
Local Low Temperature Limit 0x44 0x40
Remote 1 Low Temperature Limit 0x45 0x40
Remote 2 Low Temperature Limit 0x46 0x40
Remote 3 Low Temperature Limit 0x47 0x40
Local High Temperature Limit 0x48 0x95
Remote 1 High Temperature Limit 0x49 0x95
Remote 2 High Temperature Limit Ox4A 0x95
Remote 3 High Temperature Limit 0x4B 0x95
Local THERM1 Temperature Limit 0x4C 0xA4
Remote 1 THERM1 Temperature Limit 0x4D O0xA4
Remote 2 THERM1 Temperature Limit Ox4E O0xA4
Remote 3 THERM1 Temperature Limit Ox4F O0xA4
Local THERM2 Temperature Limit 0x50 O0xA4
Remote 1 THERM2 Temperature Limit 0x51 O0xA4
Remote 2 THERM2 Temperature Limit 0x52 O0xA4
Remote 3 THERM2 Temperature Limit 0x53 O0xA4

Offset Registers
The ADT7462 has temperature offset registers aiskeg
0x56 to Register 0x59 for the local, Remote 1, Rer2oaind

Remote 3 temperature channels. By doing a one-time

calibration of the system, the user can deternfireoffset
caused by system board noise and cancel it usingftbet
registers. The offset registers automatically addwvas
complement, 8-bit reading to every

reading so the 8-bit registeffectively allows temperature
offsets of up t&64°C with a resolution of 0. This ensures
that the readings in the temperature measurengistars are

as accurate as possible.

Temperature Offset Registers

Register 0x56 Local Temperature Offset = 0x00
(0°C Default)

Register 0x57 Remote 1 Temperature Offset = 0x00
(0°C Default)

Register 0xX58 Remote 2 Temperature Offset = 0x00
(0°C Default)

Register 0x59 Remote 3 Temperature Offset = 0x00
(0°C Default)

Layout Considerations

Digital boards can be electrically noisy environments.

temperature
measurement. The LSBs add“C9offset to the temperature

® Place the ADT7462 as close as possible to the mot
sensing diode. Provided that the worst noise ssurce
such as clock generators, data/address buses,Rirg] C
are avoided, this distance can be 4 inches to 8 snche

e Route the D+ and D- tracks close together, in fmral
with grounded guard tracks on each side. To mirémiz
inductance and reduce noise pickup, a 5 mil tracktwi
and spacing is recommended. If possible, provide a
ground plane under the tracks.

5 MIL
5 MIL
5 MIL

Figure 34. Typical Arrangement of Signal Tracks

e Minimize the number of copper/solder joints that ca
cause thermo-couple effects. Where copper/solder
joints are used, make sure that they are in betlbth
and D- path and at the same temperature.

® Thermocouple effects should not be a major problem
because IC corresponds to about 200 mV, and
thermocouple voltages are about 3 Vbf
temperature difference. Unless there are two
thermocouples with a large temperature differential
between them, thermocouple voltages should be much
less than 200 mV.

® Place a 0.1F bypass capacitor close to thedpin. In
extremely noisy environments, an input filter cafzac
can be placed across D+ and D- close to the ADT.7462
This capacitance can affect the temperature
measurement, so care must be taken to ensurenthat a
capacitance seen at D+ and D- is a maximum of
1000 pF. This maximum value includes the filter
capacitance, plus any cable or stray capacitance
between the pins and the sensor diode.

e If the distance to the remote sensor is more than
8 inches, the use of twisted pair cable is reconueen
This works from about 6 feet up to 12 feet.

e For really long distances (up to 100 feet), useldbik
twisted pair, such as Belden No. 8451 microphone
cable. Connect the twisted pair to D+ and D— amd th
shield to GND close to the ADT7462. Leave the remot
end of the shield unconnected to avoid ground loops

The ADT7462 measures very small voltages from the e Because the measurement technique uses switched

remote sensor, so care must be taken to minimize no
induced at the sensor inputs. The following precautions

should be taken:

current sources, excessive cable or filter capanita
can affect the measurement. When using long cables,
the filter capacitance can be reduced or removed.
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Noise Filtering (2.25 V). All analog inputs are multiplexed into the-chip,
For temperature sensors operating in noisy envirorspent successive approximation ADC. This ADC has a rdisoiu
the industry-standard practice is to place a camaacross  of ten bits. The basic input range is from 0 V 52V, but
the D+ and D- pins to help combat the effects d&@o  the inputs have built-in attenuators to allow measiemt of
However, large capacitances affect the accuracy of thelarger and smaller voltages. To allow a tolerance for these
temperature measurement, leading to a recommendedoltages, the ADC produces an output of 3/4 full scale
maximum capacitor value of 1000 pF. While this c#pac  (decimal768 or 0x300) for the nominal input voltage and so
does reduce noise, it does not eliminate it, makidficult has enough headroom to cope with overvoltages.
to use the sensor in a very noisy environment. A list of corresponding LSB and full-scale valueséach
The ADT7462 has a major advantage over other dgvice input voltage is shown in Table 16.
in eliminating the effects of noise on the extes®isor. The
series resistance cancellation feature allows a filter to be Table 15. VOLTAGE INPUTS

constructed between the external temperature sensor and the  pj, Voltage Measured
device.The effect of any filter resistance seen in sexitis 7 12Vl
the remote sensor is automatically canceled from th 5 22
+
temperature result.
The construction of a filter allows the ADT7462 and the 13 3.3V
remote temperature sensor to operate in noisy@magnts. 15 +2.5V/+1.8V
Figure 35 shows a low-pass RCR filter, with the following 19 +1.25V / +0.9V
values: 21 +5V
R =100Q 22 +12v3
- C=1nF , 23 Veepy ! +1.5V [ +1.8V ] +2.5V
This filtering reduces both common-mode noise and
. . . 24 Veepa/ +1.5V /[ +1.8V [ +2.5V
differential noise.
25 +1.2V1 (Gg1) / +3.3V
100 Q
D+ 26 +1.2V2 (FSB_VTT) / VBATT
REMOTE 1nE 28 +1.5V1 (ICH)
SENSOR 100 Q 29 +1.5V2 (3GIO)
D_

Figure 35. Filter Between Remote Sensor and Table 16. INPUT RANGE CODE CONVERSION

ADT7462 Nominal Input 1LSB Full
Voltage (3/4 Scale) Pin No. Value Scale
Voltage Measurement
. . . +12V 7,8,22 0.0625 16V
The ADT7462 is capable ofieasuring up t&3 different
voltage inputs at one time. Table 15 is a list of the voltage v 21 0026 | 667V
measurement inputs and the corresponding input Bach Veer1 Veep? 23,24 0.00625 16V
pin can be configured to measure thsida voltage option Vcepr, When VIDs 23 0.0125 32V
usingthe Pin Configuration 1 (0x10) to Pin Configurati®n are Enabled
(Ox13) registers or the easy configuration options. +3.3V 13, 25 0.0172 4.4V
Input Circuit VeaTT 26 0.0156 40V
The internal structure for the voltage inputs is shown in +2.5V 15, 23, 24 0.013 3.33V
F_igure 36. Each input circuit consis_ts of an inpmlt@ction +1.8V 15, 23, 24 0.0094 24V
diode, an qttenuator, plus a capgcnor t_o form.a ﬂrst—qrder, Y 23.24.28.29 | 00078 20V
low-pass filter that gives the input immunity toghi
frequency noise. +1.25V 19 0.0065 | 1.667V
Voltages with full-scale values greater than tHerence +1.2V 25, 26 0.00625 16V
are divided so that the full-scale value equalgdfierence +0.9V 19 0.00469 12V
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8 kQ Example Calculations
0.9V O—%—WV ? _T_ Given thel SB value for each channel, the corresponding
92 kQ % 35 pF code for each voltage (or vice versa) can be cailed|
- % T Code — Voltage
32 kO 1LSB
Geim * * Example:
FSB_VT, % 77kQ % L pF The code for 1.8 V in a 1.8 VV channel is:
Veert T : : .
Veerz - {7 Code = % = 192 (that is, 3/4 scale)
1.25V o . . Similarly, the voltage, given the code in a particular
% 72 kQ % _L 10 pF channel, is calculated as follows:
) T Voltage = Code x 1 LSB
§T7 where:
51ke 10 V is connected to the 12 V channel.
e 1 1 LSB = 0.0625.
15V 66 ki2 T 8 pF Code = 160 decimal.
” :T7 Voltage Measurement and Limit Registers
8 kQ The corresponding register locations for voltage
18V ? _T_ MUX measurements are listed in Table17. Each voltage
91k % T 35 pF measurement channel has a high and low voltage limit
o associated with it. The voltage measurements anpared
30 kS YT7 with these limits. The results of these comparissasstored
25V . . in status registers. A Logic 0 indicates an in-liouhdition,
% 7 m% _L 10 pF and a Logic 1 indicates an out-of-limit conditionher
T ADT7462 can generate an ALERT configured to do so,
¢ % when a status bit is set. For more informationtendtatus
68 kO registers and ALERTsee the Status and Mask Registers
33V 2 2 ALERT section. A complete list of all the high and low
71 kQ % 1 5 pF voltage limits in the ADT7462 and their default values is
T contained in Table 17.
76 kQ :T7
5V + -
% 39 kQ % % 5 pF
100 kQ :T7

R

Figure 36. Voltage Input Structures
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Table 17. VOLTAGE VALUE AND LIMIT REGISTERS

Low Limit High Limit

Voltage Value Pin No. Value Register Address Register Default Register Default
+12V1 7 0xA3 0x6D 0x00 0x7C OxFF

+12V2 8 O0xA5 OX6E 0x00 0x7D OxFF

+3.3V 13 0x96 0x70 0x00 0x68 OxFF

+1.8V or +2.5V 15 0x8B 0x45 0x40 0x49 0x95
+1.25V or +0.9V 19 Ox8F 0x47 0x40 0x4B 0x95

+5V 21 OxA7 0x71 0x00 OX7E OxFF

+12V3 22 O0xA9 Ox6F 0x00 Ox7F OxFF

Vcep1, +1.5V, +1.8V, +2.5V 23 0x90 0x72 0x20 0x69 OxFF
Vcepo, +1.5V, +1.8V, +2.5V 24 0x91 0x73 0x00 Ox6A OxFF
+1.2V1 (Ggyy) or +3.3V 25 0x92 0x74 0x00 0x6B OxFF
+1.2V2 (FSB_V17) Of VeaTT 26 0x93 0x75 0x80 0x6C OXFF
+1.5V1 (ICH) 28 0x94 Ox77 0x00 0x50 OxA4
+1.5V2 (3GIO) 29 0x95 0x76 0x00 0x4C OxA4

Battery Measurement Input (V gaTT) o )
The VigarT input allows the condition of a CMOS backup ~ Monitoring  cycle time depends on the ADT7462
battery to benonitored. This is typically a lithium coin cell, ~configuration. Calculating the monitoring cycle time is
such as a CR2032. ThesM input is accurate only for ~ described in more detail in the ADC Informationtast
voltages greater than 1.2 V. Note that when Pin 26 is
configured as a +1.2V input, voltages lower thah\lare

not accurately measured. Input voltage and CorreSpond'ngmeasurement circuitrig specifically designed with battery

voltage measured are shown in Figure 16. protection in mind. Internal circuitry prevents the battery

T)_/pically, the baitery in a system is req_uir_edeaem SOME = from beingback-biased by the ADT7462 supply or through
devices powered on when the system is in a powered-off

. : ) ..~ “any other path under normal operating conditionsthe
state. The Wart measurement input is designed to minimize unlikely event of a catastrophic ADT7462 failure, the
battery drgln. To reduce current drain from thedmtithe ADT7462 includes a second level of battery protection,
lower resistor of the Yarr attenuator is not connected, ;i ,4ing aseries 3 R resistor to limit current to the battery,
except when a ¥xrr measurement is being made. The total ;oo ommended by UL (see Figure 37). Thus, it is not
currgnt drain on the d/arr pin is 80 nA typical (for a necessary tadd a series resistor between the battery and the
maximum Vsarr voltage =4.0V), so a CR2032 CMOS VeaTT input; the battery can be connected directly to the
battery functions in a system in excess of the etgue

. X \% input to improve voltage measurement accuracy.
10 years. Note that when aM T measurement is not being BATT INP P 9 y

made, the current drain is reduced to 16 nA typical. Under VBarT
normal voltage measurement operating conditionk, al |_<_/\N\,_< DIGITAL
CONTROL
| 3kQ

Vpa7T Input Battery Protection
In addition to minimizing battery current drainetlgarT

measurements are made in a round-robin format, and each 49.5 kQ

reading is actually the result of 16 digitally averaged

measurements. However, averaging is not carriedrothe

VearT measurement to reduce measurement time and, 45 pF 827 kQ

therefore, reduce the current drain from the batter '
The VgarT current drain when a measurement is being ;';

made is calculated by:

ADC

3 kQ

[

_ VearT tpulse
100 k€2 tperiod
where: Figure 37. Equivalent V ga77 Input Protection Circuit

tpuLseis the \gaTT measurement time (~71% typical).
tperioDis the time required to measure all analog inputs.
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ADC Information Table 19. VOLTAGE ATTENUATOR CONFIGURATION
Round Robin REGISTERS

Both temperature and voltage measurements are analog Register Name Register Address
inputs that are digitized using the on-board ADC. An Voltage Attenuator 0x18
internal multiplexer switches between the differanélog Configuration Register 1
inputs and digitizes them, in turn, in a round-rofvianner. Voltage Attenuator ox19
The total conversion time depends upon how the AB274 Configuration Register 2

is configured. The conversion times for each meament

channel are shown in Table 18. The complete conversionSingle-channel ADC Conversions

time is the sum of the time for the voltage andpgerature Setting Bit 2 ofthe EDO Enable register (0x16) places the

measurements. ADT7462 into single-channel mode. In this mode, the
For example, if the ADT7462 is configured as Easy ADT7462 can be made to convert on a single voltage or

Configuration Option 1, the round-robin conversiione is temperaturehannel only. The channel to be converted on is

calculated as follows: selected byvriting to Bits [7:3] of the EDO (single-channel)
Total Conversion Time = Enable registei0k16). When the device is in single-channel
1 x (Local Conversion Time) + mode, the pin configuration option should not barged.
3x (Remote Conversion Time) + Note that when the Pin 26 voltage, which includes the
4% (Voltage Measurement Time) VearT option, is selected in single-channel mode, this

means thayoltage measurements are continuously made in
this modelf a battery is connected to this input, this resul
in an excessive current drain on the battery. The

The TACH is not measured using the ADC and so is not
part of the round-robin monitoring cycle.

Table 18. MEASUREMENT CHANNEL CONVERSION specification of >1§ears of battery life is valid only when
TIMES the battery voltage is measured as part of the roniyid and
— not in single-channel mode.
Channel Conversion Time (ms)
Local Temperature 9.01 Table 20. SINGLE-CHANNEL MODE OPTIONS
Remote Temperature 38.36 Bits [7:3] ADC Channel Selected
Voltage 8.53 0000 0 +1.2V2 Voltage, Pin 26
For each ADC temperature and voltage measurement reag 00001 Remote 1 Temperature
from their value registers, 16 readings have actually bee 00010 Remote 2 Temperature
madeinternally and the results averaged before beiaggol 00011 Remote 3 Temperature
in the value register. 00100 Local Temperature
Bypass Voltage Attenuators 00101 +12V1 Voltage, Pin 7
u R
yThere are up to 13 voltage measurement channehseon 00110 +12v2 Voliage, an 8
ADT7462. Each of these voltage measurement channels has oo11 1 +12V3 Voltage, Pin 22
an input structure (see Figure 36 for input strustfwe each 01000 +3.3V Voltage, Pin 13
of the voltage channels). Because the ADC has a voltags 01001 +2.5V/+1.8V Voltage, Pin 15
inputrange from 0 V to 2.2¥, these input circuits attenuate 01010 +1.25V/+0.9V Voltage, Pin 19
the voltage input using a resistor divider netwarknatch 01011 +5V Voltage, Pin 21
the in_put range of the ADC. However, the user _may 0110 0 +1.5V/+1.8V/+2.5V Voltage, Pin 23
occasionally want to remove the attenuators and directly 0110 1 T15V/+L.8V/+2.5V Voltage, Pin 24
apply a voltage of between 0V and 2.25V to the ADC. _
These attenuators can be disabled by setting relbita in 01110 +1.2V1/+3.3V Voltage, Pin 25
the voltage attenuator configuration registers Taiée 19). 1000 0 +1.5V1 Voltage, Pin 28
This feature also allows the user to rescale thag®inputs 10001 +1.5V2 Voltage, Pin 29

using an external attenuator circuit. However, when the
attenuators are disabled, the user should ensure that the
voltage on the pin never exceeds 2.25 V.
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Dynamic VID Functionality

VID Code

The ADT7462 can be configured to monitor up to seven
VID inputs. The VID code is output on seven linesi the
CPU to tell the power controller what input voltage it
requires. The ADT7462 can monitor the VID code #dred
voltageapplied to the CPU to ensure that they match within
an acceptable range. This acceptable range isgonogable
in the ADT7462.

The VID lines are monitored by the ADT7462, and the
VID code is stored in the VID Value register (Ox9@hich
can be read back over the SMBus.

VID monitoring is enabled by setting Bit 7 (VIDs) Bin
Configuration Register 1 (0x10) to 1. See Table 21 and
Table 22 for informatiomn which pin should be connected
to each VID line. When VID monitoring is enablelli saven
pins are automatically configured as VID inputs. It is not
possible to select six pins as VID inputs and use the
remaining pin as an alternate function.

VID Value Register (0x97)

Bit 0 = VIDO (reflects the logic state of Pin 1)
Bit 1 = VID1 (reflects the logic state of Pin 2)
Bit 2 = VID2 (reflects the logic state of Pin 3)
Bit 3 = VID3 (reflects the logic state of Pin 4)
Bit 4 = VID4 (reflects the logic state of Pin 31)
Bit 5 = VID5 (reflects the logic state of Pin 32)
Bit 6 = VID6 (reflectsthe logic state of Pin 28)

The ADT7462 supports both the VR10 and the VR11
specifications. The default option supports the VR10
specification. Teswitch to the/R11 specificationset Bit 6
of Configuration Register (Dx00) to 1. VR11 is defined as
eight bits; the ADT7462 monitors only seven VIDelin(see
Table 21).

Table 21. VR11 VID CODES

VID Number Pin No. Voltage
VID6 28 400 mV
VID5 32 200 mV
VID4 31 100 mV
VID3 4 50 mV
VID2 3 25 mV
VID1 2 12.5 mV
VIDO 1 6.25 mV

VR10 requires only six VID lines (see Table 22n P8
should beconnected to ground when monitoring VR10 VID
codes. VID6 reports a 0.

Table 22. VR10 VID CODES

VID Number Pin No. Voltage

VID6 28 Unused,
Connect to GND

VID5 32 12.5 mVv
VID4 31 400 mV
VID3 4 200 mV
VID2 3 100 mV
VID1 2 60 mV
VIDO 1 25 mVv

Dynamic VID Monitoring

The ADT7462 supports dynamic VID monitoring. The
purpose othe VID code is to tell the voltage controller what
Vccp voltage should be applied to the CPU. ThecW
voltage applied to the processor changes as the power
requirements ahe processor change. The VID is compared
with Vccpionly. Note that when the VIDs are enabled, the
LSB value for \cpi1becomes 0.0125 V (see Table 16).

The VID values can represent voltages from 0.8376 V
1.6 V. The VID code is sampled by the ADT7462 every
11 us and is stored in Register 0x97. Once the VID dade
been stable (that is, does not change) farH%he measured
Vccpis then compared with the VID code. The comparison
table used is for either the VR10 or the VR11 djstion
(set by Bit 6 of Register 0x00). If the VID code atine
measured ¥cp do not match within a certain limit, an
ALERT is generated.

The VID value decoded and the:dp measurement must
be within a window controlled by the VID high anoid
limits. The VID iscompared with ¥cp10nly. Register 0x78
holds the 4-bit VID high and low limits. The higimit has
a range of 0 mV to 37&V with a resolution of 25 mV (four
bits). The low limit has a range of 0 mV td.87.5 mV with
a resolution of 12.5 mV (four bits). Tiégh limit is used in
a greater-than comparison, and the low limit isduigea
less-than-or-equal-to comparison. Note that if Hottts
are set to Ox00, because the low limit is less tdraequal to
the comparison, an ALER&lways results. Therefore, the
minimum value for low limit is Ox01.

If the Vccp voltage measured and the VID code do not
match to within the programmed limit, Status Bit 6 of the
digital status register is set (Register OxBE).sTm turn,
can generate an ALERTIt is not masked.
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Example ALERT Output
VID high limit: 100 mV (Register 0x78), four MSBsts® The ADT7462 has an SMBus ALERdutput that is
0100. asserteavhen one of the status bits is set. This is td &ier

VID low limit: 50 mV (Register 0x78), four LSBs =et0100. master that an out-of-limit measurement has takaceqor
that there is a fault on one of the fan channels.

VID value equates to 1.1 V. This is the read VID decoded, an ALERT is generated as a result of a status bit being set
using either VR10 or VR11 tables. in any of the registers.

Vccp1must be in the window of 1.05V to 1.2 V. If the HIGH LIMIT

Vccp1value is outside this window, the status bit isesel i
an ALERT s generated. o N TEMPERATURE Co
To clear an ALERTyenerated in this way, read the digital o

status register. the VID code and ¥cpare now matching £ EARED ON READ

within the programmed window (that is, the erronaition STICKY TEMP BELOW LIMIT)
that caused the ALERMas gone away), then the status bit STATUS B
is reset and so is the ALERT SMBALERT 1 (TSETkiiuBS/\(B:Fr |21ng

The VID to VccpVoltage tables for both VR10 and VR11 ] sED |7

can be found on the Intel website. See the VolRegulator
Module (VRM) and Enterprise Voltage Regulator-Down
(EVRD) 10.0 Design Guidelines, Page 18 and Pageot9, f  Figure 38 shows how the ALER3utput and “sticky”
additional information. status bits behave. When a limit is exceeded, the
Status and Mask Registers and ACERT cor_responding status bit is set to 1. The status bit rem_ains se
until theerror condition goes away and the status register i
Status Registers read. The status bits are referred to as stickpumxthey
Each measured temperature and voltage has anassloci remain set until read by software. This ensures #ma
highand low limit. The measured values are comparedl wit out-of-limit event cannot be missed, if software is polling
these programmable limits. The results of these the device periodically. Note that the ALERTitput remains
comparisons are stored in the status registerodgiclO in low for the entire duration that a reading is diirait and
the status register represents an in-limit comparighile until the status register has been read.
a Logic 1 represents an out-of-limit comparison.
Once a status bit is set, it remains set until the statusMask Registers
register is read by the SMBus master. Once readsttitus The user has the option of masking any of the iddad
bit is cleared if the error condition has gone awWhg status ~ Status bits that generate an ALERThis is achieved by
registers are duplicated to accommodate situations wheréettingthe appropriate bin the mask registers. The ALERT
there are two SMBuUs masters. If one master readsdbt output is not asserted on the setting of a statusibhas
status registers and consequently clears them, the secon@ee€n masked. The status bit itself is not affected and
master has no way of knowing what bits were setvetmat continues to be set when an out-of-limit conditixists.
bits were cleared. The second SMBus master carfr@ad Table 24 is a list of the mask registers and cooesing
the duplicate BMC status registers to determine vsiatus ~ addresses.
bits were set.
Table 23 is a lisof the status registers and corresponding

Figure 38. ALERT and Status Bit Behavior

Table 24. MASK REGISTERS

addresses. Register Name Register Address
Thermal Mask Register 1 0x30
Table 23. STATUS REGISTERS Thermal Mask Register 2 0x31
Register Name Ad%?ztss Acli?:j’\r/leis Voltage Mask Register 1 0x32
Voltage Mask Register 2 0x33
Thermal Status Register 1 0xB8 0xCO Fan Mask Register ox34
Thermal Status Register 2 0xB9 0xC1 Digital Mask Register 0x35
Thermal Status Register 3 0xBA - GPIO Mask Register 0x36
Voltage Status Register 1 0xBB 0xC3
Voltage Status Register 2 0xBC 0xC4 Fan Control
Fan Status Register 1 0xBD 0xC5 Fan Drive Using PWM Control
Digital Status Register 1 OxBE 0xCé The ADT7462 uses pulse-width modulation (PWM) to
GPIO Status Register OXxBF - control fan speed. Control relies on varying theydiycle
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(or on/off ratio) of a square wave applied to the fo vary current required by the fan being driven. A typiE&l fan

the fan speed. The advantage of using PWM corstriblat can draw a nominal current ranging from a few haddr

it uses a very simple external circuit. The specific circuit milliamps to over an amp of current. Depending on the
used depends upon the type of fan. current rating of the fan, a SOT device can be wgssete

There are three main fan types in use: 2-wire fauvgire board space is a concern. If sevéaak in parallel are driven
fans, and 4-wire fans. The 2-wire fan has only power andfrom asingle PWM output or if larger server fans are eniv
ground connections. The 3-wire fan has power and groundthe MOSFET must handle the higher current requirgsne
connectiongnd a TACH output tndicate the speed of the  The only other stipulation is that the MOSFET shchage
fan. The 4-wire fan has power and ground connections, aa gate voltage drive,35< 3.3V, for direct interfacing to the
TACH output, and a PWM input. The PWM input is PWM pins. \;s can be greater than 3.3 V as long as the
connected directly to the PWM drive of the ADT7462 and pullup onthe gate is tied to 5.0 V. The MOSFET should also
is used to control the speed of the fans. have a low on resistance to ensure that there is not a

For 2-wire and 3-wire fans, the low frequency PWM@riv  significant voltage drop across the FET, which would reduce
signal should be selected. For 4-wire fans, the high the voltage applied across the fan and reduceuthspieed
frequency PWM drive signal should be selected. of the fan.

