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INTELLIGENT TEMPERATURE MONITOR AND PWM FAN CONTROLLER
FEATURES
* Qualified for Automotive Applications * Automatic Fan Speed Control Loops
* Remote Temperature Sensor: * SMBus Interface
+3°C Accuracy, 0.250°C Resolution e Power:2.7Vto55V
* Local Temperature Sensor: « Package (Green): QSOP-16 (4mm x 5mm)

+3°C Accuracy, 0.250°C Resolution . RoHS Compliant

* PWM Controller + Latch-Up Exceeds 100 mA
* PWM Frequency: 10Hz to 40kHz per JESD78B - Class |

» Duty Cycle: 0% to 100%, 8 Bits

DESCRIPTION

The AMC6821 is an intelligent temperature monitor and pulse-width modulation (PWM) fan controller. It is
designed for noise-sensitive or power-sensitive applications that require active system cooling. Using either a
low-frequency or a high-frequency PWM signal, this device can simultaneously drive a fan, monitor remote
sensor diode temperatures, and measure and control the fan speed so that it operates with minimal acoustic
noise at the lowest possible speed.

The AMC6821 has three fan control modes: Auto Temperature-Fan mode, Software-RPM mode, and
Software-DCY mode. Each mode controls the fan speed by changing the duty cycle of a PWM output. Auto
Temperature-Fan mode is an intelligent, closed-loop control that optimizes fan speed according to user-defined
parameters. This mode allows the AMC6821 to run as a stand-alone device without CPU intervention; the fan
can continue to be controlled (based on temperature measurements) even if the CPU or system locks up.
Software-RPM mode is a second closed-loop control. In this mode, the AMC6821 adjusts the PWM output to
maintain a consistent fan speed at a user-specified target value; that is, the device functions as a fan speed
regulator. Software-RPM mode can also be used to allow the AMC6821 to operate as a stand-alone device. The
third mode, Software-DCY, is open-loop. In Software-DCY mode, the PWM duty cycle is set directly by the value
written to the device.

The AMC6821 has a programmable SMBALERT output to indicate error conditions and a dedicated FAN-FAULT
output to indicate fan failure. The THERM pin is a fail-safe output for over-temperature conditions that can be
used to throttle a CPU clock. Additionally, the OVR pin indicates the over-temperature limit as well. All of the
alarm thresholds are set through the device registers. The AMC6821 is available in a QSOP-16 package.

ORDERING INFORMATION®

Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
—40°C 10 125°C | QSOP — DBQ Reel of 2500 AMC6821SQDBQRQ1 AMC6821Q

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

web site at yww.tr.conj.
(2) Package drawings, thermal data, and symbolization are available at [vww.fi.com/packaqind.

2 Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Pentium M, Pentium-1V are trademarks of Intel.

JMC is a trademark of IMC Products.

I12C is a trademark of Philips International, Inc.

PRODUCTION DATA information is current as of publication date. righ 2 Texas Instruments Incorpor:
Products conform to specifications per the terms of the Texas Copyright © 2008, Texas Instruments Incorporated

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with

A
A\

appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more

susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

Functional Block Diagram

Vpp GND
AMC6821
FAN-FAULT SMBALERT
THERM Alarm SNLBUS
IC
Detectors
OVR Interface
B e EE—
Temperature TACH-DATA
Data
IN+ TACH
TACH COUNTER
MUX ADC
IN— (11-Bit)
PWM-Out
On-Chip PWM
Temperature Sensor Driver PWM-MODE
[rer]
|
T Remote Auto Fan Speed
emperature Controller
Sensing ontrote
NOTE: Patents 7, 083,328 and 7,098,617
ABSOLUTE MAXIMUM RATINGS®
over operating free-air temperature range (unless otherwise noted)
Vpp to GND -0.3Vto 6.5V
Digital input voltage to GND -0.3Vto6.5V
Input current 10 mA

Select pins A0, A1, PWM-MODE to GND

0.3V 1o Vpp + 0.3V

Analog input voltage to GND

0.3V 1o Vpp + 0.3V

Operating temperature range

—40°C to 125°C

Storage temperature range

—65°C to 150°C

Junction temperature (T; Max)

150°C

(1) Stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not implied.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT
Operating Vpp 2.7 5 55 \%
Specified Vpp 3 5 \%
Operating temperature -40 125 °C
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ELECTRICAL CHARACTERISTICS
T =—-40°C to 100°C and Vpp = 3 V or 5 V (unless otherwise noted)

AMC6821
PARAMETER CONDITIONS MIN TYP MAX | UNIT

TEMPERATURE MEASUREMENT

Ta =0°C to 90°C +0.5 +3.0 °C
Local sensor accuracy

Ta =-25°C to 100°C 1.0 +4.0 °C
Remote sensor accuracy® Tg = 50°C to 100°C 205 30| ¢

Tr = —40°C to 125°C 1.0 +4.0 °C
Sensor resolution Both channels 0.125 °C
Conversion time Two channels 62.5 ms
PWM CONTROLLER
PWM frequency range (programmable)® 10 40k| Hz
PWM frequency accuracy Ta = 25°C to 100°C -6 +7 %
Duty cycle® Programmable 0 100| %
Duty cycle resolution 8-bit 0.39 %lbit
FAN RPM-TO-DIGITAL CONVERTER
Accuracy Ta = 25°C to 100°C -6 +7 %
Full-scale count® 65535
Nominal input RPM® 100 23000| RPM
Internal clock frequency for RPM measurement 100 kHz
DIGITAL INPUT/OUTPUT
VoL | Open-drain output low voltage Sink current 6 mA, Vpp =3V 0 0.4 \%
lon | Open-drain high-level output leakage current 0.1 1 HA
Viy | Input high voltage 2.1 \%
VL Input low voltage 0.8 \%
m Input high current -1 HA
I Input low current 1 HA
Input capacitance 5 pF
POWER SUPPLY
Current Vpp =5 1.1 2.0 mA
Power dissipation 5 mw

(1) The remote temperature sensor is optimized for the Pentium M™ thermal diode with diode ideality n = 1.0022 and T = 0°C to 100°C.
(2) Not production tested. Specified by design.
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TIMING REQUIREMENTS

SDA

tSU:DAT — <—tF
[——

L | tsu:sTa

tHD:DAT tHIGH

Figure 1. Timing Specification

At Vpp =3V or +5V, and T, = —40°C to +125°C, unless otherwise noted.

AMC6821
PARAMETER MIN TYP MAX | UNIT
fscLk Clock frequency 100| kHz
tBuUF Bus free time 4.7 us
tsu:sta  Start setup time 4.7 us
tho:sta  Start hold time 4.0 us
tsu'sto  Stop condition setup time 4.0 us
tLow SCLK low time 4.7 us
tHiGH SCLK high time 4.0 us
tr SCLK, SDA rise time 1000 ns
tr SCLK, SDA fall time 300 ns
tsupat Data setup time 350 ns
tho-par  Data hold time 350 ns
troR ;I;ig:nﬁ'1 from soft\_/var(_e reset commanq or power-on to normal operation. During this period, 15 ms
communication is not recognized.
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DEVICE INFORMATION
SSOP-16
(body size: 5mm x 4mm)
O
PWM-OUT | 1 16 | SCLK
TACH | 2 15 | SDA
OVR | 3 14 | SMBALERT
NC | 4 13 | AO
AMC6821
GND | 5 12 | Al
Voo E 11 | PWM-MODE
THERM | 7 10 | IN+
FAN-FAULT | 8 9 |IN-
Table 1. TERMINAL FUNCTIONS
NAME NO. DESCRIPTION
PWM-OUT 1 Digital output, open-drain. PWM output to control fan speed.
TACH 2 Digital input. Fan tachometer input to measure the fan speed.
OVR 3 Digital output, open-drain, active low. Goes low when temperature reaches the critical shutdown
threshold or remote temperature sensor failed. (See the section for details.)
NC 4 Not connected. Reserved for manufacturer's testing.
GND 5 System ground
Vpp 6 Power supply, 3Vto 5V

Digital input/output (open-drain). As an output, an active low output indicates the temperature over the
THERM 7 THERM temperature limit. As an input, the pin provides an external fan control. When the pin is pulled
low by external signal, the THERM-IN bit is set, and the fan is set to full-speed.

FAN-FAULT 8 Digital open-drain output. Goes low when a fan failure is detected.
IN— 9 Negative analog differential input. Connected to cathode of external temperature-sensing diode.
IN+ 10 Positive analog differential input. Connected to anode of external temperature-sensing diode

Pentium-IV™ substrate transistor or general-purpose 2N3904 type transistor.

PWM mode selection. When tied low (GND), the high PWM frequency range (1 kHz to 40 kHz) is

PWM-MODE 11 selected. When tied to Vpp or floated, the low PWM frequency range (10 Hz to 94 Hz) is selected.
Checked only on power-up or reset.
Al 12 Device slave address selection pin (see the section for details). Checked only on
power-up or reset.
AO 13 Device slave address selection pin (see the section for details). Checked only on
power-up or reset.
SMBALERT 14 Digital output, open-drain, SMBALERT, active low. Requires a pull-up resistor (2.2 kQ typical).
SDA 15 Bi-directional digital I/O pin, SMBus data, open-drain. Requires a pull-up resistor (2.2 kQ typical).
SCLK 16 Digital input, SMBus clock. Requires a pull-up resistor (2.2 kQ typical).
Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 5
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TYPICAL CHARACTERISTICS
Ta =25°C, Vpp =5V (unless otherwise noted)
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TYPICAL CHARACTERISTICS (continued)

Ta =25°C, Vpp =5V (unless otherwise noted)
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The AMC6821 communicates through the serial system management bus (SMBus). The AMC6821 is connected
to this bus as a slave device, under the control of a bus master. The AMC6821 has a 7-bit serial bus address
that is programmable by properly connecting the address pins A0 and Al. shows the selection of the
AMC6821 slave address. The address selection pins should be either tied directly to Vpp or GND. For the NC
condition, they should be unconnected with minimum trace capacitance. Note that the address is checked only

on a reset or power-up condition.

SMBUS INTERFACE

Table 2. AMC6821 Address Select®

AO Al ADDRESS
GND GND 0011000
NC GND 0011010
Vob GND 0011001
GND NC 0101100
NC NC 0101110
Vob NC 0101101
GND Vb 1001100
NC Vb 1001110
Vob Vb 1001101

(1) NC = No connection.

Communication Protocols

The AMC6821 employs four standard SMBus protocols: the send byte, receive byte, write byte, and read byte.

All other operations result in undefined results. Repeated start is not allowed during the read bit.

Table 3. Send Byte

S SLAVE ADDRESS

WR

ACK

COMMAND

ACK

7-bit AMC6821 slave address

8-bit register address

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; WR = write (bit value of 0).

Table 4. Receive Byte

S SLAVE ADDRESS

RD

ACK

DATA

NACK

7-bit AMC6821 slave address

8-bit data from the register selected

previously

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; RD = read (bit value of 1); NACK = not

acknowledged.

Table 5. Write Byte

S SLAVE ADDRESS

WR

ACK

COMMAND

ACK DATA

ACK

7-bit AMC6821 slave address

8-bit register address

8-bit data written to register

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; WR = write (bit value of 0).
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Table 6. Write Multiple Bytes

S SLAVE ADDRESS WR | ACK COMMAND ACK DATA ACK DATA ACK
7-bit AMC6821 slave 8-bit register address of First 8-bit data written Second 8-bit data written
address first register to be written first register second register
DATA ACK DATA ACK P
Third 8-bit data written third register Last 8-bit data

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; WR = write (bit value of 0).

The first register is the one to which the first data byte is written. The next register is the second register. If the
bus master continues to transfer data into the AMC6821 after writing the last location, all data are ignored until
the operation stops.

Table 7. Read Byte

S SLAVE ADDRESS | WR | ACK COMMAND ACK Sr SLAVE ADDRESS | RD | ACK DATA NACK | P

7-bit AMC6821 slave . ) 7-bit AMC6821 slave 8-bit data from
8-bit register address ;
address address register

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; WR = write (bit value of 0); RD = read (bit
value of 1);
NACK = not acknowledged; Sr = repeated start condition.

Table 8. Read Multiple Bytes

S SLAVE ADDRESS | WR | ACK COMMAND ACK Sr SLAVE ADDRESS RD ACK DATA ACK
7-bit AMC6821 slave Address of first 7-bit AMC6821 slave 8-bit data from first
address register to be read address register
DATA ACK DATA NACK P
8-bit data from second register Last 8-bit data

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; WR = write (bit value of 0); RD = read (bit
value of 1);
NACK = not acknowledged; Sr = repeated start condition.

The first register is the one from which the first data byte is transmitted. The next register is the second register.
If the bus master continues clocking data out after reading the last location (0x3F), the value 0x00 is sent out
until the operation stops.

The AMC6821 is entirely controlled by the registers. All registers are 8-bit. The AMC6821 has an address pointer
register; the value of the address pointer register determines the register to be written to or read from. To write
data to the device register or read data from it, the address pointer register must be set properly. Data can then
be written into or read from that register. The command issued by the bus master always contains the initial
value of the address pointer register. The command is constructed as shown in [Table 9.

Table 9. Command Format®
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
0 0 ADDR5 ADDR4 ADDR3 ADDR?2 ADDR1 ADDRO

In the send byte operation, the bus master writes the address of a specified device register into the address
pointer register.

In the receive byte operation, the bus master reads the data back from the device register addressed by the
address point register.

In the write byte operation, the bus master sets the address pointer register to the address of a specified device
register, then writes 8-bit data into it. In the read byte operation, the SMBus master sets the address pointer
register to the address of a specified device register first, then reads 8-bit data back from it.

