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1. GENERAL DESCRIPTION

The NCT6776F / NCT6776D is a member of Nuvoton’s Super 1/O product line. The NCT6776F / NCT6776D
monitors several critical parameters in PC hardware, including power supply voltages, fan speeds, and
temperatures. In terms of temperature monitoring, the NCT6776F / NCT6776D adopts the Current Mode (dual
current source) and thermistor sensor approach. The NCT6776F / NCT6776D also supports the Smart Fan
control system, including “SMART FAN™ | and SMART FAN™ IV, which makes the system more stable and user-
friendly.

The NCT6776F / NCT6776D supports four — 360K, 720K, 1.2M, 1.44M, or 2.88M — disk drive types and data
transfer rates of 250 Kb/s, 300 Kb/s, 500 Kb/s, 1 Mb/s, and 2 Mb/s. The disk drive adapter supports the functions
of floppy disk drive controller (compatible with the industry standard 82077/ 765), data separator, write pre-
compensation circuit, decode logic, data rate selection, clock generator, drive interface control logic, and interrupt
and DMA logic. Such a wide range of functions integrated into one NCT6776F / NCT6776D greatly reduce the
number of required components to interface with floppy disk drives.

The NCT6776F / NCT6776D provides two high-speed serial communication port (UART), which includes a 16-
byte send/receive FIFO, a programmable baud rate generator, complete modem-control capability, and a
processor interrupt system. The UART supports legacy speeds up to 115.2K bps as well as even higher baud
rates of 230K, 460K, or 921K bps to support higher speed modems.

The NCT6776F / NCT6776D supports the PC-compatible printer port (SPP), the bi-directional printer port (BPP),
the enhanced parallel port (EPP) and the extended capabilities port (ECP). The NCT6776F / NCT6776D supports
keyboard and mouse interface which is 8042-based keyboard controller.

The NCT6776F / NCT6776D provides flexible 1/0 control functions through a set of general purpose 1/0 (GPIO)
ports. These GPIO ports may serve as simple /O ports or may be individually configured to provide alternative
functions.

The NCT6776F / NCT6776D supports the Intel® PECI (Platform Environment Control Interface) and AMD® SB-
TSI interface. The NCT6776F / NCT6776D supports separated VID input and output pins for Vcore voltage
adjustment. It also supports AMD® CPU power on sequence, and it also supports Intel® Deep Sleep Well glue
logic to help customers to reduce the external circuits needed while using Deep Sleep Well function.

The NCT6776F / NCT6776D supports to decode port 80 diagnostic messages on the LPC bus. This could help on
system power on debugging. It also supports two-color LED control to indicate system power states. The
NCT6776F / NCT6776D supports Consumer IR function for remote control purpose. It also supports Advanced
Power Saving function to further reduce the power consumption while the system is at S5 state.

The configuration registers inside the NCT6776F / NCT6776D support mode selection, function enable and
disable, and power-down selection. Furthermore, the configurable PnP features are compatible with the plug-and-
play feature in Windows, making the allocation of the system resources more efficient than ever.
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2. FEATURES

General
Meet LPC Specification 1.1
Support AMD power on sequence
Support LDRQ# (LPC DMA), SERIRQ (Serialized IRQ)
Integrated hardware monitor functions
Support DPM (Device Power Management), ACPI (Advanced Configuration and Power Interface)
Programmable configuration settings
Single 24-MHz or 48-MHz clock input
Support selective pins of 5 V tolerance

FDC
Variable write pre-compensation with track-selection capability
Support vertical recording format
DMA-enable logic
16-byte data FIFO
Support floppy disk drives and tape drives
Detect all overrun and underrun conditions
Built-in address mark detection circuit to simplify the read electronics

FDD anti-virus functions with software write protect and FDD-write enable signal (write data signal forced to
be inactive)

Support 3.5-inch or 5.25-inch floppy disk drives
Compatible with industry standard 82077

360K/ 720K/ 1.2M / 1.44M / 2.88M formats
250K, 300K, 500K, 1M, 2M bps data transfer rate
Support 3-mode FDD and its Windows driver

UART
Two high-speed, 16550-compatible UART with 16-byte send / receive FIFO
Support RS485
--- Supports auto flow control
Fully programmable serial-interface characteristics:

--- 5, 6, 7 or 8-bit characters
--- Even, odd or no parity bit generation / detection
---1, 1.5 or 2 stop-bit generation

Internal diagnostic capabilities:
--- Loop-back controls for communications link fault isolation
--- Break, parity, overrun, framing error simulation
16
Programmable baud rate generator allows division of clock source by any value from 1 to (2 -1)
Maximum baud rate for clock source 14.769 MHz is up to 921K bps. The baud rate at 24 MHz is 1.5 M bps.

Parallel Port
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Compatible with IBM® parallel port

Support PS/2-compatible bi-directional parallel port

Support Enhanced Parallel Port (EPP) — Compatible with IEEE 1284 specification
Support Extended Capabilities Port (ECP) — Compatible with IEEE 1284 specification
Enhanced printer port back-drive current protection

Keyboard Controller
8042-based keyboard controller
Asynchronous access to two data registers and one status register
Software-compatible with 8042
Support PS/2 mouse
Support Port 92
Support both interrupt and polling modes
Fast Gate A20 and Hardware Keyboard Reset
12MHz operating frequency

Hardware Monitor Functions
Smart Fan control system

Programmable threshold temperature to speed fan fully while current temperature exceeds this threshold in
the Thermal Cruise™ mode

Support Current Mode (dual current source) temperature sensing method
Nine voltage inputs (CPUVCORE, VIN[0..3], 3VCC, AVCC, 3VSB and VBAT)
Five fan-speed monitoring inputs

Three fan-speed controls

Dual mode for fan control (PWM and DC) for SYSFANOUT

Built-in case-open and CPU socket occupied detection circuit

Programmable hysteresis and setting points for all monitored items

Issue SMI#, OVT# (Over-temperature) to activate system protection

Nuvoton Health Manager support

Provide I°C master / slave interface to read / write registers

CIR and IR (Infrared)
e Support IrDA version 1.0 SIR protocol with maximum baud rate up to 115.2K bps
e Support SHARP ASK-IR protocol with maximum baud rate up to 57,600 bps
e Support Consumer IR, including CIRTX, CIRRX, CIRRXWB, CIR LED, CIR SENSE

VCORE Voltage Adjustment
Support INTEL® VRM11.1 VID input to VID output
Watch Dog Timer for VID over-voltage failure recovery
Support AMD® Parallel VID input to VID output
Support Intel® VR12 SVID
Support AMD" Serial VID input to Serial VID output
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General Purpose I/O Ports
GPIOQ ~ GPIOA programmable general purpose I/O ports
Two access channels, indirect (via 2E/2F or 4E/4F) and direct (Base Address) access.

ACPI Configuration
Support Glue Logic functions
Support general purpose Watch Dog Timer functions

OnNow Functions
Keyboard Wake-Up by programmable keys
Mouse Wake-Up by programmable buttons
OnNow Wake-Up from all of the ACPI sleeping states (S1-S5)

PECI Interface
Support PECI 1.1, 2.0 and 3.0 specification
Support 2 CPU addresses and 2 domains per CPU address

AMD SB-TSI Interface
Support AMD® SB-TSI specification

SMBus Interface
Support SMBus Slave interface to report Hardware Monitor device data
Support SMBus Master interface to get thermal data from PCH
Support SMBus Master interface to get thermal data from MXM module

Power Measurement
Support Power Consumption measurement
Fading LED driver control for power status and diagnostic indications

Intel Deep Sleep Well (DSW) Glue Logic
Support Deep Sleep Well (DSW) Glue Logic

AMD® CPU Power on Sequence
Support AMD® CPU power on sequence

Advanced Power Saving
Advanced Sleep State Control to save motherboard Stand-by power consumption
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Operation voltage
e 3.3 voltage

Package
NCT6776F 128-pin QFP
NCT6776D 128-pin LQFP
Green
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3. BLOCK DIAGRAM

PCICLK, LRESET#, LFRAME#, LAD[3:0], LDRQ#, SERIRQ

1

LPC
Interface
Keyboard / Mouse
PECIpin «—>| PECI [ >| |K<__>| KBC |«f——> daaandclock
pins
SMBus Master ' 15| SMBus <:'> FDC , . Floopy Drive Interface
& Slave <:> “ pins
Hardware Monitor UART Interface
channel, vref and <«—/—> HM <:> <:> UARTA,B |41 pins
pins
Port 80 Output / 1 »| PORT 80 <:> <:> PRT , . PRT Interface
pins I pins
Parallel VID | | PVID& | A=) |} CIR,IR |«1——> CIR & IR Pins
& Serial VID SVID
Deep S5 «——>| Deepss | >| |K___>| ACPI |l 5 ACPIpins
Fading LED / FADING @ / General-purpose
Output pins ~ LED <:> GPIO 1< I/O pins
SB-TSIpin «—>| SB-TSI K >| K__>| DSW |« > DSW Glue Logic

Figure 3-1 NCT6776F / NCT6776D Block Diagram
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GPO03/WD# [ 8
SECONDARY_HD#/ DSKCHG# ] 14

GPO04 / WE# ]9
PRIMARY_HD# / TRAKO# ] 10

GPOS/(CIFLS_ENSEU/WP# —gn

R_SENSE2

P06 / (CI

3

LRESET# ] 26

GA20M ] 27

KBRST# [ 28
CTSA#/GP80 ] 29

Figure 4-2 NCT6776D Pin Layout

DSRA#/GP81 ] 30

(2E_4E_SEL) RTSA#/ GP82 ] 31
(24M_48M_SEL) DTRA# / GP83 [ 32
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5. PIN DESCRIPTION

Note: Please refer to 25.2 DC CHARACTERISTICS for details.