Figure 40 uses a 10X pullup resistor for the TACH
signal. This assumes that the TACH signal is an
open-collector from the fan. In all cases, the TASIghal
from the fan must be kept beld0 V maximum to prevent
damaging the ADT7462. If in doubt as to whether the fan
usedhas an open-collector or totem-pole TACH outpug, us
+V one of the input signal conditioning circuits showithie Fan
Speed Measurement section.

Driving a 3-wire fan with a PWM signal makes tha fa
speedneasurement more difficult because the TACH signal
is chopped by the PWM drive signal. Pulse stretghin
10KkQ required in this case to make accurate fan speed
TYPICAL measurements. For more information, see the Fan Speed

Q1 g
PWM Q NDT3055L Measurement section.

Using the ADT7462 with 2-wire Fans

Figure 39 shows the most typical circuit used with a
2-wire fan and illustrates how a 2-wire fan carcbenected
to the ADT7462. The low frequency PWM mode must be
selected when using a 2-wire fan.

ADT7462
33V

1N4148

0.01 uF

Using the ADT7462 with 4-wire Fans

TACH O ||
. RSENSE Figure 41 shows the most typical circuit used withire
'2I'YQPICAL fans.

12v 12V
o

Figure 39. Driving a 2-wire Fan 12V, 4-WIRE FAN

Using the ADT7462 with 3-wire Fans TACH
Figure 40 shows the most typical circuit used with a
3-wire fan.

TACH
4.7 kQ

ADT7462 33Vor50V

1N4148

TACH/AIN C
ADT7462 Figure 41. Driving a 4-wire Fan
0k Because the electronics in a 4-wire fan are powered
' o1 continuously, unlike previous PWM driven/powered fans,
PWM O o |I<|: ﬁDTSOSSL 4-wire fans tend to perform better than 3-wire fans
especially for high frequency applications. 4-wire frames

= also eliminatehe requirement for pulse stretching, because

Figure 40. Driving a 3-wire Fan the TACH signal is always available.

The external circuitry required is very simple. A Driving Two Fans from Each PWM _ _
MOSFET, such as the NDT3055L, is used as the ssed Note that the ADT7462 has up to eight TACH inputs
The specifications of the MOSFET depend on the maxim  available for fan speed measurement, but only four PWM
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drive outputs. If all eight fans are being usethm system, If the fan TACH output has a resistive pullup te¢Yit can
two fans should be driven in parallel from each PWM be connected directly to the fan input, as showfigare 43.
output. Figure 42 shows how to drive two fans in parallel

V
using the NDT3055L MOSFET. This information is Y $°
relevant for low frequency mode only (2-wire and 3-wire ——0O ——— l
fans), because the PWM and TACHs need to be | PULLUP L O

synchronized to obtain accurate fan speed measurements 4'7T$g; | TACH ADT7462
using pulse stretching (see the Fan Speed Measureiitient w | | output L | FAN SPEED
Pulse Stetching section). In high frequency mode and when | | TACH COUNTER
using 4-wire fans, the TACH signal is always véletause P
the fan is always powered on.

Note that because the MOSFET can handle up to 3.5 A, it =
is simply a matter of connecting another fan diyeat
parallel with the first. Care should be taken in designing
drive circuits with transistors and FETs to ensure that the If the fan output has a resistive pullup to 12 V ¢tiner
PWM pins are not required to source current and that theyvoltage greater than 5.0 V), the fan output can be clamped
sink less than the 8 mA maximum current specified on the with aZener diode, as shown in Figure 44. The Zener diode
MOSFET data sheet. voltage should be chosen so that it is greater\arof the
TACH input but less than 5.0V, allowing for the voltage

Figure 43. Fan with TACH PulluptoV ¢

33V .
tolerance othe Zener diode. A value of between 3.0 V and
10 kQ 5.0 V is suitable.
TYP
TACH7 l ® 12V Vee
+V +V
33V A o i
ADT7462 1 3 A ——
q
#?(::(»Q 5V § 5V | PULLUP 5 | ~
CH3 C or - or | 47kQ < | TACH ADT7462
TACH TACH 12v TACH 12v | | ouTPUT TACH
33V FAN FAN | \ | FAN SPEED
) | COUNTER
10 kQ
TYP L
' o1 —
PWM3 Je— p—
— NDT3055L
= *CHOOSE ZD1 VOLTAGE APPROXIMATELY 0.8 x Ve

Figure 44. Fan with TACH Pullup to Voltage > 5.0 V,

Fi 42. Interfacing Two F in Parallel PW M . .
'gure nterfacing Two Fans in Parallel fo a (Example 12 V) Clamped with Zener Diode

Output Using a Single N-channel MOSFET

If the fan has a strong pullup (less thart) ito 12 V or

Fan Speed Measurement and Control a totem-pole output, a series resistor can be addilit the
Zener current, as shown in Figure 45. Alternativedy,

TACH Inputs resistive attenuator can be used, as shown in E#gfirR1

Pin 1, Pip 2, Pir) 3, Pin 4, Pin 7, Pin 8, Pin 21, and Pin 22 and R2 should be chosen such that:
are TACH inputs intended for fan speed measurement.

Signal conditioning in the ADT7462 accommodates the 2V < Veuwe X R2/(Rpypp + R+ R2) <5V
slow rise and fall times typical of fan tachometer outputs. ~The fan inputs have an input resistance of nominally
The maximum input signal range is 0 V to 5.0 V, evéiemv 160 K2 to ground, so this should be taken into accourtrwh
Vcc is less than 5.0 V. In the event that these inputs arecalculating resistor values.
supplied from fan outputs that exceed 0V to 5.0 V, either  With a pullup voltage of 12 V and a pullup resistbtess
resistive attenuation of the fan signal or diode clamping than 1 K2, suitable values for R1 and R2 would be 10D k
must beincluded to keep inputs within an acceptable range. and 47 K. This gives a high input voltage of 3.83 V.

Figure 43 td=igure 46 show circuits for most common fan
TACH circuits.
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50Vori2V Vce several seconds to accumulate a reasonably large and
accurate count. Instead, the period of the fan revolution is
measured by gating an on-chip 90 kHz oscillator into the
I ADT‘;%Z input of a 16-bit counter for N periods of the faACH
| output(see Figure 47), so the accumulated count is agtuall
I FAN SPEED proportional to the fan tachometer period and inversely
| PULLUP | TACH COUNTER proportional to the fan speed.
| TYP<1kQ | OUTPUT ZENER
L _oRTorempoLe | = ATt
T CLOCK + + . & \ \
~  *CHOOSE ZD1 VOLTAGE APPROXIMATELY 0.8 x Vce J‘ . ‘ . ‘ ‘ ‘
Figure 45. Fan with Strong TACH. Pullupto >V ¢ PWM . : 1 : 1 1 1
or Totem -Pole Output, Clamped with U‘U‘U‘U‘Lﬂmwm
Zener Diode and Resistor ‘ ‘
TACH ' 1 L : :
12v Ve -2= | |
- 3 —' | |
D S I DERSREN | |
’_ S —I O Figure 47. Fan Speed Measurement
| e ;TJCT';UT TACH ADTTA62 To enable continuous measurement for 3-wire faatshe
I % y| FAN SPEED corresponding dc bit for the TACH input in the TACH
| | COUNTER configuration register. This bit is set automaticalhen the
| | HF PWM is in use with 4-wire fans.
L _ £_____I , )
hd = \SEE TEXT Fan Speed Measurement Wlth. Pulse Stretching _
- The method for measuring fan speed for 3-wire fans
Figure 46. Fan with Strong TACH. Pullupto >V cc requiringpulse stretching is similar to the method described
or Totem-Pole Output, Attenuated with R1/R2 in the Fan Speed Measurement without Pulse Stretching
section for continuous measurements. The mainrdiffee
Fan Speed Measurement is that the PWM drive must be synchronized to tA€H
The method of fan speed measurement when usinge3-wir input so that the ADT7462 knows that pulse stretghs
fans differs from that used with 4-wire fans. Wi8wire taking place while the TACH is being measured.

fans are in use, power is continuously appliedrantbved PWM1 is synchronized with TACH1 and TACH2.

from the fan, thereby chopping the TACH information. As PWM2 is synchronized with TACH3 and TACH4.

a result, every time a fan speed measuremenbis toade, ) ) )
the fan must be switched on for a long enough peritiche PWM3 is synchronized with TACHS5 and TACHS.

that a measurement can be made. This is callec puls PWM4 is synchronized with TACH7 and TACHS.
stretching. Vith 4-wire fans, power is always applied to the
fan, so fan speed measurements can be made cargipuo
and there is no need for pulse stretching. Puls&ching is
also nomnecessary whedriving a 3-wire fan with a dc input.
The Fan Speed Measurement with Pulse Stretchingisect
which describes how fan speed is measured both whea pu
stretching is required and when it is not.

Driving and Measuring the Speed of Two Fans from
One PWM Output
When pulse stretching is enabled, the ADT7462 measures
fan speed once a second. The counter then counts up from
| the first to the third TACH pulse; this value ismd in the
TACH value register. ThEWM drive returns to its previous
programmed value. Each TACH input is synchronized t
Fan Speed Measurement Without Pulse Stretching particular PWM outpufThe PWM and TACH pins must be
Fan speed is measured by the ADT7462, and the iesul connected as shown in Figure 48 to ensure that pulse
stored irthe fan TACH value registers. The fan counter does stretching isynchronized between the PWM output and the
not count the fan TACH output pulses directly because theTACH inputs, and an accurate fan speed measurement is
fan speed can be less than 1000 rpm, and it would takenade on each fan.
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o PWML o PWM2_

I | | I

FAN 1 FAN 2 FAN 3 FAN 4

TAéH 1 TAéH 2 TAéH 3 TACJ)H 4

TA%H 5 TA%H 6 TA%H 7 TAC?H 8

FAN 5 FAN 6 FAN 7 FAN 8
! | | !

PWM3 T PwM4

Figure 48. Synchronizing Fan PWM Output and
TACH Inputs

Driving and Measuring the Speed of One Fan from
One PWM Output

If four single fans are being controlled and meaduyy
the ADT7462, the following configuration should lised.
This applies only to 3-wire fans controlled usirmwl
frequency PWM with pulse stretching enabled.

Fan 1 is driven by PWM1 and measured using TACHL1.
Fan 2 is driven by PWM2 and measured using TACH3.
Fan 3 is driven by PWM3 and measured using TACH5.
Fan 4 is driven by PWM4 and measured using TACH7.

PWM1 PWM2
FAN 1 FAN 2
TAéH 1 TAéH 3
TA((.‘?H 5 TAC(%H 7
FAN 3 FAN 4

PWM3 PWM4

Figure 49. Driving and Measuring the Speed on a
Single Fan

The PWM output is pulse stretched until a valid TAGH
read on both TACH inputs synchronized to the paldic
PWM output. If one fan is connected to one PWM output,
the PWM output is pulse stretched until the coutizs
timed out on the disconnected TACH input. In tlase; the
pulse isstretching longer than necessary in an effort hgese
a disconnected fan. The speed of the connectetdarbe

sensed on TACH1 only, connect TACH1 and TACH2
together.

Turn off pulse stretching on the unused TACH input;
that is, if PWML1 is driving a single fan being setd®n
TACHL only, turn off pulse stretching on TACHZ2 in
Register 0x08. In this register:

Bit O controls pulse stretching on TACH1 and TACH5.
Bit 1 controls pulse stretching on TACH2 and TACHG6.
Bit 2 controls pulse stretching on TACH3 and TACH?7.
Bit 3 controls pulse stretching on TACH4 and TACHS.

Note that the TACH assignments in this register differ
from the TACHs synchronized to each PWM output.
Therefore, if the intention is to drive and sense four fans,
connecting the TACHSs together as described in Option 1
allows pulse stretching on all channels.

To enable fan speed measurements four times a second,
set the FASDit (Bit 0) of Configuration Register 2 (0x02).
When the FAST bit is set, fan TACH readings are updated
every 250 ms.

Fan Speed Measurement Registers

Fan speed measurement involves a 2-register rgad fo
each measurement. The low byte should be read first. This
causes the high byte to be frozen until both high amdide
registers have been read, preventing erroneous TACH
readings. The fan tachometer reading registers report back
the number of 11.1{1s period clocks (90 kHz oscillator)
gated to the fan speed counter, from the rising edge of the
first fan TACH pulse to the rising edge of thedHan TACH
pulse(because two pulses pewvolution are being counted).
Because the device is essentially measuring the fan TACH
period, the higher the count value, the slowerftireis
actually running. A 16-bit fan tachometer reading of
OxFFFF indicates either that the faas stalled or is running
very slowly (< 100 rpm).

The actual fan TACH period is being measured; tioeeef
an ALERT is generated if the reading falls below a fan
TACH limit. This ALERT sets the appropriate status bit and
can be used to generate an SMBALERAe TACH limit is
an 8-bit value that is compared with the TACH higte of
the TACH reading.

Table 25. TACHOMETER VALUE & LIMIT REGISTERS

increased and an audible change in fan speed may b

observedThere are two options to prevent the PWM output

from being stretched longer than necessary incéue.

® Connect the two synchronized TACH inputs together;
for example, if PWML1 is driving a single fan being

Low Byte High Byte 8-bit Limit

TACH Value Register Value Register Register
TACH1 0x98 0x99 0x78
TACH2 0x9A 0x9B 0x79
TACH3 0x9C 0x9D Ox7A
TACH4 Ox9E Ox9F 0x7B
" TACH5 0xA2 OxA3 0x7C
TACHG6 0xA4 OxA5 0x7D
TACH7 0xA6 OxA7 OX7E
TACHS8 O0xA8 O0xA9 Ox7F

WWW. onsemi.com

31


 http://www.onsemi.com/

ADT7462

Calculating Fan Speed
Assuming a fan with two pulses per revolution (and two

Table 26. FAN STARTUP TIMEOUT

pulses per revolution being measured), fan speed ig

calculated by:

Fan Speed(RPM) = (freq x 60)/Fan Tachometer Reading

(eq. 1)

where:

Fan Tachometer Reading is the 16-bit fan tachometer

reading. freq is the oscillator frequency, 90 kHz.

Example:

Bit Code Startup Timeout
000 No Startup Timeout
001 100 ms
010 250 ms
011 400 ms
100 667 ms
101 1 sec
110 2 sec
111 32 sec

TACH1 high byte (Register 0x99) = 0x17

TACH1 low byte (Register 0x98) = OXFF

What is the speed of Fan 1 in rpm?
Fan 1 Tachometer Reading = 0 X 17FF = 6143 Decimal

(eq.2)
RPM = (freq x 60)/Fan 1 Tachometer Reading  (eq. 3)
RPM = (90000 x 60)/6143 (eq. 4)
Fan Speed = 879 RPM (eq. 5)

If the fan is a 6-pole fan, the count value is espntative
of 2/3 of a revolution. Therefore, the result of Equation 5
should be divided by 1.5. Similarly, if the fan used is an
8-pole fan, then the result should be divided by 2.

Fan Spin-Up

The ADT7462 has a unique fan spin-up function. insp
the fan at 100% PWM duty cycle until two TACH pulses
detected on the TACH input. Once two TACH pulsegha
been detected, the PWM duty cycle goes to the expecte
running value, for example, 33%. The advantagehisf t
process ishat fans have different spin-up characteristics an
require different times to overcome inertia. TheTA462
runs the fans just fast enough to overcome inarithe
fansare quieter on spin-up than fans programmed toLgpin
for a given spin-up time.

Fan Startup Timeout

To prevent false interrupts being generated as apgms
up (because it is below running speed), the ADT7462
includes dan startup timeout function. During this time, the
ADT7462looks for two TACH pulses. If two TACH pulses
are not detected, an interrupt is generated. Using
Configuration Register 1 (0x01), Bit 4, this functionality
can be changed to spinning the fans for a progrdotertine
instead of two TACH pulses.

The startup timeout for each PWM drive is programime
by Bits [2:0] in the PWMx configuration registers.

PWM1 Configuration Register = Register 0x21
PWM2 Configuration Register = Register 0x22
PWMS3 Configuration Register = Register 0x23
PWM4 Configuration Register = Register 0x24

WWWw. onsem

PWM Logic State

The PWM outputs can be programmed high for 100%
duty cycle (non-inverted) or low for 100% duty ogcl
(inverted). This is programmed for each PWM drivéhe
PWMx Configuration Registers using the INV bit (B}t

0 = Active high PWM outputs.
1 = Active low PWM outputs.

Low Frequency Mode PWM Drive Frequency

The PWM drive frequency can be adjusted for the
application. The ADT7462 supports both high frequency
and low frequency PWM. High or low frequency PWM
mode is selected in Register 0x02, Bit 2. In higlyfiency
mode, the PWM drive frequency is always 22.5 kHz and
cannot be changed. Register 0x25 and Register 0x26
configure the PWM frequency in low frequency mode for
PWM1 to PWM4.

PWM Drive Frequency 1 is set using Bits [4:2] of the

ADWMl and PWM2 frequency register (0x25).

PWM Drive Frequency 2 is set using Bits [7:5] of the
PWM1 and PWM2 frequency register (0x25).

PWM Drive Frequency 3 is set using Bits [4:2] of the
PWMS3 and PWM4 frequency register (0x26).

PWM Drive Frequency 4 is set using Bits [7:5] of the
PWM3 and PWM4 frequency register (0x26).

Table 27. LOW FREQUENCY PWM OPTIONS

Bit Code Frequency
000 11 Hz
001 14.7 Hz
010 22.1Hz
011 29.4 Hz
100 35.3 Hz
101 44.1 Hz
110 58.8 Hz
111 88.2 Hz

i.com
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Fan Speed Control

The ADT7462 controls fan speed using two different
modes: automatic and manual.

In automatic fan speed control mode, fan speed is
automatically varied with temperature and without CPU
intervention, after initial parameters are set up. The
advantage ahis mode is that if the system hangs, the system
is protected from overheating. The automatic faeesp
control incorporates a feature called dynamigynl
calibration. This feature reduces the design effort required
to program the automatic fan speed control loop.nkare
information on how to program the automatic fan speed
control loop and dynamic pjny oOperation, see the
Programming the Automatic Fan Speed Control Loop
section.

In manual fan speed control mode, the ADT7462 allows
the duty cycle of any PWM output to be manually atd.
This is useful if the user wants to change fan dpedhe
software oradjust PWM duty cycle output for test purposes.
Bits [7:5] of Register 0x21 to Register 0x24 (PWM
configuration registers) control the behavior afle®WM
output. Under manual control, each PWM output can be
manually updated by writing to Register OXAA to
Register OXAD (PWM duty cycle registers).

Programming the PWM Current Duty Cycle Registers
The PWM current duty cycle registers are 8-bit segis
that allow the PWM duty cycle for each output todmt
anywhere from 0% to 100% in steps of 0.39%.
The value to be programmed into the PYyM register is
given by:
Value (decimal) = PWMn/0.39
Example 1: For a PWM duty cycle of 50%,
Value (decimal) = 50/0.39 = 128 decimal
Value = 128 decimal or 0x80

Example 2: For a PWM duty cycle of 33%,
Value (decimal) = 33/0.39 = 85 decimal
Value = 84 decimal or 0x54

PWM Duty Cycle Registers

Register OXAA PWM1 Duty Cycle = 0x00 (0% default)
Register 0OXxAB PWM2 Duty Cycle = 0x00 (0% default)
Register OXAC PWM3 Duty Cycle = 0x00 (0% default)
Register 0OXAD PWM4 Duty Cycle = 0x00 (0% default)

By reading the PWMx current duty cycle registehg t
user can keep track of the current duty cycle ah &VM
output, even when the fans are running in automatic fan
speed control mode or acoustic enhancement mode.

VARY PWM DUTY
CYCLE WITH 8-BIT
RESOLUTION

Fanl
33%

Figure 50. Control PWM Duty Cycle Manually with a
Resolution of 0.39%

Programming the Automatic Fan Speed Control Loop

Note that to better understand the automatic fan speed
control loop, use of the ADT7462 evaluation boandl a
software is strongly recommended while reading this
section.

This section provides the system designer with an
understanding of the automatic fan control loop and
provides step-by-step guidance on effectively evaluating
and selecting critical system parameters. To opémiz
system characteristics, the designer needs to carefully plan
system configuration, including the number of fans, where
theyare located, and what temperatures are being neghsur
in the particular system.

The mechanical or thermal engineer who is tasked with
the system thermal characterization should alsovehied
at the beginning of the process.

Automatic Fan Control Overview

The ADT7462 can automatically control the speefaio$
based upon the measured temperature. This is done
independently from CPU intervention once initialgraeters
are set up.

The ADT7462 has a local temperature sensor and up to
three remotéemperature channels that can be connected to
a CPU on-chip thermal diode (available on InteltRem
class and other CPUs/GPUSs). These four temperature
channels can be used as the basis for automatic fan speed
control todrive fans using pulse-width modulation (PWM).

Automatic fan speed control reduces acoustic noise by
optimizing fan speed according to accurately measured
temperature. Reducing fan speed can also decrease system
current consumption. The automatic fan speed damivde
is very flexible, owing to the number of programreab
parameters, includingpin and Trange: The Twin and

WWW. onsemi.com

33


 http://www.onsemi.com/

ADT7462

TrangEe Values for a temperature channel and, therefore, f individually configure the thermal characteristics of those
a given fan, are critical because they define treznal temperature channels. For example, the CPU fabeaun
characteristics of the system. The thermal valiatif the when CPU temperature increases abov€aihd a chassis
system is one of the most important steps in the designfan can be run when the local temperature increases above
process, so these values should be selected dgreful 45°C. At this stage, the designer has not assigneskethe
Figure 51 gives a top-level overview of the automttn thermal calibration settings to a particular faivel(PWM)
control circuitry on the ADT7462. From a systemeele channelThe right side of Figure 51 shows controls that are
perspective, up to four system temperatures can befan-specific. The designer has control over indieid
monitored and used to control four PWM outputs. fthe parameters such as minimum PWM duty cycle, fan speed
PWM outputs can be used to control up to eight fans. Thefailure thresholds, and even ramp control of the PWM
ADT7462 allows the speed of eight fans to be monitored. outputs. Automatic fan control, then, ultimately allows
The Remote 1 and Remote 2 temperature channels have graceful fan speed changes that are less peraepitthe

thermal calibration block, allowing the designer to system user.

[ THERMAL CALIBRATION | PWM PWM
) - 100% MIN CONFIG
RAMP v
( CONTROL PWM
() PWML
(acousTic [ GENERATOR )
ENHANCEMENT)
T T 0%
REMOTEL MIN RANGE TACHOMETER 1 | O TAcHL
TEMP MEASUREMENT PWM
| THERMAL CALIBRATION CONFIG
5 100% ¥
RAMP
CONTROL PWM
L) PWM2
A (AcousTIC  [™| GENERATOR )
ENHANCEMENT)
0% TACHOMETER 2 | A TACH?
LOCAL C TMIN TrANGE MEASUREMENT | PWM Q
Temp O
| THERMAL CALIBRATION | conFe
X 100% RAMP v
CONTROL PWM
- PWM3
(ACOUSTIC [ ™| GENERATOR 0
A ENHANCEMENT)
TACHOMETER 3 | /
- TACH3
0% AND 4 Q
REMOTEZ 1 TMIN TRANGE MEASUREMENT
TEMP

Figure 51. Automatic Fan Control Block Diagram

Step 1 — Configuring the MUX PWM1, PWM2, PWM3, and PWM4 outputs. The values
First, the user needs to decide how many temperatur selected for these bits determine how the MUX connects a

channels are being measured and how many fans need to kemperature measurement channel to a PWM output (see

controlled and monitored. Whehese decisions have been Figure 52).

made, the fans can be assigned to particular temperature

channels. Not only can fans be assigned to individual Automatic Fan Control MUX Options

channels, but the behavior of the fans is also configurable. Bits [7:5] (BHVR), of Register 0x21, Register 0x22,

For example, fans can be run under automatic fan control;Register 0x23, and Register 0x24, control the behavithe

they can be run manually (under software controthey corresponding PWM outputs (see Table 61 apd Tab_le 62

can be run at the fastest speed calculated by pleulti The fastest speed calculated options pertain toaiting

temperature channels. The MUX is the bridge between©n€ PWM output based on multiple temperature cHanne

temperature measurement channels and the three pwM he thermal characteristics of the three temperature zones

outputs. can be set to drive a singén. An example is the fan turning
Bits [7:5] (BHVR) of Register 0x21, Register 0x22, ©N when the Remote 1 temperature exceefl€ 60 when

Register 0x23, and Register 0x24 (PWM configuration the local temperature exceed$@5

registers) control the behavior of the fans connected to the
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Step 2 - Ty Settings for Thermal Calibration

Channels

Tmin is the temperature at which the fans start to curn
under automatic fan control. The speed at whiclfetheuns
at Tyn is programmed later. Theyly values chosen are
temperature channel-specific; for example,°@5for
ambient channel, 3€ for VRM temperature, and 20 for

processor temperature.