(1) ADDR[5:0] is the address of the register that is accessed first. The register address is stored in the address pointer register.
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In the write multiple bytes operation, the address pointer of the AMC6821 increments by '1' after the data are
written, until it reaches the last register address (0x3F). If the host continues to transfer data into the AMC6821
after writing the last location, all data are ignored until the operation stops. When reading multiple bytes, the
address pointer of the AMC6821 increments by '1' after transmitting the data until it reaches the last register
address (0x3F). If the host continues clocking data out after reading the last location, the value 0x00 is sent out
until the operation stops.

SMBus ALERT RESPONSE ADDRESS (ARA)

The alert response address is a feature of SMBus devices that allows an interrupting device to identify itself to
the host when multiple devices issue simultaneous interrupts. The SMBALERT pin is an open-drain interrupt
output pin. When the AMC6821 issues an interrupt request, the following procedure occurs:

1. SMBALERT is pulled low.

2. The bus master sends an alert response address or ARA (ARA = 0001100), and initiates a read operation,
as shown in [Table 10.

3. The AMC6821 responds to the ARA by sending its slave address back. The 7-bit device slave address is
placed in the seven most significant bits of the byte; the last bit is '0".

4. The master receives the AMC6821 slave address and starts the interrupt service.

5. If more than one device pulls the SMBus low, the highest priority (lowest slave address) device wins the

communication right via standard arbitration during the slave address transfer (refer to the
Bpecification version 2.0 for details).

6. To service the interrupt request of the AMC6821, the master must read the status register. Most interrupt
source bits in the status registers are cleared after reading the status register, and are reasserted if the error
condition still exists on the next monitoring cycle. The SMBALERT only clears if the interrupt has been
resolved.

Table 10. ARA Operation

S ALERT RESPONSE ADDRESS RD ACK DATA NACK P
0001100 7-bit MSB: slave address of AMC6821 LSB =0

S = start condition; P = stop condition; shaded = slave to master; unshaded = master to slave; RD = read (bit value of 1); NACK = not
acknowledged.

POWER-ON RESET AND START OPERATION

After power-on, all registers are set to the power-on default values. The device does not perform any monitoring
functions until the START bit of Configuration Register J is set ('1'). No detections are executed until the first
monitoring cycle is completed, and all measurement data registers (such as remote and local temp-data registers
and the TACH data register) are updated with the new measured value. No interrupt signals are generated until
the first cycle of monitoring and detection is completed. This process avoids any false alarms caused by the
power-on default setting.

After power-on, the fan spin-up process is performed. At the end of spin-up, the duty cycle of the PWM driver is
adjusted to 33%. (Refer to the section for details). Device status after software reset is similar to
power-on reset.
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FUNCTIONAL BLOCK DIAGRAM
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APPLICATION INFORMATION

ADC CONVERTER

The AMC6821 has an 11-bit, on-chip analog-to-digital converter (ADC), as shown in Figure 11. This ADC
converts the analog input into digital format. The analog input is passed through front-end signal conditioning
circuitry to remove the noise. The resulting signal is then converted by the ADC. To further reduce the effects of
noise, digital filtering is performed by averaging the results of 32 measurement cycles. After digital filtering, the
newest result is stored in the temperature data register (low byte and high byte) in two’s complement format. The
ADC stops when the START bit of Configuraiion Register 1] is cleared ('0") and runs when START = 1.

LPF and
Signal Conditioning

E Digital Dat
igita ata
ADC Filter Registers
—>

60kHz

Mux

Figure 11. On-Chip Analog-to-Digital Converter

TEMPERATURE SENSOR

The AMC6821 has an integrated temperature sensor (shown in to measure the ambient temperature,
and one remote diode sensor (such as a Pentium thermal diode) input to measure external (CPU) temperature.
The measurement relies on the characteristics of a semiconductor junction operation at a fixed current level. The
forward voltage of the diode (Vgg) depends on the current through it and the ambient temperature. The change in
Vge When the diode is operated at two different currents, I; and |,, is shown in Equafion 1I:

AVge = KT 5 in(N)

q &)
Where:
k — is Boltzmann’s constant,
g — is the charge of the carrier,
T — is the absolute temperature in degrees Kelvin, and
N — s the ratio of the two currents.
Iy I
SWi1 Sw2

LPF and Agig:;r;d Teml_pzcrzlture
Signal Conditioning Processing Registers

Figure 12. Integrated Local Temperature Sensor

Diode
Temperature
Sensor
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The remote sensing transistor can be a substrate transistor built within the microprocessor (as in a Pentium-1V),
or a discrete small-signal type transistor. This architecture is shown in Figure 13. The internal bias diode biases
the IN- terminal above ground to prevent the ground noise from interfering with the measurement. An external
capacitor (up to 1000pF) may be placed between IN+ and IN- to further reduce the noise from interfering.

Remote
Temperature
Registers

ADC and
Signal
Processing

LPF and

|
Substrate Signal Conditioning

| Sensing

| Transistor

| — ’—@ lgias
| uP | . .
______ T Bias Diode

Mux

Figure 13. Remote Temperature Sensor

The analog sensing signal is pre-processed by a low-pass filter and signal conditioning circuitry, then digitized by
the ADC. The resulting digital signal is further processed by the digital filter and processing unit. The final result
is stored in the local temperature data register and remote temperature data register, respectively. The eight
MSBs are stored in the corresponding Temp-DATA-HByte register, and the three LSBs are stored in the
Temp-DATA-LByte register. Refer to the Temperature Data Regqisterd section for details.

The format of the final result is in two's complement; see [Table 111 It should be noted that the device measures
the temperature from —40°C to +125°C, although the code represents temperature from —128°C to +127°C.

Series Resistance Cancellation

Parasitic resistance (seen in series with the remote diode) to the IN+ and IN- inputs to the AMC6821 is caused
by a variety of factors, including printed circuit board (PCB) trace resistance and trace length. This series
resistance appears as a temperature offset in the remote sensor temperature measurement, and causes more
than 0.45°C error per ohm. The AMC6821 is implemented with a Tl-patented technology to automatically cancel
out the effect of this series resistance, giving a more accurate result without the need for user characterization of
this resistance. With this technology, the AMC6821 is able to reduce the effects of series resistance to typically
less than 0.0025°C per ohm.

Reading Temperature Data

It is important to note that temperature can be read by an 8-bit value (with 1°C of resolution) from the
Temp-DATA-HByte register, or as an 11-bit value (with 0.125°C of resolution) from the Temp-DATA-LByte and
Temp-DATA-HByte registers. If only 1°C of resolution is required, the temperature readings can be read back at
any time and in no particular order. If reading the 11-bit measurement is required, the process involves a
two-register read for each measurement. To get an 11-bit result of the remote sensor, the controller must read
the Temp-DATA-LByte register (0x06) first, and then the Remote-Temp-DATA-HBYte register (Ox0B) to complete
the reading. However, to get bit 11 of the local sensor only, or to get both local and remote sensors, the
controller must read Temp-DATA-LByte first, Local-Temp-DATA-HByte (0x0A) second, and
Remote-Temp-DATA-HByte third. This method causes all associated temperature data registers to be frozen
until the Remote-Temp-DATA-HBYyte register has been read. This process also prevents the high byte data from
being updated while the three LSBs are being read, and vice-versa.
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Table 11. Temperature Data Format

TEMPERATURE (°C) BINARY DIGITAL CODE (11 bits)
+127 01111111000
+125 01111101000
+100 01100100000
+75 01001011000
+50 00110010000
+25 00011001000
+10 00001010000

+1 00000001000
0 00000000000
-1 11111111000
-25 11100111000
-50 11001110000
=75 10110101000
-100 10011100000
-125 10000011000
-128 10000000000

Temperature Out-of-Range Detection

The AMC6821 has the following temperature limitation detections:

1.

High and Low Temperature Limit: The value of the High-Temp-Limit and Low-Temp-Limit registers specify
the remote or local temperature ranges of normal operation. When the local or remote temperatures are
equal to or above the value of the corresponding High-Temp-Limit register, the LTH or RTH bits in the status
register are set ('1"). Likewise, when the local or remote temperatures are less than or equal to the
corresponding Low-Temp-Limit register, the LTL or RTL bits in the status register are set ('1").

When the local temperature is out-of-range (LTH = 1 or LTL = 1), the local temperature out-of-range event
occurs. The LTO bit in the status register is set ('1"), and the LTO interrupt is generated via the SMBALERT
pin if it is enabled (the LTOIE bit of Configuration Register g is set). Similarly, when the remote temperature
is out-of range (RTH = 1 or RTL = 1), the remote temperature out-of-range event occurs. The RTO bit in the
status register is set ('1"), and the RTO interrupt is generated via the SMBALERT pin if it is enabled (that is,
the RTOIE bit of Configuration Regqister 4 is set).

Critical Limit: Critical temperature limit is the highest allowed of remote or local temperature. When the
temperature is greater than or equal to the corresponding critical temperature, the LTCT or RTCT bit of the
status register is set ('1"), the output of the OVR pin goes low, and a non-maskable interrupt is generated
through the SMBALERT pin (low).

Passive Cooling Temperature (PSV) Limit: This limit defines the passive cooling threshold. In the auto
remote-temperature-fan control mode, the system enters a passive cooling condition when the remote
temperature is equal to or below this limit, and the fan stops. In the maximum fast speed calculated control
mode, the fan stops and the system enters a passive cooling condition when both the remote and local
temperatures are equal to or below this limit. In passive cooling, the LPSV bit of Btatus Register 4 (0x03) is
set ('1"), and a PSV interrupt is generated on the SMBALERT pin if enabled (PSVIE = 1). Note that reading
the Status Register clears the LPSV bit. After reading, if the active control temperature remains equal to or
below the PSV temperature, this bit reasserts on next monitoring cycle.

14
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4. THERM Limit: This limit is an additional fail-safe threshold. When the local or remote temperature is equal to

or above this limit, the corresponding L-THERM or R-THERM bit is set ('1"), and the THERM pin is asserted
low, which can be used to throttle the CPU clock. Furthermore, the THERM interrupt is generated on the
SMBALERT pin if enabled (THERMOVIE = 1). Reading Btatus Regqister 1 clears the R-THERM and
L-THERM bits. Once cleared, these bits are not reasserted until the temperature falls 5°C below the THERM
limit, even if the THERM condition persists. If the THERM-FAN-EN bit of Configuration Reqister 3 is set ('1"),
L-THERM =1 or R-THERM = 1 forces the fan to run at full speed. When THERM-FAN-EN = 0, the status of
the L-THERM and R-THERM bits do not affect the fan speed directly. Note that the THERM limit can be
lower or higher than other temperature limits. For example, if the THERM limit is lower than the PSV
temperature limit, then the CPU clock can be throttled while the cooling fan is off.

Local-High-Temp-Limit

LTO

LTO Interrupt
SMBALERT Pin Low

Local Temperature

Local-Low-Temp-Limit LTOIE

Remote-High-Temp-Limit

RTO

RTO Interrupt
SMBALERT Pin Low

Remote Temperature

o0

Remote-Low-Temp-Limit RTOIE

Local-Critical-Temp ——— LTC Bit in Status Register 2

OVR Pin Low

Y4

Local Temperature ——
SMBALERT Pin Low

Remote-Critical-Temp RTC Bit in Status Register 2

OVR Pin Low

V

Remote Temperature ——

]

SMBALERT Pin Low

Active Control Temperature —\LPSV Bit in Status Register 2
PSV-Te |+ PSV Interrupt
emp L SMBALERT Pin Low
PSVIE
Assert THERM Pin Low
L-THERM Limit ———

N

Local Temperature —— Force Fan to Full Speed
THERM-FAN-EN —

L-THERM Bit in Status Register 2

Local Therm Interrupt
SMBALERT Pin Low

THERMOVIE —

Assert THERM Pin Low
R-THERM Limit ——

Remote Temperature ——

W

Force Fan to Full Speed
THERM-FAN-EN —

R-THERM Bit in Status Register 1

Remote Therm Interrupt
SMBALERT Pin Low

00 | 90

THERMOVIE —

Figure 14. Temperature Out-of-Range Detection
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Remote Temperature Sensor Failure Detection

The remote temperature sensor failure detection determines whether the remote sensor diode has an
open-circuit condition, a short-circuit to ground, or a short-circuit (IN+) to (IN-) condition. This fault detection is
based on the analog input voltage and is not checked until the first monitoring cycle is completed after power-on.

Reading the fault sensor returns a value of —128°C (0x80). Since the power-on default value of the temperature
data registers is 0x80 (—128°C), a reading of 0x80 from the temperature data register immediately after power-on
does not indicate a diode fault condition. The remote temperature sensor failure is only checked after the first
monitoring cycle has been completed after power-on or reset.

When a remote sensor failure occurs, the remote sensor failure bit (RTF in the Status Register) is set to '1', the
OVR pin is forced low, and if the interrupt is enabled (RTFIE = 1), the RTF interrupt is generated through the
SMBALERT pin. Once this interrupt is generated, the RTF bit remains '1' and the OVR pin stays low until a
power-on reset or software reset is issued, whether or not the failure condition persists.

PWM Output

The PWM-Out pin is an open-drain output. When PWM-EN of [Configuration Register 4 is cleared ('0"), the
PWM-Out pin is disabled and goes into a high-impedance status. When PWM-EN is set (‘'1"), the PWM-Out pin is
enabled to drive the fan. When enabled, the status of the PWM-Out pin is determined by the PWM duty cycle
and phase bits (PWMINV of Configuration Regqister 1). When PWMINV = 0 (default), the PWM-Out pin goes low
for 100% duty cycle (suitable for driving the fan using a PMOS FET). Setting PWMINV to '1' makes the PWM-Out
pin go high (with an external pull-up resistor) for a 100% duty cycle. This setting is used to drive an NMOS-power
FET.