AOUT - Analog output pin

AIN - Analog input pin

Ith3 - 3.3V TTL-level input pin

N3 - 3.3V TTL-level, Schmitt-trigger input pin

Ing5 - 5V GTL-level input pin

Ith5 - 5V TTL-level input pin

Ny cups - 5V TTL-level, Schmitt-trigger, input buffer with controllable pull-up
INtsps - 5V TTL-level, Schmitt-trigger input pin

1\ - 5V TTL-level input pin with internal pull-down resistor

Og - output pin with 8-mA source-sink capability

ODg - open-drain output pin with 8-mA sink capability

(oI - output pin with 12-mA source-sink capability

OD1, - open-drain output pin with 12-mA sink capability

O - output pin with 24-mA source-sink capability

ODy, - open-drain output pin with 24-mA sink capability

QOus - output pin with 48-mA source-sink capability

ODys - open-drain output pin with 48-mA sink capability

1/0y3 - Bi-direction pin with source capability of 6 mA and sink capability of 1 mA
1/0Oy4 - Bi-direction pin with source capability of 6 mA

O12cu - output pin 12-mA source-sink capability with controllable pull-up
OD12¢y - open-drain 12-mA sink capability output pin with controllable pull-up

Publication Release Date: July 12, 2011
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5.1 LPC Interface

PIN SYMBOL Vo | BUFFER PV(\)/\éVLFT_R DESCRIPTION
TYPE
System clock input, either 24MHz or 48MHz. The actual
IN
15 IOCLK I tp5 vee frequency must be specified by 24M_48M_SEL strapping.
65 PME# o) oD,, VSB | Generated PME event.
17 PCICLK I IN,5 VCC PCl-clock 33-MHz input.
18 LDRQ# O O, VCC Encoded DMA Request signal.
IN,s
19 SERIRQ | I/O O,, VCC | Serialized IRQ input / output.
OD12
IN These signal lines communicate address, control, and
20-23 LAD[3:0] 1/0 OE;p3 VCC data information over the LPC bus between a host and a
12 peripheral.
o5 LFRAME# | IN,., Vee Indicates the start of a new cycle or the termination of a
P broken cycle.
26 LRESET# | IN,., Vee Reset signal. It can be connected to the PCIRST# signal
P on the host.

5.2 FDC Interface

/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION

2 DRVDENO | O OD,, VCC | Drive Density Select bit 0.

This Schmitt-trigger input from the disk drive is active-low
when the head is positioned over the beginning of a track

3 INDEX# I IN scups VCC marked by an index hole. This input pin needs to connect
a pulled-up 1-KQresistor to 5V for Floppy Drive
compatibility.

4 MOA# o oD, Vielo Mqto_r A On. When _set to 0, this pin activates disk drive A.
This is an open-drain output.

5 DSA# o oD, Vielo Drive Select A. When set to 0, this pin activates disk drive

A. This is an open-drain output.

Direction of the head step motor. An open-drain output.
6 DIR# 0] oD, VCC Logic 1 = outward motion
Logic 0 = inward motion

Step output pulses. This active-low open-drain output
D
/ STEP# o OB vee produces a pulse to move the head to another track.

Write data. This logic-low open-drain writes pre-

8 WD# 0] oD, VCC compensation serial data to the selected FDD. An open-
drain output.
9 WE# o) oD, VCC | Write enable. An open-drain output.

Publication Release Date: July 12, 2011
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I/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION

Track 0. This Schmitt-trigger input from the disk drive is
active-low when the head is positioned over the outermost

10 TRAKO# | INigcups VCC | frack. This input pin needs to connect a pulled-up 1-
KQ resistor to 5V for Floppy Drive compatibility.
Write protected. This active-low Schmitt input from the
11 WP# | IN Vielo disk drive indicates that the diskette is write-protected.

tscups This input pin needs to connect a pulled-up 1-KQ resistor
to 5V for Floppy Drive compatibility.

The read-data input signal from the FDD. This input pin
12 RDATA# I IN scups VCC | needs to connect a pulled-up 1-KQresistor to 5V for
Floppy Drive compatibility.

Head selection. This open-rain output determines which
disk drive head is active.

13 HEAD# (0] oD, VCC Logic 1 = side 0

Logic 0 = side 1

Diskette change. This signal is active-low at power-on and
14 DSKCHG# | INtscup5 Vielo whenever the diskette is removed. This input pin needs to

connect a pulled-up 1-KQ resistor to 5V for Floppy Drive
compatibility.

5.3 Multi-Mode Parallel Port

/0 | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION

PRINTER MODE:
38 SLCT I IN VSB An active-high input on this pin indicates that the printer is

tspS selected. See the description of the parallel port for the
definition of this pin in ECP and EPP modes.

PRINTER MODE:

An active-high input on this pin indicates that the printer
39 PE | INps VSB has detected the end of the paper. See the description of
the parallel port for the definitions of this pin in ECP and
EPP modes.

PRINTER MODE:

VSB An active-high input indicates that the printer is not ready to
tspS receive data. See the description of the parallel port for the
definitions of this pin in ECP and EPP modes.

PRINTER MODE: ACK#
An active-low input on this pin indicates that the printer has
41 ACK# | INp5 VSB received data and is ready to accept more data. See the
descriptions of the parallel port for the definition of this pin
in ECP and EPP modes.

PRINTER MODE: ERR#

An active-low input on this pin indicates that the printer has
53 ERR# | INtsps VSB encountered an error condition. See the description of the
parallel port for the definitions of this pin in ECP and EPP
modes.

40 BUSY I IN
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/0 | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION

PRINTER MODE: SLIN#

51 SLIN# 0 o) VSB Output line for detection of printer selection. See the
12 description of the parallel port for the definitions of this pin

in ECP and EPP modes.

PRINTER MODE: INIT#

2 INIT o) VSB Output line for the printer initialization. See the description
> # © 12 S of the parallel port for the definitions of this pin in ECP and
EPP modes.

PRINTER MODE: AFD#
An active-low output from this pin causes the printer to auto

54 AFD# o] 0,, VSB feed a line after a line is printed. See the description of the
parallel port for the definitions of this pin in ECP and EPP
modes.

PRINTER MODE: STB#
55 STB# 0 o, VSB An active-low output is used to latch the parallel data into

the printer. See the description of the parallel port for the
definitions of this pin in ECP and EPP modes.

PRINTER MODE: PDO

50 PDO o) tsp5 VSB Parallel port data bus bit 0. See the description of the
0,, parallel port for the definitions of this pin in ECP and EPP
modes.
PRINTER MODE: PD1
49 PD1 o) INtspS VSB Parallel port data bus.blitl 1. See_thg d.escription of the
0,, parallel port for the definitions of this pin in ECP and EPP
modes.
PRINTER MODE: PD2
IN : e
4 PD2 | tsp5 VSB Parallel port data bus bit 2. See the description of the
8 /o O,, S parallel port for the definitions of this pin in ECP and EPP
modes.
PRINTER MODE: PD3
IN ; e
47 PD3 o) tsp5 VSB Parallel port data bus bit 3. See the description of the
0,, parallel port for the definitions of this pin in ECP and EPP
modes.
N PRINTER MODE: PD4
45 PD4 /O tsp5 VSB Parallel port data bus bit 4. See the description of the
0,, parallel port for the definition of this pin in ECP and EPP
modes.
N PRINTER MODE: PD5
44 PD | tsp5 VSB Parallel port data bus bit 5. See the description of the
> /o 0,, S parallel port for the definitions of this pin in ECP and EPP
modes.
PRINTER MODE: PD6
IN . -
4 PD | tsp5 VSB Parallel port data bus bit 6. See the description of the
3 6 /o O,, S parallel port for the definitions of this pin in ECP and EPP
modes.
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/0 | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
N PRINTER MODE: PD7
42 PD7 o) tsp5 VSB Parallel port data bus bit 7. See the description of the
O,, parallel port for the definitions of this pin in ECP and EPP
modes.
5.4 Serial Port Interface
/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
Ring Indicator. An active-low signal indicates that a ring
36 RIA# I Nis VSB signal is being received from the modem or the data set.
Data Carrier Detection. An active-low signal indicates the
35 DCDA# I Nis VSB modem or data set has detected a data carrier.
34 SOUTA o 0, VSB UART A Serial Output. _Th|§ pin is used to transmit serial
data out to the communication link.
33 SINA | IN,_, VSB Serial Input. _Thi_s piq is used to receive serial data through
P the communication link.
UART A Data Terminal Ready. An active-low signal
32 DTRA# O 0,, VSB informs the modem or data set that the controller is ready
to communicate.
UART A Request To Send. An active-low signal informs
31 RTSA# O O, VSB the modem or data set that the controller is ready to send
data.
Data Set Ready. An active-low signal indicates the
30 DSRA# | IN,s VSB modem or data set is ready to establish a communication
link and transfer data to the UART.
Clear To Send. This is the modem-control input. The
29 CTSA# I IN,s VSB function of these pins can be tested by reading bit 4 of the
handshake status register.
Ring Indicator. An active-low signal indicates that a ring
123 RIB# I IN‘P5 VSB signal is being received from the modem or the data set.
Data Carrier Detection. An active-low signal indicates the
IN .
122 DCDB# ! S VS8 modem or data set has detected a data carrier.
121 SOUTB o 0, VSB UART B Serial Output. _Th|_s pin is used to transmit serial
data out to the communication link.
120 SINB | IN,_, VSB Serial Input. _Thl_s pin is used to receive serial data through
P the communication link.
UART B Data Terminal Ready. An active-low signal
119 DTRB# 0] 0,, VSB informs the modem or data set that the controller is ready
to communicate.
UART B Request To Send. An active-low signal informs
118 RTSB# O 0,, VSB the modem or data set that the controller is ready to send
data.
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I/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION

Data Set Ready. An active-low signal indicates the
117 DSRB# | IN, s VSB modem or data set is ready to establish a communication
link and transfer data to the UART.

Clear To Send. This is the modem-control input. The
116 CTSB# I IN,s VSB function of these pins can be tested by reading bit 4 of the
handshake status register.