ADT7462

Tmin is an 8-bit value, either twos complement or Offset
64, that can be programmed iPClincrements. There is a

Tmin register associated with each temperature measatem
channel: local, Remote 1, Remote 2, and Remote 3. \tiken
Tmin Vvalue is exceeded, the fan turns on and runs at the
minimum PWM duty cycle. The fan turns off after the
temperature has dropped belowiN — THysT.

) PWM1 i/,
) TACH1

CPU FAN SINK

[ THERMAL CALIBRATION] PWM PWM
- 100% MIN CONFIG
RAMP
CONTROL PWM
(ACOUSTIC GENERATOR[ ™
ENHANCEMENT)
0%
Tvin TRANGE TACHOMETERL |, ¢
144 ) PWM | MEASUREMENT PWM
#;  REMOTEL = | [ THERMAL CALIBRATION MIN CONFIG
AMBIENT TEMP L 100%
RAMP
CONTROL PWM
(ACOUSTIC GENERATOR q
ENHANCEMENT)
0% TACHOMETER2 |, ¢
- Tvin TRANGE MEASUREMENT PWM
LOCAL = | [ THERMAL CALIBRATION ] CONFIG
VRM TEMP = 100% RAMP
CONTROL PWM
(ACOUSTIC GENERATOR q
ENHANCEMENT)
TACHOMETER3
e ——
0% AND 4
O TMmIN TRANGE MEASUREMENT
REMOTE2 =
CPU TEMP . o
Figure 52. Assigning Temperature Channels to Fan Ch  annels

To overcome fan inertia, the fan is spun up uwil valid

TACH rising edges are counted. See the Fan Spin-Upcycle below TN — THysT.
section for more details. In some cases, primarily for Bit 1 (MIN 2) = 0. PWM?2 is of{0% PWM duty cycle) when

psycho-acoustic reasons, the fan should never tswitic

below Tyin. The corresponding bits in Register 0x25 and
Register 0x26 should be set to keep the fans running at the
PWM minimum duty cycle, if the temperature falls below

TMIN-

Tmin Registers

Register Ox5C, Local Temperaturgy; = 0x9A (90C)

Register 0x5D, Remote 1 Temperatuggn = 0x9A (90C)
Register Ox5E, Remote 2 Temperatuggnl = 0x9A (90 C)
Register Ox5F, Remote 3 Temperatuggnt = 0x9A (90C)

PWM1 and PWM2 Frequency Register (0x25)

Bit0 (MIN 1) =0. PWM1 is off (0% PWM duty cycle)

when temperature is belowjin — THysT

cycle below ™IN — THYST

REAR CAHSSIS

Bit 0 (MIN 1) = 1. PWM1 runs at PWM1 minimum duty

temperature is belowpin — THYST.
Bit 1 (MIN 2) = 1. PWM2 runs at PWM2 minimum duty

PWM3 and PWM4 Frequency Register (0x26)

Bit 0 (MIN 3) = 0. PWM3 is of{0% PWM duty cycle) when
temperature is belowpin — THYST.

Bit 0 (MIN 3) = 1. PWM3 runs at PWM3 minimum duty
cycle below ™IN — THYST

Bit 1 (MIN 4) = 0. PWM4 is of{0% PWM duty cycle) when
temperature is belowpin — THYST

Bit 1 (MIN 4) = 1. PWM4 runs at PWM4 minimum duty
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Figure 53. Understanding the T N Parameter

Step 3 - PWMn for Each PWM (Fan) Output

PWMyN is the minimum PWM duty cycle at which each
fan in the system runs. It is also the start sfeedach fan
under automatic fan control when the temperatusesri
above Tn. For maximum system acoustic benefit,

REAR CAHSSIS

Remote 1 temperature can control PWM1 and PWM2

outputs. Iftwo different fans are used on PWM1 and PWM2,
the fan characteristics can be set up differeAtlya result,
Fan 1, driven by PWM1, can have a different P\MM
value than that of Fan 2 connected to PWM2. Figure 55

PWMyn should be as low as possible. Depending on theijllustrates this as PWMin (the front fan) turns on at a

fan used, the PWMin setting isusually in the 20% to 33%
duty cycle range. This value can be found throusgh f

validation.

100% -

PWMmiN -

PWM DUTY CYCLE

0% - {

TN
Figure 54. PWM yy Determines Minimum

PWM Duty Cycle

TEMPERATURE
—_—

minimum duty cycle of 20%, while PWNgy (the rear fan)
turns on at a minimum duty cycle of 40%. Note, hesre

that both fans turn on at exactly the same tempezat
defined by Tuin.-

More than one PWM output can be controlled from a
single temperature measurement channel. For example,

PWM DUTY CYCLE

100% -

PWM2yiN -
PWM1y -
0% - |

‘N TEMPERATURE

>
>

Figure 55. Operating Two Different Fans from a
Single Temperature Channel
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Programming the PWM Ny Registers

The PWMyn registers are 8-bit registers that allow the 100% -
minimum PWM duty cycle for each output to be configured w
anywhere from 0% to 100%. This allows the minimum Q PWMwmax -
PWM duty cycle to be set in steps of 0.39%. S
The value to be programmed into the PYy\ register is 5
given by: 2 WM
Value (decimal) = PWNjn /0.39 s MIN -
Example 1: For a minimum PWM duty cycle of 50%, 0% - 1
Value (decimal) = 50/0.39 = 128 (decimal) ‘
Value = 128 (decimal) or 0x80 (hexadecimal) TMIN TEMPERATURE
Example 2: For a minimum PWM duty cycle of 33%, Figure 56. PWM yax Determines Maximum PWM Duty
Value (decimal) = 33/0.39 = 85 (decimal) Cycle Below the THERM Temperature Limit

Value = 85 (decimal) or 0x54 (hexadecimal)

Programming the PWM \ax Register

PWMin Registers The PWMyax register (0x2C) is an 8-bit register that

Register 0x28, Minimum PWM1 Duty Cycle = 0x80 allows themaximum PWM duty cycle for the outputs to be
(50% Default) configured anywhere from 0% to 100%. This allows the
Register 0x29, Minimum PWM2 Duty Cycle = 0x80 maximum PWM duty cycle to be set in steps of 0.39%.
(50% Default) The value to be programmed into the PYyA register
Register 0x2A, Minimum PWM3 Duty Cycle = 0x80 is given by:

(50% Default) Value (decimal) = PWNax/0.39

Register 0x2B, Minimum PWM4 Duty Cycle = 0x80 Example 1: For a maximum PWM duty cycle of 50%,
(50% Default) Value (decimal) = 50/0.39 = 128 (decimal)

Value = 128 (decimal) or 0x80 (hexadecimal)

Note on Fan Speed and PWM Duty Cycle Example 2: For a maximum PWM duty cycle of 75%,

The PWM duty cycle does not directly correlate to fan . .
. . Value (decimal) = 75/0.39 = 192 (decimal
speed in rpm. Running a fan at 33% PWM duty cyolesd Value (: 192 (décimal) or 0xCO (h(exadecir)nal)
not equate to running the fan at 33% speed. Drivifag at
33% PWM duty cycle actually runs the fan at closé&G®o PWMyax Register

of its flllj” Sﬁ)eted'tTht's is because tfar; F?\F;\?h(jlddlrlt % rpl)m Register 0x2C, Maximum PWM1 to PWM4 Duty
generally relates to the square root o uty cycle. Cycle = 0XCO (75% default)

Given aPWM square wave as the drive signal, fan speed in See the Note on Fapeed and PWM Duty Cycle section
fPm approximates to: for more information.

% fanspeed = ,/PWM duty cycle x 10

Step 5 - Trance for Temperature Channels
Step 4 - PWM yax for PWM (Fan) Outputs TranGe is the range of temperatures over which
PWMpwax is the maximum duty cycle that each fan in the automatic fan control occurs when the programmg@ T
system runs at under the automatic fan speed control loopt€mperature isxceeded. FaNGE is & temperature slope, not
For maximum system acoustic benefit, PYyAk should be  an arbitrary value; that is, &AnGe of 40°C holds true only
as low as possible but should be capable of maingathe ~ for PWMwin = 33%. If PWMyn s increased or decreased,
processor temperature limit at an acceptable level. If thethe effective Rance changes.
THERM temperature limit is exceeded, the fans are still «— TrangGE ———>
boosted to 100% for fail-safe cooling. ‘
There is one PWIiMax limit (Register 0x2C) for all fan 100%- 1 - - - -
channels.

PWMyin - |

PWM DUTY CYCLE

0%- | B R

TN TEMPERATURE -

Figure 57. T rance Parameter Affects Cooling Slope
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The Trange or fan control slope is determined by the
following procedure:

where:
Tmax is the temperature at which the fan runs full dpee

1. Determine the maximum operating temperature for Ty, is the temperature at which the fan turns on.

that channel (for example, 70).

2. Determine experimentally the fan speed (PWM
duty cycle value) that does not exceed the
temperature at the worst-case operating points.
(For example, 7T is reached when the fans are
running at 50% PWM duty cycle.)

3. Determine the slope of the required control lamp
meet these requirements.

4. Using the ADT7462 evaluation software, this
functionality can be graphically programmed and
visualized.

100% -

50% -
33% -
0% -

PWM DUTY CYCLE

Figure 58. Adjusting PWM N Affects T RancE

Max DC is the maximum duty cycle (100%) = 255 deatim
Min DC is equal to PW€N -
TrANGE IS the PWM duty cycle vs. temperature slope.

Example 1
Calculate Tyax, given that Tyn = 30°C, Trange =40°C,
and PWMyn = 10% duty cycle = 26 (decimal).

Tmax = Tuin + (Max DC - Min DC)X TRANGE/170
Tmax = 30°C + (100% — 10% 40°C/170

Tmax = 30°C + (255 — 26X 40°C/170

Tmax = 84C (effective Range = 54C)

Example 2
Calculate Tyax, given that Tyy = 30°C, Trance = 40°C,
and PWMyn = 25% duty cycle = 64 (decimal).

Tmax = Tuvin + (Max DC - Min DC)X TraNGE/L70
Tmax = 30°C + (100% — 259%) 40°C/170

Tmax = 30°C + (255 — 64X 40°C/170

Tmax = 75°C (effective Range = 45°C)

Example 3

Calculate Tyax, given that Ty = 30°C, Trance = 40°C,
and PWMyn = 33% duty cycle = 85 (decimal).
Tmax = Tuin + (Max DC — Min DC)x Trange/170
Tmax = 3C°C + (100% - 33%% 40°C/170
Tmax = 3C°C + (255 — 85 40°C/170

TraNGE IS implemented as a slope, which means that aSTMAX = 70°C (effective Range = 40°C)

PWMwn is changed, gRange changes, but the actual slope
remains the same. The higher the P\M value, the
smaller the effective HangE; that is, the fan reaches full

Example 4
Calculate Tyax, given that Tyn = 30°C, Trange =40C,

speed (100%) at a lower temperature. and PWMyn = 50% duty cycle = 128 (decimal).

Tmax = Tuin + (Max DC - Min DC)X TRANGE/170

100% - - - o Tmax = 3C°C + (100% — 50%% 40°C/170
w ; Tmax = 3C°C + (255 — 128 40°C/170
§ : : ‘ Tmax = 6C°C (effective Range = 30°C)
; sov | - : Lo Selecting a T gance Slope
2 330 4 - b—r S The Trange Value can be selected for each temperature
s 250 - Lo channel: local, Remote 1, Remote 2, and Remote 3.
E 10% A - C Bits [7:4] (RANGE) of Register 0x60 to Register 0x63
0% R T 1o define the ‘Range value for each temperature channel (see
1 . — ‘ Table 85 and Table 86).
+—30°C —>» ' \
+—— 40°C ——»' ! ‘ .
e 45°C > | Summary of T gancge Function
' 54°C — When using the automatic fan control function, the
TmIN temperature at which the fan reaches full speed can be
Figure 59. Incr easing PWM y;y Changes Effective calculated by:
TrANGE

Tuwax = Twin T Trance (eq. 6)
Equation 6 holds true only when PWj, is equal to
33% PWM duty cycle.
Increasing or decreasing PWj, changes the effective
TraNGE, although the fan control still follows the same
PWM duty cycle to temperature slope. The effective

For a given Rance value, the temperature at which the
fan runs at full speed for different PWjyly values can be
easily calculated by:

Tmax = Tuin + (Max DC — Min DC)x Trange/170
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Trance for different PWMyn Vvalues can be calculated
using Equation 7.
Tuax = Ty + (Max DC — Min DC) X Tpange/170

(eq.7)

where (Max DC - Min DCx Trance/170 is the effective
TrANGE Value.

Figure 60 shows PWM duty cycle vs. temperature for
each kange setting. The lower graph shows how each
TraNGE Setting affects fan speed vs. temperature. As show
in the graph, the effect on fan speed is nonlinear.

100 —2c
il / / /
WilAf A/ - 250
90 f ' 4 ll / —_ °C
‘ I / / ; , , L 333
80 H. / / / / 4°C
— T 7 7
o ll /’/// ! / LA / —5c
I ; 7 e 667
S A S —gere
I / 7
o 50 /’/ ,// / / a4 — 10°C
E I/// i y / — 13.3°C
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a iy 4 .
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Figure 60. T gance VS. Actual Fan Speed Profile

The graphs in Figure 60 assume that the fan stamts f
0% PWM duty cycle. Clearly, the minimum PWM duty

Example: Determining T rance for Each Temperature
Channel
The following example showsow the different f;n and
TrRANGE Settings can be applied to three different thermal
zones. Irthis example, the followingJancEe values apply:
Trange = 80°C for Ambient Temperature

TraANGE = 53.3C for CPU Temperature
TraNnGgE = 40°C for VRM Temperature

100 7 7 —2C
I/ / / -—-25C
9 // // - -333°C
.80 7 — 4°C
9\170 / / — -5°C
u i / / — 6.67°C
O 60 A —— 8°C
= / —10°C
o 50 /1
> / — 13.3°C
D 40 v —— 16°C
o ——20°C
% 30 26.6°C
a 20 —-32°C
— 40°C
10 — 53.3°C
0 — 80°C
0 20 40 60 80 100 120
TEMPERATURE ABOVE Ty
100 —2°C
/
/ // // ——-25C
90 4
/ /// L~ - -3.33°C
] o
<80 —4°C
< 70 Z // — -5
E —6.67°C
O 60 ——8°C
S 50 e
a —13.3°C
W 0 16°C
3-) 20 ——20°C
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g 20 —-32°C
10 e
— 53.3°C
0 80°C

o

20 40 60 80 100

TEMPERATURE ABOVE Ty

120

Figure 61. T rangE VS- % Fan Speed Slopes with
PWMN”N =20%

This example uses the MUX configuration described i
the Step1 - Configuring the MUX section. Both CPU
temperature and VRM temperature drive the CPU fan
connected to PWM1. Ambietemperature drives the front

cycle, PWMyn, needs to be factored in to see how the loop chassis fan and rear chassis fan connected to PWM2 and
actually performs in the system. Figure 61 shows how PWMS.

Trance is affected when the PWiyiy value is set to 20%.
It can be seen that the fan runs about 45% fardspleen the
temperature exceedsiN.

The front chassis fan is configured to run at
PWMwuin = 20%. The rear chassis fan is configured to run
at PWMyn = 30%. The CPU fan is configured to run at
PWMM|N = 10%.
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Note on 4-wire Fans The Tryerwm limit should be considered as the maximum
The control range for 4-witans is much wider than that  worst-case operating temperature of the systemauBzc
of 2-wire or 3-wire fans. In many cases, 4-wire feas start exceeding any Jerm limit runs all fans at 100%, it has

with a PWM drive of as little as 20%. very negative acoustic effects. Ultimately, thisitishould
100 be set up as a fail-safe, and it must not be exxckadder
/ / . .
/ A normal system operating conditions.
90 / L L
/ Py Note that the Fyerm limits cannot be masked, and they
e 80 4 affect the fan speed no matter how the automaticdatrol
w70 /' settingsare configured. This allows some flexibility becaus
§ 60 // P a Trange Value can be selected based on its slope, while a
O g // hard limit (such as 7€), can be programmed agdx (the
E 20 A/ // temperature at which the fan reaches full speed) by setting
[a) ’// TtHERM tO that limit (for example, 7).
= 30 7
E 20 THERM Reqgisters
10 Register 0x4C, Local THERMIemperature limit = OxA4
0 (100°C Default)
0 10 20 30 40 50 60 70 80 90 100 Register 0x4D, Remote 1 THERMdmperature limit = 0xA4
TEMPERATURE ABOVE Tyn (100°C Default)
Register Ox4E, Remote 2 THERNEmperature limit = 0xA4
1o d 1 faul
% B e ;'/ (1OQ’C Default) .
E« 80 ///, g (th(a)gg)ljsctelr3 2?:jt)Remote 3 THERMdmperature limit = OxA4
x 1 7//’/ ister 0x50, Local THERMze limit = 0
% // e Register 0x50, Local THERMZmperature limit = OxA4
> 60 (100°C Default)
Z’ %0 // Register 0x51, Remote 1 THERMEmperature limit = 0xA4
@ 40 / (100°C Default)
2 30 Register 0x52, Remote 2 THERM&Emperature limit = 0xA4
£ 20 (100°C Default)
10 Register 0x53 Remote 3 THERM@mperature limit = 0xA4
0 (100°C Default)
0 10 20 30 40 50 60 70 80 90 100
TEMPERATURE ABOVE Tyin Hysteresis Registers
Figure 62. T gance and % Fan Speed Slopes for VRM, Register 0x54, Local/Remote 1 Temperature Hysteresi s
Ambient, and CPU Temperature Channels Register
Bits [7:4], Local temperature hysteresiS@4Default)
Step 6 — Trrerwm for Temperature Channels Bits [3:0], Remote 1 temperature hysterestC(Befault)

TTHERM IS the absolute maximum temperature allowed
on a temperature channel. Above this temperature, aRegister 0x55, Remote 2/Remote 3 Temperature
component such as the CPU or VRM might be operating Hysteresis Register
beyond its safe operating limit. When the measured Bits [7:4], Remote 2 temperature hystereskC(®efault)

temperature exceedsHerw, all fans are driven at 100%  p;iq [3:0], Remote 3 temperature hysterestC(BDefault)
PWM duty cycle (full speed) to provide critical system ’

cooling. The fans remain running at 100% until the Because each hysteresis setting is four bits, hysteresis
temperature drops belowrfigerpm Minus hysteresis, where  values are programmable fronfClto 15C. It is not
hysteresis is the number programmed into Local/Rerho  recommended that hysteresis values ever be programmed to
Hysteresis Register 0x54 and Remote 2/Remote 30°C, because this value disables hysteresis. Intetteis
Hysteresis Register 0x55. The default hysteresis value isvalue causes the fans to cycle between normal speed and
4°C. 100% speed, creating unsettling acoustic noise.
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«— TraNGE —
' _HYSTERESIS <

100% -

PWM DUTY CYCLE

0% - |

! L E—
TmIN TTHERM

Figure 63. How T tygrm Relates to Automatic Fan
Control

Step 7 — Twyst for Temperature Channels

ThysT is the amount of extra cooling a fan providesrafte
the temperature measured has dropped back belgw T
before the fan turns off. The premise for tempegtu
hysteresis (fiysT) is that without it, the fan would merely
chatter or cycle on and off regularly whenever the
temperature hovers near thg\ setting.

The TyysT value chosen determines the amount of time
needed for the system to cool down or heat upeafathis
turning onand off. \alues of hysteresis are programmable in
the range of IC to 15C. Larger values of JysT prevent the
fans from battering on and off. Theglyst default value is
set at 4C.

Hysteresis Register

Register 0x60Bits [3:0] Local HYS
Register 0x61, Bit§3:0] Remote 1 HYS
Register 0x62, Bit§3:0] Remote 2 HYS
Register 0x63, Bits [3:0] Remote 3 HYS

In some applications, it is required that fans not turn off
below Tyn but remain running at PWijyn . Bits [1:0] of
the PWM1, PWM2 Frequency Register (0x25) and the
PWM3, PWM4 Frequency Register (0x26) allow the fans to
be turned off or to be kept spinning beloyy . If the fans
are always on, theilyst value has no effect on the fan when
the temperature drops below K.

'«— TRANGE —P:

100% -

PWM DUTY CYCLE

0% - |

Tmin TTHERM

Figure 64. T yysT Value Applies to Fan On/Off
Hysteresis

Dynamic T N Control Mode

In addition to the automatic fan speed control mode
described in the Automatic Fan Control Overview section,
the ADT7462 has a mode that extends the basic atiwm
fan speed control loop. Dynamiggy control allows the
ADT7462 to intelligently adapt the system’s cooling
solution for best system performance or lowest possible
system acoustics, depending on user or design requiiemen
Use of dynamic jyn control alleviates the need to design
for worst-case conditions and significantly reduces system
design and validation time.

Designing for Worst-Case Conditions
System design must always allow for worst-case

conditions. InPC design, the worst-case conditions include,

but are not limited to, the following:

e \Worst-Case Altitude
A computer can be operated at different altitudes.
Altitude affects the relative air density, whicleas the
effectiveness of the fan cooling solution. For eglm
when comparing A€ air temperature at 10,000 feet to
20°C air temperature at sea level, relative air dgrisit
increased by 40%. This means that the fan can spin
40% slower and make less noise at sea level than at
10,000 feet while keeping the system at the same
temperature at both locations.

e \Worst-Case Fan
Due to manufacturing tolerances, fan speeds inafm
normally quoted with a tolerance 820%. The
designer must assume that the fan rpm can be 20%
below tolerance. This translates to reduced system
airflow and elevated system temperature. Noteftirat
20% out of tolerance can negatively impact system
acoustics because they run faster and generate more
noise.

® Worst-Case Chassis Airflow
The same motherboard can be used in a number of
different chassis configurations. The design of the
chassis and the physical location of fans and
components determine the system’s thermal
characteristics. Moreover, for a given chassis, the
addition of add-in cards, cables, or other system
configuration options can alter the system airfeovd
reduce the effectiveness of the system coolingisolu
The cooling solution can also be inadvertentlyratie
by the end user. (For example, placing a computer
against a wall can block the air ducts and redystem
airflow.)
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Figure 65. Chassis Airflow Issues

e \Worst-Case Processor Power Consumption

This data sheet maximum does not necessarily teflec
the true processor power consumption. Designing for
worst-case CPU power consumption can result in a
processor becoming over-cooled (generating excess
system noise).

Worst-Case Peripheral Power Consumption

The tendency is to design to data sheet maximums fo
peripheral components (again over-cooling the syste
Worst-Case Assembly

Every system manufactured is unique because of
manufacturing variations. Heat sinks may be loose
fitting or slightly misaligned. Too much or tootlé&
thermal grease may be used. Variations in appdicati
pressure for thermal interface material can affeet
efficiency of the thermal solution. Accounting for
manufacturing variations in every system is difficu
therefore, the system must be designed for the
worst-case.
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based on system performance and measured temperature.
This isimportant because, instead of designing for thesivor
casethe system thermals can be defined as operatirgszon
The ADT7462 can self-adjust its fan control loop to
maintain either an operating zone temperature or a system
target temperature. For example, it can be specthat
ambient temperature in a system be maintained°at.30

the temperature is below 8D, the fans might not need to run

or might run very slowly. If the temperature is higher than
50°C, the fans need to throttle up.

The challenge presented by any thermal designdfin
the right settings to suit the system’s fan consaltion.
This can involve designing for the worst case diokd by
weeks of system thermal characterization and, finally, fan
acoustic optimization (for psycho-acoustic reasons)

Obtaining the greatest benefit from the automatic fan
control modenvolves characterizing the system to find the
best Tyn and Trange Settings for the control loop and the
best PWMyn value for the quietest fan speed setting. Using
the ADT7462 dynamic N control mode, however,
shortens the characterization time and alleviateaking the
control loop settings, because the device canasilist
during system operation.

Dynamic Tyn control mode is operated by specifying the
operating zone temperatures required for the system.
Remote 1 andRemote 2 channels have dedicated operating
point registers. This allows the system thermaitimi to be
broken down into distinct thermal zones. For exanpPU
operating temperature is €0, VRM operating temperature
is 8C°C, and ambient operating temperature i8G0The
ADT7462 dynamically alters the control solution to
maintain each zone temperature as close as possible to its
target operating point.

Figure 67 shows an overview of the parameters ffesita
the operation of the dynamigyjy control loop.

A

PWM DUTY CYCLE

Figure 66. Thermal Model : LI’EIVIPERATURE
Although a design usually accounts for worst-case 1 1 ‘ L |
conditions in all these cases, the actual system is almost Tiow Tmin OPERATING  + TrherM w
never operated at worst-case conditions. The altiento “ > POINT THIGH TRANGE

designing for the worst case is to use the dynanyg T

control function. Figure 67. Dynamic T \n Control Loop

Dynamic T N Control Overview
Dynamic Ty control mode builds upon the basic
automatic fan control loop by adjusting theny value
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Table 28 provides a brief description of each patame  Operating Point Registers

Register 0x5A, Remote 1 Operating Point = 0xA4
(100°C Default)

Register 0x5B, Remote 2 Operating Point = 0xA4

TLow If the temperature drops below the T ow limit, (100°C Default)
an error flag is set in a status register and an
SMBALERT interrupt can be generated.