+5V +5V
@)
AMC6821 % I AMC6821

PWMINV =0 PWM-Out ,_l PWM-Out 1

-]
PWM ( %’) ON PWM ( %’} ON
Control —I_,_ Control _,_I—
T = %O T =
PWM-EN PWM-EN
PWMINV = 0 (default) for driving the PMOS. PWMINV = 1 for driving the NMOS.

Figure 15. PWM Output

PWM WAVEFORM SETTING

PWM frequency and duty cycle are programmable. The value of the defines the duty cycle: it has
8-bit resolution, 1LSB corresponding to 1/255 (0.392%). Writing 0x00 sets the duty cycle to 0%; writing OXFF sets
the duty cycle to 100%.

PWM frequency has two ranges: the high range is from 1kHz to 40kHz, and the low range is from 10Hz to 94Hz.
The PWM-MODE pin status determines which range is selected. When the PWM-MODE pin is tied to ground,
the high range is selected. Otherwise, the low range is selected. Bits [PWM2:PWMQO] in the Fan_Characteristicq
define the frequency; see [fable_12J. The resolution of the PWM waveform period is 0.312ys,
corresponding to a 3.2MHz clock. The default value after power-on is 30Hz when the low range is selected, or
25kHz when the high range is selected.

RPM reduces as the
ON duty cycle decreases.

k/ | OFF

Period

Figure 16. PWM Waveform (PWMINV = 1)
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Table 12. PWM Frequency

PWM2 PWM1 PWMO ’ PWM FREQUENCY
When the PWM-MODE Pin is Floating or Tied to Vpp

0 0 0 10Hz

0 0 1 15Hz

0 1 0 23Hz

0 1 1 30Hz (default)

1 0 0 38Hz

1 0 1 47Hz

1 1 0 62Hz

1 1 1 94Hz
When the PWM-MODE Pin is Tied to GND

0 0 0 1kHz

0 0 1 10kHz

0 1 0 20kHz

0 1 1 25kHz (default)

1 0 0 30kHz

1 0 1 40kHz

1 1 0 40kHz

1 1 1 40kHz

FAN SPEED MEASUREMENT

The AMC6821 monitors the fan speed (RPM) via the TACH pin, as illustrated in Figure T7. The TACH-EN bit of
Configuration Register 4 (bit 2, 0x01) enables the fan speed measurement. When TACH-EN is cleared ('0"), the
measurement is disabled. The measurement is enabled when the TACH-EN bit is set to 'l'. This section
describes the device behavior when TACH-EN is set ('1").

The on-chip fan-speed counter does not count the fan tach output pulses directly because of the low RPM of the
fan. Instead, the period of the fan revolution is measured by gating an on-chip clock (100kHz). The result is
stored in the TACH-DATA Reqistel that contains two bytes (16 bits total). RPM monitoring is disabled when the
START bit of Configuration Register 1] or the TACH-EN bit of Configuration Register g is cleared (‘'0"), and is
enabled when START = 1 and TACH-EN = 1.

If the TACH-MODE bit is cleared, RPM monitoring stops and the TACH-DATA register is not updated when the
duty cycle is less than 7% for the software duty cycle mode and auto-temperature-fan control modes. In
software-RPM mode, RPM monitoring is always performed and updated after each monitoring. If the TACH
mode = '1' the RPM monitoring is always performed, and the TACH data are always updated after each
monitoring.
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TACH-DATA Register

Two fan tach pulse periods (PSPR = 0) or four tach pulse periods (PSPR = 1) are measured and the result is

stored in the [TACH-DATA Reqistel], as shown in Figure 17. Counting stops if the counter is over-range; the
measurement cycle repeats until monitoring is disabled, and the fan speed (RPM) can be calculated as shown in
Equation 4.

(100,000 x 60)
- (Value of TACH-DATA Register) (2)

RPM

Reading the TACH Data Register

To read the fan speed, both TACH-DATA-LByte and TACH-DATA-HByte must be read. TACH-DATA-LByte must
be read first. This reading causes TACH-DATA-HByte to be frozen until both the high and low byte registers
have been read from, preventing TACH reading errors.

RPM Measurement Rate

The TACH-FAST bit of [Configuration Register 4 determines the rate. When TACH-FAST = 1, the TACH-DATA
is updated every 250ms (fast monitoring). When TACH-FAST = 0 (default), the reading is updated every
second (standard monitoring period).

Select Number of Pulses/Revolution

The speed sensor of most common fans provides two or four TACH pulses per revolution. The PSPR bit of
Configuration Reqister 4 specifies how many pulses per revolution are generated. PSPR = 1 indicates four
pulses/revolution and PSPR = 0 (default) indicates two pulses/revolution.

TACH Mode Selection

The TACH-MODE bit of Configuration Register 3 specifies the TACH pulse output mode of the fan. Some fans
(such as three- and two-wire) are powered directly by the PWM, and must be PWM-On to provide a TACH pulse
output. When the PWM-Out pin switches these fans ON/OFF directly, the PWM-Out must be kept ON to power
the fan during the measurement. In this case, the TACH-MODE bit of Configurafion Register 4 must be cleared
('0"). When TACH-MODE = 0, the PWM-Out pin is kept ON during the critical tach edges of the measurement
period. Clearing the TACH mode ('0") also enables the internal correction circuitry to correct the error caused by
the extra duty cycle applied in the measurement period. The power-on default value of the PWM mode is '0'.

Clock

PWM

moHpuse ] s e

Measurement Period
for 2 Pulses/Revolution

Measurement Period for
4 Pulses Per Revolution

TACH Data +5V

t

Signal Conditioning | TACH :
FAN Speed Counter

START _T PWM PWM-Out
Control
TACH-EN

RPM Measurement for TACH-MODE =0

Clock

TACH Puse | [ ] [ |_|_

Measurement Period

= Measurement for 2 Pulses/Revolution
AMC6821 Starts
«— Measurement Period for 4 Pulses Per Revolution
RPM Measurement for TACH-MODE = 1
a) Block Diagram of Fan Speed Monitoring b) Measuring the Period of TACH Pulses to Determine the Fan Speed
Figure 17. Fan Speed Measurement
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Some fans (such as the IMC™ four-wire fan) are powered directly by dc power, instead of being powered by the
PWM. In this case, the TACH mode must be set to '1'. When TACH-MODE = 1, the PWM-Out pin is not forced
ON; instead, the status is controlled completely by the DCY register, just as in normal operation. Setting
TACH-MODE to '1' also disables the internal correction circuit because no extra duty cycle is applied. Setting the
TACH mode to '1' allows TACH reading continuously, regardless of the status of the PWM-Out pin.

The selection of the TACH mode affects the RPM monitoring and control. When the TACH-MODE bit is equal to
'1", the duty cycle of the PWM-Out pin is always determined by the calculated value; the TACH data are always
updated at every RPM monitoring. However, when the TACH-MODE bit is equal to '0', in the Software-RPM
Control mode the PWM-Out pin is forced to 30% if the calculated duty cycle is less than 30%; in other modes,
the PWM-Out pin is forced to 0% and the TACH data are not updated if the calculated duty cycle is less than 7%.

FAN RPM Out-of-Range Detection

The larger value of the TACH data corresponds to a slower speed. When the TACH data are larger than the
TACH-Low-Limit, the fan runs at a speed below the predefined minimum RPM, and the FANS bit in
is set to '1'. Note that no FANS (fan-slow) detections are made during spin-up. The FANS bit is
cleared ('0") only after reading this register and reasserted (‘1) in the next monitoring if a fan-slow is detected.
After spin-up, FANS is set ('1") even if the TACH data are less than the TACH-Low-Limit until the register is read.

When the TACH data are less than the TACH-High-Limit, the fan runs at a speed above the predefined
maximum RPM, and the RPM-ALARM bit in Btatus Register 1] is set ('1'). Note that the RPM-ALARM bit is
cleared when reading the register. Once cleared, this bit is not reasserted in the next monitoring cycle even if the
condition persists. This bit may be reasserted only if the RPM drops below the allowed maximum speed.

When FANS = 1 or RPM-ALARM = 1, there is a fan-out-of-range interrupt and FAN-ORN is generated if the
FANIE bit in Configuration Register 7 is set ('1"). This interrupt makes the SMBALERT pin go low.

RPM Alarm (TACH is less than the high limit) :D (RPM out-of-range)
FANS (TACH is greater than the low limit) FANIE D FAN-ORN Interrupt

(FAN-TACH interrupt enabled)

Figure 18. RPM Out-of-Range Detection
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FAN FAILURE DETECTION

When the TACH data are larger than the TACH low limit, the fan runs at a speed below the predefined minimum
RPM. When this condition occurs, a spin-up process is applied to start the fan again when spin-up is enabled.
Bits [STIME2:STIMEQO] of the Fan_Characteristics Registel] define this time period. shows the function
of the fan failure detection. Refer to the section.

The fan speed is measured immediately after spin-up; the TACH-FAST bit of [Configuration Register 4
determines the monitoring rate. If the fan does not return to a normal range after five consecutive spin-ups, a
FAN-FAILURE occurs; the FAN-FAULT pin goes low when it is enabled (the FAN-FAULT-EN bit of
Reaqister J] is set), and the spin-up process continues. If the fan returns to a normal speed range before the fifth
spin-up, the FAN-FAULT pin does not go low even though the FANS bit is still set to '1'. No FANS (fan-slow)
detections are performed during spin-up. After the FAN-FAULT pin goes low, spin-up is performed indefinitely
until the RPM reading returns to within normal range or the spin-up is disabled.

Normal Operation of Fan Failure
Detection and Spin-Up

Clear Spin-Up
No

Time Counter

1]

Fan failure,
FAN-FAULT pin
goes low.

No Spin-Up if Disabled

| Spin-Up Process |

v

Measure the RPM continuously once every 0.25s (TACH-FAST bit = 1) or 1s (TACH-FAST = 0),
even after a fan failure. However, there are no FANS detections during spin-up.
The FAN-FAULT pin is negated if the fan returns to a normal RPM range.

Figure 19. Fan Failure Detection and Spin-Up
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The SMBALERT pin continues to generate interrupts after the assertion of the FAN-FAULT pin because the tach
measurement continues even after a fan failure. Should the fan recover from the failure condition, the
FAN-FAULT pin signal is negated and the fan returns to normal operating speed. shows the operation
of a FANS interrupt.

PWM_OUT Full-Speed

TACH
Fifth TACH__|
Failure
INT |
-=— Status Register Read to Clear Interrupt Continuing
TACH Failure

FAN_FAULT

INT is a Fan-Slow (FANS) Interrupt Through the SMBALERT Pin
Figure 20. Operation of the FAN-FAULT Pin with a Spin-Up Time = 2 Seconds

FAN-FAULT PIN

The FAN-FAULT pin is an open-drain output pin, as shown in Figure 23. When the FAN-FAULT-EN bit of
Configuration Register ] is cleared ('0"), this pin is disabled and is always in a high-impedance status. When
FAN-FAULT-EN = 1, the pin is enabled and the status indicates a fan-failure. The pin asserts low when a fan
failure occurs. FAN-FAULT is negated when the fan returns to normal speed.

+V
AMC6821
10kQ

Fan Failure FAN-FAULT

(below minimum speed
after fifth spin-up)

Pin is Enabled

(FAN-FAULT-EN bit = 1)
Figure 21. FAN-FAULT Pin
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FAN CONTROL

THERM Pin and External Hardware Control
The THERM pin is a bi-directional I/O, as shown in Figure 22

THERM Pin As An Output

As an open-drain output, the THERM pin is the indicator of temperature over the THERM limit. When the remote
temperature exceeds the Remote-THERM-Limit, or when the local temperature is greater than the
Local-THERM-Limit, the THERM pin goes low and remains low until the measured temperature falls 5°C below

the exceeded THERM limit.
Drive Fan at Full Speed {l: THERM-FAN-EN

L-THERM Bit Lateh
(Set to 1 when the local temperature is —— Set
greater than the Local-THERM-Limit.)
Output
Local temperature is less than (Local-THERM-Limit - 5°C) —— Reset
THERM
R-THERM Bit Latch C
(Set to ‘1’ when the remote temperature is —— Set
greater than the Remote-THERM-Limit.)
Output
Remote temperature is less than (Remote-THERM-Limit - 5°C) —— Reset
THERM:-IN bit <—C ﬂ
(Drive fan at full speed when THERM-IN = 1)
Figure 22. Structure of the THERM Pin
22 Bubmif Documentafion FeedbacK Copyright © 2009, Texas Instruments Incorporated

Product Folder Link(s):


http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS475&partnum=AMC6821-Q1
http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html

i3 TEXAS ARG
INSTRUMENTS 0821-Q1

www.ti.com SBAS475-JUNE 2009

When the THERM limit is exceeded, the corresponding status flag bit (R-THERM or L-THERM of
fl or Biatus Reqister J) is set to ‘1, and the THERM interrupt through the SMBALERT pin is generated if it is
enabled (THERMOVIE of bit Configuration Regqister 1] is set to '1"). This interrupt forces the SMBALERT pin low.
Note that the THERM pin is always forced to low when R-THERM = 1 or L-THERM = 1, no matter what the
status of THERMOVIE is. Reading the status registers clears the flag bit (R-THERM and L-THERM). Clearing the
flag bit makes the SMBALERT pin go back to high, but does not negate the THERM pin. It remains low until the
temperature falls 5= C below the exceeded THERM limit. After this bit is cleared, the active flag bit (R-THERM
for remote temperature or L-THERM for local temperature) and the THERM mterrupt are not re-armed until the
temperature falls 5°C below the exceeded THERM limit. This procedure is shown in Figure 23.