5.5 KBC Interface

I/O | BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
27 GA20M o 0, VCe Sgﬁ(; A20 output. This pin is high after system reset. (KBC
28 KBRST# o 0, VCe g%?oard reset. This pin is high after system reset. (KBC
]\ Keyboard Clock.
58 KCLK 110 P VSB
OD12
IN, s Keyboard Data.
59 KDAT 1’0 P VSB
oD,
IN, 5 PS2 Mouse Clock.
56 MCLK 1’0 P VSB
oD,,
]\ PS2 Mouse Data.
57 MDAT 1’0 P VSB
OD12
5.6 CIR Interface
I/0 | BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
95 CIRRX | INips5 VSB | CIR input for long length
96 CIRTX1 o) 0,, VSB | CIR transmission output
6 CIRTX2 @) 0,, VCC | CIR transmission output
55 CIRTX3 0 0,, VSB | CIR transmission output
38 CIRRXWB | INips5 VSB | CIR input for wide band.
11 CIR_SENSE1 | INips5 VCC | It could be CIR function by Nuvoton CIR driver.
12 CIR_SENSE?2 | INcps VCC | It could be CIR function by Nuvoton CIR driver.
13 CIRLED 0] oD,, VCC | It could be CIR function by Nuvoton CIR driver.
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5.7 Hardware Monitor Interface
/0 | BUFFER POWER DESCRIPTION
PIN SYMBOL TYPE WELL
102 SKTOCCH# I Ith5 VRTC CPU socket occupied detection
CASE OPEN 0 detection. An active-low input from an
external device when the case is open. This signal can
be latched if pin VBAT is connected to the battery,
100 | CASEOPENO# I Iths VRTC even if the system is in G3 state.
Pulling up a 2-MQ resistor to VBAT is recommended if
not in use.
CASE OPEN 1 detection. An active-low input from an
external device when the case is open. This signal can
be latched if pin VBAT is connected to the battery,
2 CASEOPEN1# ' thps VRTC even if the system is in G3 state.
Pulling up a 2-MQ resistor to VBAT is recommended if
not in use.
103 VIN? | AIN AVCC Analog input for voltage measurement (Range: 0 to
2.048 V)
104 VINA | AIN AVCC Analog input for voltage measurement (Range: 0 to
2.048 V)
105 VINO | AIN AVCC | Analog input for voltage measurement (Range: 0 to
2.048 V)
107 CPUVCORE | AIN AVCC | Analog input for voltage measurement (Range: 0 to
2.048 V)
108 VREF 0] AOUT AVCC Reference Voltage (around 2.048 V).
109 | VIN3 / AUXTIN | AIN AVCC | Analog input for voltage measurement (Range: 0 to
2.048V)
110 CPUTIN | AIN AVCC The input of temp_erature sensor 2. It is used for CPU
temperature sensing.
111 SYSTIN | AIN AVCC The input of temperature sensor 1. It is used for
system temperature sensing.
The output of over temperature Shutdown. This pin
OVT# o oD,, VCC indicates the temperature is over the temperature limit.
128 (Default after LRESET#)
SMi# O OoD,, VCC System Management Interrupt channel output.
The output of over temperature Shutdown. This pin
83 OVT# O oD, VSB indicates the temperature is over the temperature limit.
(Default after LRESET#)
3 AUXFANINO I N5 VCC 0 to +5 V amplitude fan tachometer input.
4 AUXFANIN1 I IN,s VCC 0 to +5 V amplitude fan tachometer input.
5 AUXFANIN2 I IN,s VCC 0 to +5 V amplitude fan tachometer input.
@)
98 AUXFANOUT 0] OD12 VSB PWM duty-cycle signal for fan speed control.
12

-15-
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/0 | BUFFER POWER DESCRIPTION
PIN SYMBOL TYPE WELL
124 CPUFANIN I N5 VCC 0 to +5 V amplitude fan tachometer input.
@)
125 | CPUFANOUT | O OD12 VCC | PWM duty-cycle signal for fan speed control.
12
126 SYSFANIN I N5 VCC 0 to +5 V amplitude fan tachometer input.
012 .
127 SYSFANOUT o oD, VCC PWM duty-cycle signal for fan speed control.
DC voltage output for fan speed control.
AOUT
51 BEEP O oD, VSB Beep function for hardware monitor.
5.8 VID Input/Output
/0 | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
116 VIDI7
117 VIDI6
118 VIDI5
119 VIDI4
IN i [ i
120 VIDI3 I 905 VSB VID input detection, also with output control.
121 VIDI2
122 VIDI1
123 VIDIO
86 VIDO7
87 VIDO6
88 VIDO5
89 VIDO4 0 oD vsg | VID Output. These pins could be connected to VCORE
90 VIDO3 12 voltage regulator’s VID input pins.
91 VIDO2
92 VIDO1
93 VIDOO
53 VID_RST# | | INgs VSB | VID external reset.
5.9 Intel® PECI Interface
Ie] BUFFER POWER
PIN SYMBOL TYPE WELL DESCRIPTION
® .
115 PECI /0 /Ovs Vit I(':\ll;rLIJEL CPU PECI interface. Connect to
114 Vit | Power Vit INTEL® CPU Vit Power.
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5.10 Advanced Configuration & Power Interface

110 BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
61 PSIN# | IN, VSB Panel Switch Input. This pin is active-low with an internal
P pulled-up resistor.
Panel Switch Output. This signal is used to wake-up
60 PSOUT# o O, VSB the system from S3/S5 state.
101 RSMRST# 0] oD,, VRTC | Resume reset signal output.
64 SLP_S3# I INis VSB SLP_S3# input.
84 SLP_S5# I INs VSB SLP_S5# input.
80 ATXPGD I Ith5 VSB ATX power good signal.
63 PSON# O OoD,, VSB Power supply on-off output.
(0]
82 PWROK o) OD“Z VRTC | 3VCC PWROK signal.
12
(0]
81 CPUPWRGD | O 052 VRTC | 3VCC PWROK signal.
12
Connect to the reset button. This pin has internal de-
83 RESETCONI# I Nis VSB bounce circuit whose de-bounce time is at least 16 mS.
37 | RESEICONO 1o | oD, VSB | RESETCON output.
70 3VSBSW @) oD,, VRTC | Switch 3VSB power to memory when in S3 state.
71 3VSBSW# @) O,, VSB Switch 3VSB power to memory when in S3 state.
79 RSTOUTO# @) oD, VSB PCI Reset Buffer 0. (from pin26)
PCI Reset Buffer 1. (from pin26)
78 RSTOUT1# 0 O VSB This pin default is push-pull output and could be
oD, programmed to open-drain output by register Logic
Device A, CRF7 bit6.
PCI Reset Buffer 2. (from pin26)
77 RSTOUT2# o 0, VSB This pin default is push-pull output and could be
oD, programmed to open-drain output by register Logic
Device A, CRF7 bit7.
5.11 Advanced Sleep State Control Control
/O | BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
62 SLP_S5# o 0 VSB This pin has the same signal output as SLP_S5#, but
LATCH 12 keeps the output signal high while in deep S3
70 DEEP_S5 o oD,, VSB This pin is to cont”rol system power for entering “more
power saving mode”.
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5.12 Port 80 Message Display & LED Control

/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION

Common cathode output of high nibble display on

42 DGH# 0] 0,, VSB decoded Port 0x80h message. Switching frequency is
about 4 KHz.
Common cathode output of low nibble display on decoded

0] . )

41 DGL# o 24 VSB Port 0x80h message. Switching frequency is about 4 KHz.

50 LED_A

49 LED_B

48 LED _C

47 LED D 0] 0,, VSB Anode outputs for 7-Segment LED.

45 LED_E

44 LED F

43 LED G

39 YLW_LED o 0, VSB Yellow LED output control. This pin could indicate the
power status.

40 GRN_LED o 0, VSB Green LED output control. This pin could indicate the

power status.

5.13 SMBus Interface

/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
INts 5
75 SCL 1’0 P VSB | SMBus slave clock.
OD12
ths 5
76 SDA 1/0 ODp VSB SMBus slave bi-directional Data.
12
INts 5
52 SCL 1/0 P VSB SMBus slave clock.
OD12
INts 5
51 SDA 1/0 ODp VSB SMBus slave bi-directional Data.
12
IN SMBus master clock. The SMBus master function could
75 MSCL 1/0 OSDS VSB be performed through either pin#51, pin#52 or pin#75,
12 pin#76.
IN SMBus master bi-directional Data. The SMBus master
76 MSDA I/0 OI;ps VSB function could be performed through either pin#51, pin#52
12 or pin#75, pin#76.
IN SMBus master clock. The SMBus master function could
52 MSCL /0 OS""’ VSB | be performed through either pin#51, pin#52 or pin#75,
12 pin#76.
IN SMBus master bi-directional Data. The SMBus master
51 MSDA I/O OS"S VSB function could be performed through either pin#51, pin#52
12 or pin#75, pin#76.
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5.14 Hard Disk Message Display & LED Control

I/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
7 HD_LED# 0] O,, VCC Hard disk operation message output for LED.
10 | PRIARY=| 1| Ny, | VCC | LED control. The primary HD control the LED.
SECONDA
14 RY HD# I N5 VCC | LED control. The secondary HD control the LED.

5.15 Power Pins

I/lO | BUFFER | POWER

PIN SYMBOL TYPE WELL DESCRIPTION
46, 85 3VSB I 3VSB | +3.3 V stand-by power supply for the digital circuits.

99 VBAT I VBAT | +3 V on-board battery for the digital circuits.

1,24 VCC | VCC +3.3 V power supply for driving 3 V on host interface.

106 AVCC | AVCC3 Analog +.3'3. V power input. Internally supply power to all
analog circuits.

. _, | Analog ground. The ground reference for all analog input.
112 CPUD-/ I CPUD-/ Internally connected to all analog circuits. This pin should
AGND AGND

be connected to ground.