Table 28. Ty CONTROL LOOP PARAMETERS

Parameter Description

Operating Point Hysteresis Register

THIGH If the temperature exceeds the Ty gy limit, an The operating point hysteresis register sets the value
error flag is set in a status register and an ; ; ; ;

SMBALERT interrupt can be generated. beloyv the operétlng point at whlcmﬂi! begins to r.educe.
T The temperature at which the fan tums on nglstemx64, Bits [7:4] Operating Point Hysteresi®x40
under automatic fan speed control. (4°C Default)

Operating The maximum target temperature for a Step 9 - High and Low Limits for Temperature

Point particular temperature zone. The system
attempts to maintain system temperature Channels
around the operating point by adjusting the The low limit defines the temperature at which Thgn
Twin parameter of the control loop. value starts to be increased, if temperature falls below this
TTHERM ;f the temperature excieds this critical limit, the value. This has the net effect of reducing the fan speed,
ans can be run at 100% for maximum cooling. allowing the system to get hotter. An interrupt can be
Trange | Programs the PWM duty cycle vs. temperature generated when the temperatdreps below the low limit.

control slope.

The high limit should be set above the operatingtdmit
below the critical THERMpoint. An interrupt can be

Dynamic T Control Programmin . -
y MIN 9 g generated when the temperature rises above thdimigh

Because the dynamicpyly control mode is a basic
extension of the automatian control mode, the automatic ., Dynamic T yyy Control Works

fan control mode parameters should be programmed first e pasic operation of dynamicylly control is as

(see Step 1 - Configuring the MUX through Step 8 - gjiows:

Operating Points for Temperature Channels). Then proceed | get the target temperature for the temperature
with dynamic N control mode programming. zone, which could be, for example, the Remote 1
thermal diode. This value is programmed to the

Remote 1 operating point register.

2. As the temperature in that zone rises toward and
exceeds the operating point temperature minus
hysteresis, fin is reduced and fan speed
increases.

3. As the temperature drops below the low limit
value, Tyn is increased and the fan speed is
reduced.

Step 8 — Operating Points for Temperature Channels

The operating point for each temperature channtids
optimal temperature for that thermal zone. The he#eh
zone is allowed to be, the quieter the system,usectine fans
are not required to run as fast. The ADT7462 irsgear
decreases fan speeds as necessary to maintaipettadiiag
point temperature, allowing for system-to-systemiagi@an
and removing the need for worst-case design. #reible
operating point value is chosen, anyN value can be
selected in the system characterization. If thgyTvalue is Short Cycle and Long Cycle

too low, the fans run sooner than required, and the Tne ADT7462 implements two loops: a short (or
temperature is below the operating point. In resppthe  gecrease) cycle and a long (or increase) cycle. The short
ADT7462 increasesyin to keep the fans off longer and to ¢y cje taes place every n monitoring cycles. The long cycle

allow the temperature zone to get closer to theadd@  akes place every 2n monitoring cycles. The value of n is
point. Likewise, too high apiy value causes the operating  nrogrammable for each temperature channel. The bits are
point to be exceeded, and in turn, the ADT7462aed N located at the following register locations.

to turn the fans on sooner to cool the system.

) ) ) ) Dynamic T N Control Register 2 (0x0C)
Pr_?%rammlng the Operatmg_ Point F\_’eglster_s Bits [2:0] (CYR1) = Remote 1
ere are two operating point registers, one for the
Remote 1 temperature channel and one for the Remote Bits [5:3] (CYR2) = Remote 2
temperature channel. These 8-bit registers allow the
operating point temperatures to be programmed with 1
resolution.
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Table 29. CYCLE BIT ASSIGNMENTS The foIIowing examples illustrate some of the
circumstancethat may causepfjn to increase, decrease, or

Short Lon
Code Cycle Duration Cycl?e Duration stay the same. ] ]
000 8 cycles Tooc 16 cycles > oo Example 1: Normal Operation, Ngjn Adjustment
1. If the measured temperature never exceeds the
001 | 16cycles 2 sec 32 cycles 4 sec programmed operating point minus the hysteresis
010 32 cycles 4 sec 64 cycles 8 sec temperature, §yn is not adjusted; that is, it
o1l 64 cycles 8 sec 128 cycles 16 sec remains at its current setting.

2. If the measured temperature never drops below the

100 128 cycles 16 sec 256 cycles 32 sec .. . .
low temperature limit, fyN is not adjusted.

101 256 cycles 32 sec 512 cycles 64 sec

110 512 cycles 64 sec 1024 cycles 128 sec THERM LIMIT
111 1024 cycles 128 sec 2048 cycles 256 sec HIGH TEMP LIMIT
OPERATING

POINT ; HYSTERESIS

The cycle time must be chosen carefully. A long cycle
time means thatpn is updated less often. If a system has ACTUM\/
very fast temperature transients, the dynamgjgTcontrol
loop is always lagging. If a cycle time that is t&lort is LOW TEMP LIMIT
chosen, the full benefit of changing; K is not realized and
Tmin needs to change again on the next cycle. In effaést

overshooting. It imecessary to carry osbme calibration to
identify the most suitable response time.

TmIN

Figure 70. Temperature Between the Operating Poin  t
and the Low Temperature Limit

Figure 68 shows the steps taken during the shokecyc Because neither the operating point minus the hgsite
— temperature nor the low temperature limit has been
MONITORING exceeded, thep]iy value is not adjusted, and the fan runs at
SORRENT 1 a speed determined by the fixegy and Trange values
MEASUREMENT defined in the automatic fan speed control mode.
T1(n) IS T1(n) > NO . .
SPERATING (OP1-HYS) poNoTHING Example 2: Operating Point ExceedegyN Reduced
POINT . .
TEVPERATURE = When the measured temperature is below the operating
—revous - oot point temperature minus the hysteresignT remains the _
MEASUREMENT i RV |coomic s ore same. Once the temperature exceeds the operating
B o temperature minus the hysteresis (OP — HysjjyTstarts
STI) TIn =05 0750 |» | DECREASE T BY 10 to decrease as illustrated in Figure 71. This oaturieg the
ISTL) ~Tin ~ 1) = 10 - 1.75°C || DECREASE Ty BY 2'C — short cycle (see Figure 68). The rate at whigqnT
IS T1(n) - T1(n - 1) > 2.0°C |—| DECREASE T\ BY 4°C
decreases depends on the programmed value of n. It also
Figure 68. Short Cycle Steps depends on how much the temperature has increased

between this monitoring cycle and the last monitorindegyc

Figure 69 shows the steps taken during the longecycl that is, if the temperature has increased 8, then T

WAIT 2n is reduced by Z. Decreasing yyn has the effect of
Mveres ¢ [ increasing the fan speed, thus providing more cooling to the
CURRENT l SyStem' i ) . 3
TEMPERATURE | If the temperature is slowly increasing only in thage
Ti(n) S T10 > 0Pt [YES | DECREASE Ty || (OP - Hyst), that is$0.25°C per short monitoring cycle,
OPERATING BY1°C then Ty n does not decrease. This allows small changes in
TEMPERATURE — lNO temperaturén the desired operating zone without.changing
SR e E ey Tmin- The long cycle makes no change tqiN in the
AND temperature range (OP — Hyst), because the temperature has
DT YES ) INCREASE | not exceeded the operating temperature.
Ty < OPL When the temperature exceeds the operating temperature
T > T the long cycle causesyln to be reduced by’C every long
NO ponoT | | cycle while the temperature remains above the operating
CHANGE temperature. This takes place in addition to tteetese in
Tmin that would occur due to the short cycle. In Figioe
Figure 69. Long Cycle Steps because the temperature is increasing at 625 C per
short cycle, no reduction inpjy takes place during the
short cycle.
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When the temperature falls below the operating

temperature, Wy Stays the same. Even when the
temperature starts to increase slowlyynr stays the same,
because the temperature increases at a rat@.28C per
cycle.

THERM LIMIT l

|
U

HIGH TEMP LIMIT : ! :
' [
U

OPERATING POINT

NO CHANGE IN Ty HERE
DUE TO ANY CYCLE BECAU St
T1(n)-T1 (n— 1) 0.25°C
AND T1(n) < OP = > Ty
STAYS THE SAME

DECREASE HERE DUE TO
SHORT CYCLE ONLY
T1(n) - T1 (n - 1) £ 0.25°C
OR0.75°C = > Ty
DECREASES BY 1°C
EVERY SHORT CYCLE

DECREASE HERE DUE TO
LONG CYCLE ONLY
T1(n)-T1 (n—1) £0.25°C
AND T1(n) > OP = > Tyin
DECREASES BY 1°C
EVERY LONG CYCLE

Figure 71. Effect of Exceeding Operating Point Minu s
Hysteresis Temperature

Example 3: Temperatuielow Low Limit, Tyyn Increased

Figure 72 shows how\jjy increases when the current
temperature is aboveyln and below the low temperature
limit, and Tyn is below the high temperature limit and
below the operating point. Whéime temperature rises above
the low temperature limit, iy Stays the same.

THERM LIMIT

HIGH TEMP LIMIT

OPERATING POINT

ACTUAL
LOW TEMP TEMP

LIMIT N—

4I—,

Figure 72. Increasing T N for Quieter Operation

Tmin

Example 4: Preventing T N from Reaching Full Scale
Because N is dynamically adjusted, it is undesirable

for Tpmin to reach full scale (19C), because the fan would

never switch on. As a resultyy is allowed to vary only

within a specified range.

® The lowest possible value fokfy is —64C.

e TN cannot exceed the high temperature limit.

e |f the temperature is belowyly, the fan is switched
off or is running at minimum speed, and dynamjgnr

When the temperature drops below the low temperature control is disabled.

limit, Tpyn may increase, as shown in Figure 72. Increasing

Tmin has the effect of running the fan more slowly and,

thereforemore quietly. The long cycle diagram in Figure 69

shows the conditions that need to be true finTto

increase. The following is a quick summary of those

conditions and the reasons they need to be true:

Tmin mMay increase, if

® The measured temperature has fallen below the low
temperature limit. This means the user must chtuse
low limit carefully. It should not be so low thétet
temperature never falls below it, becauggnTwould
never increase and the fans would run faster than
necessary.

® Tyin is below the high temperature limityly is
never allowed to increase above the high temperatur
limit. As a result, the high limit should be sengib
chosen, because it determines how higfiyTcan go.

® Twmin is below the operating point temperaturgyn’
should never be allowed to increase above the tipgra
point temperature, because the fans do not swiich o
until the temperature rises above the operatingtpoi

® The temperature is abovey. The dynamic fn
control is turned off below \N .

THERM LIMIT

OPERATING POINT

ACTUAL
LOW TEMP_TEMP
LIMIT NS————————
A

1

HIGH TEMP LIMIT

TM|N4'_,

Figure 73. T N Adjustments Limited by High
Temperature Limit

[ B
1 1 1 1 1
Twmin PREVENTED
FROM INCREASING

Enabling Dynamic T pyn Control Mode

Bits [1:0] of Dynamic Fyn Control Register 1 (0x0B)
enable/disable dynamicyy control on the temperature
channels (see Table 43).

Dynamic T N Control Register 1 (OxOB)

Bit 1 (Remote 2 En) = 1 enables dynamigN control on
the Remote 2 temperature channel. The choggg Value
is dynamically adjusted based on the current teatpes,
operating point, and high and low limits for thane.

Bit 1 (Remote 2 En) = 0 disables dynamig control.
The Tyin value chosen is not adjusted and the channel
behaves as described in the Automatic Fan Control
Overview section.
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Bit 0 (Remote 1En) = 1 enables dynamigfy control on
the Remote 1 temperature channel. The choggy Falue
is dynamically adjusted based on the current teaipes,

temperatures can be copied into the operating point registers
on a THERMassertion. Setting these bits to 1 uses the
remote temperature as the operating point temperatu
operating point, and high and low limits for thtme. overwriting the programmed operating point value in the

Bit 0 (Remote 1 En) = 0 disables dynamigy control. event of a THERMassertion. Setting these bits to 0 ignores
The Tuwin value chosen is not adjusted, and the channela THERM assertion, and the operating point register
behaves as described in the Automatic Fan Controlremains at the programmed value.

Overview section. ) )
Enhancing System Acoustics

Automatic fan speed control mode reacts instantasigo
to changes in temperature; that is, the PWM duty cycle
respondésmmediately to temperature change. Any impulses
in temperature can cause an impulse in fan noise. For
psycho-acoustic reasons, the ADT7462 can prevent th
point limit allows Ty to be independent of system-level PWM output from reacting instantaneously to temperature
issues because of its self-corrective nature. In PQrekie changes. Enhanced acoustic mode controls the maximum
operating point for the chassis is usually the worst-casechange iPWM duty cycle at a given time. The objective is
internal chassis temperature. to prevent the fan from cycling up and down, anngythe

The optimal operating point for the processor is user.
determined by monitoring the thermal monitor in the Intel
Pentiun? 4 processor. To do this, the PROCHGtput of
the Pentiurf 4 is connected to the THERMput of the R -
ADT7462. control circuitry on the ADT7462 and shows wherevestic

The operating point for the processor can be determinedeMhancementfits in. Acoustic enhancement is irterecs a
by allowing the current temperature to be copied to the POSt-design tweak made by a system or mechanigadesr

operating point register when the PROCH&put pulls  €valuating best settings for the system. Havingrdgned
the THERM input low on the ADT7462. This gives the the optimal settings for the thermal solution, dmgineer

maximum temperature at which the Penfwhcan run ~ €an adjust the system acoustics. The goal is tteimgnt a
before clock modulation occurs. system that is acoustically pleasing without causing user

annoyance due to fan cyclingjis important to realize that
although asystem might pass an acoustic noise requirement
specification(for example, 36 dB), if the fan is annoying, it
fails the consumer test.

Step 10 — Monitoring THERM

Using the operating point limit ensures that theaiyic
Tmin control mode is operating in the best possibleisiin
position, while ensuring that the temperature nexeeeds
the maximum operating temperature. Using the operat

Acoustic Enhancement Mode Overview
Figure 74 gives a top-level overview of the automé&tn

Enabling the THERM Trip Point as the Operating Point
Bits [5:2] of Dynamic Ty Control Register 1 (Ox0B)
enable/disable THERMmonitoring to program the

Under Automatic Fan Speed Control
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operating point. Table 43 details how the remote
ACOUSTIC
ENHANCEMENT \
THERMAL CALIBRATION PWM E PWM
-100% MIN CONFIG
RAMP
CONTROL PWM &
L (ACOUSTIC GENERATOR [ O PWMLEE \\
ENHANCEMENT), ﬁ )
T T %
TACHOMETER1
MIN RANGE <—< TACH1
—O—— PWM |MEASUREMENT PWM ) CPU FAN SINK
REMOTE2 = | [ THERMAL CALIBRATION | MIN CONFIG
CPU TEMP - 100% !
RAMP
CONTROL PWM
>\ MUX z (ACousTIC GENERATOR Q PWM2
ENHANCEMENT)
0% TACHOMETER2 |, Ao
O Tmin TRANGE PWM | MEASUREMENT PWM
MIN
LOCAL = | [ THERMAL CALIBRATION | CONFIG
VRM TEMP -100% RAMP ¥
/ CONTROL PWM
z (ACOUSTIC GENERATOR
ENHANCEMENT)
TACHOMETER3
——————————————
0% AND 4
TMIN TRANGE MEASUREMENT
. REMOTE1 =
AMBIENT TEMP - . -
Figure 74. Acoustic Enhancement Smoothes Fan Speed Variations
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Approaches to System Acoustic Enhancement Effect of Ramp Rate on Enhanced Acoustic Mode

There are two different approaches to implementing The PWM signal driving the fan has a period, t, gitsg
system acoustic enhancement: temperature-centric andhe PWM drive frequency, f, because t = 1/f. Fgiven
fan-centric. PWM period, t, the PWM period is subdivided into 255

The temperature-centric approach involves smoothing equal time slots. One time slot corresponds to the smallest
transient temperatures as they are measured by @ossible incrementin the PWM duty cycle. A PWMrsih
temperature source (for example, Remote 1 temperature)of 33% duty cycle is, therefore, high for 255 time slots
The temperature values used to calculate the PWM dutyand low for 2/3x 255 time slots. Therefore, a 33% PWM
cycle values are smoothed, reducing fan speed variationduty cycle corresponds to a signal that is high8fatime
However, this approach causes an inherent delagdating slots and low for 170 time slots.
fan speed and causes the thermal characteristics of the PWM OUT
system to change. It also causes the system fans to stay onzzo, puTy
longer than necessary, because the fan’s reaction is merely  cycLE
delayed. The user has no control over noise from different
fans driven by the same temperature source. Cansite 85 —* 170
example, ®ystem in which control of a CPU cooler fan (on TIME SLOTS TIME SLOTS
PWM1) and a chassis fan (on PWM2) uses Remote 1 PWM OUTPUT (ONE PERIOD)
temperature. Because the Remotel temperature is = 255 TIME SLOTS )
smoothedboth fans are updated at exactly the same rate. If ~ Figure 75. 33% PWM Duty Cycle Represented in
the chassis fan is much louder than the CPU fametis no Time Slots

way to improve its acoustics without changing thermal The ramp rates in the enhanced acoustics mode are
solution of the CPU cooling fan. selectable from 1 to 8. The ramp rates are discrete titse slo
The fan-centric approach to system acoustic enhattem For example, if the ramp rate is 8, then eight time slots are
controls the PWM duty cycle, driving the fan abadl rate added tahe PWM high duty cycle each time the PWM duty
(for example, 6%). Each time the PWM duty cycle is cycle needs to be increased. If the PWM duty cycle value
updated, it isncremented by fixed 6%. As a result, the fan  needs to be decreased, it is decreased by eight time slots.
ramps smoothly to its newly calculated speed. If the Figure 76 shows how the enhanced acoustics mode
temperature starts to drop, the PWM duty cycle immediately algorithm operates.
decreases by 6% at every update. Therefore, theafaps
smoothly up or down without inherent system delay. READ
Consider, for example, controlling the same CPU cooler TEMPERATURE |
fan (on PWML1) and chassis fan (on PWMZ2) using Rerhot |
temperature. Thepn and Trange Settings have already

—

Y

) : ) . CALCULATE
been defined in automatic fan speed control mode; that is, NEW PWM
thermal characterization of the control loop ha®rbe DUTY CYCLE

optimized. The chassis fan is noisier than the €Baling
fan. Using the fan-centric approach, PWM2 can be placed

IS

into acoustic enhancement mode independently of RWM

NEW PWM DECREMENT
The acoustics of the chassis fan can, therefore, be adjusted VALUE > PREVIOUS
without affecting theacoustic behavior of the CPU cooling PREVIOUS PWM VALUE

VALUE?

BY RAMP RATE

fan, even though both fans are controlled by Remote 1
temperature. The fan centric approach is how acoustic
enhancement works on the ADT7462.

Enabling Acoustic Enhancement for Each PWM INCREMENT
Output PREVIOUS
PWM VALUE

Enhanced Acoustics Register 1 (Ox1A)
Bit 0 (Enl) = 1 enables acoustic enhancement on RWM

BY RAMP RATE

output. Figure 76. Enhanced Acoustics Mode Algorithm
Bit 1 (En2) = 1 enables acoustic enhancement on PWM2 . .
output. The enhanced acoustics mode algorithm calculategva n

PWM duty cycle based on the temperature meastufrég |
Enhanced Acoustics Register 2 (0x1B) new PWM duty cycle value is greater than the pnevio
Bit 0 (En3) = 1 enables acoustic enhancement on BWM PWM value, the previous PWM duty cycle value is
output. incremented by either 1, 2, 3, 5, 8, 12, 24, otid slots,
Bit 1 (En4) = 1 enables acoustic enhancement on PWM4depending on the settings of the enhanced acoustics
output. registers. If the new PWM duty cycle value is lgem the
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previous PWM value, the previous PWM duty cycle is  Another way toview the ramp rates is to measure the time
decremented by 1, 2, 3, 5, 8, 12, 24, or 48 time slots. Eachit takes for the PWM output to ramp up from 0% to 100%
time the PWM duty cycle is incremented or decreexdrits duty cycle for an instantaneous change in temperattmis. T
value is stored as the previous PWM duty cyclétfemext can be tested by putting the ADT7462 into manualersnd
comparison. changing the PWM output from 0% to 100% PWM duty
A ramp rate of 1 corresponds to one time slot, tvligc cycle. The PWM output takes 35 seconds to reach 100%
1/255 of the PWM period. In enhanced acoustics mode when a ramp rate of one time slot is selected.
incrementing or decrementing by 1 changes the PWM Figure 77 shows remote temperature plotted agadt P

output by 1/25% 100%. duty cycle for enhanced acoustics mode. The ratepgaet
. to 48, which corresponds to the fastest rampAasume that
Step 11 - Ramp Rate for Acoustic Enhancement a new temperature reading is available every 115th.

The optimal ramp rate for acou.stic. enhancement can bethese settings, it takes approximately 0.76 sectorgtsfrom
found through system characterization after thentae 33% duty cycle to 100% duty cycle (full speed). Etreough

optimization has beemrfished. The effect of each ramp rate 4, temperature increases very rapidly, the farpsanp to
should be logged, if possible, to determine the best setting ), speed gradually.

for a given solution.

YO T 120
Enhanced Acoustics Register 1 (Ox1A) Rtemp(°C)
Bits [4:2] RR1 select the ramp rate for PWML1. 120 T 100
000 = 1 time slot = 35 seconds 100 L o
001 = 2 time slots = 17.6 seconds //’ - 80
010 = 3 time slots = 11.8 seconds 80 =
011 = 5 time slots = 7 seconds vd - 60
100 = 8 time slots = 4.4 seconds 60 Pz
101 = 12 time slots = 3 seconds 20 LA » R UCHCREL0) - 40
110 = 24 time slots = 1.6 seconds 4 P
111 = 48 time slots = 0.8 seconds 20 - d 20
Bits [7:5] RR2select the ramp rate for PWM2. //
000 = 1 time slot = 35 seconds 00 0'760
001 = 2 time slots = 17.6 seconds TIME (s)
010=3 t!me slots = 11.8 seconds Figure 77. Enhanced Acoustics Mode with Ramp
011 = 5 time slots = 7 seconds Rate = 48
100 = 8 time slots = 4.4 seconds
101 = 12 time slots = 3 seconds Figure 78 shows how changing the ramp rate from 48 to
110 = 24 time slots = 1.6 seconds 8 affects the control loop. The overall responstheffan is
111 = 48 time slots = 0.8 seconds slower. Because the ramp rate is reduced, it takegr for
the fan to achieve full running speed. In this césekes
Enhanced Acoustics Register 2 (0x1B) approximately 4.4 seconds for the fan to reachsfodied.
Bits [4:2] RR3select the ramp rate for PWM3. 120 T 140
000=1 time slot = 35 seconds Rremp(°C
001 = 2 time slots = 17.6 seconds 100 - 120
010 = 3 time slots = 11.8 seconds § el
011 = 5 time slots = 7 seconds 80 LA 100
100 = 8 time slots = 4.4 seconds L 50
101 = 12 time slots = 3 seconds 60 A
110 = 24 time slots = 1.6 seconds LTl | PWMDUTY CYCLE (% L 60
111 = 48 time slots = 0.8 seconds a0 HU d
Bits [7:5] RR4 select the ramp rate for PWMA4. 7| 40
000 = 1 time slot = 35 seconds 20 L 50
001 = 2 time slots = 17.6 seconds
010 = 3 time slots = 11.8 seconds 0 0
011 = 5 time slots = 7 seconds 0 TIME (&) 44

100 = 8 time slots = 4.4 seconds
101 = 12 time slots = 3 seconds
110 = 24 time slots = 1.6 seconds
111 = 48 time slots = 0.8 seconds

Figure 78. Enhanced Acoustics Mode with Ramp
Rate = 8
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Figure 79 shows the PWM output response for a raep r 90 T T T T T
of 2. In this instance, the fan takes about 17.6 seconds to 80 AL PWM DUTY CYCLE (%) —
reach full running speed. A/ N NN
7 Y ™
0 T 120 RIDYEMANN
Rremp(°C) 60 N
120 s /J / NN
v 100 50 —
100 - o ' / R C
40 i
// 80 [ / TEMP(°C)
- 60 20 f
60 |
/| | PWM DUTY CYCLE (%) L 40 10 (
40 // 0
20 ) Figure 81. How Fan Reacts to Temperature Variation s
4 in Enhanced Acoustics Mode
0 0
0 TIME (5) 17.6 Slower Ramp Rates
) ’ _ The ADT7462 can be programmed for much longer ramp
Figure 79. Enhanced 2‘30“5“35 Mode with Ramp times by slowing the ramp rates. Each ramp rate can be
ate =

slowed by a factor of 4.