THERM Limit \_~ I
| | |
l G l
Temperature : : :
A~ w Wl N\ w
/ N | ) N |
| | |
THERM | _ |_

‘\ INT via SMBALERT |

|

|

|

|

|
|
INT via SMBALERT |\

Status Register Read

Figure 23. Operation of the THERM Interrupt and the THERM Pin

When working as an output, the status of the THERM pin affects the RPM fan. If the THERM-FAN-EN bit is set
('1"), the fan goes to full-speed (that is, the duty cycle is 100%) when the THERM pin goes low. However, when
THERM-FAN-EN = 0, the status of the THERM pin does not affect the fan speed.

THERM Pin As An Input

When this pin works as input, it is the input of the external hardware control signal; the THERM-IN bit of
reflects the input. When the THERM pin is pulled low as an input, THERM-IN is set ('1') and the fan is
driven at full speed (that is, the duty cycle is 100%), no matter what THERM-FAN-EN is. The THERM-FAN-EN
bit has no effect when the THERM pin works as an input.
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Fan Spin-Up

The PWM duty cycle controls the cooling fan speed. To spin up a fan from a stopped state or under-speed
status, the spin-up process is applied to overcome the fan inertia. During the first third of spin-up, the duty cycle
of the PWM gradually increases from 33.3% to 100%, and then maintains at 100% through the rest of the
process. At the end of the spin-up process, the duty cycle is adjusted to 33.3%. After starting, the fan speed is
controlled normally. The spin-up process is shown in Eigure 24. The bits [STIME2:STIMEQ] (bits 2:0 of 0x20)
define the spin-up time, from 0.2 seconds to 8 seconds, as shown in [Table_13. Fan speed is monitored
immediately after the spin-up process.

Spin-up is disabled by setting the FSPD bit of the Fan Characteristics Regqistel to '1'. If disabled, the spin-up
process is not applied when the fan stops or an RPM is detected below the minimum speed. The TACH low limit
register defines the minimum speed. After power-on or reset, the FSPD bit is cleared and the spin-up is always
performed, regardless of the state of the FANS bit (bit 1 of 0x02).

Note that no FANS (fan-slow) detections are performed during spin-up. This bit is cleared ('0") only after reading
it, and reasserts '1' in the next monitoring if a fan-slow condition is detected. After spin-up, FANS is set (‘1) even
if the TACH data are less than the TACH low limit until the flag is read.

DCY

100%

Normal

Control
—_—

33.3%

0 Tspinup3  Tspinup

Figure 24. Spin-Up Process

Table 13. Spin-Up Time

STIME2 STIME1 STIMEO SPIN-UP TIME (seconds)

0 0 0 0.2

0 0 1 0.4

0 1 0 0.6

0 1 1 0.8

1 0 0 1

1 0 1 2 (default)
1 1 0 4

1 1 1 8
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Normal Fan Speed Control

The fan speed is controlled by four different modes:
» software DCY control;

» software RPM control,

* auto remote temperature fan control;

* maximum fast-speed calculated control.

The Auto Temperature-Fan Control mode consists of auto remote temperature-fan control and maximum
fast-speed calculated control. It is an intelligent closed-loop control. In this mode, the fan speed is controlled
either by the remote temperature (Auto-Remote Temperature-Fan Control) or by maximum speed calculated for
internal and remote temperature. This control mode optimizes fan speed for a given temperature to intelligently
manage the system thermals/acoustics. The user writes the proper registers to define the linear feedback control
algorithm parameters. After programming, the AMC6821 runs stand-alone, even without the intervention of the
micro-controller. It ensures that if the controller or system locks up, the fan can still be controlled based on
temperature measurements, and the fan speed adjusted to correct any changes in system temperature.
Software-RPM works as a fan speed regulator to maintain the speed at a programmable target value. It is a
closed-loop mode and can run stand-alone as well. The Software-DCY mode is an open-loop mode; the PWM
output duty cycle changes to the target value immediately after the user writes the desired duty cycle to the
device registers.

Bits FDRC1 and FDRCO in Configurafion Register 1] determine the operation mode.

Software DCY Control Mode

When the bits [FDRC1:FDRCO] = [00], the fan works in the software DCY control mode. The host writes the
desired duty cycle value corresponding to the required RPM into the DCY register. The duty cycle changes to the
new value immediately after the writing. In this mode, if the TACH measurement is enabled (bit 2 of 0x01 = 1)
and the TACH-MODE bit (bit 1 of 0x01) is cleared ('0"), the duty cycle from the PWM-OUT pin is forced to 0%
when the value in the DCY register is less than 7%. However, if the TACH measurement is disabled (bit 2 of
0x01 is cleared) or the TACH mode is set ('1"), the DCY register always keeps the programmed value written by
the host and is not forced to '0' even when the programmed value is less than 7%.

Software-RPM Control Mode (Fan Speed Regulator)

This mode works as a fan speed regulator that maintains the speed at a programmable target value. It works
only when the TACH measurement is enabled (bit 2 of 0x02 = 1). When the bits [FDRC1:FDRCO] = [01], the fan
works in the software RPM control mode, as shown in Figure 28. The host writes the proper value into the TACH
Betting Register to set the target fan speed. The actual fan speed is monitored by an on-chip fan speed counter,
and the result is stored in the TACH-DATA Redqisie] (refer to the Fan_Speed Measuremeni section for more
details). The actual speed is compared with the setting value. If there is a difference, the duty cycle is adjusted.

+V

AMC6821 %
Fan Speed TACH
TACH Data Counter « %
+
TACH _Setting - .DCY PWM PWM-Out %
Register Adjustment Control e |

The PWM duty cycle increases if the TACH data is above
the setting value, decreases if the TACH data is below
the setting, and does not change if the TACH data is NOTE: The tach resistor network is

equal to the setting (with a tolerance of 0x000A). used to limit the TACH input voltage to 5.5V max.

Figure 25. Software RPM Control
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The monitoring and adjustment is made once every second, or once every 250ms, as determined by the
TACH-FAST bit of Configuration Regqister 4 (bit 5, 0x04). Bits [STEP1:STEPQ] of the - egistel define
the allowed amount of each adjustment. When the difference between the values of the TACH-DATA and [TACH
Registers are equal to or less than 0x000A, the adjustment finishes. 0XO00A corresponds to about 1.8%
tolerance for 10,000RPMs, or 0.9% for 5000RPMs. This measurement architecture is illustrated in Figure 28.

In practice, the selected target speed must be not too low to operate the fan. When the TACH-MODE bit (bit 1 of
0x02) is cleared ('0"), the duty cycle of PWM-Out is forced to 30% when the calculated desired value of duty
cycle is less than 30%. Therefore, the TACH setting must be not greater than the value corresponding to the
RPM for 30% duty cycle. When TACH mode = '1', the TACH setting must not be greater than the value
corresponding to the allowed minimum RPM at which the fan runs properly.

Measure RPM and adjust DCY once every second (TACH-FAST = 0)
or once every 250ms (TACH-FAST = 1).

(TACH-DATA Register) — TACH-SETTING Register)

|Error| > 0x000A

Yes

(TACH-DATA) >
(TACH-SETTING)

Increase DCY
by one STEP

Decrease DCY
by one STEP

v

Figure 26. RPM Fan DCY Loop
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Auto Temperature Fan Mode

The Auto Temperature-Fan mode is a closed-loop control that optimizes fan speed for a given temperature to
intelligently manage the system thermals/acoustics. It runs stand-alone even without the intervention of a
controller. The AMC6821 has two auto temperature fan control modes. When the bits [FDRC1:FDRCO] = [10]
(default), the fan is in the Auto Remote Temperature-Fan Speed control mode. The temperature reading from the
remote temperature sensor is the active control temperature that controls the PWM duty cycle. When the bits
[FDRC1:FDRCO] = [11], the fan is in the maximum fast-speed calculated control mode. The local temperature
and the remote temperature have independently-programmed control loops with different parameters. In the
maximum fast-speed calculated control mode, the required fan speed is calculated for the remote and local
channels, respectively. Whichever control loop calculates the fastest speed based on the measured temperature
drives the fan. After the monitor starts, the PWM duty cycle is determined by the actual control temperature.
When the temperature is above the low temperature and below the high temperature, the internal control loop
automatically adjusts the duty cycle to a proper value according to the measured temperature. When the
temperature rises, the duty cycle increases to a higher value; when the temperature drops, the duty cycle
reduces. This architecture makes the fan always run at an optimal speed. This adjustment is based on the
control-loop parameters defined in the Loca - ontrol Registel], Remote TEMP-FAN Control Registel,
and the DCY-RAMP Reqgisiel. Changing the parameters changes the desired value of the duty cycle and the fan
speed.

+V
The DCY-RAMP Register temperature determines
the speed of adjustment.

Actual Temperature Temperature C%
Adjustment Channel

Temperature-to-DCY

» PWM Control

AMC6821

Figure 27. Auto Fan Temperature Loop

Copyright © 2009, Texas Instruments Incorporated Bubmit Documentation FeedbacK 27
Product Folder Link(s):



http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS475&partnum=AMC6821-Q1
http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html

AVICAR i} TExAS
0821-Q1 INSTRUMENTS

SBAS475-JUNE 2009 www.ti.com

The bits [R-TEMP4:R-TEMPO] of the Remote TEMP-FAN Control Registel] and the bits [L-TEMP4:L-TEMPOQ] of
the Cocal TEMP-FAN Control Registel are the low temperature bits that define the low temperature of the control
loops. Bits [SPL2:SPLO] of these registers are the slope bits that define the increment of the duty cycle when the
temprature increases 1°C. The bits [RATE2:RATEO] of the DCY-RAMP_Registe] (bits [4:1], 0x23) specify the
updating rate of the duty cycle in the temp-fan control mode, and the bits [STEP1:STEPO] define how much the
duty cycle is adjusted by each updating. The target duty cycle for temperature T1 and the HIGH-TEMP (high
temperature) can be calculated by Equafion 3:

Target DCY at T1 = DCY-LOW-TEMP + (T1 — LOW-TEMP) x SLOPE;

(100 — DCY-LOW-TEMP)

HIGH-TEMP = (LOW-TEMP,
( I+ SLOPE A3)

100%

Temperature-to-DCY Adjustment Range
. /
o
>
O
2
=
0O | DCY-LOW-TEMP
(DCY at Low Temperature, DCY increases when the temperature rises.
Default is 33%) DCY decreases when the temperature reduces.
«—
Q)
=] =
RPM =0 g £ =
= oo € Q
s o 1 = £
0% PH—— mE £ 2 g
> FE Q E =
. I c ! o
Low-Temp-Limit | LOW-TEMP (Low Temperature) o2 S u £
| | T z| F| ©
PSV-Temp Actual Temperature
+—— (Passive Cooling Temperature) —_—
Out-of-Range \ _ _/  Out-of-Range

~

Normal Range

Figure 28. Active Control Temperature—PWM Duty Cycle

When the active control temperature is equal to or below the corresponding low temperature, the duty cycle is
equal to the value of the DCY-LOW-TEMP Registel and the fan runs at a predefined minimum speed. When the
control temperature is equal to or higher than the corresponding high temperature, the PWM duty cycle is set to
100% and the fan runs at full speed. When the active control temperature is equal to or below the corresponding
value of the PSV-Temp Registe] (the predefined passive cooling temperature), the fan stops and the PWM duty
cycle is set to 0.

28 Bubmif Documentafion FeedbacK Copyright © 2009, Texas Instruments Incorporated
Product Folder Link(s):



http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS475&partnum=AMC6821-Q1
http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html

i3 TEXAS ARG
INSTRUMENTS 0821-Q1

www.ti.com SBAS475-JUNE 2009

When the actual duty cycle is different from the desired value, the duty cycle is adjusted automatically. When the
RAMPE bit of the DCY-RAMP Regqiste] is cleared ('0'), the duty cycle changes to the desired value immediately
after being calculated. When the RAMPE bit is '1', the duty cycle changes to the new value gradually.

The DCY-RAMP Reqistel specifies how quickly the duty cycle changes. The duty cycle can be checked every
0.0625 second to every eight seconds, depending on the bits [RATE2:RATEQ] bits. It changes 1/255(0.392%) to
4/255 (1.57%) each time, depending on the bits [STEP1:STEPOQ] bits. When the difference between the actual
value and the target value is equal to or less than the adjustment threshold (as defined by the bits
[THRE1:THREQ] bits), the adjustment finishes. See the DCY-RAMP_Reqistel] for details. When the TACH
monitoring is enabled (TACH-EN bit, bit 2 of 0x02, is set to '1") and the TACH-MODE bhit (bit 1 of 0x02) is cleared
('0"), the duty cycle is forced to 0% when the calculated value is less than 7%. If the TACH monitoring is disabled
(TACH-EN = 0) or the TACH-MODE bit is set ('1"), the duty cycle is always set to the calculated value even if the
value is less than 7%.

; ‘ (Update DCY with the rate defined by the
bits [RATE2:RATEQ] of the DCY ramp register.

Read Local Read Remote
Temperature Temperature

Temperature =
Local-High-Temp-Limit

LTH =1,
LTO =1

Temperature =
Remote-High-Temp-Limit

RTH =1,
RTO=1

LTC =1, RTC =1,
OVR is Low OVR is Low
< v « v
) 4
LTL=1, Temperature s. ) Temperature < RTL=1
LTOo=1 Local-Low-Temp-Limit Remote-Low-Temp-Limit RTO =1

A

Update DCY?