16,

94 VSS I VSS Ground.

114 VTT I VTT INTEL® CPU Vit power.

5.16 AMD Power-On Sequence

PIN SYMBOL Vo BEI_J$EER P\S\éVLELR DESCRIPTION

107 CPUVCORE I AIN AVCC Power sequence group B signal

104 VLDT I AIN AVCC Power sequence group C signal

105 VDIMM I AIN AVCC Memory power enable

87 VCORE_EN 0 OoD,, VSB CPU Vcore power enable

86 VLDT_EN ) OoD,, VSB Hyper transport 1/0O power enable

81 CPUPWRGD O OoD,, VSB AMD power on sequence ok signal

63 AMD_PSON# 0 OoD,, VSB Power supply on/off output to enable ATX
5.17 Intel Serial VID

PIN sympoL | O | BUFFER | POWER DESCRIPTION

68 VCLKI I INgs VSB Intel Serial VID input clock signal from CPU

69 VDIOI [ INgs VSB Intel Serial VID input data signal from CPU

Publication Release Date: July 12, 2011
-19- Version: 1.2



NnNUvoTonN NCT6776F / NCT6776D
I —

PIN sympoL | /O | BUFFER | POWER DESCRIPTION

54 ALERTI# I INgs VSB Intel Serial VID input alert signal from Regulator
66 VCLKO ) oD,, VSB Intel Serial VID output clock signal to Regulator
67 VDIOO o) OoD,, VSB Intel Serial VID output data signal to Regulator
55 ALERTO# o) oD, VSB Intel Serial VID output alert signal to CPU

5.18 AMD Serial VID

/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
74 VRM_EN | Ith5 VSB Active high signal generated by system to enable
Regulator
68 VCLKI I INgs VSB | AMD Serial VID input clock signal from CPU
69 VDIOI I INgos VSB AMD Serial VID input data signal from CPU
66 VCLKO 0 OoD,, VSB | AMD Serial VID output clock signal to Regulator
67 VDIOO 0 oD,, VSB | AMD Serial VID output data signal to Regulator
5.19 AMD SB-TSI Interface
/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
113 TSIC o] oD,, VCC | AMD SB-TSI clock output.
IN,.3 VCC
115 TSID 1/0 ODp AMD SB-TSI data input / output.
12
5.20 Dual Voltage Control
/O | BUFFER | POWER
PIN SYMBOL TYPE WELL DESCRIPTION
OoD,, VSB Power distribution control (When switching between main
73 BKFD_CUT | O and standby regulators) for system transition into and out
of the S3 sleep state.
LATCH BK 0,, VSB Power distribution control (When switching between main
71 - 0] and standby regulators) for system transition into and out
FD_CUT#
- of the S5 sleep state.
LATCH BK 0,, VRTC | Power distribution control (When switching between main
70 = 0] and standby regulators) for system transition into and out
FD_CUT
- of the S5 sleep state.
5.21 DSW
I/0 | BUFFER POWER
PIN SYMBOL TYPE WELL DESCRIPTION
54 SLP_SUS# I IN, 5 VSB This pin connects to SLP_SUS# in CPT PCH
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PIN sympoL | VO | BUFFER | PONER DESCRIPTION
66 SUS_WARN_5 0] oD, VSB This pin links to external 5VDUAL control circuits
VDUAL
67 SUSACK# o) oD, VSB This pin connects to SUSACK# in CPT PCH
68 5VDUAL I AIN VSB Analog input to monitor 5VDUAL voltage
74 SUSWARN# I |th5 VSB This pin connects to SUSWARN# in CPT PCH
77 | SLP_SUS FET| O oD,, VSB This pin connects to VSB power switch
89 SLP_SUS# I IN,s VSB This pin connects to SLP_SUS# in CPT PCH
90 SUS\/—l\DA(J'?‘A\TN—ES 0] oD, VSB This pin links to external 5VDUAL control circuits
91 SUSACK# o) OoD,, VSB This pin connects to SUSACK# in CPT PCH
92 5VDUAL I AIN VSB Analog input to monitor 5VDUAL voltage
93 SUSWARN# I IN,s VSB This pin connects to SUSWARN# in CPT PCH
88 | SLP_SUS FET| O oD,, VSB This pin connects to VSB power switch
97 PCHVSB I AIN VSB PCHVSB function
5.22 IR
PIN SYMBOL Vo B.L[.J$EER PV(\)/\é\f_FLR DESCRIPTION
95 IRRX1 I N5 VSB | IR Receiver input.
96 IRTX1 o) 0,, VSB | IR Transmitter output.
120 IRRX2 I IN,s VSB | IR Receiver input.
121 IRTX2 o) 0,, VSB | IR Transmitter output.

5.23 General Purpose I/O Port

5.23.1 GPIO-0 Interface

PIN SYMBOL I/O B_LI_J$EER Pv?/\éﬁ_R DESCRIPTION

I/O IN s

2 GPO0 0,, VCC General-purpose 1/0O port 0 bit 0.
oD,,
I/0 INs

4 GPO1 0,, VCC General-purpose /0O port 0 bit 1.
OD24
I/0 INs

5 GP02 0,, VCC General-purpose /0O port 0 bit 2.
OD24
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I/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 IN s
8 GPO3 0,, VCC General-purpose /O port 0 bit 3.
oD,,
I/O IN s
9 GP04 0,, VCC General-purpose /O port 0 bit 4.
oD,,
I/0 INps
11 GP05 0,, VCC General-purpose /0O port 0 bit 5.
oD
I/0 INps
12 GP06 0,, VCC General-purpose /0O port 0 bit 6.
oD
I/0 INis

13 GPO7 0,, VCC General-purpose /0O port 0 bit 7.
oD

PIN SYMBOL

12

12

24

5.23.2 GPIO-1 Interface

I/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/O IN s
123 GP10 0,, VSB General-purpose /O port 1 bit 0.
oD,
I/0 INs
122 GP11 0,, VSB General-purpose /O port 1 bit 1.
oD
I/0O INs
121 GP12 0,, VSB General-purpose /O port 1 bit 2.
oD
I/1O IN¢s
120 GP13 0,, VSB General-purpose /O port 1 bit 3.
oD
I/1O IN¢s
119 GP14 0,, VSB General-purpose /O port 1 bit 4.
oD
I/0 IN,s

118 GP15 0,, VSB General-purpose I/O port 1 bit 5.
OoD,,

PIN SYMBOL

12

12

12

12
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I/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 INs
117 GP16 0,, VSB General-purpose /O port 1 bit 6.
oD
I/O INs

116 GP17 0,, VSB General-purpose /O port 1 bit 7.
oD

PIN SYMBOL

12

12

5.23.3 GPIO-2 Interface

I/lO | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 INps
59 GP20 0,, VSB General-purpose /O port 2 bit 0.
oD,,
I/O INips
58 GP21 0,, VSB General-purpose /O port 2 bit 1.
oD
I/O INips
57 GP22 0,, VSB General-purpose 1/O port 2 bit 2.
oD
110 INips
56 GP23 0,, VSB General-purpose /O port 2 bit 3.
oD
I/O INps
95 GP24 0,, VSB General-purpose /O port 2 bit 4.
oD
I/0 INs
96 GP25 0,, VSB General-purpose 1/O port 2 bit 5.
oD
I/0 INis

98 GP27 0,, VSB General-purpose I/O port 2 bit 7.
oD

PIN SYMBOL

12

12

12

12

12

12

5.23.4 GPIO-3 Interface

PIN SYMBOL /O B1L—J$EER P\j\)/\é\ll_liR DESCRIPTION
o | IN,
84 GP30 0,, VSB | General-purpose I/O port 3 bit 0.
OoD,,
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I/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/O INs
83 GP31 0,, VSB General-purpose /O port 3 bit 1.
oD
I/O INs
82 GP32 0,, VRTC | General-purpose I/O port 3 bit 2.
oD
I/0 INs
81 GP33 0,, VRTC | General-purpose I/O port 3 bit 3.
oD
I/0 INs
80 GP34 0,, VSB General-purpose 1/O port 3 bit 4.
oD
I/0 INis
79 GP35 0,, VSB General-purpose /O port 3 bit 5.
oD
I/0 INis
78 GP36 0,, VSB General-purpose /O port 3 bit 6.
oD
I/0 IN,s

77 GP37 O,, VSB General-purpose |/0O port 3 bit 7.
oD

PIN SYMBOL

12

12

12

12

24

24

24

5.23.5 GPIO-4 Interface

/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/O INs
62 GP40 0,, VSB General-purpose 1/O port 4 bit 0.
oD
I/0 INps
52 GP41 0,, VSB General-purpose /O port 4 bit 1.
oD
I/0 INps
51 GP42 0,, VSB General-purpose I/O port 4 bit 2.
oD
I/0 IN s

41 GP43 O,, VSB General-purpose I/O port 4 bit 3.
oD

PIN SYMBOL

12

12

12

24
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/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 INps
40 GP44 0,, VSB General-purpose /O port 4 bit 4.
oD,
I/10 INps
39 GP45 0,, VSB General-purpose /O port 4 bit 5.
oD
I/0 INps
38 GP46 0,, VSB General-purpose /O port 4 bit 6.
oD
I/0 INs

37 GP47 0,, VSB General-purpose /O port 4 bit 7.
oD

PIN SYMBOL

12

12

12

5.23.6 GPIO-5 Interface

/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 IN s
71 GP50 O,, VSB General-purpose I/0O port 5 bit 0.
oD
I/10 IN s
64 GP51 0,, VSB General-purpose 1/O port 5 bit 1.

PIN SYMBOL

24

I/O IN
63 GP52 Oq VSB General-purpose 1/O port 5 bit 2.

I/O IN
61 GP53 Oq VSB General-purpose 1/O port 5 bit 3.

I/0 IN
60 GP54 0,, VSB General-purpose /O port 5 bit 4.

I/0 INps
55 GP55 0,, VSB General-purpose /O port 5 bit 5.