Figure 80 shows how the control loop reacts to PWM1 Configuration Register (0x21)
temperature with the slowest ramp rate. The ramp rate is sep\wM2 Configuration Register (0x22)
to 1, while all other control parameters remain the same.PWM3 Configuration Register (0x23)
With the slowest ramp raselected, it takes 3&econds for

the fan to reach full speed. PWM4 Configuration Register (0x24)
120 TTTTTT 140 Setting Bit 3 (the SLOW bit) to 1 in the PWM1 to RA¥
Rremp(°C) configuration registers slows the ramp rate for PWML1 to
100 y 120 PWM4 by 4.
pd L 100 -
80 » Fan Freewheeling Test Mode
/,/ 50 The fan freewheeling test mode is intended to diagnose
60 » d whether fans connected to the ADT7462 are working
,/’ L 60 properly. It is particularly useful where fans ctagin the
40 L d duct can affect the airflow of another fan. If dia@ has
,// PWM DUTY CYCLE (%) - 40 failed, itmay not be apparent, because moving air from other
20 L d fans can cause air to flow through the faulty fahich in
rd 20 turn can cause the faulty fan to rotate.
0 / 0 The fan freewheeling test is most useful in a systsimg
0 TIME (s) 35 |for|i|mary and redundant setug).dlnTsuch a sysftem, the
) ; . ollowing setup is recommended. The primary fans are
Figure 80. Enhanced g;?gszuis Mode with Ramp Fan 1, Fan 2, Fan 3, and Fan 4. The redundantaans

Fan 5, Fan 6, Fan 7, and Fan 8. In this setup, gactary
As Figure 77 to Figure 80 show, the rate at whichféine  and redundant fan can be driven separately bedaegeare
reacts to temperature change is dependent onrtienate driven by different PWMs.
selected in the enhancadoustics registers. The higher the

ramp rate, the faster the fan reaches the newdyleédd fan oML, SR
speed. I

Figure 81 shoyvs the behavior of the _PWM output as EAN 1 FAN 2 FAN 3 FAN 4
temperature varies. As the temperature increases, the fan
speed ramps up. Small drops in temperature do not tifeec TACHCCT1 TACHCCT2 TACHCCT3 TACH CCT 4
ramp-up function, because the newly calculatedsfeaed is
still higher than the previous PWM value. Enhanced FAN 5 FAN 6 FAN 7 FAN 8
acoustics mode allows the PWM output to be made less
sensitive tdemperature variations. This is dependent on the 1 l
ramp rate selected and programmed into the enhanced ®pwws * “Pwma
acoustics registers. Figure 82. Fan Freewheeling Test Mode Setup
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The freewheeling test procedure is as follows: register (OxBD) shoultde read directly after completion of
1. PWM1 and PWM2 go to full speed, and PWM3 the test.
and PWM4 are switched off.

2. After the spin-up time of PWM1 and PWM2 has ~ 'HERM I/O Operation )
elapsed, the speed of Fan 1, Fan 2, Fan 3, and This section describes the operation of THERMII

Fan 4 is measured. THERM2. Pin 28 and Pin 29 can both be configured as

3. After the speed of Fan 1 and Fan 2 is measured, | HERM inputs or outputs.
PWML1 is switched off and PWM3 is spun up.

. . THERM Output
After the spin-up time for PWM3 has elapsed, the

i THERM is not enabled as an output by default on powerup,
speed of Fan 5 and Fan 6 is measured. but it can be enabled by setting the appropriate bits in

4. After the speed of Fan 3 and Fan 4 is measured,  Register 0xOE (THERML1configuration register) and
PWM2 is switched off and PWM4 is switched on.  pagister 0x0F (THERM2onfiguration register). THERM1
After the spin-up time of PWM4 has elapsed, the 5 THERM2 can be configured to assert whenever a
speed of Fan 7 and Fan 8 is measured. specific channel exceeds the specified THERMt (see

5. After the speed of all eight fans has been Table 30).
measured, the TACH and PWM configurations
return to their previous values. Table 30. THERM OUTPUT CHANNEL SELECT AND
e Fans must be in continuous mode for the LIMITS
freewheeling test; that is, the dc bits must be set Configuration Limit Registers
(Register 0x08). _ THERMI, | THERMZ,
e To enable the freewheeling test, set the Channel Register Register
freewheeling test enable register (Ox1E) to a Enable Ox0E OxOF THERM1 | THERM2
nonzero value. Set Bit 0 = 1 to enable the Local Bitl1=1 Bitl1=1 0x4C 0x50
freewheeling test for Fan 1, and set Bit 1 for Ean Remote 1 | Bit2=1 Bit2=1 0x4D 0x51
all the way to Bit 7 for Fan 8. The freewheeling Remote 2 | Bit3=1 Bit3=1 OX4E 0x52
test enable register should be programmed after the[ remoe 3 | Bita=1 | Bita=1 OX4F 0x53
fans present register is programmed. If the fans
present register is not programmed first, then the As an output, THERMs asserted low to signal that the
values in the two registers do not match, and the  measured THERM temperature has exceeded pre-
ADT7462 assumes that a fan is missing. programmed THERMemperature limits. The output is
The following registers must be programmed for the fan automatically pulled high again when the tempeeafalis
freewheeling test: below the (THERM- Hysteresis) limit. The value of

hysteresis for each channel is programmable in Register
0x54 and Register 0x55, where 1 LSB%€] and the
maximum hysteresis for each channel i85

Setting the THERMboost bits, Bit 0 and Bit 1, to Logic 0
(default setting) in the THERMconfiguration register
(Ox0D), sets the fans to full speed on an inteidERM

Fans Present Register (0x1D)
Set Bit 0 to 1 when a fan is connected to TACH1.
Set Bit 1 to 1 when a fan is connected to TACH2.
Set Bit 2 to 1 when a fan is connected to TACHS3.
Set Bit 3 to 1 when a fan is connected to TACH4.
Set Bit 4 to 1 when a fan is connected to TACH5.

Set Bit 5 to 1 when a fan is connected to TACH6. ~ SVeNt

Set B?t 6 to 1 when a fan ?s connected to TACHY. THERM Input

Set Bit 7 to 1 when a fan is connected to TACHS. To configure THERM as an input  the
Fan Freewheeling Test Enable Register (Ox1E) THERMZ1 Timer_Enable (T1TE) bit (Bit0) in the

Set Bit 0 to 1 to enable the freewheeling testam 1. THERM1 configuration register (OxOE) and the
Set Bit 1 to 1 to enable the freewheeling testm 2. THERM2 Timer_Enable (T2TE) bit (Bit0) in the
Set Bit 2 to 1 to enable the freewheeling testam 3. THERM2 configuration register (OxOF) must be set to
Set Bit 3 to 1 to enable the freewheeling testam 4. Logic 1.The ADT7462 can then be used to detect when the
Set Bit 4 to 1 to enable the freewheeling testam 5. THERM pins are asserted low. The THERNhs can be

Set Bit 5 to 1 to enable the freewheeling testam 6. connected to a trip point temperature sensor or to the

Set Bit 6 to 1 to enable the freewheeling testem 7. PROCHOToutput of a CPU.

Set Bit 7 to 1 to enable the freewheeling testm 8. With processor core voltages reducing all the time, the
Fan Freewheeling Test Register (0x1C) threshold for the AGTL + PROCHGQdutput is ale reduced

Both the Fans Present register (0x1D) and the @S New processors become available. _
freewheeling test enable register (Ox1E) should be Because the THERNhputis typically an AGTL + input,
programmed before setting the relevant bits in the fanthe thresholds can be referenced g By setting Bit 4 of
freewheeling test register (0x1C). The host fan statusConfiguration Register 3 (0x03) to 1, the THERMeshold
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is 2/3x Vccp the correct threshold for an AGTL + signal. When the measured percentage exceeds the
The THERMassert bits in Host Thermal Status Register 2 corresponding percentage limit, the T1% bit in Host
(OxB9) are set to Logic 1 whenever the THERMNbuUL is Thermal Status Register 2 (0xB9) is asserted, and an
asserted lowrhe THERMSstate bits in Host Thermal Status ALERT is generated (that is, if tmeask bit is not set). If the
Register 2 (0xB9hndicate that a high-to-low transition has limit is set to 0x00, an ALERTs generated on the first
taken place on the THERIN. assertion. If the limit is set to OxFF, an ALERS never
generated because OxFF corresponds to the THERM
being asserted all the time.

When THERMIis configured as an input only, setting Bits
[4:1] of the THERMzone in the THERMZXonfiguration
80°c ] / AN HIGH TEMP LIMIT register (OXOE) and the THERM&onfiguration register

70°C - | THERM LIMIT i i
e / e (OxOF) allows Pin 28/Pin 29 to operate as an I/O.

TEMPERATURE
100°C

90°C THERM LIMIT

THERM Timer Limit Register
The THERMtimer limit is programmed to Register 0x80
and Register 0x81. If THERN4 asserted for longer than the
\ programmed percentage limit, thenAMrERT is generated.
/ 4 The limit is programmed as a percentage of the chosen
THERM timer window.

EXAMPLE: The THERMtimer window is eight seconds,
and an ALERTshould be generated if THERIg asserted

THERM Timer for more than one secolnd.

The ADT7462 can also measure assertion times on the %Limit = g X 100 = 12.5%
THERM inputs as a percentage of a timer window. Thertime
window for the THERMLlinput is programmed using
Bits [4:2] ofthe THERMconfiguration register (OxOD). The 0 x 00 = 0%; 0 x FF = 100%
timer windowfor the THERMZinput is programmed using  Therefore, 1 LSB = 0.39%

Bits [7:5] of the THERMconfiguration register (0x0D).

50°C

40°C

N RESET BY MASTER
ALERT

|

THERM

2 3

Figure 83. THERM Behavior

The THERMtimer limit register is an 8—bit register.

12.5%

Values from 0.25sec to 8sec are programmable (see 0390, — 32 decimal =0 x 20 = 00100000
Table 31). When the time window has elapsed, if the THE Rt
Table 31. THERM TIMER WINDOW has been exceeded, then an ALER§enerated.
Code THERM Timer Window General-Purpose /0 Pins
000 0.25 sec The ADT7462 has eight open-drain GPIO pins. GPIO1 to
001 05 sec GPI0O4 can be configured to enable event drivenuistp
050 - (EDOs), and GPIO5 and GPIO6 can act as EDOs, Efe
functionality is enabled. Two other GPIOs (GPIO7 and
011 2 sec GPIO8) are standard GPIO pins that are dedicated to
100 4 sec general-purpose logic input/output.
101 8 sec Each GPIO pin has fivéiata bits associated with it: three
0 8 soc bits in a GPIO configuration register (0x09 and AxM®ne

in the GPIO status register (0xBF), and one in the GPIO
m 8 sec mask register (0x36).

Setting airection bit to 1 ira GPIO configuration register
makes the corresponding GPIO pin an output.

Clearing the direction bit to 0 makes the corresponding

The assertion time as a percentage of the timerominsl
stored in the THERM% on-time registers. This is a
cumulative sum of the percentage of time during the 5p|o pin an input.

THERM timer window that THERMs asserted. The % Setting gpolarity bit to 1 in a GPIO configuration register

on-time and associated timer limit registers as&ed in makes the corresponding GPIO pin active high.

Table 32. Clearing the polarity bit to 0 makes the corresponding
Table 32. THERM ON-TIME AND TIMER LIMIT GPIO pin active low.
REGISTER When a GPIO pin is configured as an input, the
Channel | % On-Time Register 9% Timer Limit Register corre;;pondmg bit in t.he GPIO status register is rea_d-only,
and it is set when the input is asserted (“assed&a’be high
THERM1 OXAE 0x80 or low, depending on the setting of the polarity.bi
THERM2 OXAF 0x81
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When a GPIO pin is configured as an output, the The polarity of the EDOs is set in the GPIO confggian
corresponding bit in the GPIO status register becomesregisters (0x09 and 0x0A).
read/write. Setting this bit then asserts the GPIO output. Setting gpolarity bit to 1 inone of the GPIO configuration
(Again, “asserted” can be high or low, depending on the registers makes the corresponding GPIO pin aciiye h
setting of the polarity bit.) The effect of a GPIO status Clearing the polarity bit to 0 makes it active low.
register bit on the ALER®Butput can be masked by setting
the corresponding bit in one of the GPIO mask teggs

When the pin is configured as an output, the GPiol > EDO (GPIOS5)
corresponding status bit is automatically maskeat¢évent GPIoz > EVENT >
the data written to the status bit from causingnéerrupt. GPIO3 » HATCH ™1 yask Ego (GPIO®)
When configured as inputs, the GPIO pins lsarronnected GPIo4 >

to external interrupt sources such as temperature sensors
with digital output.

EDO Circuitry Figure 84. EDO Circuit

The ADT7462 has the added functionality that the Bits [7:5] of each event mask register (0x37 and 0x38)
assertion of one of the four GPIOs (GPIO1 to GPIO4) can allow the EDO output to be driven high or low (degiag
be used to latch one of the two EDOs high or lohe T on the polarity bit of the configuration registenddatched
ADT7462 has two EDO event mask registers (0x37 and (depending on the EDO latch bit of the configuration
0x38): one mask for each EDO. See Table 33 for anregister), if the ADT7462 detects an overtempeggtan
explanation of event mask register functionality. over/undervoltage, or a fan failure condition.

Table 33. EDO CONTROL (MASK) REGISTER 0X37 AND REGISTER 0X38

Bit 7:
Overvoltage/ Behavior: What Drives and
Undervoltage Bit 6: THERM Bit 5: Fan Fail Bit 3 Bit 2 Bit 1 Bit 0 Latches Output X (G = GPIO)

0 = Drive Output X 0 = Drive Output X 0 = Drive Output X

o
o
o
o

G4 orG3orG2orGl
G4 or G3 or G2

G4 or G3or G1

G4 or G3

G4 or G2 or G1

G4 or G2

G4orGl

G4

G3orG2orG1l
G3or G2

G3orGl

G3

G2orGl1

G2

G1

GPIO Events Ignored by Output X

1 = Ignore Event 1 = Ignore Event 1 = Ignore Event

Rrlr|lr|r|r|[rRr]|r|r|lo|lo|o|lo|lo|o|o
Rrlr|[r|r|o|lo|lo|o|r|r|r|r|lo|lo|o
Rr|lr|lo|lo|lr|r|o|lo|lr]|r|o|lo|r|r]|o
rlo|lr|o|lr|o|r|o|lr|o|lr|lo|r|o]|r

Table 33 shows that any of the four designated GiM© Other Digital Inputs
can be used to set or reset either one of the D@ &.itputs. The ADT7462 contains other specific digital inputs that
Using this functionality, it is possible to have the can be found on PC motherboards. These inputs ean b
ADT7462 drive LEDs or signals based on rules. For monitored and configured for actions to occur on their
example, if &aGPI01 (power fail), a GPIO2 (overcurrent), or assertion.
an overtemperature condition occurs, EDO1 (powpplsu
fault LED) can be latched. This does not require software
handling and makes the part more autonomous.
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VR_HOT Inputs Software Reset

Pin 25 and Pin 26 can be configured as VR_HOT inputs. The ADT7462 can be reset in software by setting/ Bi
These are specific digital signals from the CPU voltage Configuration Register 0 (0x00). The code 0x6D must be
regulator that indicate an overtemperature. Onrasseof written toRegister 0x7B before setting the software reset bit
thesenputs, the relevant status bits are set in TheBtals This register is cleared to the power-on defaukrathe
Register 2 (Host Register 0xB9 or BMC Register OxC1). software reset.
Assertion of these inputs can also be used to lthedans Note that not all registers are restored to their default
to full speed, thus providing emergency coolinghe event values on aeset. The same registers are reset by a hardware
of VR overtemperature. This is set using Bit 3 (VRR2fd and software reset. The Register Map section pesval
Bit 4 (VRD2) of Configuration Register 2 (0x02). Tlkds complete reference of registers that are reset.
also an associated mask bit in Register 0x31 to mask the

assertion of these inputs from the ALER{tput. Chassis Intrusion Input _ _ o
The chassis intrusion (CI) input is an active high input
SCSI_TERM Inputs intended for detection and signaling of unauthorized

Pin 16 and Pin 20 can be configured as SCSI_TERM tampering with the system. When this input goes high, the
inputs. Anassertion on the SCSI_TERM is recorded in Bit 4 event is latched in Bit 7 of Host Digital Status Register
and Bit 5 of Host Digital Status Register (OXBE)RWVIC (OxBE), and an interrupt is generated. The bit remains set
Digital Status Register (0xC6). There is also an associateduntil cleared by writing a 1 to ClI reset (Cl_R),t Biof
mask bit in Register 0x35 to mask the assertion of theseConfigurationRegister 3 (0x03). The Cl reset bit is cleared
inputs from the ALERToutput. by writing a 0 to it.

The CI circuit is powered from the g¥rt voltage

Reset I/0 ) ) o channel. Pin 26 must be configured to monitgu¥ and
The ADT7462 includes an active low reset pin (Pin 14). o battery must be connected to monitor Cl events. C

The RESETpin can be both a reset input and output. RESET monitoring isdisabled if the measuredsyiT value (0x93)
monitors the ¥c input to the ADT7462. At pOWerup, s |ess than the lower voltage limit (0x75) of P 2
RESETis asserted (pulled low) until 180 ms after the @ow  The ¢ input detects chassis intrusion events even when

supply has risen above the supply threshold. A power-onye ApT7462 is powered off (provided battery voktdg
reset initializes all registers to the default eslu applied to \aart) but does not immediately generate an
interrupt. When a chassis intrusion event is detected and
LoV latched, an interrupt is generated when the system is
Vee ' powered on.
RESET The actual detection of chassis intrusion is penéat by
an external circuit that detects, for example, wihencover
has been removed. A wide variety of techniques eamsbd
180 ms for chassis detection. For example,
e A microswitch that opens or closes when the cover i
removed
The RESETpin can also function as a reset input. Pulling ® A reed switch operated by a magnet affixed to thesc

this pin low externally resets the ADT7462. The useuttho e A hall-effect switch operated by a magnet affixedte
wait atleast 180 ms after powerup before doing a hardware ¢qyer

reset.The reset pulse width should be greater than 0.®ms o A photo-transistor that detects light when the cdse
ensure that a reset is registered. removed
A hardware reset differs from a power-on resehat hot
all of the registerare reinitializedo the default values. For  powerup Sequence
example, limit registers are not all restored to the default The powerup sequence of the ADT7462 is as follows:

Figure 85. Operation of RESET Output on Powerup

values. This can be useful if the user needs &t the part 1. The temperature of the thermal diode connected to
but does not want to completely reprogram the @evibe Pin 17 and Pin 18 (only dedicated thermal diode
Register Map section show, which registers, are reset. channel) is monitored immediately on powerup of
Locked registers are not restored to default values by a the ADT7462. Ideally, the hottest zone should be
hardware reset. connected to this channel so protection is provided
Note that if two ADT7462 devices are used in one gyste immediately on powerup.

the RESETpins should not be connected together between 2. Vcepais also monitored immediately on powerup.
devices. Doing so causes one device to reset the other on a Vccpiis typically connected to a main power rail.

power-on reset.
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Switching on the ¥cp1rail gates the fan's quiet until the device is fully configured for the desire
startup counter. monitoring functions.

. VBaTT IS monitored immediately on powerup
before the setup complete bit (Register 0x01,

Bit 5) is set. The chassis intrusion circuit (&) i : ! . .
powered from Wart. If the measured Mart 2. Choose the best-suited easy configuration option

reading is lower than the lower limit for the application, changing pin functions as

(default = 0x80), the Cl circuit is turned off. required. o _

. PWM1, PWM2, and PWM4 are not on dedicated 3. Program all appropriate limits for monitored
pins. Because these pins are shared with inputs, inputs. Program device parameters, fan control
they are allowed to float high on powerup. This parameters, mask bits, and anything else required

means that if a fan is connected to these pins, it for the application. , o
spins at full speed on powerup. 4. Set the setup complete bit. Do not set this il u

The following steps describe how to set up the ABBR74
1. Powerup the device.

. PWM3 is switched off by default (because thia is the device is fully set up.
dedicated pin). If no SMBus communication takes XOR Tree Test
place within 4.6 seconds of the-¥prail The ADT7462 includes an XOR tree test mode. This

switching on, this PWM drive is driven to full mode is useful for in-circuit test equipment at board-level
speed. If SMBus communication does take place, tegting. By applying stimulus to the pins included in the

this pin behaves as programmed. XOR test, it is possible to detect opens or shorts on the

- No temperature or voltage (other thaec¥s, system board. Figure 86 shows the signals exeraist
Diode 2, and ¥arr) is monitored until the setup XOR tree test. The XOR tree test is invoked byirep®it 6
complete bit (Bit 5) is set in Configuration (XOR) of Configuration Register 3 (0x03).

Register 1 (0x01). This allows the user to program ~ note that the digital inputs must be selected on

the ADT7462 as required before monitoring of all - tifunctional pins for the XOR tree test mode. Pin 13 is
channels is enabled, thereby not generating false ¢ open-drain output of the XOR tree test.
ALERTSs. The setup complete bit should not be set

=
N N
% e
e

£l

PIN 1
PIN 2

PIN 3

PIN 4

PIN 16 PIN 31 7

) ‘/\ PIN 13
PIN 32 7

PIN 20

PIN 21

PIN 22

Figure 86. XOR Tree Test
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Table 34. REGISTER MAP

ADT7462

De- SW Lock

Addr Description RW Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 fault Reset able

0x00 Config 0 RW SW Reset VID # Bytes # Bytes #Bytes # Bytes # Bytes # Bytes 0x20 Yes Yes

0x01 Config 1 RW RDY Lock SC DFS ALERT Res Res Mon 0x81 Yes Yes

0x02 Config 2 RW #FP #FP FMS VRD2 VRD1 PWM Res FAST 0x80 Yes Yes

0x03 Config 3 RW V_Core_ XOR CLLR TT VID_T SDA SCL GPIO 0x00 Yes Yes

Low

0x07 TACH RW T8E T7E T6E TSE T4E T3E T2E T1E 0x00 Yes Yes
Enable

0x08 TACH RW Res Res Res Res DC 4/8 DC 3/7 DC 2/6 DC 1/5 OxOF Yes Yes
Config

0x09 GPIO1_ RW D4 P4 D3 P3 D2 P2 D1 P1 0x00 Yes Yes
Bhvr

Ox0A GPIO2_ RW D8 P8 D7 P7 D6 P6 D5 P5 0x00 Yes Yes
Bhvr

0x0B Twmin_Call RW Res Res P2R2 P2R1 P1R2 P1R1 R2 R1 0x00 Yes Yes

0x0C Twvin_Cal2 RW Res Ctrl CYR2 CYR2 CYR2 CYR1 CYR1 CYR1 0x40 Yes Yes

Loop
Select

0x0D THERM RW TW2 TW2 TW2 TW1 TW1 TW1 B2 B1 0x00 Yes Yes
Conf

O0x0E Conf_ RW Res Res Res R3 R2 R1 Local TITE 0x00 Yes Yes
THERM1

OxOF Conf_ RW Res Res Res R3 R2 R1 Local T2TE 0x00 Yes Yes
THERM2

0x10 Pin Conf 1 RW VID D1 D3 Pin 1 Pin 2 Pin 3 Pin 4 Pin7 OX7F Yes Yes

ox11 Pin Conf 2 RW Pin 8 Pin 13 Pin 15 Pin 19 Pin 21 Pin 22 Pin 23 Pin 23 OxCE Yes Yes

0x12 Pin Conf 3 RW Pin 24 Pin 24 Pin 25 Pin 25 Pin 26 Pin 26 Pin 27 Res 0x42 Yes Yes

0x13 Pin Conf 4 RW Pin 28 Pin 28 Pin 29 Pin 29 Pin 31 Pin 32 Res Res OxFC Yes Yes

0x14 Easy Conf RW Res Res Res Op5 Op4 Op3 Op2 Opl 0x01 Yes Yes

0x16 EDO RW Cs Cs Cs Cs Cs SC EDO2 EDO1 0x00 Yes Yes
Enable

0x18 Attenuators RW Pin 22 Pin 21 Pin 19 Pin 15 Pin 13 Pin 8 Pin7 Res OxFF Yes Yes
1En

0x19 Attenuators RW Res Res Pin 29 Pin 28 Res Pin 25 Pin 24 Pin 23 0x37 Yes Yes
2 En

Ox1A Enhanced RW RR2 RR2 RR2 RR1 RR1 RR1 En2 Enl 0x00 Yes Yes
Acoustics 1

0x1B Enhanced RW RR4 RR4 RR4 RR3 RR3 RR3 En4d En3 0x00 Yes Yes
Acoustics 2

0x1C Fan Free- RW Fan 8 Fan 7 Fan 6 Fan 5 Fan 4 Fan 3 Fan 2 Fan 1 0x00 Yes Yes
wheel Test

0x1D Fans RW F8P F7P F6P F5P F4P F3P F2P F1P 0x00 Yes Yes
Present

Ox1E Fan Free- RW Fan 8 Fan 7 Fan 6 Fan 5 Fan 4 Fan 3 Fan 2 Fan 1 0x00 Yes Yes
wheel
TestEn

0x21 PWM1 RW BHVR BHVR BHVR INV SLOW Spin Spin Spin Ox11 Yes Yes
Config

0x22 PWM2 RW BHVR BHVR BHVR INV SLOW Spin Spin Spin 0x31 Yes Yes
Config

0x23 PWM3 RW BHVR BHVR BHVR INV SLOW Spin Spin Spin 0x51 Yes Yes
Config

0x24 PWM4 RW BHVR BHVR BHVR INV SLOW Spin Spin Spin 0x71 Yes Yes
Config

0x25 PWML1, RW F2 F2 F2 F1 F1 F1 Min 2 Min 1 0x90 Yes Yes
PWM2
Freq

0x26 PWMS3, RW F4 F4 F4 F3 F3 F3 Min 4 Min 3 0x90 Yes Yes
PWM4
Freq
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Table 34. REGISTER MAP