The temperature updating rate may be faster than the DCY updating rate.

(Maximum fast speed calculated control)

Calculate DCY for the remote fan temperature control
Calculate New DCY for the Remote and local fan temperature control, respectively.
(Remote Fan Temperature Control) Fan Temperature Control Use the larger one as the new DCY.
| Update DCY |

Figure 29. Temperature Monitoring Flow Chart
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INTERRUPT
The AMC6821 provides two interrupt output pins, OVR and SMBALERT.

OVR Pin
OVR is an open-drain output pin that works as an over-critical temperature limit (shutdown threshold) indicator
and remote sensor failure indicator. This architecture is shown in Figure_30. Setting the OVREN bit of

Configuration Register 4 to '1' enables this pin; clearing OVREN ('0") disables it. When disabled, the OVR pin is
in a high-impedance status. When enabled, the status is controlled by the over-critical temperature flag and
remote sensor failure flag bits of the Status Registers.

When the temperature is over the critical limit (shutdown threshold), the corresponding over-critical limit flag of
the Status Register (RTC for the remote channel and LTC for the local channel) is set ('1"). This flag is cleared
('0") when reading the Status Registers. Once cleared, this bit is not reasserted until the temperature falls 5°C
below the exceeded critical limit, even if the over-critical limit condition persists. When the temperature is equal to
or above the critical temperature limit, the OVR pin _is asserted (active low) to indicate this critical condition. As
the over-critical temperature limit indicator, the OVR pin remains low once asserted until the measured
temperature falls 5°C below the exceeded critical limit.

Latch AMC6821
LTC Bit
(Local temperature reaches the critcal shutdown threshold.) Set +V
Output —
Local Temperature < (Local-Critical-Temp - 5°C) —— Reset
Latch OVR
RTC Bit
(Remote temperature reaches the critcal shutdown threshold.) Set
Output
Remote Temperature < (Remote-Critical-Temp - 5°C) —— Reset
RTF | -
(Remote Temperature Sensor Failure)
OVREN

Figure 30. OVR Pin

When a remote temperature sensor failure condition is detected (either short-circuit or open-circuit), the remote
temperature sensor failure bit (RTF) in Gtatus Register 1 (bit 5, 0x02) is set ('1") and the OVR pin is forced low no
matter what the status of RTFIE is. This_value indicates a remote sensor failure condition. Once this condition
occurs, the RTF bit remains '1' and the OVR pin stays low until a power-on reset or software reset is issued,
regardless if the failure condition continues thereafter. RTF = 1 also generates an RTF interrupt through the
SMBALERT pin when RTFIE = 1.

SMBALERT Pin

The SMBALERT pm is a standard mterrupt output defined by SMBus specification revision 2.0. This pin is an
open-drain output pin and is illustrated in Eigure 33.

SMBALERT Interrupt Behavior

When an out-of-limit event occurs, the proper flag bits in the status registers are set ('1'), and the corresponding
interrupts are generated, if enabled. When an interrupt is generated, the SMBALERT pin asserts low. The host
can poll the device status registers to get the information, or give a response to the SMBALERT interrupt signal.
It is important to note how the SMBALERT output and status bits behave when writing interrupt-handler software.

shows how the SMBALERT output and status bits behave.
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Once a limit is exceeded, the corresponding status bit is set to '1'. The status bit remains set until the error
condition subsides and the status register gets read. The status bits are referred to as being sticky because they
remain set until read by software. This design ensures that out-of-limit events cannot be missed if the software is
polling the device periodically. The SMBALERT output remains low for the entire duration that the reading is out
of limits and remains low until the status register has been read. This architecture has implications on how
software handles the interrupt.

High Limit /\
\
|
| |
Temperature | |
| |
| |
| |
| |
: : Cleared on Read
. (Temperature below limit)
Status Bit : |/ 3
\\

: Temperature Back in Limit \

(status bit stays set) ‘
SMBALERT | [

Figure 31. SMBALERT Pin and Status Bits Behavior

HANDLING SMBALERT INTERRUPTS

To prevent the system from being tied up while servicing interrupts, it is recommend to handle the SMBALERT
interrupt in this manner:

1. Detect the SMBALERT assertion.

Enter the interrupt handler.

Read the status registers to identify the interrupt source.

Disable the interrupt source by clearing the appropriate enable bit in the configuration registers.

Take the appropriate action for a given interrupt source.

Exit the interrupt handler.

Periodically poll the status registers. If the interrupt source bit has cleared, reset the correspondlng interrupt
enable bit to '1'. This reset makes the SMBALERT output and status bits behave as shown in Figure 32

No ok wbd

High Limit

Temperature

Cleared on Read
(temperature below limit)

Sticky Status Bit l yé

| Temperature Back in Limit |

: (status bit stays set) : :

— |
SMBALERT | | X interrupt Disabled 1 X

" Interrupt Enabled
(SMBALERT Rearmed)

Figure 32. How Masking the Interrupt Source Affects SMBALERT

|
|
|
Va
1
|
|
|
|
|
|
|
|
|
|
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Individual interrupts can be masked by clearing the corresponding interrupt enable bit in the configuration
registers to prevent SMBALERT interrupts. Note that masking an interrupt source only prevents the SMBALERT

pin output from being asserted; the appropriate status bit gets set as normal.

LTL Bit (Local Temperature < Local-Low-Temp-Limit) (local temperature out-of-range)
LTH Bit (Local Temperature = Local-High-Temp-Limit)

LTOIE Bit —

(local temperature interrupt enabled)

\ (Local Temperature Out-of-Range Interrupt)

AMC6821

RTL Bit (Remote Temperature < Remote-Low-Temp-Limit) D (remote temperature out-of-range)

RTH Bit (Remote Temperature = Remote-High-Temp-Limit) RTOIE Bit

(remote temperature interrupt enabled)

\ (Remote Temperature Out-of-Range Interrupt)

C

\ (FAN-ORN interrupt)

RPM-ALARM Bit (TACH < TACH-High-Limit) (RPM out-of-range)
FANS Bit (TACH > TACH-Low-Limit) FANIE Bit

(FAN-TACH interrupt enabled)

LPSV Bit (PSV interrupt)
PSVIE Bit

L-THERM Bit (over local THERM interrupt)

THERMOVIE Bit

R-THERM Bit (over remote THERM interrupt)

THERMOVIE Bit

RTF =1 (remote sensor failure)

RTFIE Bit

RTC Bit (remote temperature reaches critical temperature)

LTC Bit (local temperature reaches critical temperature)

.

SMBALERT

INT-EN

O 00U

Figure 33. SMBALERT
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REGISTER MAP

All registers are 8-bit. shows the memory map. Locations that are marked Reserved read back 0x0000
if they are read by the host. Writing to these locations has no effect.

Table 14. Memory Map

ADDR ‘ NAME | R/W ‘ DEFAULT ‘ BIT7 | BIT 6 ’ BIT 5 | BIT 4 ‘ BIT 3 l BIT 2 ‘ BIT1 l BIT O
IDENTIFICATION REGISTERS
0 | 0 ‘ 1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1
0x3D Device ID Register R 0x21 ———
Device identification number. Always read '0x21".
0 | 1 ‘ 0 | 0 ‘ 1 ] 0 ‘ 0 ‘ 1
0x3E Company ID Register R 0x49
Company identification number.
CONFIGURATION REGISTERS
THERMOVIE FDRC1 FDRCO FANéI':\lault- PWMINV FANIE INT-EN START
0x00 Configuration Register 1 R/W 0xD4
THERM INT Fan Control Mode FAN-FauIt PWM Invert | RPM Int EN Global Int Start Monitor
Enable Pin EN EN
TACH-
RST PSVIE RTOIE LTOIE RTFIE TACH-EN MODE PWM-EN
0x01 Configuration Register 2 R/IW 0x3D Remote
py PWM-Out
Reset LPSV Int EN RT Int EN LT Int EN Failure Int TACH EN TACH Mode EN
EN
THEREI\/I'\I-FAN- 0 0 0 0 0 1 0
Ox3F Configuration Register 3 RW 0x82
THERM-Fan Part Revision Number
Control
ForuFS”;”re PSPR TACH-FAST | OVREN 1 0 0 0
0x04 Configuration Register 4 RIW 0x08 Must be bulse TACH L
. " Reading OVR Pin EN Reserved
rewritten to '1'. Number Fast
RPM-
LTL LTH RTF R-THERM RTL RTH FANS ALARM
0x02 Status Register 1 R 0x00
LT Low LTHigh | RT Failure RTThSr‘r’Tf’ RT Low RT High FanSlow | Fan Fast
THERM-IN L-THERM LPSV LTC RTC 0 0 0
0x03 Status Register 2 R 0x00 Therm Inout | LT Over LT Below LT Over RT Over Reserved
P Therm Therm Critical Critical
TEMPERATURE MONITORING
LT2 | m | w7 0 ‘ 0 Rz | RTL | RTO
0x06 Temp-DATA-LByte R 0x00
3 LSBs of Local Reading Reserved 3 LSBs of Remote Reading
| LT10 (MSB) | LTo ] LT8 LT7 ‘ LT6 LTS ‘ LT4 | LT3
Ox0A Local-Temp-DATA-HByte R 0x80
The 8 MSBs of newest reading of local temperature sensor. Default = —128°C.
RT10 (MSB) | RT9 ‘ RTS8 | RT7 ‘ RT6 RTS5 ‘ RT4 ‘ RT3
0x0B | Remote-Temp-DATA-HByte R 0x80
The 8 MSBs of newest reading of remote temperature sensor. Default = —128°C.
i " LTHIO | LTHY | LTH8 | LTH7 | (THe | LTHs [ LTH4 | LT3
0x14 Local-High-Temp-Limit R 0x3C
8 MSBs of upper-bound threshold of out-of-range detection of Local-Temp. 3 LSBs are '0". Default = +60°C.
| " tri0 [ e [ [z [ oore [ ums [ e [ uTs
0x15 Local-Low-Temp-Limit R 0x00
8 MSBs of lower-bound threshold of the out-of-range detection of Local-Temp. 3 LSBs are '0". Default = 0°C.
ttri0 | urTe | our s [ uwmr [ urm [ s | orma | T
0x16 Local-THERM-Limit RIwW 0x46 8 MSBs of local THERM temperature limit. 3 LSBs are '0". When local temperature is equal to or above this limit,
L-THERM is detected. Default = +70°C.
outs ) " x50 RT-H10 | RTHO [ RTH8 | RTH7 | RT-H6 | RTH5 | RT-H4 | RTH3
X1 Remote-High-Temp-Limit R X5
The 8 MSBs of the upper-bound threshold of the out-of-range detection of Remote-Temp. 3 LSBs are '0'. Default = +80°C.
W RT-L10 | RT-L9 ’ RT-L8 | RT-L7 ’ RT-L6 l RT-L5 ‘ RT-L4 ’ RT-L3
0x19 Remote-Low-Temp-Limit R 0x00
The 8 MSBs of the lower-bound threshold of the out-of-range detection of Remote-Temp. 3 LSBs are ‘0. Default = 0°C.
RT-TI0 [ RTT9 | RTT8 | RTT7 | RTT6 | RTTs | RTT4 | RT3
Ox1A Remote-THERM-Limit RIwW 0x64 8 MSBs of Remote THERM temperature limit. 3 LSBs are '0'. When remote temperature is equal to or above this limit,
R-THERM is detected. Default = +100°C.
ttcio [ itee [ utes | uter | e | uTcs | uTc4 | LTC3
0x1B Local-Critical-Temp RIW 0x50 The 8 MSBs of Local Critical temperature shutdown threshold. 3 LSBs are '0'. When the Local-Temp is equal to or above
this limit, the LTC interrupt occurs and OVR goes low. Default = +80°C.

Copyright © 2009, Texas Instruments Incorporated

Bubmit Documentafion Feedback 33

Product Folder Link(s):


http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS475&partnum=AMC6821-Q1
http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html

Yy, I} TEXAS
Q1 INSTRUMENTS
SBAS475—-JUNE 2009 www.ti.com

Table 14. Memory Map (continued)

ADDR NAME | Rw [pEFauLT| BT7 | BTe | BITs | B4 | BT3 | BT2 | BTL | BITO
TEMPERATURE MONITORING (continued)

0 | 0 | psve | psvz | psve | Psvs | Psva | Psva
ox1c PSV-Temp RiwW 0x00 Passive Cooling Temperature threshold. 3 LSBs and two MSBs are '0". For details, refer to the passive cooling
temperature limit in the section. Default = 0°C.
RTClo | RTCO | RTC8 | RTC7 | RTC6 | RTC5 | RT-C4 | RTC3
0x1D Remote-Critical-Temp R/IW 0x69

The 8 MSBs of Remote Critical temperature shutdown threshold. 3 LSBs are ‘0. When the Remote-Temp is equal to or
above this limit, an RCRT interrupt occurs and OVR goes low. Default = +105°C.

PWM CONTROLLER

FSPD 0 Pwmz | Pwmi | PwMo STME2 | STIMEL | STIMEO
0x20 FAN-Characteristics R/W 0x1D
Spin Dis PWM Frequency Setting Spin-Up Time Setting
L-DCY7 L-DCY6 L-DCY5 | L-DCY4 ] L-DCY3 L-DCY2 ‘ L-DCY1 ] L-DCYO
0x21 DCY-Low-Temp R/W 0x55

The duty cycle of PWM when the temperature is equal to or below Low-Temp in Auto Temp-Fan Control mode.
Default = 0x55, 33.2%.