VO | INgs

54 GP56 0,, VSB General-purpose I/O port 5 bit 6.
oD

12
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/O | BUFFER | POWER DESCRIPTION
TYPE WELL

VO | INg,

53 GP57 0,, VSB General-purpose /O port 5 bit 7.
oD,

PIN SYMBOL

5.23.7 GPIO-6 Interface

/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 INps
50 GP60 0,, VSB General-purpose /O port 6 bit 0.
oD,
I/0 INps
49 GP61 0,, VSB General-purpose /O port 6 bit 1.
oD
I/0 IN s
48 GP62 0,, VSB General-purpose 1/O port 6 bit 2.
oD
I/0 IN s
47 GP63 0,, VSB General-purpose |/O port 6 bit 3.
oD
I/O INps
45 GP64 0,, VSB General-purpose /O port 6 bit 4.
oD
I/O INps
44 GP65 0,, VSB General-purpose 1/O port 6 bit 5.
oD
I/0 INps
43 GP66 0,, VSB General-purpose 1/O port 6 bit 6.
oD
I/0 INps

42 GP67 0,, VSB General-purpose /O port 6 bit 7.
oD

PIN SYMBOL

12

12

12

12

12

12

24

5.23.8 GPIO-7 Interface

PIN SYMBOL /O B1L—J$EER P\j\)/\é\ll_liR DESCRIPTION
o | IN,
93 GP70 0,, VSB | General-purpose I/O port 7 bit 0.
OoD,,
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I/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/O INs
92 GP71 0,, VSB General-purpose /O port 7 bit 1.
oD
I/O INs
91 GP72 0,, VSB General-purpose /O port 7 bit 2.
oD
I/0 INs
90 GP73 0,, VSB General-purpose /O port 7 bit 3.
oD
I/0 INs
89 GP74 0,, VSB General-purpose 1/O port 7 bit 4.
oD
I/0 INis
88 GP75 0,, VSB General-purpose /O port 7 bit 5.
oD
I/0 INis
87 GP76 0,, VSB General-purpose /O port 7 bit 6.
oD
I/0 IN,s

86 GP77 0,, VSB General-purpose /O port 7 bit 7.
oD

PIN SYMBOL

12

12

12

12

12

12

12

5.23.9 GPIO-8 Interface

/O | BUFFER | POWER DESCRIPTION
TYPE WELL

I/0 INs
29 GP80 0,, VSB General-purpose 1/O port 8 bit 0.
oD
I/0 INis
30 GP81 0,, VSB General-purpose /O port 8 bit 1.
oD
I/0 INis
31 GP82 0,, VSB General-purpose /O port 8 bit 2.
oD
I/0 IN s

32 GP83 0,, VSB General-purpose 1/O port 8 bit 3.
oD

PIN SYMBOL

12

12

12

12
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/O | BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
/0 Ith5
33 GP84 0,, VSB General-purpose 1/O port 8 bit 4.
oD,,
I/O0 Ith5
34 GP85 0,, VSB General-purpose 1/O port 8 bit 5.
oD,,
/0 Ith5
35 GP86 0,, VSB General-purpose 1/O port 8 bit 6.
oD,
/0 Ith5
36 GP87 0,, VSB General-purpose /O port 8 bit 7.
c)D12
5.23.10GPIO-9 Interface
/O | BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
/0 Ith5
102 GP90 0,, VRTC General-purpose /O port 9 bit 0.
oD,,
110 Ith5
101 GP91 0,, VRTC General-purpose 1/0O port 9 bit 1.
oD,,
/0 IN, 05
76 GP92 0,, VSB General-purpose /O port 9 bit 2.
c)D12
/0 IN, 05
75 GP93 0,, VSB General-purpose 1/O port 9 bit 3.
c)D12
5.23.11GPIO-A Interface
/O | BUFFER | POWER DESCRIPTION
PIN SYMBOL TYPE WELL
/0 INtsp5
113 GPAO 0,, VSB General-purpose /O port A bit 0.
oD,,
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5.24 Strapping Pins

/O | BUFFER POWER DESCRIPTION

PIN SYMBOL TYPE WELL

SIO 1/O address selection.
(Strapped by LRESET# )
31 2E_4E_SEL I IN. o5 VSB
Strapped to high: SIO I/O address is 4Eh/4Fh.
Strapped to low: SIO I/O address is 2Eh/2Fh.

Input clock rate selection

(Strapped by VCC: internal Power OK signal without
any delay.)

24M_48M_S | IN VSB

32 EL tdp5

Strapped to high: The clock input on pin 15 is 48MHz.
Strapped to low: The clock input on pin 15 is 24MHz.

PRT function selection.

(Strapped by VCC: internal Power OK signal without

any delay.
34 LPT_EN I IN, a5 VSB y v)

Strapped to high: PRT function.
Strapped to low: non-PRT function

Test Mode1.
(Strapped by VSB power: internal RSMRST# signal.)

TEST_MODE

62 ] | N0 VSB

Please strap this pin to low

DSW position selection.

(Strapped by VSB power: internal RSMRST# signal])
69 DSW_EN I INs VSB
Strapped to high: Pin 54, 66~68, 74, 77
Strapped to low: Pin 88~93

Test Mode2.
(Strapped by VSB power: internal RSMRST# signal.)

TEST_MODE | | N VSB

71 2 tdp5

Please strap this pin to low

Enable AMD power sequence function.

(Strapped by VSB power: internal RSMRST# signal.)
96 AMDPWR_EN I INtdp5 VSB
Strapped to high: Enable AMD power sequence
Strapped to low: Disable AMD power sequence

Note . All Strapping results can be programming by LPC Interface. There are three conditions below:
1) VSB Strapping result can be programming by LPC, and reset by RSMRST#.
2) VCC Strapping result can be programming by LPC, and reset by PWROK.
3) LRESET# strapping (2E_4E_SEL) can be programming by LPC, and reset by LRESET#.
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5.25 Internal pull-up, pull-down pins

Signal Pin(s) Pv?l\guer Type Resistor Note
FDC
FDC internal pull-up resistors could be controlled by Logic Device 0, CRFO
bit7. (=1, has pull-up (default); =0, no pull-up)
INDEX# 3 3VCC | Pullup | 1.006K | 1
TRAKO# 10 3VCC | Pullup | 1.006K | 1
WP# 11 3VCC | Pullup | 1.006K | 1
RDATA# 12 3vcC | Pullup | 1.006K |1
DSKCHGH# 14 3VCC | Pullup | 1.006K | 1
Strapping Pins
2E_4E_SEL 31 avsB | PUF | 474k 2
- = down
24M_48M_SEL 32 avsB | PUF | 474k 2
- - down
Pull-
LPT EN 34 3VSB 474K 2
- down
TEST MODE1 62 avsB | PU | 474k 3
down
TEST _MODE2 71 avsB | PU | 474k 3
down
AMDPWR_EN 96 avsB | PU | 474k 3
down
Advanced Configuration & Power Interface
PSIN# 61 3VSB | Pull-up | 47.03K

Note1. FDC internal pull-up resistors could be controlled by Logic Device 0, CRFO bit7. (=1, has pull-up; =0, no
pull-up (default))

Note2. Active only during VCC Power-up reset

Note3. Active only during VSB Power-up reset
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6. GLUELOGIC

6.1 ACPI Glue Logic
Table 6-1 Pin Description

SYMBOL PIN DESCRIPTION
SLP_S5# 84 SLP_S5# input.

RESETCON# input signal. This pin has internal de-
bounce circuit whose de-bounce time is at least 16 mS.

RESETCONO# 37 RESETCON# output signal.

This pin generates the PWROK signals while 3VCC is
present.

RESETCONH# 83

PWROK 82

ATX power good input signal. It is connected to the
ATXPGD 80 PWROK signal from the power supply for
PWROK/PWRGD generation. The default is enabled.

The RSMRST# signal is a reset output and is used as
the VSB power on reset signal for the South Bridge.

When the NCT6776F / NCT6776D detects the 3VSB
RSMRST# 101 voltage rises to “V1”, it then starts a delay — “t1” before
the rising edge of RSMRST# asserting. If the 3VSB
voltage falls below “V2”, the RSMRST# de-asserts
immediately.

tl

5 g
/ Vg €

7K ¥

V2 A
i~ Glitch \

Vi
3VSB ;

RSMRST#

Figure 6-1 RSMRST#
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7 DN

V3
3VCC ;

PWROK

Figure 6-2 PWROK

RESETCONI# /\/ /
4137 413}
RESETCONO#
<« > > > e——>
PWROK / g g
<« <> <>

3VCC J

Figure 6-3 RESETCONI# and PWROK

3vee / \
17 8
<> <
LRESET#—/— \
RSTOUTX# / —\_

Figure 6-4 RSTOUTX# and LRESET#

TIMING PARAMETER MIN MAX | UNIT
tl Valid 3VSB to RSMRST# inactive 200 | 300 | mS
tg 3VSB Gilitch allowance 1 uS
td Falling 3VSB supply Delay 1 uS
t2 Valid 3VCC to PWROK active 300 500 mS
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TIMING PARAMETER MIN MAX | UNIT
t3 RESETCONI# de-bounce 15 20 mS
t4 RESETCONO# and PWROK active See LDB CRFA
t5 RESETCONO# active to PWROK active 1 2 usS
t6 RESETCONO# inactive to RESETCONI# detect 2 3 S
t7 LRESET# active to RSTOUTx# active 0 80 nS
t8 LRESET# inactive to RSTOUTx# inactive 0 80 nS

DC PARAMETER MIN MAX UNIT
V1 3VSB Valid Voltage - 3.033 Volt
V2 3VSB Ineffective Voltage 2.882 - Volt
V3 3VCC Valid Voltage - 2.83 Volt
V4 3VCC Ineffective Voltage 2.68 - Volt
Vg 3VSB drops by Power noise 2 - Volt

Note : 1. The values above are the worst-case results of R&D simulation.
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6.2 BKFD_CUT & LATCH_BKFD_CUT

NCT6776F / NCT6776D supports BKFD_CUT & LATCH_BKFD_CUT functions, please refer the timing diagram
below:

3VSB

SLP_S5#

SLP S3#

PWRGD PS

— 4 3us (max)

BKFD_CUT /

| [

Tu=1us(max) — T T e
|
|
|

LATCHED BF_CUT

G3 S5 SO S3 SO S5

Figure 6-5 BKFD_CUT and LATCH_BKFD_CUT

BKFD_CUT (Backfeed_Cut) — When high, switches dual rails to standby power.

LATCH_BKFD_CUT (Latched_Backfeed_Cut) — When high, switches dual rails to standby power.
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6.3 3VSBSW#

_—
B

3VSBSW#

_—

3vVCC /

PSON# —‘I’ / -\

t12

[
—

SLP_S3# i | \

t13

SLP_S5# J \ -

SO S3 SO
Figure 6-6 3VSBSW#

TIMING PARAMETER MIN MAX | UNIT
t9 SLP_S3# active to 3VSBSW# active 0 30 mS
t10 3VCC active to 3VSBSWH# inactive 90 142 mS
t11 SLP_S3# inactive to PSON# active 0 80 nS
t12 SLP_S3# active to PSON# inactive 15 45 mS
t13 SLP_S3# minimal Low Time 40 - mS
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6.4 PSON# Block Diagram

The PSON# function controls the main power on/off. The main power is turned on when PSON# is low.
Please refer to the figure below.