ADT7462

De- SwW Lock
Addr Description RW Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 fault Reset able
0x28 PWM1 Min RW 7 6 5 4 3 2 1 0 0x80 Yes Yes
0x29 PWM2 Min RW 7 6 5 4 3 2 1 0 0x80 Yes Yes
Ox2A PWM3 Min RW 7 6 5 4 3 2 1 0 0x80 Yes Yes
0x2B PWM4 Min RW 7 6 5 4 3 2 1 0 0x80 Yes Yes
0x2C PWML1 to RW 7 6 5 4 3 2 1 0 0xCO Yes Yes
PWM4 Max
0x30 Thermal RW R3D R2D R1D R3 R2 R1 Local Res 0x00 Yes No
Mask 1
0x31 Thermal RW VRD2 VRD1 T2S T2A T2% T1S T1A T1% 0xCO Yes No
Mask 2
0x32 Voltage RW P23 +5V P19 P15 +3.3V +12V3 +12Vv2 +12V1 0x00 Yes No
Mask 1
0x33 Voltage RW +1.5V1 +1.5V2 P26 P25 P24 Res Res Res 0x00 Yes No
Mask 2 (ICH) (3GIO)
0x34 Fan Mask RW Fan 8 Fan 7 Fan 6 Fan 5 Fan 4 Fan 3 Fan 2 Fan1 0x00 Yes No
0x35 Digital RW Cl VID SCSsI2 SCsi1 FAN2MAX Res Res Res 0x38 Yes No
Mask
0x36 GPIO Mask RW GPIO8 GPIO7 GPIO6 GPIOS GPIO4 GPIO3 GPIO2 GPIO1 0x00 Yes No
0x37 EDO Mask RW Volt Temp Fan Res GPIO4 GPIO3 GPIO2 GPIO1 0x00 Yes No
1
0x38 EDO Mask RW Volt Temp Fan Res GPIO4 GPIO3 GPIO2 GPIO1 0x00 Yes No
2
0x3D Device ID 7 6 5 4 3 2 1 0 0x62 No N/A
Ox3E Comp ID 7 6 5 4 3 2 1 0 0x41 No N/A
Ox3F Rev No 7 6 5 4 3 2 1 0 0x04 No N/A
0x44 Local Low RW 7 6 5 4 3 2 1 0 0x40 No No
Temp Limit
0x45 Remote RW 7 6 5 4 3 2 1 0 0x40 No No
1/Pin 15
Low Temp
Limit
0x46 Remote 2 RW 7 6 5 4 3 2 1 0 0x40 No No
Low Temp
Limit
0x47 Remote RW 7 6 5 4 3 2 1 0 0x40 No No
3/Pin 19
Low Temp
Limit
0x48 Local High RW 7 6 5 4 3 2 1 0 0x95 No No
Limit
0x49 Remote RW 7 6 5 4 3 2 1 0 0x95 No No
1/Pin 15
High Limit
Ox4A Remote 2 RW 7 6 5 4 3 2 1 0 0x95 No No
High Limit
0x4B Remote RW 7 6 5 4 3 2 1 0 0x95 No No
3/Pin 19
High Limit
0x4C Local RW 7 6 5 4 3 2 1 0 OxA4 No Yes
THERM1/
+1.5V2
(3GIO)
High
0x4D Remote 1 RW 7 6 5 4 3 2 1 0 OxA4 No Yes
THERM1
Limit
Ox4E Remote 2 RW 7 6 5 4 3 2 1 0 OxA4 No Yes
THERM1
Limit
Ox4F Remote 3 RW 7 6 5 4 3 2 1 0 OxA4 No Yes
THERM1
Limit
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Table 34. REGISTER MAP

ADT7462

Addr

Description

RW

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

fault

SwW
Reset

Lock
able

0x50

Local
THERM2/
+1.5V1
(ICH) High

RW

O0xA4

No

Yes

0x51

Remote 1
THERM2
Limit

RW

OxA4

No

Yes

0x52

Remote 2
THERM2
Limit

RW

OxA4

No

Yes

0x53

Remote 3
THERM2
Limit

RW

No

Yes

0x54

Local/Re-
motel
Temp Hyst

RW

LH

LH

LH

LH

R1H

R1H

R1H

R1H

Ox44

No

Yes

0x55

Remote 2/
Remote 3
Temp Hyst

RW

R2H

R2H

R2H

R2H

R3H

R3H

R3H

R3H

0x44

No

Yes

0x56

Local Offset

RW

0x00

No

Yes

0x57

Remote 1
Offset

RW

0x00

No

Yes

0x58

Remote 2
Offset

RW

0x00

No

Yes

0x59

Remote 3
Offset

RW

0x00

No

Yes

Ox5A

Remote 1
Operating
Point

RW

OxA4

Yes

Yes

0x5B

Remote 2
Operating
Point

RW

O0xA4

Yes

Yes

0x5C

Local Temp
TMIN

R/W

Ox9A

Yes

Yes

0x5D

Remote 1
Temp TMIN

RW

Ox9A

Yes

Yes

OX5E

Remote 2
Temp TMIN

RW

Ox9A

Yes

Yes

Ox5F

Remote 3
Temp TMIN

RW

Ox9A

Yes

Yes

0x60

Local

TranGE/
Hyst

RW

Range

Range

Range

Range

Hys

Hys

Hys

Hys

0xC4

Yes

Yes

Ox61

Remote 1

TraNGE!
Hyst

RW

Range

Range

Range

Range

Hys

Hys

Hys

Hys

0xC4

Yes

Yes

0x62

Remote 2

TranGE/
Hyst

RW

Range

Range

Range

Range

Hys

Hys

Hys

Hys

0xC4

Yes

Yes

0x63

Remote 3

TraNGE!
Hyst

RW

Range

Range

Range

Range

Hys

Hys

Hys

Hys

0xC4

Yes

Yes

0x64

Operating
Point Hyst

RW

Hys

Hys

Hys

Hys

Res

Res

Res

Res

0x40

Yes

Yes

0x68

+3.3V
High Limit

RW

OxFF

No

No

0x69

Pin 23
Voltage
High Limit

RW

OxFF

No

No

Ox6A

Pin 24
Voltage
High Limit

RW

OxFF

0x6B

Pin 25
Voltage
High Limit

RW

OxFF

No

No
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Table 34. REGISTER MAP

ADT7462

Addr

Description

RW

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

fault

SwW
Reset

Lock
able

0x6C

Pin 26
Voltage
High Limit

RW

OxFF

No

No

0x6D

+12V1
Low Limit

RW

0x00

Ox6E

+12V2
Low Limit

RW

0x00

No

No

Ox6F

+12V3
Low Limit

RW

0x00

No

No

0x70

+3.3V Low
Limit

RW

0x00

No

No

0x71

+5V Low
Limit

RW

0x00

No

No

0x72

Pin 23
Voltage
Low Limit

RW

0x20

No

No

0x73

Pin 24
Voltage
Low Limit

RW

0x00

No

No

Ox74

Pin 25
Voltage
Low Limit

RW

0x00

No

No

0x75

Pin 26
Voltage
Low Limit

RW

0x80

No

No

0x76

+1.5V2
(3GIO) Low
Limit

RW

0x00

No

No

ox77

+1.5V1
(ICH) Low
Limit

RW

0x00

No

No

0x78

TACH1
Limit\VID

RW

OxFF

No

Yes

0x79

TACH2
Limit

RW

OxFF

No

Yes

Ox7A

TACH3
Limit

RW

OxFF

Yes

0x7B

TACH4
Limit

RW

OxFF

No

Yes

0x7C

TACHS5/+12
V1 High
Limit

RW

OxFF

No

Yes

0x7D

TACH6/+12
V2 High
Limit

RW

OxFF

No

Yes

OX7E

TACH7/+5V
High Limit

RW

OxFF

No

Yes

Ox7F

TACH8/+12
V3 High
Limit

RW

OxFF

No

Yes

0x80

THERM1
Timer Limit

RW

OxFF

No

Yes

0x81

THERM2
Timer Limit

RW

OxFF

No

Yes

0x88

Local Temp
Value,
LSBs

0x00

No

No

0x89

Local Temp
Value,
MSBs

0x00

Ox8A

Remote 1
Temp,
LSBs

0x00

No

No
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Table 34. REGISTER MAP

ADT7462

Addr

Description

RW

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

fault

SwW
Reset

Lock
able

0x8B

Remote 1
Temp,
MSBs,

Pin 15 Volt

0x00

No

No

0x8C

Remote 2
Temp,
LSBs

0x00

No

No

0x8D

Remote 2
Temp,
MSBs

0x00

No

No

Ox8E

Remote 3
Temp,
LSBs

0x00

No

No

Ox8F

Remote 3
Temp,
MSBs,

Pin 19 Volt

0x00

No

No

0x90

Pin 23
Voltage

0x00

No

No

0x91

Pin 24
Voltage

0x00

No

No

0x92

Pin 25
Voltage

0x00

No

No

0x93

Pin 26
Voltage

0x00

No

No

0x94

+15v1
(ICH) Volt

0x00

No

No

0x95

+1.5V2
(3GIO)
Voltage

0x00

0x96

+3.3V
Voltage

0x00

0x97

VID Value

0x00

0x98

TACH1
Value,
LSBs

OxFF

0x99

TACH1
Value,
MSBs

OxFF

No

No

Ox9A

TACH2
Value,
LSBs

OxFF

No

No

0x9B

TACH2
Value,
MSBs

OxFF

No

No

0x9C

TACH3
Value,
LSBs

OxFF

No

No

0x9D

TACH3
Value,
MSBs

OxFF

No

No

Ox9E

TACH4
Value,
LSBs

OxFF

No

No

Ox9F

TACH4
Value,
MSBs

OxFF

No

No

O0xAO

Unused

N/A

Unused

N/A

O0xA2

TACHS
Value, LSB

OxFF

O0xA3

TACHS5
MSB/
+12V1Vv

OxFF

OxA4

TACH6
Value, LSB

OxFF
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Table 34. REGISTER MAP

ADT7462

Addr

Description

RW

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

fault

SwW
Reset

Lock
able

O0xA5

TACH6
MSB/+12V
2 Voltage

OxFF

No

No

0xA6

TACH7
Value, LSB

OxFF

OxA7

TACH7
MSB/+5V
Voltage

OxFF

O0xA8

TACHS8
Value, LSB

OxFF

O0xA9

TACH8
MSB/+12V
3 Voltage

OxFF

No

No

OxAA

PWM1
Duty Cycle

RW

0x00

No

No

O0xAB

PWM2
Duty Cycle

RW

0x00

No

No

OxAC

PWM3
Duty Cycle

RW

0xCO

No

No

OxAD

PWM4
Duty Cycle

RW

0x00

No

No

THERM1
%0n-Time

0x00

No

No

OxAF

THERM2
%0n-Time

0x00

No

No

0xB8

Thermal
Status 1,
Host

R3D

R2D

R1D

R3

R2

R1

Local

Res

0x00

Yes

No

0xB9

Thermal
Status 2,
Host

VR2

VR1

T2S

T2A

T2%

Tis

T1A

T1%

0x00

Yes

OxBA

Thermal
Status 3,
Host

R3T2

R2T2

R1T2

LT2

R3T1

R2T1

R1T1

LT1

0x00

Yes

No

0xBB

Voltage
Status 1,
Host

Pin 23

+5V

Pin 19

Pin 15

+3.3V

+12V3

+12Vv2

+12Vv1

0x00

Yes

No

0xBC

Voltage
Status 2,
Host

+1.5V1
(ICH)

+1.5V2
(3GIO)

Pin 26

Pin 25

Pin 24

Res

Res

Res

0x00

Yes

No

0xBD

Fan Status,
Host

Fan 8

Fan 7

Fan 6

Fan 5

Fan 4

Fan 3

Fan 2

Fan 1

0x00

Yes

No

OxBE

Digital
Status,
Host

Cl

VID

SCsI2

SCsi1

FAN2MAX

Res

Res

Res

0x00

Yes

No

OxBF

GPIO
Status,
Host

RW

GPIO8

GPIO7

GPIO6

GPIO5

GPIO4

GPIO3

GPIO2

GPIO1

0x00

Yes

No

0xCO

Thermal
Status 1,
BMC

R3D

R2D

R1D

R3

R2

R1

Local

Res

0x00

Yes

No

0xC1

Thermal
Status 2,
BMC

VR2

VR1

T2S

T2A

T2%

TiS

T1A

T1%

0x00

Yes

No

0xC3

Voltage
Status 1,
BMC

Pin 23

+5V

Pin 19

Pin 15

+3.3V

+12V3

+12V2

+12V1

0x00

Yes

No

0xC4

Voltage
Status 2,
BMC

+1.5V1
(ICH)

+15V2
(3GI0)

Pin 26

Pin 25

Pin 24

Res

Res

Res

0x00

Yes

No

0xC5

Fan Status,
BMC

Fan 8

Fan 7

Fan 6

Fan 5

Fan 4

Fan 3

Fan 2

Fan 1

0x00

Yes

No

0xC6

Digital
Status,
BMC

Cl

VID

SCsI2

SCsi1

FAN2MAX

Res

Res

Res

0x00

Yes

No
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Table 35. REGISTER 0X00 - CONFIGURATION REGISTER O (Note 1)
Bit Name R/W Description
[5:0] #Byges Izlock R/W These bits set the number of registers to be read in a block read. Default = 0x20.
eal
6 VID Decoder R/W 0 = VR10 Decoding Spec; 1 = VR11 Decoding Spec. Default = 0.
SW Reset R/W Setting this bit to 1 restores all unlocked registers to their default values. Self-clearing. Write
0x6D to register 0x7B before setting this bit to get a software reset. Default = 0.

1. POR =0x20, Lock =Y, SW Reset =Y.

Table 36. REGISTER 0X01 - CONFIGURATION REGISTER 1 (Note 1)

Bit Name R/W Description
0 Monitor R/W Setting this bit to 1 enables temperature and voltage measurements. When this bit is set to 0,
temperature and voltage measurements are disabled. Default = 1.
Reserved R/IW Reserved. Default = 0.
2 Reserved R/W Reserved. Default = 0.
ALERT Mode R/W This bit sets the ALERT mode in the ADT7462. 1 = comparator mode, 0 = SMBALERT mode
(Default).
4 Disable Fast R/W Setting this bit to 1 disables the fast spin-up (for two TACH pulses) for the fans. Instead, the
Spin-Up fans spin up for the programmed fan startup timeout. Default = 0.
5 Setup Complete R/W Setting this bit to 1 tells the ADT7462 that setup is complete and that monitoring of all selected
channels should begin. Default = 0.
6 Lock Write Logic 1 locks all limit values at their current settings. When this bit is set, all lockable registers
Once become read-only and cannot be modified until the ADT7462 is powered down and powered
up again. This prevents rogue programs, such as viruses, from modifying critical system limit
settings. Lockable.
7 RDY R This bit is set to 1 to indicate that the ADT7462 is fully powered up and ready to start
monitoring.

1. POR =0x81, Lock =Y, SW Reset =Y.

Table 37. REGISTER 0X02 - CONFIGURATION REGISTER 2 (Note 1)

Bit Name R/W Description

0 FAST R/W In low frequency, PWM fan speed measurements are made once a second. Setting this bit to 1
increases the frequency of the fan speed measurements to 4 times a second. Default = 0.

Reserved R/W Reserved. Default = 0.

2 PWM Mode R/W This bit sets the PWM frequency mode. 0 = low frequency PWM; frequency programmable
between 11 Hz and 88.2 Hz. Default = 35.3 Hz. 1 = high frequency mode, 22.5 kHz.

3 VRD1 Boost R/W Setting this bit to 0 causes the fans to go to full speed on assertion of VRD1. Default = 0.
When this bit is set to 1, VRD1 assertions have no effect on the fan speed.

4 VRD2 Boost R/W Setting this bit to 0 causes the fans to go to full speed on assertion of VRD2. Default = 0.
When this bit is set to 1, VRD2 assertions have no effect on the fan speed.

5 Fans Full Speed R/W Setting this bit to 1 drives the fans to full speed. Default = 0.

[7:6] #TACH Pulses R/W In low frequency mode, the ADT7462 must pulse stretch to get an accurate fan speed
measurement. The speed is always measured between the 2nd rising edge and one x TACH
pulses later. This bit determines the last TACH pulse. Therefore, if the fan speed is to be
measured between the second and fourth TACH pulse, 01 is written to these bits.

x=1=00
x=2=01
x = 3 =10 (Default)
x=4=11

1. POR =0x80, Lock =Y, SW Reset = Y.
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Table 38. REGISTER 0X03 - CONFIGURATION REGISTER 3 (Note 1)

Bit Name R/W Description

0 GPIO_En R/W Setting this bit to 1 enables the GPIOs. Default = 0.

1 SCL_Timeout R/W 1 = SCL timeout enabled. 0 = SCL timeout disabled = default.

2 SDA_Timeout R/W 1 = SDA timeout enabled. 0 = SDA timeout disabled = default.

3 VID_Threshold R/W This bit sets the digital threshold for the VID digital inputs. 0 = default. 1 = low thresholds

selected = 0.65 V.
4 THERM_ R/W This bit sets the digital threshold for the THERM digital inputs. 0 = default. 1 = low thresholds
Threshold selected = 2/3 Vccp1 (Pin 23).

5 Cl Reset R/W Setting this bit to 1 resets the chassis intrusion circuit. This bit clears itself. Default = 0.

6 XOR Tree R/W Setting this bit to 1 enables the XOR tree test. Default = 0.

7 V_Core_Low R/W Setting this bit to 1 enables V_core_low. Default = 0.

1. POR =0x00, Lock =Y, SW Reset =Y.

Table 39. REGISTER 0X07 - TACH ENABLE REGISTER (Note 1)

Bit Name R/W Description

0 TACH1 R/W Setting this bit to 1 enables the TACH1 measurement. Default = 0.
1 TACH2 R/W Setting this bit to 1 enables the TACH2 measurement. Default = 0.
2 TACH3 R/W Setting this bit to 1 enables the TACH3 measurement. Default = 0.
3 TACH4 R/W Setting this bit to 1 enables the TACH4 measurement. Default = 0.
4 TACH5 R/W Setting this bit to 1 enables the TACH5 measurement. Default = 0.
5 TACHG6 R/W Setting this bit to 1 enables the TACH6 measurement. Default = 0.
6 TACH7 R/W Setting this bit to 1 enables the TACH7 measurement. Default = 0.
7 TACHS8 R/W Setting this bit to 1 enables the TACH8 measurement. Default = 0.

1. POR =0x00, Lock =Y, SW Reset = Y.

Table 40. REGISTER 0X08 — TACH CONFIGURATION REGIST ER (Note 1)

Bit Name R/W Description

0 DC 1/5 R/W Setting this bit to 1 enables continuous measurements on TACH1 and TACHS5 in low frequency
PWM mode. Continuous measurement means that pulse stretching is turned off and the PWM
output and TACH inputs are no longer synchronized. Default = 1.

1 DC 2/6 R/W Setting this bit to 1 enables continuous measurements on TACH2 and TACHS in low frequency
PWM mode. Continuous measurement means that pulse stretching is turned off and the PWM
output and TACH inputs are no longer synchronized. Default = 1.

2 DC 3/7 R/W Setting this bit to 1 enables continuous measurements on TACH3 and TACH7 in low frequency
PWM mode. Continuous measurement means that pulse stretching is turned off and the PWM
output and TACH inputs are no longer synchronized. Default = 1.

3 DC 4/8 R/W Setting this bit to 1 enables continuous measurements on TACH4 and TACHS in low frequency
PWM mode. Continuous measurement means that pulse stretching is turned off and the PWM
output and TACH inputs are no longer synchronized. Default = 1.

[7:4] Reserved R Reserved for future use.

1. POR = OxOF, Lock =Y, SW Reset = Y.
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Table 41. REGISTER 0X09 - GPIO CONFIGURATION REGISTER 1 (Note 1)

Bit Name R/W Description

0 GPIO1_P R/W This bit sets the polarity of GPIO1. 0 = Default = Active Low. 1= Active High.
1 GPIO1_D R/W This bit sets the direction of GPIO1. 0 = Default = Input. 1= Output.

2 GPIO2_P R/W This bit sets the polarity of GPIO2. 0 = Default = Active low. 1= Active High.
3 GP102_D R/W This bit sets the direction of GPIO2. 0 = Default = Input. 1= Output.

4 GPIO3_P R/W This bit sets the polarity of GPIO3. 0 = Default = Active Low. 1= Active High.
5 GPIO3_D R/W This bit sets the direction of GPIO3. 0 = Default = Input. 1= Output.

6 GPIO4_P R/W This bit sets the polarity of GPIO4. 0 = Default = Active Low. 1= Active High.
7 GPI04_D R/W This bit sets the direction of GPIO4. 0 = Default = Input. 1= Output.

1. POR =0x00, Lock =Y, SW Reset =Y.

Table 42. REGISTER 0X0A - GPIO CONFIGURATION REGIST ER 2 (Note 1)

Bit Name R/W Description

0 GPIO5_P R/W This bit sets the polarity of GPIO5. 0 = Default = Active Low. 1= Active High.
1 GPIO5_D R/W This bit sets the direction of GPIO5. 0 = Default = Input. 1= Output.

2 GPIO6_P R/W This bit sets the polarity of GPIO6. 0 = Default = Active Low. 1= Active High.
3 GPIO6_D R/W This bit sets the direction of GPIO6. 0 = Default = Input. 1= Output.

4 GPIO7_P R/W This bit sets the polarity of GPIO7. 0 = Default = Active Low. 1= Active High.
5 GPIO7_D R/W This bit sets the direction of GPIO7. 0 = Default = Input. 1= Output.

6 GPIO8_P R/W This bit sets the polarity of GPIO8. 0 = Default = Active Low. 1= Active High.
7 GPIO8_D R/W This bit sets the direction of GPIO8. 0 = Default = Input. 1= Output.

1. POR =0x00, Lock =Y, SW Reset = Y.

Table 43. REGISTER 0X0B — DYNAMIC T pyy CONTROL REGISTER 1 (Note 1)

Bit

Name

R/W

Description

0

Remote 1 En

R/W

Setting this bit to 1 enables dynamic Ty control for the Remote 1 channel. Default = 0.

Remote 2 En

R/W

Setting this bit to 1 enables dynamic Ty control for the Remote 2 channel. Default = 0.

P1R1

R/IW

P1R1 =1 copies the Remote 1 current temperature to the Remote 1 operating point register if
THERML is asserted externally. This happens only if the current temperature is less than the
value in the operating point register. The operating point contains the temperature at which
THERML is asserted. P1R1 = 0 (Default) ignores any THERM1 assertions on the THERM1
pin. The Remote 1 operating point register reflects its programmed value.

P1R2

R/IW

P1R2 =1 copies the Remote 2 current temperature to the Remote 2 operating point register if
THERML is asserted externally. This happens only if the current temperature is less than the
value in the operating point register. The operating point contains the temperature at which
THERML is asserted. P1R2 = 0 (Default) ignores any THERM1 assertions on the THERM1
pin. The Remote 2 operating point register reflects its programmed value.

P2R1

R/W

P2R1 =1 copies the Remote 1 current temperature to the Remote 1 operating point register if
THERM2 is asserted externally. This happens only if the current temperature is less than the
value in the operating point register. The operating point contains the temperature at which
THERM2 is asserted. P2R1 = 0 (Default) ignores any THERM2 assertions on the THERM2
pin. The Remote 1 operating point register reflects its programmed value.

P2R2

R/IW

P2R2 =1 copies the Remote 2 current temperature to the Remote 2 operating point register if
THERM2 is asserted externally. This happens only if the current temperature is less than the
value in the operating point register. The operating point contains the temperature at which
THERM2 is asserted. P2R2 = 0 (Default) ignores any THERM2 assertions on the THERM2
pin. The Remote 2 operating point register reflects its programmed value.

[7:6]

Reserved

R/W

Reserved for future use.