DCY7 (MSB) DCY6 pcys | bcva | bcvs pcvz | bcvi | bcvo

Actual Duty cycle of PWM output. The duty cycle changes immediately after new data are written into this register. 8-bit,
0.39%/bit, range 0%-100%. Default = 33%.

0x22 DCY (Duty Cycle) RIW 0x55 In read operation, the returned data are the actual DCY value driving the PWM-Out pin with two exceptions. Refer to the
DCY Reqiste] section.

In write operation, the data written are the actual DCY value driving the PWM-Out pin in Software-DCY control mode.

In all other control modes, the data are not used to drive the PWM. Instead, they are stored in a temporary register, and
used to control the PWM immediately after the control mode is changed to software-DCY control.

RAMPE STEP1 ’ STEPO RATE2 ‘ RATE1 RATEO THRE1 l THREO
0x23 DCY-RAMP RIW 0x52 Ramp Enable DCY Adjustment Step in DCY Update Rate in Auto Temp-Fan Adjustment Threshold in
P Auto Fan Control Control Auto Temp-Fan Control
L-TEMP4 L-TEMP3 ‘ L-TEMP2 L-TEMP1 ‘ L-TEMPO L-SLP2 L-SLP1 ‘ L-SLPO
0x24 | Local Temp-Fan Control® RIW 0x41
Low-Temp in Auto Local Temp-Fan control. Slope in Auto Local Temp-Fan control.
R-TEMP4 R-TEMP3 ‘ R-TEMP2 R-TEMP1 ‘ R-TEMPO R-SLP2 R-SLP1 ‘ R-SLPO
0x25 Remote Temp-Fan Control R/W 0x61
Low-Temp in Auto Remote Temp-Fan control. Slope in Auto Remote Temp-Fan control.
TACH (RPM) MEASUREMENT
TACH- TACH- TACH- TACH- TACH- TACH- TACH- TACH-
0x08 TACH-DATA-LByte R 0x00 DATA7 DATA6 DATAS DATA4 DATA3 DATA2 DATA1 DATAO
Low byte of TACH measurement.
TACH- TACH- TACH- TACH- TACH- TACH- TACH- TACH-
0x09 TACH-DATA-HByte R 0X00 DATA15 DATAL4 DATA13 DATAL2 DATA11 DATAL0 DATA9 DATA8
High byte of TACH measurement.
TACH-Low- TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low-
Limit7 Limit6 Limit5 Limit4 Limit3 Limit2 Limitl Limit0
0x10 TACH-Low-Limit-LByte RIW OxFF Low byte of TACH count limit corresponding to minimum allowed RPM. Since the TACH circuit counts between TACH
pulses, a slow fan results in a larger measured value. When the measured value is larger than TACH-Low-Limit, the fan
runs below the allowed minimum speed limit.
TACH-Low- TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low- | TACH-Low-
ox11 TACH-Low-Limit-HByte RIW OXFF Limit15 Limit14 Limit13 Limit12 Limit11 Limit10 Limit9 Limit8
High byte of TACH Limit corresponding to minimum allowed RPM.
TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High-
Limit7 Limit6 Limit5 Limit4 Limit3 Limit2 Limitl Limit0
0x12 TACH-High-Limit-LByte RIwW 0x00 Low byte of TACH count Limit corresponding to maximum allowed RPM. Since the TACH circuit counts between TACH
pulses, a fast fan results in a small measured value. When the measurement is less than this limit, the fan runs above the
allowed maximum speed limit.
TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High- | TACH-High-
o0x13 TACH-High-Limit-HByte RIW 0x00 Limit15 Limit14 Limit13 Limit12 Limit11l Limit10 Limit9 Limit8
High byte of TACH limit corresponding to maximum allowed RPM.
TACH- TACH- TACH- TACH- TACH- TACH- TACH- TACH-
SETTING7 SETTING6 SETTING5 SETTING4 SETTING3 SETTING2 SETTING1 SETTINGO
Ox1E TACH-SETTING-LByte R/W OxFF
Low byte of TACH value corresponding to the predetermined target fan speed. TACH-SETTING must be not greater than
the value corresponding to the RPM for 30% duty cycle when the TACH-MODE bit is cleared ('0").
TACH- TACH- TACH- TACH- TACH- TACH- TACH- TACH-
SETTING15 SETTING14 | SETTING13 | SETTING12 | SETTING11 | SETTING10 SETTING9 SETTINGS8
Ox1F TACH-SETTING-HByte R/IW OxFF
High byte of TACH value corresponding to the predetermined fan speed. TACH-SETTING must be not greater than the
value corresponding to the RPM for 30% duty cycle when the TACH-MODE bit is cleared ('0').
0x3A Reserved R 0x00 Always read '0".
0x3B Reserved R 0x00 Always read '0'".

(1) Used to calculate the target PWM duty cycle for local temperature in maximum fast-speed calculated control.
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REGISTER DESCRIPTION

In this section, all interrupts are the interrupt signal through the SMBALERT pin, unless otherwise noted.

DEVICE CONFIGURATION REGISTERS

Configuration Register 1 (Address 0x00, Value After Power-On Reset = 0xD4)

BIT

NAME

R/W DEFAULT

DESCRIPTION

THERMOVIE

R/IW 1

THERM interrupt enable. When this bit is set, the THERM interrupt is enabled.
L-THERM = 1 or R-THERM = 1 causes an interrupt. When this bit is cleared ('0'), the
THERM interrupt is disabled. When disabled, L-THERM = 1 or R-THERM = 1 does not
assert the SMBALERT pin, but forces the THERM pin low. Power-on default = 1.

FDRC1

R/IW

Fan driver control bit 1. Power-on default = 1. Refer to [[able 13.

FDRCO

R/IW

Fan driver control bit 0. Power-on default = 0. Refer to [[able 13.

FAN-Fault-EN

R/IW 1

Setting this pin to '1' enables the FAN-FAULT pin. Clearing this pin ('0') disables the
FAN-FAULT pin (always in Hi-Z). Power-on default = 1.

PWMINV

R/IW 0

PWM invert bit. When PWMINV = 0 (default), the PWM-Out pin goes low for 100% duty
cycle (suitable for driving the fan using a PMOS device). Setting PWMINV to '1' makes
the PWM-Out pin go high (with an external pull-up resistor) for 100% duty cycle (suitable
for driving the fan using a NMOS device). Power-on default = 0.

FANIE

R/W 1

Fan RPM interrupt enable bit. Power-on default = 1. When FANIE = 1, the FAN-RPM
interrupt is enabled. FANS = 1 or RPM-ALARM = 1 generates a FANORN interrupt,
making the SMBALERT pin go low. When FANIE = 0, a FAN-RPM interrupt is disabled.
Fan out-of-range = 1 does not generate an interrupt.

INT-EN

R/W 0

Setting this bit to '1' enables the interrupt from the SMBALERT pin. Clearing this bit ('0")
disables the interrupt. Power-on default = 0.

START

R/W 0

Temperature monitoring and fan speed monitoring. When START =0, only
software-DCY control mode works; software-RPM and auto temperature control modes
do not work.

Table 15. Fan Driver Control Bits

FDRC1

FDRCO

FUNCTION

Maximum speed calculated control. The required duty cycle for remote temperature and
local temperature is calculated respectively. The larger value is used to control the fan.

Auto remote-temperature-fan control. The PWM duty cycle is controlled by the remote
temperature. Power-on default mode.

Software DCY control. Host writes DCY register to set the PWM duty cycle directly.

Software RPM control. Host writes the TACH setting register with the value corresponding
to the desired RPM. The device measures the actual RPM and adjusts the PWM duty cycle
to maintain the fan speed to the target value.

36

EBubmit Documentafion FeedbacH

Copyright © 2009, Texas Instruments Incorporated
Product Folder Link(s): BMC&821-O1]



http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS475&partnum=AMC6821-Q1
http://focus.ti.com/docs/prod/folders/print/amc6821-q1.html

I,

TEXAS
INSTRUMENTS

www.ti.com

ANICG821-07

SBAS475-JUNE 2009

Configuration Register 2 (Address 0x01, Value After Power-On Reset = 0x3D)

BIT

NAME

R/W

DEFAULT

DESCRIPTION

RST

R/IW

Reset bits. RST = 1 resets the device. Self-clears after reset. Always read '0'. Power-on
default = 0. Reset is immediate on rising edge of SCLK of data LSB with no
acknowledge.

PSVIE

R/IW

LPSV enable bit. Power-on default = 0. When LPSVIE = 1, the LPSV interrupt is enabled
and an interrupt is generated when LPSV = 1. When LPSVIE = 0, LPSV is disabled and
LPSV =1 does not cause an interrupt.

RTOIE

R/W

Remote temperature interrupt enable bit. When RTIE = 1, the remote temperature
interrupt is enabled and RTO = 1 causes an interrupt. When RTIE = 0, the remote
temperature interrupt is disabled and RTO = 1 does not generate an interrupt. Power-on
default = 1, except when a remote sensor failure is detected at power-on.

LTOIE

R/W

Local temperature interrupt enable bit. Power-on default = 1. When LTIE = 1, the local
temperature interrupt is enabled and LTO = 1 causes an interrupt. When LTIE = 0, the
local temperature interrupt is disabled and LTO = 1 does not generate an interrupt.

RTFIE

R/IW

Remote sensor failure interrupt enable bit. Power-on default = 1. When RTFIE = 1, the
remote sensor failure interrupt is enabled and RTF = 1 causes an interrupt through the
SMBALERT pin. When RTFIE = 0, the remote sensor failure interrupt is disabled and
RTF = 1 does not generate an interrupt through the SMBALERT pin.

TACH-EN

R/IW

Setting this bit to '1' enables the TACH input. Clearing ('0") disables the TACH input and
freezes the counter. Power-on default = 1. If TACH-EN is cleared, TACH-MODE must be
set ('1).

TACH-MODE

R/IW

When the TACH-MODE bit is cleared ('0'), the PWM-Out pin is forced ON during RPM
measurement, and internal correction circuitry is enabled to correct the error caused by
this extra duty cycle. Making TACH-MODE = 0 for the fans that are switched ON/OFF
directly by the PWM requires PWM ON to provide TACH pulses. In the software RPM
mode, the PWM-Out is forced to 30% duty cycle if the calculated duty cycle is less than
30% when TACH-MODE = 0. In all other modes the PWM-Out is forced to 0% if the
calculated duty cycle is less than 7%. When the TACH mode is set ('1), the internal
correction circuit is disabled and PWM-Out is not forced ON. Instead, the PWM-Out pin
is completely controlled by the value of the DCY register, just as in normal operation.
Setting the TACH-MODE bit (1) when the fans can provide TACH pulses output
regardless the status of the PWM-Out pin. The TACH mode must be '1' for any fan
which is powered directly by dc power, such as a four-wire fan. Power-on default = 0.
(See the section for details.)

PWM-EN

R/IW

Setting this bit to '1' enables the PWM-Out pin. Clearing ('0') disables the PWM-Out pin
(H-Z). Power-on default = 1.

Configuration Register 3 (Address 0x3F, Value After Power-On Reset = 0x82)

BIT

NAME

R/W DEFAULT DESCRIPTION

THERM-FAN-EN

R/IW

Setting this bit to '1' enables the fan to run at full-speed when the THERM pin as
an output) is asserted low. This configuration allows the system to be run in
performance mode. Clearing this bit to '0’ disables the fan from running at

1 full-speed whenever the THERM pin (as an output) is asserted low. This
configuration allows the system to run in silent mode. Note that this bit has no
effect whenever THERM is pulled low as an input. The fan always runs at full
speed when the THERM pin is pulled low as an input. Power-on default = 1.

Reserved

Read-back '0'.

Reserved

Read-back '0'.

Reserved

Read-back '0'.

Part Revision Number

0, bit 3 (MSB) of 4-bit revision number.

Part Revision Number

0, bit 2 of revision number.

Part Revision Number

0, bit 1 of revision number.

O|lRr N W I~OO

Part Revision Number

(0|0 V| O|D D

oOlRr|O|lO|lO|O|O

0, bit 0 (LSB) of revision number.
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Configuration Register 4 (Address 0x04, Value After Power-On Reset = 0x08)

BIT NAME R/W DEFAULT DESCRIPTION

7 MODE R/W 0 Required configure bit: User must write a 1 to this location.

6 PSPR RIW 0 Number of pulses per revolution of the fan. Power-on default = 0. PLSPR = 0 for two
pulses/revolution (default), PLSPR = 1 for four pulses per revolution.
When TACH-FAST = 1, the TACH data reading is updated every 250ms. This monitor is

5 TACH-FAST R/W 0 the fast RPM monitor. When TACH-FAST = 0, the TACH data reading is updated every
second. Default = 0, power-on default = 0.

4 OVREN RIW 0 Sgttln_g this bit to '1' enablef the OVR pin. Clearing this bit ('0") disables the OVR pin
(high-impedance). Default = 0.

3 Reserved R 1 Read back '1'.

2 Reserved R 0 Read-back '0'.

1 Reserved R 0 Read-back '0'.

0 Reserved R 0 Read-back '0'.

Writing the reserved bit has no effect.
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DEVICE STATUS REGISTERS

Reading the status registers clears the appropriate status bit. Status register bits are sticky (except the RTF bit).
Whenever a status bit is set, indicating an out-of-limit condition, it remains set until the event that caused it is
resolved and the status register is read. The status bit can only be cleared by reading the status register after the
event is resolved. All bits are cleared when reading the register, and all bits are reasserted if the out-of limit
condition still exists on the next monitoring cycle, unless otherwise noted.