PSIN# De-bounce
Filter (64ms) ) PSOUT#
|/
Wake up (VSB valid) SKTOCCH#
(KB, MS, GPIO) (pin102)
VSB |_r\
D Q
)c | > PSON#

PSIN# {>¢

D CK
RSMRST# i

SLP_S3#| De-bounce
Filter (32ms)

PWRDN_EN
CR2A Bit2 (Default Disable)

OVT# {>¢
D CK

PSIN# (internal signal) __ ——~ T
RSMRST#

SLP_S3# (internal signal) |/

Figure 6-7 PSON# Block Diagram

Publication Release Date: July 12, 2011
-36- Version: 1.2



NUVOTON NCT6776F / NCT6776D
é

6.5 PWROK

PWROK Signal indicates the main power (VCC Power) is valid. Besides, valid PWROK signal also requires the
following conditions, as shown in the figure below.

RESETCONO#
LDA CREj5[2]
(Default = 0) {>C

v

)73_ PWROK

(PINS2)

LDA CRE6[3:1]
Delay Option
(Trigger Level 2.65V) (Def. 300ms)

e T ) D>
LDA CRES[0]

(Default = 0)
VCC —h
1

SLP S3# —
LDA CRE3[1]

VCC power

RSMRST# — A\
WDTO# — J

Figure 6-8 PWROK Block Diagram
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6.6 Front Panel LEDs
NCT6776F / NCT6776D supports two LED control pins — GRN_LED and YLW_LED.

For dual-color LED application:
(1)GRN_LED pin is connected to a 470ohm resistor to 5VSB, and the cathode of the green LED and the
anode of the yellow LED.

(2)YLW_LED pin is connected to a 470ohm resistor to 5VSB, and the cathode of the yellow LED and the
anode of the green LED.

5VSB
§ 470 O
GRN » VAN
W\
1 AN
YLW_LED \/ —~— GRN_LED
N /\
"
YLW > VAN
§ 470
5VSB

Figure 6-9 lllustration of Dual Color LED application

GRN_LED and YLW_LED pins are designed to show currently power states. There are Manual Mode and
Automatic Mode:

6.6.1 Automatic Mode
Power state is SO or S1: GRN_LED will be asserted by default.
Power state is S3: YLW_LED will be asserted by default.
Power state is S4 or S5: Both GRN_LED and YLW_LED will be de-asserted by default.

AUTO_EN | GRN_LED_RST | Pwr State | SLP_S3# | SLP_S5# | GRN_LED YLW_LED
(YLW_LED_RST)

1 X S0,S1 1 1 GRN_BLK_FREQ | HIGH-Z

1 X S3 0 1 HIGH-Z YLW_BLK_FREQ

1 X S4,S5 X 0 HIGH-Z HIGH-Z
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SLP S3#
PWROK } GRN_LED
SLP S5# {>c
SLP_S3# } YLW_LED
6.6.2 Manual Mode
AUTO_EN | GRN_LED_RST# | Pwr State | SLP_S3# | SLP_S5# | GRN_LED YLW_LED
(YLW_LED_RST)
0 0 S0,S1 1 1 GRN_BLK_FREQ | YLW_BLK_FREQ
0 0 S3 0 1 HIGH-Z HIGH-Z
0 0 S4,S5 X 0 HIGH-Z HIGH-Z
0 1 S0,S1 1 1 GRN_BLK_FREQ | YLW_BLK_FREQ
0 1 S3 0 1 GRN_BLK_FREQ | YLW_BLK_FREQ
0 1 S4,S5 X 0 GRN_BLK_FREQ | YLW_BLK_FREQ
LED RST#
PWROK
GRN_LED
SLP S3# __ YLW LED
SLP S5# _>—l

Register Neme
AUTO_EN
GRN_BLK_FREQ
YLW_BLK_FREQ
GRN_LED_RST#
YLW_LED RST#

Register Location
Logic Device B, CRF7h, bit7
Logic Device B, CRF7h, bit3~0
Logic Device B, CRF8h, bit3~0
Logic Device B, CRF7h, bit6
Logic Device B, CRF8h, bit6

6.6.3 SO0~S5 LED Blink Block Diagram
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GRN_LED RST
GRN BLK FREQ LED
YLW LED RST Control
- — Circuit
YLW BLK FREQ
0
| | LED
SLP S3# Control ! LED
— Circuit
SLP S5# ——— AUTO_EN
HIGH-Z  — o)
00625HZ emed 0001
0.125HZ ] 0010
0.25Hz ] 0011
0.5Hz ] 0100
1Hz — 0101
2Hz — 0110
0 e ()] | 1
Fading LED — ..
- T
LED _FREQ
[3:0]
SLP S3#
LED RST#
PWROK

6.6.4 LED Pole (LED_POL)
Set to Ob, GRN_LED output is active low, as the following Figure(a)
Set to 1b, GRN_LED output is active high, as the following Figure(b)

VSB or VCC VSB or VCC

LED

X X

GRN_LED GRN_LED

3 NP

(a) Active Low (b) Active High

Figure 6-10 lllustration of LED polarity
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6.6.5 Deeper Sleeping State Detect Function

These two LED pins could also be used to indicate if the system is in Deeper Sleeping State. For more detail,
please refer to the section of Advanced Sleep State Control Function.

NCT6776F / NCT6776D

Enable DEEP | GRN_DEEPS# Disable | Pwr GRN_LED YLW_LED

_S5 (YLW_DEEPS# Disable) | State

1 0 DEEP_S | DeepS5 GRN BLK FREQ | DeepS5 YLW BLK FREQ
5

1 1 DEEP_S | HIGH-Z HIGH-Z
5

0 X S0~S5 S0~S5 behavior S0~S5 behavior

Enable DEEP | GRN_DEEPS# Disable | Pwr GRN_LED YLW_LED

_S3 (YLW_DEEPS# Disable) | State

1 0 DEEP_S | DeepS3_GRN BLK FREQ | DeepS3 YLW BLK FREQ
3

1 1 DEEP_S | HIGH-Z HIGH-Z
3

0 X S0~S5 S0~S5 behavior S0~S5 behavior
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S0~ S5
Block

HIGH-Z
0.0625Hz
0.125Hz
0.25Hz
0.5Hz
1Hz
2Hz

0
Fading LED User define for Deep S5#

LED FREQ
[3:0]
(For Deep S5#)

HIGH-Z
0.0625Hz
0.125Hz
0.25Hz
0.5Hz
1Hz
2Hz

0000
0001
0010
0011
0100

0101
0110

o111
Ixxx

0
Fading LED

\
LED POL

{Deep S5#, Deep S3#}

User define for Deep S3#

LED_FREQ
[3:0]
(For Deep S3#)
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6.7 HDD LED

HDD LED is used for Hard Drive Disk, red LED indicator, and it will drive low when PRIMARY_HDD# = 0 or
SECONDARY_HDD# = 0. Below shows the simplified diagram of the circuit that generates the HDD LED signal.

PRIMARY HD# ——
HDD_LED#
SECONDARY HD # ———
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6.8 Advanced Sleep State Control (ASSC) Function

Advanced Sleep State Control (ASSC) Function is used to control the system power at S3 or S5 state. The
purpose of this function is to provide a method to reduce power consumption at S3 or S5 state. This function is
disabled by default. When VCC power is first supplied, BIOS can program the register to enable ASSC Function.
The register is powered by 3VSB_IO and some is powered by VBAT. The related registers are located at Logic
Device 16 CREOh ~ CRE3h.

ATX 3VSB 10 Power Domain | I-3VSB SYS Power Domain
Power I |
. ==
Power —
| Switch
Slo $ !z
— o
3VSB_IO _f | 825
Deep_S5 | 1382 South
- | =8 Bridge
PSOUT#
PSINH, I | >
KB MS Wakeup,
ACPI Event CIR Wakeup, ! |
GPIO Wakeup ACPI Event | ;
| |
S N [

Figure 6-11 ASSC Application Diagram

6.8.1 When ASSC is disabled

|
s3vsB 10 | :

I I
3VSB_SYS : :

|
RSMRST#  &— 20ms

X I
Deep_S5 (Logic 0)

When ASSC is disabled, ACPI function is as same as the normal ACPI behavior.
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6.8.2 When ASSC is enabled (Enter into Deeper Sleeping State)
¢ G3 >t S5 > S0 > S3/S5 | Deeper Sleeping State

3VSBIO | : :

3VSBSYS,/ II | \'

|

|

|

}
RSMRST# k— 250ms —j I
| |
|

|

|

|

|

- frotot

1T — I
DeepSH I
| I
I I
R I I
I I
3VvCC T | |
BISO Enable
ASSC Function
SLPS3#/SLPS5 Logic0 Highz

When the first time AC plug in and enter into SO State, BIOS can enable ASSC Function (DeepS3 or DeepS)5),
when the system enters S3/S5 state, the pin DEEP_S5 will be asserted after pre configuration delay time
(power_off_dly_time, LD16 CREZ2) to make the system entering the “Deeper Sleeping State (DSS)” where
system’s VSB power is cut off. When pin DEEP_S5 asserts, the pin RSMRST# will de-assert by detecting
PSOUT# signal (monitor 3VSB SYS Power).