1. POR =0x00, Lock =Y, SW Reset = .
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Table 44. REGISTER 0X0C — DYNAMIC Ty CONTROL REGISTER 2 (Note 1)
Bit Name R/W Description
[2:0] CYR1 R/W Three-bit Remote 1 cycle value. These three bits define the delay time between making
subsequent Ty adjustments in the control loop for the Remote 1 temperature channel, in
terms of number of monitoring cycles. The system has associated thermal time constants that
must be found to optimize the response of fans and the control loop.
Bits Decrease cycle Increase cycle
000 8 cycles (1 sec) 16 cycles (2 sec)
001 16 cycles (2 sec) 32 cycles (4 sec)
010 32 cycles (4 sec) 64 cycles (8 sec)
011 64 cycles (8 sec) 128 cycles (16 sec)
100 128 cycles (16 sec) 256 cycles (32 sec)
101 256 cycles (32 sec) 512 cycles (64 sec)
110 512 cycles (64 sec) 1024 cycles (128 sec)
111 1024 cycles (128 sec) 2048 cycles (256 sec)
[5:3] CYR2 R/W Three-bit Remote 2 cycle value. These three bits define the delay time between making
subsequent Ty n adjustments in the control loop for the Remote 2 temperature channel, in
terms of number of monitoring cycles. The system has associated thermal time constants that
must be found to optimize the response of fans and the control loop.
Bits Decrease cycle Increase Cycle
000 8 cycles (1 sec) 16 cycles (2 sec)
001 16 cycles (2 sec) 32 cycles (4 sec)
010 32 cycles (4 sec) 64 cycles (8 sec)
011 64 cycles (8 sec) 128 cycles (16 sec)
100 128 cycles (16 sec) 256 cycles (32 sec)
101 256 cycles (32 sec) 512 cycles (64 sec)
110 512 cycles (64 sec) 1024 cycles (128 sec)
111 1024 cycles (128 sec) 2048 cycles (256 sec)
6 Control Loop R/W This bit allows the user to select between two control loops. 0 makes the control loop
Select backwards compatible with the ADT7463 and ADT7468. 1 = ADT7462 control loop (Default).
7 Reserved R Reserved for future use.

1. POR =0x40, Lock =Y, SW Reset = Y.

Table 45. REGISTER 0X0OD - THERM CONFIGURATION REGISTER (Note 1)

Bit

Name

R/IW

Description

0

Boost 1

R/W

Setting this bit to 0 causes the fans to go to maximum PWM on assertion of THERM1 as an

output. Setting this bit to 1 means that the fan speed is not affected when the THERM1
temperature limit is exceeded. Default = 0.

Boost 2

R/IW

Setting this bit to 0 causes the fans to go to maximum PWM on assertion of THERM2 as an
output. Setting this bit to 1 means that the fan speed is not affected when the THERM2
temperature limit is exceeded. Default = 0.

[4:2]

THERM1 Timer
Window

R/W

These bits set the timer window for measuring THERM1 assertions.
000 =0.25 sec

001 =0.5sec

010 =1 sec
011 =2 sec
100 =4 sec
101 =8 sec
110 = 8 sec
111 = 8 sec

[7:5]

THERM2 Timer
Window

R/IW

These bits set the timer window for measuring THERM2 assertions.
000 =0.25 sec

001 =0.5sec

010 =1 sec
011 =2 sec
100 =4 sec
101 =8 sec
110 = 8 sec
111 =8 sec

1. POR =0x00, Lock =Y, SW Reset = Y.

WWW. onsemi.com
64



 http://www.onsemi.com/

ADT7462

Table 46. REGISTER 0XOE - THERM1 CONFIGURATION REGISTER (Note 1)
Bit Name R/W Description
0 THERM1 Timer R/W Enables the THERM1 timer circuit. Default = 0.
Enable
1 THERM1_Local R/W Setting the bit to 1 means that the THERML1 pin is asserted low as an output whenever the
local temperature exceeds the local THERM1 temperature limit. Default = 0.
2 THERM1 R/W Setting the bit to 1 means that the THERML1 pin is asserted low as an output whenever the
Remote 1 Remote 1 temperature exceeds the Remote 1 THERM1 temperature limit. Default = 0.
3 THERM1 R/W Setting the bit to 1 means that the THERML1 pin is asserted low as an output whenever the
Remote 2 Remote 2 temperature exceeds the Remote 2 THERM1 temperature limit. Default = 0.
4 THERM1 R/W Setting the bit to 1 means that the THERML1 pin is asserted low as an output whenever the
Remote 3 Remote 3 temperature exceeds the Remote 3 THERM1 temperature limit. Default = 0.
[7:5] Reserved R Reserved for future use.

1. POR =0x00, Lock =Y, SW Reset = Y.

Table 47. REGISTER 0XOF - THERM2 CONFIGURATION REGISTER (Note 1)

Bit Name R/W Description
0 THERM2 R/W Enables the THERM2 timer circuit. Default = 0.
Timer Enable
1 THERM2_Local R/W Setting the bit to 1 means that the THERM2 pin is asserted low as an output whenever the
local temperature exceeds the local THERM2 temperature limit. Default = 0.
2 THERM2_ R/W Setting the bit to 1 means that the THERM2 pin is asserted low as an output whenever the
Remote 1 Remote 1 temperature exceeds the Remote 1 THERM2 temperature limit. Default = 0.
3 THERM2_ R/W Setting the bit to 1 means that the THERM2 pin is asserted low as an output whenever the
Remote 2 Remote 2 temperature exceeds the Remote 2 THERM2 temperature limit. Default = 0.
4 THERM2_ R/W Setting the bit to 1 means that the THERM2 pin is asserted low as an output whenever the
Remote 3 Remote 3 temperature exceeds the Remote 3 THERM2 temperature limit. Default = 0.
[7:5] Reserved R Reserved for future use.

1. POR =0x00, Lock =Y, SW Reset = Y.

Table 48. REGISTER 0X10 — PIN CONFIGURATION REGISTER 1 (Note 1)

Bit Name R/W Description

0 Pin 7 R/W 0 =+12V1; 1 = TACHS Input. Default = 1.

1 Pin 4 R/W 0 = GPIO4; 1= TACH4 Input (that is, if the VIDs are not selected). Default = 1.

2 Pin 3 R/W 0 = GPIO3; 1= TACHS3 Input (that is, if the VIDs are not selected). Default = 1.

3 Pin 2 R/W 0 = GPIO2; 1= TACH2 Input (that is, if the VIDs are not selected). Default = 1.

4 Pin 1 R/W 0 = GPIO1; 1= TACHL1 Input (that is, if the VIDs are not selected). Default = 1.

5 Diode 3 R/W 1 enables the D3+ and D3- inputs on Pin 19 and Pin 20. 0 enables the voltage measurement
input and SCSI_TERM2 input. Default = 1.

6 Diode 1 R/W 1 enables the D1+ and D1- inputs on Pin 15 and Pin 16. 0 enables the voltage measurement
input and SCSI_TERM1 input. Default = 1.

7 VIDs R/W Setting this bit to 1 enables the VIDs on Pin 1 to Pin 4, Pin 28, Pin 31, and Pin 32. Default = 0.

1. POR =0x7F, Lock =Y, SW Reset = V.
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Table 49. REGISTER 0X11 — PIN CONFIGURATION REGISTER 2 (Note 1)

Bit Name R/W Description
[1:0] Pin 23 R/W 00 = Vcp1 Selected.
01 =+2.5V.
10 = +1.8V (Default).
11 = +1.5V.
2 Pin 22 R/W 0=+12V3; 1 = TACHS. Default = 1.
3 Pin 21 R/W 0 =+5V; 1 = TACHY7. Default = 1.
4 Pin 19 R/W 0=+1.25V; 1 =+0.9V (that is, if RT3 Is Not Selected). Default = 0.
5 Pin 15 R/W 0=+2.5V,1=+1.8V (thatis, if RT1 Is Not Selected). Default = 0.
6 Pin 13 R/W 0 =+3.3V; 1 = PWMA4. Default = 1.
7 Pin 8 R/W 0=+12V2; 1 = TACHS6. Default = 1.

POR = OXCE, Lock = Y, SW Reset = Y.

Table 50. REGISTER 0X12 - PIN CONFIGURATION REGISTER 3 (Note 1)

Bit

Name

R/IW

Description

0

Reserved

R

Reserved for future use.

1

Pin 27

R/W

0 = FAN2MAX; 1 = Chassis Intrusion (Default).

[3:2]

Pin 26

R/W

00 = VgarT Selected (Default).
01 = +1.2V2 (FSB_V17).

10 = VR_HOT2.

11 = VR_HOT2.

[5:4]

Pin 25

R/W

00 = +3.3V Selected (Default).
01 =+1.2V1 (Gg7)-

10 = VR_HOT1.

11 = VR_HOT1.

[7:6]

Pin 24

R/W

00 = Vccpo Selected.
01 = +2.5V (Default).
10=+1.8V.
11 =+1.5V.

POR = 0x42, Lock = Y, SW Reset = Y.

Table 51. REGISTER 0X13 - PIN CONFIGURATION REGISTER 4 (Note 1)

Bit Name R/W Description
[1:0] Reserved R Reserved.
Pin 32 R/W 0 = GPIO6; 1 = PWM2 (Pin 32 Is VIDS5 if VIDs Are Selected). Default = 1.
Pin 31 R/W 0 = GPIO5; 1 = PWM1 (Pin 31 Is VID4 if VIDs Are Selected). Default = 1.
[5:4] Pin 29 (Pin 28, R/W 00 = GPIOS.
+1.5V 01 = +1.5V (Measured on Pin 28).
Monitoring) 10 = THERM2.
(Note 2) 11 = THERM2 (Default).(Pin 28 Is VID6 if VIDs Are Selected.)
[7:6] Pin 28 (Pin 29, R/IW 00 = GPIO7.
+1.5V 01 = +1.5V (Measured on Pin 29).
Monitoring) 10 = THERM1.
(Note 3) 11 = THERM1 (Default).

. POR = 0xFC, Lock =Y, SW Reset = Y.

. +1.5V can be monitored on Pin 28 and 29 only when both are configured as +1.5V inputs. This means that +1.5V is measured on both pins
or on neither. +1.5V monitoring cannot be combined with another function on the other pin. For example, if Pin 29 is configured as +1.5V,
then THERM1 cannot be selected on Pin 28, because they share the same selection bits.
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Table 52. REGISTER 0X14 - EASY CONFIGURATION OPTION S (Note 1)

Bit Name R/W Description
0 Easy Option 1 Select R/W Setting this bit to 1 enables Easy Option 1.
1 Easy Option 2 Select R/W Setting this bit to 1 enables Easy Option 2.
2 Easy Option 3 Select R/W Setting this bit to 1 enables Easy Option 3.
3 Easy Option 4 Select R/W Setting this bit to 1 enables Easy Option 4.
4 Easy Option 5 Select R/W Setting this bit to 1 enables Easy Option 5.
[7:5] Reserved R Reserved for future use.

1. POR =0x01, Lock =Y, SW Reset = .

Table 53. REGISTER 0X16 - EDO/SINGLE CHANNEL ENABLE (Note 1)

Bit Name R/W Description
0 EDO_En1 R/W Enable EDO on GPIO5. Default = 0.
EDO_En2 R/W Enable EDO on GPIO6. Default = 0.
2 Single—Channel R/W Setting this bit to 1 places the ADT7462 in single-channel mode. This means that it converts
Mode Select on one channel only. The channel it converts on is set using the channel select bits in this

register. Default = 0.

[7:3] Channel Select R/W

These bits are used to set the single channel that the ADT7462 measures in single-channel
mode.

0000 0 = Pin 26 (Default) 0000 1 = Remote 1 Temperature
0001 0 = Remote 2 Temperature 0001 1 = Remote 3 Temperature
0010 0 = Local Temperature 00101 =+12V1

0011 0 = +12V2 0011 1 = +12V3

0100 0 = +3.3V 0100 1 = Pin 15 Voltage

0101 0 = Pin 19 Voltage 01011 =+5V

0110 0 = Pin 23 Voltage 0110 1 = Pin 24 Voltage

0111 0 = Pin 25 Voltage 1000 0 = +1.5V1 (ICH) Voltage

1000 1 = +1.5V2 (3GIO) Voltage

1. POR =0x00, Lock =Y, SW Reset = Y.

Table 54. REGISTER 0X18 — VOLTAGE ATTENUATOR CONFIG URATION 1 (Note 1)

Bit Name R/W Description

0 Reserved R Reserved for future use.

1 Attenuator Pin 7 R/W Setting this bit to 0 removes the attenuators for Pin 7. Default = 1 = Attenuators Enabled.
2 Attenuator Pin 8 R/W Setting this bit to 0 removes the attenuators for Pin 8. Default = 1 = Attenuators Enabled.
3 Attenuator Pin 13 R/W Setting this bit to 0 removes the attenuators for Pin 13. Default = 1 = Attenuators Enabled.
4 Attenuator Pin 15 R/W Setting this bit to 0 removes the attenuators for Pin 15. Default = 1 = Attenuators Enabled.
5 Attenuator Pin 19 R/W Setting this bit to 0 removes the attenuators for Pin 19. Default = 1 = Attenuators Enabled.
6 Attenuator Pin 21 R/W Setting this bit to 0 removes the attenuators for Pin 21. Default = 1 = Attenuators Enabled.
7 Attenuator Pin 22 R/W Setting this bit to 0 removes the attenuators for Pin 22. Default = 1 = Attenuators Enabled.

1. POR =OxFF, Lock =Y, SW Reset = Y.

Table 55. REGISTER 0X19 - VOLTAGE ATTENUATOR CONFIG URATION 2 (Note 1)

Bit Name R/W Description
0 Attenuator Pin 23 R/W Setting this bit to 0 removes the attenuators for Pin 23. Default = 1 = Attenuators Enabled.
1 Attenuator Pin 24 R/W Setting this bit to 0 removes the attenuators for Pin 24. Default = 1 = Attenuators Enabled.
2 Attenuator Pin 25 R/W Setting this bit to 0 removes the attenuators for Pin 25. Default = 1 = Attenuators Enabled.
3 Reserved R/IW Reserved for future use. Default = 0.
4 Attenuator Pin 28 R/W Setting this bit to 0 removes the attenuators for Pin 28. Default = 1 = Attenuators Enabled.
5 Attenuator Pin 29 R/W Setting this bit to 0 removes the attenuators for Pin 29. Default = 1 = Attenuators Enabled.
[7:6] Reserved R/W Reserved for future use. Default = 00.

1. POR =0x37, Lock =Y, SW Reset = Y.
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Table 56. REGISTER 0X1A - ENHANCED ACOUSTICS REGISTER 1
Bit Mnemonic R/W Description
0 Enl R/W Setting this bit to 1 enables the enhanced acoustics mode for PWMZ1; 0 disables it. Default = 0.
1 En2 R/W Setting this bit to 1 enables the enhanced acoustics mode for PWM2; 0 disables it. Default = 0.
[4:2] Ramp Rate 1 R/W These bits set the ramp rate for the enhanced acoustics mode for PWML1. Default = 000.
Time Slot Increase Time for 33% to 100%
000=1 001=2 35 sec 17.6 sec
010=3 011=5 11.8 sec 7.0 sec
100=8 101 =12 4.4 sec 3.0 sec
110=24 111 =48 1.6 sec 0.8 sec
[7:5] Ramp Rate 2 R/W These bits set the ramp rate for the enhanced acoustics mode for PWM2. Default = 000.
Time Slot Increase Time for 33% to 100%
000=1 001=2 35 sec 17.6 sec
010=3 011 =5 11.8 sec 7.0 sec
100=8 101 =12 4.4 sec 3.0 sec
110=24 111 =48 1.6 sec 0.8 sec

1. POR =0x00, Lock =Y, SW Reset =Y.

Table 57. REGISTER 0X1B - ENHANCED ACOUSTICS REGIST ER 2

Bit Mnemonic R/W Description
0 En3 R/W Setting this bit to 1 enables the enhanced acoustics mode for PWM3; 0 disables it. Default = 0.
1 En4 R/W Setting this bit to 1 enables the enhanced acoustics mode for PWM4; 0 disables it. Default = 0.
[4:2] Ramp Rate 3 R/W These bits set the ramp rate for the enhanced acoustics mode for PWM3. Default = 000.
Time Slot Increase Time for 33% to 100%
000=1 001=2 37.5 sec 18.8 sec
010=3 011 =5 12.5 sec 7.5 sec
100=8 101=12 4.7 sec 3.1sec
110 =24 111 =48 1.6 sec 0.8 sec
[7:5] Ramp Rate 4 R/W These bits set the ramp rate for the enhanced acoustics mode for PWM4. Default = 000.
Time Slot Increase Time for 33% to 100%
000=1 001=2 35 sec 17.6 sec
010=3 011 =5 11.8 sec 7.0 sec
100=8 101=12 4.4 sec 3.0 sec
110=24 111 =48 1.6 sec 0.8 sec
1. POR =0x00, Lock =Y, SW Reset =Y.
Table 58. REGISTER 0X1C - FAN FREEWHEELING TEST (Note 1)
Bit Name R/W Description
0 Test Fan 1 R/W Fan freewheeling test bit for Fan 1. This bit self-clears when the test is complete.
1 Test Fan 2 R/W Fan freewheeling test bit for Fan 2. This bit self-clears when the test is complete.
2 Test Fan 3 R/W Fan freewheeling test bit for Fan 3. This bit self-clears when the test is complete.
3 Test Fan 4 R/W Fan freewheeling test bit for Fan 4. This bit self-clears when the test is complete.
4 Test Fan 5 R/W Fan freewheeling test bit for Fan 5. This bit self-clears when the test is complete.
5 Test Fan 6 R/W Fan freewheeling test bit for Fan 6. This bit self-clears when the test is complete.
6 Test Fan 7 R/W Fan freewheeling test bit for Fan 7. This bit self-clears when the test is complete.
7 Test Fan 8 R/W Fan freewheeling test bit for Fan 8. This bit self-clears when the test is complete.

1. POR =0x00, Lock =Y, SW Reset =Y.
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Table 59. REGISTER 0X1D — FANS PRESENT (Note 1)

Bit Name R/W Description
0 Fan 1 Present R/W Set this bit to 1 when Fan 1 is present.
1 Fan 2 Present R/W Set this bit to 1 when Fan 2 is present.
2 Fan 3 Present R/W Set this bit to 1 when Fan 3 is present.
3 Fan 4 Present R/W Set this bit to 1 when Fan 4 is present.
4 Fan 5 Present R/W Set this bit to 1 when Fan 5 is present.
5 Fan 6 Present R/W Set this bit to 1 when Fan 6 is present.
6 Fan 7 Present R/W Set this bit to 1 when Fan 7 is present.
7 Fan 8 Present R/W Set this bit to 1 when Fan 8 is present.

1. POR =0x00, Lock =Y, SW Reset =Y.

Table 60. REGISTER OX1E - FAN FREEWHEELING TEST ENA BLE (Note 1)

Bit Name R/W Description

0 Test Fan 1 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 1.
1 Test Fan 2 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 2.
2 Test Fan 3 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 3.
3 Test Fan 4 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 4.
4 Test Fan 5 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 5.
5 Test Fan 6 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 6.
6 Test Fan 7 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 7.
7 Test Fan 8 R/W Setting this bit to 1 enables the fan freewheeling test for Fan 8.

1. POR =0x00, Lock =Y, SW Reset = Y.

Table 61. PWM CONFIGURATION REGISTERS (Note 1)

Register Address R/W Description Power-On Default
0x21 R/W PWMZ1 Configuration Register 0x11
0x22 R/W PWM2 Configuration Register 0x31
0x23 R/W PWM3 Configuration Register 0x51
0x24 R/W PWM4 Configuration Register 0x71

1. Lock=Y, SW Reset =Y.
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Table 62. REGISTER 0X21, REGISTER 0X22, REGISTER 0X23, REGISTER 0X24 - PWM1, PWM2, PWM3
AND PWM4 CONFIGURATION REGISTERS

Bit

Name

R/W

Description

[2:0]

Spin-Up
Timeout

R/IW

These bits set the duration of the fan startup timeout and the timeout for the fan freewheeling
test.

000 = No Startup Timeout
001 =100 ms

010 =250 ms

011 =400 ms

100 =667 ms

101 =1 sec

110 =2 sec

111 = 32 sec

SLOW

R/W

Setting this bit to 1 makes the ramp rate of the enhance acoustics mode four times longer.

INV

R/IW

Setting this bit to 0, the PWM outputs are active low. Setting this bit to 1, the PWM outputs are
active high (Default).

[7:5]

BHVR

R/IW

These bits determine which temperature channel controls the fans in the automatic fan speed
control loop.

000 = Local Temperature

001 = Remote 1 Temperature

010 = Remote 2 Temperature

011 = Remote 3 Temperature

100 = Off

101 = Maximum Fan Speed Calculated by the Local and Remote 3 Temperature Channels

110 = Maximum Fan Speed Calculated by All Four Channels

111 = Manual Mode

Table 63. REGISTER 0X2

5 - PWM1, PWM2 FREQUENCY (Note 1)

Bit Name R/W Description
0 Min 1 R/W When the ADT7462 is in automatic fan control mode, this bit defines whether PWML is off
(0% duty cycle) or at minimum PWM1 duty cycle when the controlling temperature is below its
Tmin — hysteresis value.
0 = 0% duty cycle below Ty N — hysteresis (Default); 1 = minimum PWM1 duty cycle below
Tmin — hysteresis.
1 Min 2 R/W When the ADT7462 is in automatic fan control mode, this bit defines whether PWM2 is off
(0% duty cycle) or at minimum PWM2 duty cycle when the controlling temperature is below its
Tmin — hysteresis value.
0 = 0% duty cycle below Ty — hysteresis (Default); 1 = minimum PWM2 duty cycle below
Tmin — hysteresis.
[4:2] Low Freq 1 R/W These bits set the frequency of PWM1 when configured in low frequency mode.
000 = 11 Hz
001 =14.7Hz
010=22.1Hz
011 =29.4 Hz
100 = 35.3 Hz (Default)
101 =44.1 Hz
110 =58.8 Hz
111 = 88.2 Hz
[7:5] Low Freq 2 R/W These bits set the frequency of PWM2 when configured in low frequency mode.

000 = 11 Hz

001 =14.7Hz
010=22.1Hz

011 =29.4 Hz

100 = 35.3 Hz (Default)
101 =44.1 Hz

110 =58.8 Hz

111 = 88.2 Hz

1. POR =0x90, Lock =Y, SW Reset = Y.
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REGISTER 0X26 - PWM3, PWM4 FREQUENCY (Note 1)

Bit

Name

R/W

Description

0

Min 3

R/IW

When the ADT7462 is in automatic fan control mode, this bit defines whether PWM3 is off
(0% duty cycle) or at minimum PWM3 duty cycle when the controlling temperature is below its
Twmin — hysteresis value.

0 = 0% duty cycle below Ty N — hysteresis (default); 1 = minimum PWM3 duty cycle below
TmiN — hysteresis.

Min 4

R/IW

When the ADT7462 is in automatic fan control mode, this bit defines whether PWM4 is off
(0% duty cycle) or at minimum PWM4 duty cycle when the controlling temperature is below its
Twmin — hysteresis value.

0 = 0% duty cycle below Ty N — hysteresis (default); 1 = minimum PWM4 duty cycle below
Twmin — hysteresis.

[4:2]

Low Freq 3

R/W

These bits set the frequency of PWM3 when configured in low frequency mode.

000 =11 Hz

001 =14.7 Hz

010=22.1 Hz

011 =29.4 Hz

100 = 35.3 Hz (Default)

101 =441 Hz

110 =58.8 Hz

111 = 88.2 Hz

[7:5]

Low Freq 4

R/W

These bits set the frequency of PWM4 when configured in low frequency mode.

000 =11 Hz

001 =14.7Hz

010=22.1Hz

011 =29.4 Hz

100 = 35.3 Hz (Default)

101 =44.1 Hz

110 =58.8 Hz

111 =88.2 Hz

1. POR =0x90, Lock =Y, SW Reset = Y.

Table 65. MINIMUM PWMX DUTY CYCLE (Note 1)

Register Address R/W Description POR Default
0x28 R/W Minimum PWMZ1 duty cycle 0x80
0x29 R/W Minimum PWM2 duty cycle 0x80
Ox2A R/W Minimum PWM3 duty cycle 0x80
0x2B R/W Minimum PWM4 duty cycle 0x80

1. Lock =Y, SW Reset =Y.

Table 66. REGISTER 0X2C — MAXIMUM PWM DUTY CYCLE (Note 1)

Bit Name R/W Description
[7:0] Maximum PWM R/W This register sets the maximum % duty cycle output in automatic fan speed control mode for all
Duty Cycle four PWM outputs.

1. POR =0xCO0, Lock =Y, SW Reset =Y.

Table 67. REGISTER 0X30 - THERMAL MASK REGISTER 1 (Note 1)

Bit Name R/W Description

0 Reserved R/W Reserved for future use.

1 Local Temp R/W 1 masks ALERTs for an out-of-limit condition on the local temperature channel.

2 Remote 1 Temp R/W 1 masks ALERTs for an out-of-limit condition on the Remote 1 temperature channel.
3 Remote 2 Temp R/W 1 masks ALERTs for an out-of-limit condition on the Remote 2 temperature channel.
4 Remote 3 Temp R/W 1 masks ALERTs for an out-of-limit condition on the Remote 3 temperature channel.
5 Diode 1 Error R/W 1 masks ALERTSs for an open or short condition on the Remote 1 channel.

6 Diode 2 Error R/W 1 masks ALERTSs for an open or short condition on the Remote 2 channel.

7 Diode 3 Error R/W 1 masks ALERTs for an open or short condition on the Remote 3 channel.

1. POR =0x00, Lock =N, SW Reset =Y.
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Table 68. REGISTER 0X31 - THERMAL MASK REGISTER 2 (Note 1)

Bit Name R/W Description

0 THERM1 % R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.
1 THERM1 Assert R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.
2 THERMI State R/W 1 masks ALERTSs for the corresponding interrupt status bit. Default = 0.
3 THERM2 % R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.
4 THERM2 Assert R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.
5 THERMZ State R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.
6 VRD1_Assert R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 1.
7 VRD2_Assert R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 1.