Status Register 1 (Address 0x02, Value After Power-On or Reset = 0x00)

BIT NAME R/W DEFAULT DESCRIPTION
LTL = 1 when the local temperature is less than or equal to the value of the
7 LTL R 0 Local-Low-Temp-Limit register. Otherwise, LTL = 0. If the local temperature is still

outside the local temperature low limit, this bit reasserts on the next monitoring cycle.

LTH = 1 when the local temperature is greater than or equal to the value of the
6 LTH R 0 Local-High-Temp-Limit register. Otherwise, LTH = 0. If the local temperature is still
outside the local temperature high limit, this bit reasserts on the next monitoring cycle.

Remote sensor-failure interrupt. RTF = 1 when the remote temperature sensor fails
(short- or open-circuit). RTF = 0 when the remote sensor is in normal condition. When
RTF = 1, the OVR pin is asserted and the remote temperature data register is set to
—128°C.

RTF = 1 also generates an interrupt through the SMBALERT pin if an interrupt is
enabled (RTFIE = 1). Once RTF is set ('1"), it always remains ('1") until power-on reset or
software reset occurs, whether or not the failure condition continues. Reading the status
register does not clear the RTF bit.

5 RTF R 0

Remote temperature over the remote THERM limit flag. R-THERM = 1 when the
temperature is greater than the value of the Remote-THERM-Limit register. Otherwise,
R-THERM = 0. When R-THERM = 1, the THERM pin goes low. It also generates a

4 R-THERM R 0 THERM interrupt if THERMOVIE = 1. This bit is cleared on a read of Bfafus Reqister 1.
Once cleared, this bit is not reasserted until the remote temperature falls 5°C below this
THERM limit, even if the THERM condition persists. Refer to the
External Hardware Contro] section.

RTL = 1 when the remote temperature is less than or equal to the value of the
3 RTL R 0 Remote-Low-Temp-Limit register. Otherwise, RTL = 0. If the remote temperature is still
beyond the remote temperature low limit, this bit reasserts on the next monitoring cycle.

RTH = 1 when the remote temperature is greater than or equal to the value of
2 RTH R 0 Remote-High-Temp-Limit register. Otherwise, RTH = 0. If the remote temperature is still
beyond the remote temperature high limit, this bit reasserts on the next monitoring cycle.

Fan-slow flag. FANS = 1 if the TACH data are greater than or equal to the value of the
TACH-Low-Limit register. This bit indicates if the fan becomes stuck or goes under the
minimum speed. FANS = 0 if the TACH data are smaller than the TACH low limit. This
bit is cleared ('0") only after reading this register, and reasserts '1' in the next monitoring
if a fan-slow is detected. After spin-up, FANS is set (‘1) even if the TACH data are less
than the TACH low limit until the register is read. FANS = 1 generates a fan out-of-range
interrupt through the SMBALERT pin if fan out-of-range is enabled (FANIE = 1). Five
consecutive fan-slow events result in a FAN FAILURE status; which asserts the
FAN-FAULT pin low. See the EAN-FAULT PIN section for details. Note that a FANS
(fan-slow) detection is not performed during spin-up.

RPM-ALARM = 1 when the TACH data are less than or equal to the value of the
TACH-High-Limit register. This means the RPM is over the maximum limit defined by the
TACH high limit. Otherwise, RPM-ALARM = 0. This bit is cleared when reading this
register. Once cleared, this bit is not reasserted on the next monitoring cycle even if the
condition still persists. This bit may be reasserted only if the RPM drops below the
allowed maximum speed. RPM-ALARM = 1 generates a fan out-of-range interrupt
through the SMBALERT pin if fan out-of-range is enabled (FANIE = 1), but does not
cause an interrupt through the FAN-FAULT pin.

1 FANS R 0

0 RPM-ALARM R 0
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Status Register 2 (Address 0x03, Value After Power-On or Reset = 0x00)

BIT NAME

R/W

DEFAULT

DESCRIPTION

THERM-IN

R

Status of the THERM pin as an input. When this input is pulled low, THERM-IN = 1, and
the fan is driven at full speed. This bit is cleared when reading this register and be
written to ‘1" if the pin persists "pulled-low".

L-THERM

Local temperature over the local THERM limit flag. L-THERM = 1 when the local
temperature is greater than the value of the Local-THERM-Limit register. Otherwise,
L-THERM = 0. When L-THERM is set to 1, the THERM pin goes low. It also generates a
THERM interrupt through the SMBALERT pin, if enabled (THERMOVIE = 1). This bit is
cleared on a read of Bfafus Reqister 1. Once cleared, this bit is not reasserted until the
temperature falls 5°C below the THERM limit, even if the THERM condition persists.
Refer to the section.

LPSV

Active control temperature below the PSV (passive cooling) temperature flag. This bit is
set to '1' when the active control temperature is equal to or below the PSV temperature.
Otherwise, this bit is cleared ('0'). LPSV = 1 generates a PSV interrupt on SMBALERT, if
enabled (PSVIE = 1). This bit is cleared when reading this register. If the active control
temperature remains equal to or below the PSV temperature, this bit reasserts on the
next monitoring cycle.

LTC

Local temperature over the local critical temperature flag. This bit is set ('1") when the
local temperature is equal to or above the local critical temperature. LTC = 0 if the local
critical temperature is below this value. LTC = 1 asserts the OVR pin low and generates
an LTC interrupt (non-maskable) though the SMBALERT pin. This bit is cleared when
reading this register. If the over-critical limit condition persists, this bit reasserts on the
next monitoring cycle.

RTC

Remote temperature over the remote critical temperature flag. This bit is set to '1' when
the remote temperature is equal to or above the remote critical temperature. RTC = 0 if
the remote critical temperature is below this value. RTC = 1 asserts the OVR pin low and
generates an RTC interrupt (non-maskable) though the SMBALERT pin. This bit is
cleared when reading this register. If the over-critical limit condition persists, this bit
reasserts on next monitoring cycle.

Reserved

Reserved. Reading returns '0'.

Reserved

R

Reserved. Reading returns '0'.

Reserved

R

0

Reserved. Reading returns '0'.

FAN CONTROLLER REGISTERS

DCY (Duty Cycle) Register (Address 0x22, Value After Power-On or Reset = 0x55)

BIT NAME DEFAULT DESCRIPTION
7 (MSB) DCY7 (MSB) 0 DCY CODE DUTY CYCLE

6 DCY6 1 0x00 0%

5 DCY5 0 0x01 0.392%

4 DCY4 O

3 DCY3 0 0x40 25%

2 DCY2 O

1 DCY1 0 0x80 50%

0 DCYO O
OxFF 100%

The DCY register stores the value of the PWM duty cycle, 0x00 corresponds to 0%, and OxFF to 100%. 1LSB
corresponds to 0.392%. Power-on default = 0x55, 33.2%.

In a read operation, with the two following exceptions, the returned data are the actual duty cycle (DCY) value
driving the PWM-Out pin:

1. When TACH-MODE = 0 and the system is in software-RPM control mode, if the calculated duty cycle is less
than 30%, the returned value is the calculated value, not the actual PWM-OUT pin duty cycle which is forced

to 30%.
2.

When TACH-MODE = 0 and the system is in software DCY-control mode or Auto Temperature-Fan mode, if

the calculated duty cycle is less than 7%, the returned value is the calculated value, not the actual
PWM-OUT pin duty cycle which is forced to 0%.
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In a write operation, the data written are the actual DCY driving the PWM-Out pin in the software DCY control
mode. However, in all other control modes, the data being written are not used to drive the PWM. Instead, it is
stored in a temporary register, and controls the PWM immediately after the control mode is changed to the
software DCY control mode.

Fan Characteristics Register (Address 0x20, Value After Power-On or Reset = 0x1D)

BIT NAME DEFAULT DESCRIPTION
7 FSPD 0 Fan Spin Disable Bit
When FSPD = 1, the fan spin-up process is disabled.
When FSPD = 0, the fan spin-up process is enabled.
6 0 0 Reserved
5 PWM2 0 PWM Frequency Bits
4 PWM1 1 PWM2 PWM1 PWMO PWM Frequency
3 PWMO 1 When PWM-MODE pin is floating or tied to Vpp
0 0 0 10Hz
0 0 1 15Hz
0 1 0 23Hz
0 1 1 30Hz (Default)
1 0 0 38Hz
1 0 1 47Hz
1 1 0 62Hz
1 1 1 94Hz
When PWM-MODE pin is tied to GND
0 0 0 1kHz
0 0 1 10kHz
0 1 0 20kHz
0 1 1 25kHz (Default)
1 0 0 30kHz
1 0 1 40kHz
1 1 0 40kHz
1 1 1 40kHz
2 STIME2 1 Spin-Up Time Bit
L STIMEL 0 STIME2 STIME1 STIMEO S(ir:]I nS-eL:Jcpol-ljn;;a
0 STIMEO 1 0 0 0 0.2
0 0 1 0.4
0 1 0 0.6
0 1 1 0.8
1 0 0 1
1 0 1 2 (Default)
1 1 0 4
1 1 1 8
This register specifies the PWM frequency and the fan spin-up functions.
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Fan Spin Disable Bit: FSPD
This bit enables or disables the spin-up function.
PWM Frequency Bits: [PWM2:PWMO]

These bits specify the PWM frequency; the high range (1kHz—40kHz) has a default value of 25kHz, and the low
range (10Hz-94Hz) has a default value of 30Hz. The clock frequency is 3.2MHz. The PWM-MODE pin
determines which range is selected. When the PWM mode is tied to ground, the high range is selected;
otherwise, the low range is selected.

Spin-Up Time Bits: [STIME2:STIMEQ]

These bits specify a predetermined time period, or spin-up time, during which the 100% duty cycle is applied to
start the fan spinning. These bits are ignored when FSPD = 1.

DCY-LOW-TEMP Register (Address 0x21, Value After Power-On or Reset = 0x55, 33.2%)

Bit 7 (MSB)

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0 (LSB)

L-DCY 7

L-DCY 6

L-DCY 5

L-DCY 4

L-DCY 3

L-DCY 2

L-DCY 1

L-DCY 0

This register specifies the duty cycle in Auto Temp-Fan Control mode when the control temperature is less than
or equal to the value of the Low-Temp bits in the TEMP-FAN Control Regsiter.

Local TEMP-FAN Control Register (Address 0x24, Value After Power-On or Reset = 0x41)

BIT NAME DEFAULT DESCRIPTION
7 L-TEMP4 0 Low Temperature Bit of Local Sensor
6 L-TEMP3 1 L-TEMP4 L-TEMP3 L-TEMP2 L-TEMP1 L-TEMPO Low Temp
5 L-TEMP2 0 0 0 0 0 0 0°C
4 L-TEMP1 0 0 0 0 0 1 4°C
3 L-TEMPO 0 0 0 0 1 0 8°C
0 0 0 1 1 12°C
0 1 0 0 0 32°C (Default)
120°C
1 1 1 1 124°C
L-SLP2 Slope Bits of Local Sensor
L-SLP1 Slope Temp Range in °C
0 L-SLPO L-SLP2 L-SLP1 L-SLPO LSB/°C %/°C (DCY 33.3% to 100%)
0 0 0 32 12.55 5.31
0 0 1 16 6.27 10.62 (default)
0 1 0 8 3.14 21.25
0 1 1 1.57 42.5
1 0 0 2 0.78 85

This register specifies the parameters of the local Temperature-Fan Control mode.
Low Temperature Bits: [L-TEMP4:L-TEMPO]

These bits specify the low temperature of the local temperature fan control loop. The calculated duty cycle is
equal to the value of the DCY-LOW-TEMP register when the local temperature is less than or equal to the value
defined by bits [L-TEMP4:L-TEMPO]. Refer to the Auto Temperature Fan Mod¢g section for details.

Slope Bits: [L-SLP2:L-SLPO]

These bits define the increment of the duty cycle when the local temperature rises every 1°C in the auto local
temperature-fan control.
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Remote TEMP-FAN Control Register (Address 0x25, Value After Power-On or Reset = 0x61)

BIT NAME DEFAULT DESCRIPTION
7 R-TEMP4 0 Low Temperature Bit of Remote Sensor
6 R-TEMP3 1 R-TEMP4 R-TEMP3 R-TEMP2 R-TEMP1 R-TEMPO Low Temp
5 R-TEMP2 1 0 0 0 0 0 0°C
4 R-TEMP1 0 0 0 0 0 1 4°C
3 R-TEMPO 0 0 0 0 1 0 8°C
0 0 0 1 1 12°C
0 1 1 0 0 48°C (Default)
1 1 1 1 0 120°C
1 1 1 1 1 124°C
R-SLP2 0 Slope Bits of Remote Sensor
R-SLP1 0 Slope Temp Range in °C
R-SLPO 1 R-SLP2 R-SLP1 R-SLPO LSB/°C %l/°C (DCY 33.3% to 100%)
0 0 0 32 12.55 5.31
0 0 1 16 6.27 10.62 (default)
0 1 0 8 3.14 21.25
0 1 1 1.57 42.5
1 0 0 2 0.78 85

This register specifies the parameters of the Remote Temperature-Fan Control mode.
Low Temperature Bits: [R-TEMP 4:R-TEMPO]

These bits specify the low temperature of the auto remote temperature-fan control. In this control mode, the duty
cycle is equal to the value of the DCY-LOW-TEMP register when the remote temperature is less than or equal to

the value defined by bits [R-TEMP4:R-TEMPO].