6.8.3 When ASSC is enabled (Exit Deeper Sleeping State)
_ Deeper Sleeping State G3 S5

[ el
- - Lt |

3VSB 10 (Logic 1)

'/
3VSB SYS

|
|
|
RSMRST# k- 250ms ﬁ| I
|
|

T2 _):(_ T3

S5 to SO

\j
A
Y

Deep S5

WakeuJ_Event

_ A

PSOUTH#

SLPS5# / SLPS3# (High-Z)

When any Wakeup Event (PSIN#, KB MS Wakeup, CIR wakeup, GPIO Wakeup) happened, pin DEEP_S5 will be
de-asserted to turn on the VSB power to the system. The pin RSMRST# will de-assert when 3VSB_SYS power
reach valid voltage. And then the pin PSOUT# will issue a low pulse (T3) turn on the system after T2 time
(wakeup delay time, LD16 CREOQ). The PSOUT# low pulse is also programmable (LD16 CRE1). The T4 time is
the delay from Deep_S5 ds-assert to Deeo_S5# DELAY de-assert.
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6.8.4 SLP_S5# LATCH Control Function

SLP_S5# LATCH control signal is similar to SLPS5# signal. When System is at SO ~ S5 state, SLP_S5# LATCH
follows the SLPS5# signal. When system is at DeepS5 State, SLP_S5# LATCH will keep low state till system
returns to SO state. When system is at DeepS3 State, SLP_S5# LATCH will keep high till system returns to SO
state. Please see the following timing diagram:

@—) Deep_S3 @
PWROK
SLP S3#
SLP S5#
—16ms—Pp
SLPS5 Lch
< Transparent from SLP S5# < Output High > Transparent from SLP SSJ‘

Publication Release Date: July 12, 2011
-46- Version: 1.2



NnNUvoTonN NCT6776F / NCT6776D

6.9 Intel DSW Function

SUSWARN_5VDUAL# 5VDUAL
SUSWARN# > =
Detect < 5VDUAL (VBUS)
SUSACK# 1.05v
CPT 10
SLP_SUS# 3VSB
PCH _ N SLP_SUS_FET Power
Logic
RSMRST# 3VSB
PCHVSB [«
V3A —P V3A —P «€— Strapping pin

6.9.1 Enter DSW State timing diagram

V3A

SUSWARN# K

SUSWARN_5VDUAL PV | \

AY
SVDUAL (VBUS) \

SUSACK#

SLP SUS#

SLP_SUS FET

RSMRST#

N
.
5VSB, 3VSB
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6.9.2 Exit DSW State timing diagram

V3A

SLP_SUS#

SLP _SUS FET

5VSB, 3VSB \ S \

RSMRST#

Al
Y

250ms

SUSWARN#

SUSWARN_5VDUAL

5VDUAL (VBUS) \

SUSACK#

6.9.3 Application Circuit

The NCT6776 can not only provide SIO Deep S5/S3 function, but Intel DSW function. The application circuit
should follow the guide below:

VCC
ATX Power ¢ ¢
3VSB_SYS
L LDO =
5VSB 3VSB_SIO
LDO |
SUSWARN#
3vse Deep.ss | €
PSON# SUSACK# -
»
P SLP_SUS# PCH
Y
Power Button > PWROK ~
Wake-up Events '
» Super - 10 RSMRST# -
3VSB >

SUSWARN_5VDUAL

A\ 4

5VDUAL 5VDUAL
d
Y
SLP_SUS FET
— »| 3VSB
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6.10 AMD Power-On Sequence

PSON#

A

VCC OFF

> ATX >

D power control

U ey 1 [

PSIN# PSOUT#

Y

SLP_S5#
SLP S3#

We support new AMD power on sequence bace on ACPI power on sequence : therefore » user can choose which
architecture by set the strapping pin GP25 - If GP25 is 0, only ACPI power on sequence is set > otherwise, AMD

power on sequence is combined with ACPI, user can set CR2F[5] to get the same condition. To make sure
CR2B[4]:GP34_SEL and CR2B[0]:GP30_SEL are “0” before running the sequence, because they are ATXPGD
and SLP_S5 pin select.
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stpss | |
SLP_S3 _J |
PS_ON#—H%%::g

ATXPGDQ; R R '_| I—

VDIMM_IN |

VCORE_EN R |

CPUVCORE |_

I
—
vLoT_en | | I

CPUPWRGD

T2 T3 T4 T5T6T7 T8

When S0->S3 or S0->S5, we support two kinds of power off sequence. One is non_level detect: it means
VCORE_EN will pull low as long as about 10~15ms after VLDT_EN pull low and PSON will pull high as long as
about 10~15ms after VCORE_EN pull low. Two, level detect, means VCORE_EN will pull low depend on delay
time and pre-power group VLDT _IN, and PSON will pull high depend on pre-power group (VDIMM_IN, ATXPGD),
too. User can set CR27[1] to choose two condition and its default is “0” (level detect).

Publication Release Date: July 12, 2011
-50- Version: 1.2



NnNUvoTonN NCT6776F / NCT6776D
I —

Timing Parameters

Parameter | Description Min. Typ. Max. Unit

T2 Period of VDIMM rises to 0.7V to 10 15 ms
VCORE_EN assertion

T3 Period of CPUVCORE rises to 0.7V to 10 15 ms
VLDT_EN assertion

T4 Period of VLDT _IN rises to 0.7V to 10 15 ms
CPUPWRGD assertion

T5 Period of SLP_S3# deassertion to 10 50 ms
CPUPWRGD deassertion

T6 Period of CPUPWRGD deassertion to 10 15 ms
VLDT_EN deassertion

T7 Period of VLDT_EN deassertion to 10 15 ms
VCORE_EN deassertion

T8 Period of VCORE_EN deassertion to 10 15 ms
PS_ON# deassertion

VDDA: 2.5V (not controlled by SIO)

VDIMM: DDR 1.8V, DDR3 1.5V (not controlled by SIO)
VLDT: 1.2V

VCORE: 0.8V ~ 1.55V

To support AMD power on sequence ° we add some Pinout as VLDT EN > VCORE_EN - VLDT 12 -
VDIMM_18 - The sequence is follow the figure above - CPU and NB must conform to the SPEC or else the SIO
will suspend at the sequence -
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7. CONFIGURATION REGISTER ACCESS PROTOCOL

The NCT6776F / NCT6776D uses a special protocol to access configuration registers to set up different types of
configurations. The NCT6776F / NCT6776D has a total of 17 Logical Devices (from Logical Device 0 to Logical
Device 17 with the exception of Logical Device 4, C, 10, 11, 12, 13 & 15 for backward compatibility)
corresponding to fourteen individual functions: FDC (Logical Device 0), Parallel Port (Logical Device 1), UART A
(Logical Device 2), UART B & IR (Logical Device 3), Keyboard Controller (Logical Device 5), CIR (Logical Device
6), GPIOG6, 7, 8 & 9 (Logical Device 7), WDT1 & GPIOO0, 1 & A (Logical Device 8), GPIO1, 2, 3, 4,5, 6 &7
(Logical Device 9), ACPI (Logical Device A), Hardware Monitor & Front Panel LED (Logical Device B), VID
(Logical Device D), CIRWAKEUP (Logical Device E), GPIO (Logical Device F), SVID (Logical Device 14), Deep
Sleep (Logical Device 16), and GPIOA (Logical Device 17).

It would require a large address space to access all of the logical device configuration registers if they were
mapped into the normal PC address space. The NCT6776F / NCT6776D, then, maps all the configuration
registers through two 1/O addresses (2Eh/2Fh or 4Eh/4Fh) set at power on by the strap pin 2E_4E_SEL. The two
I/O addresses act as an index/data pair to read or write data to the Super I/0. One must write an index to the first
I/O address which points to the register and read or write to the second address which acts as a data register.

An extra level of security is added by only allowing data updates when the Super I/O is in a special mode, called
the Extended Function Mode. This mode is entered by two successive writes of 87h data to the first I/O address.
This special mode ensures no false data can corrupt the Super I/O configuration during a program runaway.

There are a set of global registers located at index Oh — 2Fh, containing information and configuration for the
entire chip.

The method to access the control registers of the individual logical devices is straightforward. Simply write the
desired logical device number into the global register 07h. Subsequent accesses with indexes of 30h or higher
are directly to the logical device registers.

Logical Device No. |

Logical Device
Control

N One Per
Logical Device N Logical Device
Configuration

#0
[#1
[ #2

N
N\

N #F

Figure 7-1 Structure of the Configuration Register
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Table 7-1 Devices of |/O Base Address

LOGICAL DEVICE FUNCTION I/0 BASE ADDRESS
NUMBER

0 FDC 100h ~ FF8h
1 Parallel Port 100h ~ FF8h
2 UART A 100h ~ FF8h
3 UART B & IR 100h ~ FF8h
4 Reserved

5 Keyboard Controller 100h ~ FFFh
6 CIR 100h ~ FF8h
7 GPIO6,7,8 &9 Reserved
8 WDT1 ,GPIO 0,1 & A Reserved
9 GPIO1,2,3,4,5,6 &7 Reserved
A ACPI Reserved
B Hardware Monitor & Front Panel 100h ~ FFEh

LED

C Reserved

D VID Reserved
E CIRWAKEUP 100h ~ FF8h
F GPIO Reserved
10 Reserved

11 Reserved

12 Reserved

13 Reserved

14 SVID Reserved
15 Reserved

16 Deep Sleep Reserved
17 GPIO A Reserved
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7.1 Configuration Sequence

Any other I/O transition cycle

>

A 4

Wait for key string

1/0 Write to 2Eh

Is the data
“87h” ?

Check Pass Key

1/0 Write to 2Eh

Any other I/O transition cycle

Is the data
“87h” ?

Extended Function
Mode

Figure 7-2 Configuration Register

To program the NCT6776F / NCT6776D configuration registers, the following configuration procedures must be
followed in sequence:

(1). Enter the Extended Function Mode.
(2). Configure the configuration registers.
(3). Exit the Extended Function Mode.

7.1.1 Enter the Extended Function Mode

To place the chip into the Extended Function Mode, two successive writes of 0x87 must be applied to Extended
Function Enable Registers (EFERS, i.e. 2Eh or 4Eh).

7.1.2 Configure the Configuration Registers

The chip selects the Logical Device and activates the desired Logical Devices through Extended Function Index
Register (EFIR) and Extended Function Data Register (EFDR). The EFIR is located at the same address as the
EFER, and the EFDR is located at address (EFIR+1).

First, write the Logical Device Number (i.e. 0x07) to the EFIR and then write the number of the desired Logical
Device to the EFDR. If accessing the Chip (Global) Control Registers, this step is not required.
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Secondly, write the address of the desired configuration register within the Logical Device to the EFIR and then
write (or read) the desired configuration register through the EFDR.

7.1.3 Exit the Extended Function Mode

To exit the Extended Function Mode, writing OxAA to the EFER is required. Once the chip exits the Extended
Function Mode, it is in the normal running mode and is ready to enter the configuration mode.