1. POR = 0xCO0, Lock =N, SW Reset =Y.

Table 69. REGISTER 0X32 - VOLTAGE MASK REGISTER 1 (Note 1)

Bit Name R/W Description

0 +12V1 R/W 1 masks ALERTs for the corresponding interrupt status bit.
1 +12Vv2 R/W 1 masks ALERTs for the corresponding interrupt status bit.
2 +12V3 R/W 1 masks ALERTs for the corresponding interrupt status bit.
3 +3.3V R/W 1 masks ALERTs for the corresponding interrupt status bit.
4 Pin 15 Voltage R/W 1 masks ALERTs for the corresponding interrupt status bit.
5 Pin 19 Voltage R/W 1 masks ALERTs for the corresponding interrupt status bit.
6 +5V R/W 1 masks ALERTs for the corresponding interrupt status bit.
7 Pin 23 Voltage R/W 1 masks ALERTs for the corresponding interrupt status bit.

1. POR =0x00, Lock =N, SW Reset =Y.

Table 70. REGISTER 0X33 - VOLTAGE MASK REGISTER 2 (Note 1)

Bit Name R/W Description

[2:0] Reserved R/W Reserved for future use.
3 Pin 24 Voltage R/W 1 masks ALERTs for the corresponding interrupt status bit.
4 Pin 25 Voltage R/W 1 masks ALERTs for the corresponding interrupt status bit.
5 Pin 26 Voltage R/W 1 masks ALERTs for the corresponding interrupt status bit.
6 +1.5V2 (3GIO) R/W 1 masks ALERTs for the corresponding interrupt status bit.
7 +1.5V1 (ICH) R/W 1 masks ALERTs for the corresponding interrupt status bit.

1. POR =0x00, Lock =N, SW Reset = Y.

Table 71. REGISTER 0X34 — FAN MASK REGISTER (Note 1)

Bit Name R/IW Description

0 Fan 1 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
1 Fan 2 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
2 Fan 3 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
3 Fan 4 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
4 Fan 5 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
5 Fan 6 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
6 Fan 7 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.
7 Fan 8 Fault R/W 1 masks ALERTs for the corresponding interrupt status bit.

1. POR =0x00, Lock =N, SW Reset =Y.
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Table 72. REGISTER 0X35 — DIGITAL MASK REGISTER (Note 1)

Bit Name R/W Description

[2:0] Reserved R Reserved for future use.
3 FAN2MAX R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 1.
4 ScCsi1 R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 1.
5 SCSI2 R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 1.
6 VID Comparison R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.
7 Chassis Intrusion R/W 1 masks ALERTs for the corresponding interrupt status bit. Default = 0.

1. POR =0x38, Lock =N, SW Reset =Y.

Table 73. REGISTER 0X36 — GPIO MASK REGISTER (Note 1)

Bit Name R/W Description

0 GPIO1 R/W A 1 masks ALERTs for the corresponding interrupt status bit.
1 GPI02 R/W A 1 masks ALERTs for the corresponding interrupt status bit.
2 GPIO3 R/W A 1 masks ALERTs for the corresponding interrupt status bit.
3 GPIO4 R/W A 1 masks ALERTs for the corresponding interrupt status bit.
4 GPIO5 R/W A 1 masks ALERTs for the corresponding interrupt status bit.
5 GPIO6 R/W A 1 masks ALERTSs for the corresponding interrupt status bit.
6 GPIO7 R/W A 1 masks ALERTSs for the corresponding interrupt status bit.
7 GPIO8 R/W A 1 masks ALERTs for the corresponding interrupt status bit.

1. POR =0x00, Lock =N, SW Reset =Y.

Table 74. REGISTER 0X37 — EDO 1 MASK REGISTER (Note 1)

Bit Name R/W Description

0 GPIO1 R/W A 1 masks GPIO1 from causing an EDO1 assertion.

1 GPIO2 R/W A 1 masks GPIO2 from causing an EDO1 assertion.

2 GPIO3 R/W A 1 masks GPIO3 from causing an EDO1 assertion.

3 GPIO4 R/W A 1 masks GPI0O4 from causing an EDO1 assertion.

4 Reserved R/IW Unused.

5 Fan R/W A 1 masks a fan-fail condition from causing an EDO1 assertion.

6 Temp R/W A 1 masks a THERM condition from causing an EDO1 assertion.

7 Volt R/W A 1 masks a voltage exceed limit condition from causing an EDO1 assertion.

1. POR =0x00, Lock =N, SW Reset = Y.

Table 75. REGISTER 0X38 - EDO 2 MASK REGISTER (Note 1)

Bit Name R/IW Description

0 GPIO1 R/W A 1 masks GPIO1 from causing an EDO2 assertion.

1 GPIO2 R/W A 1 masks GPIO2 from causing an EDO2 assertion.

2 GPIO3 R/W A 1 masks GPIO3 from causing an EDO2 assertion.

3 GPI04 R/W A 1 masks GPI04 from causing an EDO2 assertion.

4 Reserved R/W Unused.

5 Fan R/W A 1 masks a fan-fail condition from causing an EDO2 assertion.

6 Temp R/W A 1 masks a THERM condition from causing an EDO2 assertion.

7 Volt R/W A 1 masks a voltage exceed limit condition from causing an EDO2 assertion.

1. POR =0x00, Lock =N, SW Reset =Y.
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Table 76. REGISTER 0X3D — DEVICE ID REGISTER (Note 1)

Bit Name

R/W

Description

[7:0] Device ID

R

This register contains the device ID (0x62) for the ADT7462.

1. POR =0x62, SW Reset = N.

Table 77. REGISTER 0X3E - COMPANY ID REGISTER (Note 1)

Bit Name

R/IW

Description

[7:0] Company ID

R

This register contains the company ID (0x41) for the ADT7462.

1. POR =0x41, SW Reset = N.

Table 78. REGISTER 0X3F — REVISION REGISTER (Note 1)

Bit Name

R/IW

Description

[7:0] Revision ID

R

This register contains the revision ID (0x04) for the ADT7462.

1. POR =0x04, SW Reset = N.

Table 79. TEMPERATURE LIMIT REGISTERS (Note 1)

Register Address R/W Description Lockable POR Default
0x44 R/W Local low temperature limit. No 0x40
0x45 R/W Remote 1 low temperature/Pin 15 voltage low limit. No 0x40
0x46 R/W Remote 2 low temperature limit. No 0x40
0x47 R/W Remote 3 low temperature/Pin 19 voltage low limit. No 0x40
0x48 R/W Local high temperature limit. No 0x95
0x49 R/W Remote 1 high temperature/Pin 15 voltage high limit. No 0x95
0x4A R/W Remote 2 high temperature limit. No 0x95
0x4B R/W Remote 3 high temperature/Pin 19 voltage high limit. No 0x95
0x4C R/IW Local THERML temperature limit/+1.5V2 (3GIO) voltage high limit. Yes O0xA4
0x4D R/IW Remote 1 THERM1 temperature limit. Yes O0xA4
Ox4E R/IW Remote 2 THERM1 temperature limit. Yes OxA4
Ox4F RIW Remote 3 THERM1 temperature limit. Yes 0xA4
0x50 R/W Local THERMZ temperature limit/+1.5V1 (ICH) voltage high limit. Yes 0xA4
0x51 R/IW Remote 1 THERM2 temperature limit. Yes O0xA4
0x52 R/W Remote 2 THERM2 temperature limit. Yes O0xA4
0x53 R/IW Remote 3 THERM2 temperature limit. Yes 0xA4

1. SW Reset=N.

Table 80. REGISTER 0X54 - LOCAL/REMOTE 1 TEMPERATUR E HYSTERESIS (Note 1)

Bit Name R/W Description
[3:0] Remote 1 R/W These four bits set the Remote 1 THERM hysteresis value, 1 LSB = 1°C.
Hysteresis
[7:4] Local R/W These four bits set the local THERM hysteresis value, 1 LSB = 1°C.
Hysteresis 0000 = 0°C 0001 = 1°C
0010 =2°C 0011 = 3°C
0100 = 4°C (Default) 0101 =5°C
0110 = 6°C 0111 =7°C
1000 = 8°C 1001 = 9°C
1010 = 10°C 1011 = 11°C
1100 = 12°C 1101 = 13°C
1110 = 14°C 1111 = 15°C

1. POR =0x44, Lock =Y, SW Reset = N.
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Table 81. REGISTER 0X55 - REMOTE 2/REMOTE 3 TEMPERATURE HYSTERESIS (Note 1)

ADT7462

0000 = 0°C

0010 = 2°C

0100 = 4°C (Default)
0110 = 6°C

1000 = 8°C

1010 = 10°C

1100 = 12°C

1110 = 14°C

0001 =1°C
0011 = 3°C
0101 =5°C
0111 =7°C
1001 =9°C
1011 =11°C
1101 =13°C
1111 = 15°C

Bit Name R/W Description
[3:0] Remote 3 Hysteresis R/W These four bits set the Remote 3 THERM hysteresis value, 1 LSB = 1°C.
[7:4] Remote 2 Hysteresis R/W These four bits set the Remote 2 THERM hysteresis value, 1 LSB = 1°C.

1. POR =0x44, Lock =Y, SW Reset = N.

Table 82. OFFSET REGISTERS (Note 1)

Register Address R/W Description POR Default
0x56 R/W Local offset, resolution = 0.5°C. 0x00
0x57 R/W Remote 1 offset, resolution = 0.5°C. 0x00
0x58 R/W Remote 2 offset, resolution = 0.5°C. 0x00
0x59 R/W Remote 3 offset, resolution = 0.5°C. 0x00

1. Lock =Y, SW Reset = N.
Table 83. OPERATING POINT REGISTERS (Note 1)

Register Address R/W Description POR Default
Ox5A R/W Remote 1 operating point. 0xA4
0x5B R/W Remote 2 operating point. 0xA4

1. Lock =Y, SW Reset =Y.
Table 84. TIMING REGISTERS (Note 1)

Register Address R/W Description POR Default
0x5C R/W Local temperature TyN- 0x9A
0x5D R/W Remote 1 temperature Tyn- 0x9A
Ox5E R/W Remote 2 temperature Tyn- O0x9A
Ox5F R/W Remote 3 temperature Tyn- O0x9A

1. Lock =Y, SW Reset =Y.
Table 85. Trance/HYSTERESIS REGISTERS (Note 1)

Register Address R/W Description POR Default
0x60 R/W Local TRange/Hysteresis 0xC4
0x61 R/W Remote 1 Trange/Hysteresis 0xC4
0x62 R/W Remote 2 Trange/Hysteresis 0xC4
0x63 R/W Remote 3 Trange/Hysteresis 0xC4

1. Lock=Y, SW Reset =Y.
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Table 86. REGISTER 0X60, REGISTER 61, REGISTER 62, REGISTER 63 - LOCAL, REMOTE 1, REMOTE 2,
AND REMOTE 3 Trange/HYSTERESIS

Bit Name R/W Description
[3:0] Hysteresis R/W These four bits set the hysteresis in the automatic fan speed control loop and in the dynamic
Twmin control loop, 1 LSB = 1°C.
0000 =0°C 0001 =1°C
0010 =2°C 0011 = 3°C
0100 = 4°C (Default) 0101 =5°C
0110 = 6°C 0111 =7°C
1000 = 8°C 1001 =9°C
1010 = 10°C 1011 = 11°C
1100 = 12°C 1101 = 13°C
1110 = 14°C 1111 = 15°C
[7:4] Range R/W These four bits set the Trange Value, that is, the slope or rate of change of fan speed with
respect to temperature in the automatic fan speed control loop.
0000 = 2°C 0001 = 2.5°C
0010 = 3.3°C 0011 = 4°C
0100 =5°C 0101 =6.7°C
0110 = 8°C 0111 = 10°C
1000 = 13.3°C 1001 = 16°C
1010 = 20°C 1011 = 26.7°C
1100 = 32°C (Default) 1101 = 40°C
1110 = 53.3°C 1111 = 80°C

Table 87. REGISTER 0X64 — OPERATING POINT HYSTERESI S (Note 1)

Bit Name R/W Description

[3:0] Reserved R Reserved for future use.

[7:4] Operating Point R/W These four bits set the operating point hysteresis for the dynamic Ty \ control loop,

Hysteresis 1LSB=1°C.

0000 = 0°C 0001 = 1°C
0010 =2°C 0011 = 3°C
0100 = 4°C (Default) 0101 =5°C
0110 =6°C 0111 =7°C
1000 = 8°C 1001 =9°C
1010 = 10°C 1011 =11°C
1100 = 12°C 1101 =13°C
1110 = 14°C 1111 = 15°C

1. POR =0x40, Lock =Y, SW Reset = Y.

Table 88. VOLTAGE LIMIT REGISTERS (Note 1)

Register Address R/W Description POR Default
0x68 R/W +3.3V high limit. OxFF
0x69 R/W Pin 23 voltage high limit. OxFF
Ox6A R/W Pin 24 voltage high limit. OxFF
0x6B R/W Pin 25 voltage high limit. OxFF
0x6C R/W Pin 26 voltage high limit. OxFF
0x6D R/W +12V1 voltage low limit. 0x00
Ox6E R/W +12V2 voltage low limit. 0x00
Ox6F R/W +12V3 voltage low limit. 0x00
0x70 R/W +3.3V low limit. 0x00
0x71 R/W +5V low limit. 0x00
0x72 R/W Pin 23 voltage low limit. 0x20
0x73 R/W Pin 24 voltage low limit. 0x00
0x74 R/W Pin 25 voltage low limit. 0x00
0x75 R/W Pin 26 voltage low limit. 0x80
0x76 R/W +1.5V2 (3GIO) voltage low limit. 0x00
0x77 R/W +1.5V1 (ICH) voltage low limit. 0x00

1. Lock =N, SW Reset = N.
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Table 89. TACH LIMIT REGISTERS (Note 1)

Register Address R/W Description POR Default
0x78 R/W TACHL limit/VID limit. OxFF
0x79 R/W TACH2 limit. OxFF
Ox7A R/W TACHS limit. OxFF
0x7B R/W TACH4 limit. OxFF
0x7C R/W TACHS limit/+12V1 voltage high limit. OxXFF
0x7D R/W TACHS limit/+12V2 voltage high limit. OxFF
OX7E R/W TACH?7 limit/+5V voltage high limit. OxFF
Ox7F R/W TACHS limit/+12V3 voltage high limit. OxFF

1. Lock =Y, SW Reset = N.
Table 90. THERM TIMER LIMIT REGISTERS (Note 1)

Register Address R/W Description POR Default
0x80 R/IW THERM1 Timer Limit. OxFF
0x81 R/W THERM2 Timer Limit. OXFF

1. Lock =Y, SW Reset = N.
Table 91. TEMPERATURE VALUE REGISTERS (Note 1)

Register Address R/W Description POR Default
0x88 R Bits [7:6] Local temperature value, LSBs. 0x00
0x89 R Local temperature value, MSBs. 0x00
0x8A R Bits [7:6] Remote 1 temperature value, LSBs. 0x00
0x8B R Remote 1 temperature value, MSBs/Pin 15 voltage. 0x00
0x8C R Bits [7:6] Remote 2 temperature value, LSBs. 0x00
0x8D R Remote 2 temperature value, MSBs. 0x00
Ox8E R Bits [7:6] Remote 3 temperature value, LSBs. 0x00
Ox8F R Remote 3 temperature value, MSBs/Pin 19 voltage. 0x00

1. Lock =N, SW Reset = N.
Table 92. VOLTAGE VALUE REGISTERS (Note 1)

Register Address R/W Description POR Default
0x90 R Pin 23 voltage value. 0x00
0x91 R Pin 24 voltage value. 0x00
0x92 R Pin 25 voltage value. 0x00
0x93 R Pin 26 voltage value. 0x00
0x94 R +1.5V1 (ICH) voltage value. 0x00
0x95 R +1.5V2 (3GIO) voltage value. 0x00
0x96 R +3.3V voltage value. 0x00

1. Lock =N, SW Reset = N.
Table 93. VID VALUE REGISTERS (Note 1)

Register Address R/W Description POR Default
0x97 R This register reports the state of the seven VID inputs. 0x00

1. Lock =N, SW Reset = N.
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Table 94. TACH VALUE REGISTERS (Note 1)

Register Address R/W Description POR Default
0x98 R TACHL1, LSB. OxFF
0x99 R TACH1, MSB. OxFF
Ox9A R TACH2, LSB. OxFF
0x9B R TACH2, MSB. OxFF
0x9C R TACH3, LSB. OxFF
0x9D R TACHS3, MSB. OXFF
Ox9E R TACHA4, LSB. OXFF
Ox9F R TACH4, MSB. OXFF
OxA2 R TACHS5, LSB. OXFF
OxA3 R TACH5, MSB/+12V1 voltage value register. OXFF
OxA4 R TACHS6, LSB. OXFF
0xA5 R TACH6, MSB/+12V2 voltage value register. OxFF
0xA6 R TACH7, LSB. OxFF
OxA7 R TACH7, MSB/+5V voltage value register. OxFF
OxA8 R TACHS, LSB. OxFF
0xA9 R TACHS8, MSB/+12V3 voltage value register. OxFF

1. Lock =N, SW Reset = N.

Table 95. PWM CURRENT DUTY CYCLE REGISTERS (Note 1)

Register Address R/W Description POR Default
OxAA R/W PWM1 current duty cycle. 0x00
0xAB R/W PWM2 current duty cycle. 0x00
OxAC R/W PWM3 current duty cycle. 0xCO0
0xAD R/W PWM4 current duty cycle. 0x00

1. Lock =N, SW Reset = N.

Table 96. THERM TIMER VALUE REGISTERS (Note 1)

Register Address R/W Description POR Default
OXAE R THERM1 timer % on-time value. 0x00
OxAF R THERM2 timer % on-time value. 0x00

1. Lock =N, SW Reset = N.

Table 97. REGISTER 0XB8 - HOST THERMAL STATUS REGIS TER 1 (Note 1);
REGISTER 0XCO - BMC THERMAL STATUS REGISTER 1 (Note 1)

Bit Name R/W Description

0 Reserved R Reserved for future use.

1 Local Temp R A 1 indicates that a local temperature limit has been tripped.

2 Remote 1 Temp R A 1indicates that a Remote 1 temperature limit has been tripped.

3 Remote 2 Temp R A 1 indicates that a Remote 2 temperature limit has been tripped.

4 Remote 3 Temp R A 1 indicates that a Remote 3 temperature limit has been tripped.

5 Diode 1 Error R A 1 indicates that a Remote 1 diode error, either an open or a short, has occurred.
6 Diode 2 Error R A 1 indicates that a Remote 2 diode error, either an open or a short, has occurred.
7 Diode 3 Error R A 1 indicates that a Remote 3 diode error, either an open or a short, has occurred.

1. POR =0x00, Lock = N, SW Reset =Y.
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Table 98. REGISTER 0XB9 - HOST THERMAL STATUS REGIS TER 2 (Note 1);
REGISTER 0XC1 - BMC THERMAL STATUS REGISTER 2 (Note 1)

Bit Name R/W Description
0 THERM1 % R A 1 indicates that THERM1 has been asserted for longer than the programmed THERM1 timer
limit.
THERM1 Assert A 1indicates that THERM1 is asserted.
2 THERM1 State R A 1 indicates that a transition from high to low has taken place on the THERM1 pin.
3 THERM2 % R A 1 indicates that THERMZ2 has been asserted for longer than the programmed THERM2 timer
limit.
4 THERM2 Assert R A 1 indicates that THERM2 is asserted.
5 THERM2 State R A 1 indicates that a transition from high to low has taken place on the THERM2 pin.
6 VRD1_Assert R A 1 indicates that VRD1 is asserted.
7 VRD2_Assert R A 1 indicates that VRD2 is asserted.

1. POR =0x00, Lock =N, SW Reset =Y.

Table 99. REGISTER 0XBA - HOST THERMAL STATUS REGIS TER 3 (Note 1)

Bit Name R/W Description

0 Local THERM1 R A 1 indicates that the local THERM1 limit has been exceeded.

1 Remote 1 R A 1 indicates that the Remote 1 THERM1 limit has been exceeded.
THERM1

2 Remote 2 R A 1 indicates that the Remote 2 THERM1 limit has been exceeded.
THERM1

3 Remote 3 R A 1 indicates that the Remote 3 THERM1 limit has been exceeded.
THERM1

4 Local THERM2 R A 1 indicates that the Local THERM2 limit has been exceeded.
Remote 1 A 1 indicates that the Remote 1 THERM2 limit has been exceeded.
THERM2

6 Remote 2 R A 1 indicates that the Remote 2 THERM2 limit has been exceeded.
THERM2

7 Remote 3 R A 1 indicates that the Remote 3 THERMZ2 limit has been exceeded.
THERM2

1. POR =0x00, Lock =N, SW Reset =Y.

Table 100. REGISTER 0XBB — HOST VOLTAGE STATUS REGI STER 1 (Note 1);
REGISTER 0XC3 - BMC VOLTAGE REGISTER 1 (Note 1)

Bit Name R/W Description
0 +12v1 R A 1indicates that a +12V1 voltage limit has been tripped.
1 +12Vv2 R A 1indicates that a +12V2 voltage limit has been tripped.
2 +12V3 R A 1 indicates that a +12V3 voltage limit has been tripped.
3 +3.3V R A 1 indicates that a +3.3V voltage limit has been tripped.
4 Pin 15 Voltage R A 1 indicates that a Pin 15 voltage limit has been tripped.
5 Pin 19 Voltage R A 1 indicates that a Pin 19 voltage limit has been tripped.
6 +5V R A 1 indicates that a +5V voltage limit has been tripped.
7 Pin 23 Voltage R A 1 indicates that a Pin 23 voltage limit has been tripped.

1. POR =0x00, Lock =N, SW Reset =Y.
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Table 101. REGISTER 0XBC - HOST VOLTAGE STATUS REGI STER 2 (Note 1);
REGISTER 0XC4 - BMC VOLTAGE STATUS REGISTER 2 (Note 1)

Bit Name R/W Description
[2:0] Reserved R Reserved for future use.
3 Pin 24 Voltage R A 1 indicates that a Pin 24 voltage limit has been tripped.
4 Pin 25 Voltage R A 1 indicates that a Pin 25 voltage limit has been tripped.
5 Pin 26 Voltage R A 1 indicates that a Pin 26 voltage limit has been tripped.
6 +1.5V2 (3GIO) R A 1 indicates that a +1.5V2 (3GIO) voltage limit has been tripped.
7 +1.5V1 (ICH) R A 1 indicates that a +1.5V1 (ICH) voltage limit has been tripped.

1. POR =0x00, Lock =N, SW Reset =Y.

Table 102. REGISTER 0XBD — HOST FAN STATUS REGISTER (Note 1);
REGISTER 0XC5 - BMC FAN STATUS REGISTER (Note 1)

Bit Name R/W Description
0 Fan 1 Fault R A 1 indicates a Fan 1 fault.

1 Fan 2 Fault R A lindicates a Fan 2 fault.

2 Fan 3 Fault R A 1 indicates a Fan 3 fault.

3 Fan 4 Fault R A 1 indicates a Fan 4 fault.

4 Fan 5 Fault R A 1 indicates a Fan 5 fault.

5 Fan 6 Fault R A 1 indicates a Fan 6 fault.

6 Fan 7 Fault R A 1 indicates a Fan 7 fault.

7 Fan 8 Fault R A 1 indicates a Fan 8 fault.

1. POR =0x00, Lock =N, SW Reset =Y.

Table 103. REGISTER OXBE — HOST DIGITAL STATUS REGI STER (Note 1);
REGISTER 0XC6 — BMC DIGITAL STATUS REGISTER (Note 1)

Bit Name R/W Description
[2:0] Reserved R Reserved for future use.
3 FAN2MAX R A 1 indicates that the FAN2MAX has been asserted as an input.
4 SCSI1 R A 1 indicates that the SCSI_TERM1 digital input has been asserted.
5 SCSI2 R A 1 indicates that the SCSI_TERMZ2 digital input has been asserted.
6 VID Comparison R A 1 indicates a VID comparison fault.
7 Chassis Intrusion R A 1 indicates that the chassis intrusion digital input has been asserted.

1. POR =0x00, Lock =N, SW Reset =Y.

Table 104. REGISTER 0XBF - HOST GPIO STATUS REGISTE R (Note 1)

Bit Name R/IW Description
0 GPIO1 R/IW A 1 indicates that GPIO1 is asserted.
1 GPIO2 R/IW A 1 indicates that GPIO2 is asserted.
2 GPIO3 R/W A 1indicates that GPIO3 is asserted.
3 GPIO4 R/IW A 1 indicates that GPIO4 is asserted.
4 GPIO5 R/W A 1 indicates that GPIOS5 is asserted.
5 GPIO6 R/W A 1 indicates that GPIO6 is asserted.
6 GPIO7 R/W A 1 indicates that GPIO7 is asserted.
7 GPIO8 R/W A 1 indicates that GPIOS8 is asserted.

1. POR =0x00, Lock =N, SW Reset =Y.
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Table 105. ORDERING INFORMATION

Device Number* Temperature Range Package Type Package Option Shipping T

ADT7462ACPZ-REEL —-40°C to +125°C 32-lead LFCSP_VQ CP-32-2 5,000 Tape & Reel

tTFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
*The “Z” suffix indicates Pb—Free part.

Pentium is a registered trademark of Intel Corporation.
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