Slope Bits: [R-SLP2:R-SLPO]

These bits define the increment of the duty cycle when the remote temperature rises every 1°C in the auto
remote temperature-fan control.
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DCY-RAMP Register (Address 0x23, Value After Power-On or Reset = 0x52)

BIT NAME DEFAULT DESCRIPTION
7 RAMPE 0 Ramp Enable Bit. Ignored in software-RPM control.
When RAMPE = 1, Ramp is enabled. The DCY changes to the desired value gradually according
to STEP bits and RATE bits.
When RAMPE = 0, Ramp is disabled. DCY changes to the desired target value immediately.
Default = 0.
STEP1 1 Adjustment Step Bits.
STEPO STEP1 STEPO Max Adjustment
0 0 1/256
0 1 2/256
1 0 4/256 (Default)
1 1 8/256
4 RATE2 1 DCY Updating Rate Bits in Auto Temp-Fan Control Mode.
3 RATE1 DCY Updates/Sec
RATE2 RATE1 RATEO (Auto Temp-Fan CTR)
2 RATEO 0 0 0 0 0.0625
0 0 1 0.125
0 1 0 0.25
0 1 1 0.5
1 0 0 1 (Default)
1 0 1 2
1 1 0 4
1 1 1 8
THRE1 Adjustment Threshold Bits in Auto Temp-Fan Control Mode.
THREO THRE1 THREO Threshold
0 0 1/256
0 1 2/256
1 0 3/256 (Default)
1 1 4/256

This register is ignored in the software DCY control mode. This register determines how fast the PWM duty cycle
is adjusted to the desired value when the temperature changes in the automatic temperature-fan control, or when
the fan speed varies from the predetermined value in the software RPM control mode.

RAMPE: Ramp Enable bit.

This bit is ignored in the software RPM control mode. The duty cycle always gradually ramps to the target value
in Software-RPM mode.

Adjustment Step Bits: [STEP1:STEPQ]
In the software RPM control, these bits specify the amount that duty cycle changes each time.

In the auto fan temperature control mode, these bits are ignored when RAMPE = 0. When RAMPE = 1, these
bits define the maximum amount that the duty cycle can change each time if the duty cycle needs to be adjusted.
For example, if the current value of the duty cycle is 50% and the desired value is 75%, the total required
increment is 25%. If the step is 1/256 (bits [STEP1:STEPO] = '00"), then the duty cycle increases by 1/256
(0.39%) each time the duty cycle is updated, and the duty cycle reaches the desired value (75%) after 64
updates. This takes eight seconds if the update rate is 8/sec (bits [RATE2:RATEQ] = '111'), and takes 64
seconds if the update rate is 1/sec. (bits [RATE2:RATEO] = '100"). However, if the step is 2/256, then the time
reduces to half. If the required adjustment is less than the value specified by step bits, the actual required value
is used. For example, if the current duty cycle is 50%, the required value is 73%, and the step is 4/256, a total of
15 updates are needed. The duty cycle increases 21.875% after the first 14 updates, and increases 1.125% in
the last update.
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Updating Rate Bits: [RATE2:RATEQ]

These bits define the rate (time/sec) that the duty cycle is recalculated in the auto temp-fan control mode. The
value of [RATE2:RATEOQ] does not affect the ADC conversion rate. Both external and local temperature readings
are updated continuously, even if the DCY is updated slowly.

The RPM monitoring rate and DCY updating rate in the software RPM control mode are specified by the
TACH-FAST bit of Configuration Reqister 3. The [RATE2:RATEQ] bits are ignored in this mode.

Adjustment Threshold Bits: [THRE1: THREO]

These bits determine the threshold of the duty cycle adjustment in the auto temp-fan control mode, and are
ignored in all other modes. When the auto fan temperature control loop is active, the duty cycle is not adjusted if
the required adjustment is less than or equal to the threshold defined by bits [THRE1: THREO]. This provides a
hysteresis to improve the control stability. For example, if the current duty cycle is 50% and the desired value is
71%, the total required increment is 21%. If the step is 4/256 and the threshold is 2/256 (0.78%), the duty cycle
reaches 70.31% after 13 updates, 0.6875% less than the desired value. This difference is less than the threshold
(0.78%); therefore, the adjustment stops. However, if the threshold is 1/256 (0.39%), then one more update
occurs, and the duty cycle increases by 0.39% (1LSB) because 0.39% (1LSB) < 0.6875% < 0.78% (2LSB).
Finally, the duty cycle reaches 70.7%, 0.3% less than the desired value because of the limitation of 8-bit
resolution.

Note that bits [THRE1:THREQ] are ignored in the software RPM control. In this mode, the DCY adjustment stops
when the difference between the TACH data and TACH setting is less than or equal to OXx000A.

TEMPERATURE DATA REGISTERS
Local Temperature Data Register Bits: [LT10:LTO]
Bits [LT10:LTQ] are the newest local temperature reading.
Remote Temperature Register Bits: [RT10:RTO]
Bits [RT10:RTO] are the newest remote temperature reading.
Temp-DATA-LByte Register (Address 0x06, Value After Power-On or Reset = 0x00)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
LT2 LT1 LTO (LSB) 0 0 RT2 RT1 RTO

Bits [LT2:LTQ] are the three LSBs of the newest local temperature reading.
Bits [RT2:RTO] are the three LSBs of the newest remote temperature reading.
Local-Temp-DATA-HBYyte Register (Address 0x0A, Value After Power-On or Reset = 0x80, —128°C)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
LT10 (MSB) LT9 LT8 LT? LT6 LT5 LT4 LT3

Bits [LT10:LT3] are the eight MSBs of the newest local temperature reading.
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Remote-Temp-DATA-HByte Register (Address 0x0B, Value After Power-On or Reset = 0x80, —128°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
RT10 (MSB) RT9 RTS8 RT7 RT6 RT5 RT4 RT3

Bits [RT10:RT3] are the eight MSBs of the newest remote temperature reading.

It is important to note that temperature can be read as an 8-bit value (with 1°C resolution) from the
Temp-DATA-Hbyte register, or as an 11-bit value (with 0.125°C resolution) from the Temp-DATA-LByte and
Temp-DATA-HByte registers. If only 1°C resolution is required, the temperature readings can be read back at
any time and in no particular order. If the 11-bit measurement is required, this involves a two-register read for
each measurement. The Temp-DATA-LByte register (0x06) should be read first. This condition causes all
temperature reading registers to be frozen until the Remote-Temp-DATA-HByte Reqiste] (0x0B) is read. This
architecture also prevents an MSB reading from being updated while the 3LSBs are being read, and vice versa.
See the Reading Temperafure Datd section for details.

TEMPERATURE LIMIT REGISTERS

All temperature limits are 11 bits with three LSBs always '0'. Only eight MSBs need to be set in one register for
each limit.

Local-High-Temp-Limit Register (Address 0x14, Value After Power-On or Reset = 0x3C, +60°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
LT-H10 (MSB) LT-H9 LT-H8 LT-H7 LT-H6 LT-H5 LT-H4 LT-H3

These bits are the upper bounds of the local temperature.

Local-Low-Temp-Limit Register (Address 0x15, Value After Power-On or Reset = 0x00, 0°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
LT-L10 (MSB) LT-L9 LT-L8 LT-L7 LT-L6 LT-L5 LT-L4 LT-L3

These bits are the lower bounds of the local temperature.

Local-THERM-Limit Register (Address 0x16, Value After Power-On or Reset = 0x46, +70°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
LT-T10 (MSB) LT-T9 LT-T8 LT-T7 LT-T6 LT-T5 LT-T4 LT-T3

These bits are the thermal threshold of the local temperature.

Remote-High-Temp-Limit Register (Address 0x18, Value After Power-On or Reset = 0x50, +80°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
RT-H10 (MSB) RT-H9 RT-H8 RT-H7 RT-H6 RT-H5 RT-H4 RT-H3

These bits are the upper bounds of the remote temperature.
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Remote-Low-Temp-Limit Register (Address 0x19, Value After Power-On or Reset = 0x00, 0°C)

Bit 7 (MSB)

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0 (LSB)

RT-L10 (MSB)

RT-L9

RT-L8

RT-L7

RT-L6

RT-L5

RT-L4

RT-L3

These bits are the lower bounds of the remote temperature.

Remote-THERM-Limit Register (Address 0x1A, Value After Power-On or Reset = 0x64, +100°C)

Bit 7 (MSB)

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0 (LSB)

RT-T10 (MSB)

RT-T9

RT-T8

RT-T7

RT-T6

RT-T5

RT-T4

RT-T3

These bits are the thermal threshold of the remote temperature.

Local-Critical-Temp Register (Address 0x1B, Value After Power-On or Reset = 0x50, +80°C)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
LT-C10 LT-C9 LT-C8 LT-C7 LT-C6 LT-C5 LT-C4 LT-C3
These bits are the critical threshold of the local temperature.
PSV-Temp Register (Address 0x1C, Value After Power-On or Reset = 0x00, 0°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
0 0 PSV8 PSV7 PSV6 PSV5 PSV4 PSV3

Bits [PSV10:PSVO0] are the passive cooling temperature threshold. Bits PSV10, PSV9, and [PSV2:PSV0] are
always '0'. The PSV ranges from 0°C to +64°C.

In the auto fan temperature loop, the fan stops and the duty cycle is forced to 0% when the active temperature is
equal to or below the PSV temperature.

Remote-Critical-Temp Register (Address 0x1D, Value After Power-On or Reset = 0x69, +105°C)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
RT-C10 RT-C9 RT-C8 RT-C7 RT-C6 RT-C5 RT-C4 RT-C3
Bits [RT-C10:RT-CQ] are the critical threshold of the remote temperature.
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TACH-DATA Register

TACH-DATA-LByte Register (Address 0x08, Power-On Default = 0x00)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH-DATA7 | TACH-DATA6 | TACH-DATAS | TACH-DATA4 | TACH-DATA3 | TACH-DATA2 | TACH-DATAL | TACH-DATAO

TACH-DATA-HByte Register (Address 0x09, Power-On Default = 0x00)
Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O (LSB)
TACH-DATA15 | TACH-DATA14 | TACH-DATA13 | TACH-DATA12 | TACH-DATA11 | TACH-DATA10 | TACH-DATA9 | TACH-DATA8

Bits [TACH-DATA15:TACH-DATAQ] are the number of clock pulses counted during one fan revolution and
represents the period of the fan revolution (refer to the Fan_Speed Measuremeni section). Reading the TACH
data register involves a two-register read. The low byte should be read first. This method causes the high byte to
be frozen until both the high and low byte registers have been read from, preventing erroneous TACH readings.

TACH Setting Register
TACH-SETTING-LByte Register (Address Ox1E, Power-On Default = OxFF)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH- TACH- TACH- TACH- TACH- TACH- TACH- TACH-
SETTING? SETTING6 SETTING5 SETTING4 SETTING3 SETTING2 SETTING1 SETTINGO

TACH-SETTING-HByte Register (Address 0x1F, Power-On Default = OxFF)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH- TACH- TACH- TACH- TACH- TACH- TACH- TACH-
SETTING15 | SETTING14 | SETTING13 | SETTING12 | SETTING11 | SETTINGI0 SETTING9 SETTINGS

Bits [TACH-SETTING15:TACH-SETTINGO] represent the period of the fan revolution (in the number of clock
pulses counted during one revolution), which is equal to the reciprocal of the target fan speed. Refer to the Fan
peed Measuremeni section. Software writes this register to set the target RPM in the Software-RPM Control
mode. When the TACH-MODE bit (bit 1, 0x02) is cleared ('0"), the TACH setting must be not greater than the
value corresponding to the RPM for a 30% duty cycle. When the TACH mode is equal to '1', the TACH setting
must be not greater than the value corresponding to the allowed minimum RPM at which the fan properly runs.
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TACH Low Limit Register

TACH-Low-Limit-LByte Register (Address 0x10, Power-On Default = OxFF)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low-
Limit7 Limit6 Limit5 Limit4 Limit3 Limit2 Limitl LimitO
TACH-Low-Limit-HByte Register (Address 0x11, Power-On Default = OxFF)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low- TACH-Low-
Limitl5 Limit14 Limit13 Limit12 Limit11 Limit10 Limit9 Limit8

Bits [TACH-Low-Limit15:TACH-Low-Limit0] are the value that corresponds to the predetermined minimum
allowable fan speed (RPM). If the value of the TACH data register is greater than this bound, the fan speed is
below the minimum allowed RPM.

TACH High Limit Register
TACH-High-Limit-LByte Register (Address 0x12, Power-On Default = 0x00)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH-High- TACH-High- TACH-High- TACH-High- TACH-High- TACH-High- TACH-High- TACH-High-
Limit7 Limit6 Limit5 Limit4 Limit3 Limit2 Limitl Limit0
TACH-High-Limit-HByte Register (Address 0x13, Power-On Default = 0x00)

Bit 7 (MSB) Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 (LSB)
TACH-High- TACH-High- TACH-High- TACH-High- TACH-High- TACH-High- TACH-High- TACH-High-
Limitl5 Limit14 Limit13 Limit12 Limitll Limit10 Limit9 Limit8

Bits [TACH-High-Limit15:TACH-High-Limit0] are the value that corresponds to the predetermined maximum
allowable fan speed (RPM). If the value of the TACH data register is smaller than this bound, the fan speed is
above the maximum allowed RPM.
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A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
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v W | Overall width of the carrier tape
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P1 | Pitch between successive cavity centers

TAPE AND REEL INFORMATION

*All dimensions are nominal
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NOTES:

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,1

Falls within JEDEC MO-137 variation AB.

5) per side.
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LAND PATTERN DATA

DBQ (R—PDSO—G16)

PLASTIC SMALL OUTLINE PACKAGE

Example Board Layout
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All linear dimensions are in millimeters.
This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

Publication IPC-7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations.

Customers should
Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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