7.1.4 Software Programming Example
The following example is written in Intel 8086 assembly language. It assumes that the EFER is located at 2Eh, so

the EFIR is located at 2Eh and the EFDR is located at 2Fh. If the HEFRAS (CR[26h] bit 6 showing the value of
the strap pin at power on) is set, 2Eh can be directly replaced by 4Eh and 2Fh replaced by 4Fh.

This example programs the configuration register FOh (clock source) of logical device 1 (UART A) to the value of
3Ch (24MHz). First, one must enter the Extended Function Mode, then setting the Logical Device Number (Index
07h) to 01h. Then program index FOh to 3Ch. Finally, exit the Extended Function Mode.

; Enter the Extended Function Mode

MOV DX, 2EH
MOV AL, 87H
OuUT DX, AL
OuUT DX, AL

; Configure Logical Device 1, Configuration Register CRFO

MOV DX, 2EH

MOV AL, O7H

OUT DX, AL ; point to Logical Device Number Reg.
MOV DX, 2FH

MOV AL, O1H

OUT DX, AL ; select Logical Device 1

MOV DX, 2EH

MOV AL, FOH

OUT DX, AL ; select CRFO

MOV DX, 2FH

MOV AL, 3CH

OUT DX, AL ; update CRFO with value 3CH

; Exit the Extended Function Mode

MOV DX, 2EH
MOV AL, AAH
OuUT DX, AL
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8. HARDWARE MONITOR

8.1 General Description

The NCT6776F / NCT6776D monitors several critical parameters in PC hardware, including power supply
voltages, fan speeds, and temperatures, all of which are very important for a high-end computer system to work
stably and properly. In addition, proprietary hardware reduces the amount of programming and processor
intervention to control cooling fan speeds, minimizing ambient noise and maximizing system temperature and
reliability.

The NCT6776F / NCT6776D can simultaneously monitor all of the following inputs:
¢ Nine analog voltage inputs (five internal voltages CPUVCORE, VBAT, 3VSB, 3VCC and AVCC,; four
external voltage inputs)
Five fan tachometer inputs
Three remote temperatures, using either a thermistor or from the CPU thermal diode (voltage or Current
Mode measurement method)
e Two case-open detection signal.

These inputs are converted to digital values using the integrated, eight-bit analog-to-digital converter (ADC).

In response to these inputs, the NCT6776F / NCT6776D can generate the following outputs:

e Three PWM (pulse width modulation) and one DC fan outputs for the fan speed control
SMI#
o OVT# signals for system protection events

The NCT6776F / NCT6776D provides hardware access to all monitored parameters through the LPC or I°C
interface and software access through application software, such as Nuvoton’s Hardware Doctor™, or BIOS.

The rest of this section introduces the various features of the NCT6776F / NCT6776D hardware-monitor capability.
These features are divided into the following sections:

Access Interfaces

Analog Inputs

Fan Speed Measurement and Control
Smart Fan Control

SMI# interrupt mode

OVT# interrupt mode

Registers and Value RAM

8.2 Access Interfaces

The NCT6776F / NCT6776D provides two interfaces, LPC and I°C, for the microprocessor to read or write the
internal registers of the hardware monitor.

8.3 LPC Interface

The internal registers of the hardware monitor block are accessible through two separate methods on the LPC
bus. The first set of registers, which primarily enable the block and set its address in the CPU 1/O address space
are accessed by the Super I/O protocol described in Chapter 7 at address 2Eh/2Fh or 4Eh/4Fh. The bulk of the
functionality and internal registers of this block are accessed form an index/data pair of CPU I/O addresses. The
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standard locations are usually 295h/296h and are set by CR[60h]&CR[61h] accessed using the Super I/O protocol
as described in Chapter 7.

Due to the number of internal register, it is necessary to separate the register sets into “banks” specified by
register 4Eh. The structure of the internal registers is shown in the following figure.

Monitor Value Registers
= 20h~3Ah = =
| Configuration Register .
Lhe 40h
|~ Interrupt Status Registers —
41h, 42h
Port 5h SMI# Mask Registers
43h, 44h, 46h
Index
Register Serial Bus Address
—— k1>
48h
SMI#/OVT# Control Register
—— k1>
4Ch
N Fan IN /OUT Control Register
4Dh
Bank Select Register
1> <———
4Eh
Nuvoton Vendor ID
Port 6h —— 1>
4Fh
Data
Register
Chip I?sl:eglster

Figure 8-1 LPC Bus’ Reads from / Write to Internal Registers
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8.4 I°Cinterface

The I°C interface is a second, serial port into the internal registers of the hardware monitor function block. The interface is
totally compatible with the industry-standard 1’Cc specification, allowing external components that are also
compatible to read the internal registers of the NCT6776F / NCT6776D hardware monitor and control fan speeds.
The address of the I°C peripheral is set by the register located at index 48h (which is accessed by the index/data
pair at I/O address typically at 295h/296h)

The two timing diagrams below illustrate how to use the I°C interface to write to an internal register and how to
read the value in an internal register, respectively.

(a) Serial bus write to internal address register followed by the data byte

SCL

SDA

Start By Ack
Mester Frame 1
Serial Bus Address Byte

SCL (Continued) oo e —

DA (Contine) e e'e (07)( D5 0s)(_04)( 03 02) b1} 00}

Ack Stop

by by
627DHG  Master
Frame 3
Data Byte

Figure 8-2 Serial Bus Write to Internal Address Register Followed by the Data Byte

(b) Serial bus read from a register

0 7 8 0 7 8
Start By
k k
Master Frame 1 ?fy Frame 2 Abcy
Serial Bus Address Byte 6270HG Internal Index Register Byte 627DHG
0
0 7 8 0 7 8

[ N N ]
o /T \ o /1 1\ o/ 1 mw\__ [ o) o) bs) os) o3 o) bi) oo)
Cl

A

Ack hyk Stop by
Repeat . Frame 3 627bHg] Frame 4 st Mt
Etart Serial Bus Address Byte Data Byte
y
Master 0

Figure 8-3 Serial Bus Read from Internal Address Register
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8.5 Analog Inputs

The nine analog inputs of the hardware monitor block connect to an 8-bit Analog to Digital Converter (ADC) and
consist of 4 general-purpose inputs connected to external device pins (VINO — VIN3) and five internal signals
connected to the power supplies (CPUVCORE, AVCC, VBAT, 3VSB and 3VCC). All inputs are limited to a
maximum voltage of 2.048V due to an internal setting of 8mV LSB (256 steps x 8mV = 2.048V). All inputs to the
ADC must limit the maximum voltage by using a voltage divider. The power supplies have internal resistors, while
the external pins require outside limiting resistors as described below.

AVCC Pin 106
Pin 99
Power inputs VBAT
Pin 85
3VSB
Pin 1
3VCC
Pin 107
CPUVCORE
-
R1 VINO Pin 105
— AN
Vo
Positive Voltage Input R2
Pin 103
VIN2 )
Pin 109 |  8-bit ADC
~ VIN3 with 8mV
LSB
R3 .
VIN1 Pin 104
v AN
Negative Voltage Input
R4
Rrhm R
10K@25C, beta=3435K 10K, 1% .
) VREF Pin 108
A% A4
7)77 R é AUXTIN Pin 109
15K, 1% CPUTIN Pin 110
SYSTIN Pin 111
CPUD+
CPUD- T CAP,2200p CPUD- (AGND) Pin 112
(AGND)

Figure 8-4 Analog Inputs and Application Circuit of the NCT6776F / NCT6776D

As illustrated in the figure above, other connections may require some external circuits. The rest of this section
provides more information about voltages outside the range of the 8-bit ADC, CPU Vcore voltage detection, and
temperature sensing.
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8.5.1 Voltages Over 2.048 V or Less Than 0V

Input voltages greater than 2.048 V should be reduced by an external resistor divider to keep the input voltages in
the proper range. For example, input voltage V, (+12 V) should be reduced before it is connected to VINO
according to the following equation:

R
VINO =Vox —2—
R, +R,
R1 and R2 can be set to 56 KQ and 10 KQ, respectively, to reduce V, from +12 V to less than 2.048 V.
All the internal inputs of the ADC, AVCC, VBAT, 3VSB and 3VCC utilize an integrated voltage divider with both

resistors equal to 34KQ, yielding a voltage one half of the power supply. Since one would expect a worst-case
10% variation or a 3.63V maximum voltage, the input to the ADC will be 1.815V, well within the maximum range.

34KQ
V,, =VCC x =1.65V , where VCC is set to 3.3V
34KQ +34KQ
The CPUVCORE pin feeds directly into the ADC with no voltage divider since the nominal voltage on this pin is

only 1.2V.

Negative voltages are handled similarly, though the equation looks a little more complicated. For example,
negative voltage V1 (-12V) can be reduced according to the following equation:

VIN1=(V1—2.048) x L +2.048, whereVi1=-12
Rs+ R4

R3 and R4 can be set to 232 KQ and 10 KQ, respectively, to reduce negative input voltage V, from —12 V to less
than 2.048 V. Note that R4 is referenced to VREF, or 2.048V instead of OV to allow for more dynamic range. This
is simply good analog practice to yield the most precise measurements.

Both of these solutions are illustrated in the figure above.

8.5.2 Voltage Data Format

The data format for voltage detection is an eight-bit value, and each unit represents an interval of 8 mV.
Detected Voltage = Reading * 0.008 V

If the source voltage was reduced by a voltage divider, the detected voltage value must be scaled accordingly.

8.5.2.1. Voltage Reading
NCT6776F / NCT6776D has 9 voltage reading:

3VCC AVCC 3VSB VBAT
Voltage BankO, BankO, Banks5, Bank5,
reading index23 index22 Index50 Index51
CPUVCORE VINO VIN1 VIN2 VIN3
Voltage BankO, BankO, BankO, BankO, BankO,
reading index20 index21 index24 index25 index26
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8.5.3 Temperature Data Format

The data format for sensors SYSTIN, CPUTIN and AUXTIN is 9-bit, two’s-complement. This is illustrated in the
table below. There are two sources of temperature data: external thermistors or thermal diodes.

Table 8-1 Temperature Data Format

TEMPERATURE 8-BIT DIGITAL OUTPUT 9-BIT DIGITAL OUTPUT
8-BIT BINARY 8-BIT HEX 9-BIT BINARY 9-BIT HEX
+125°C 0111,1101 7Dh 0,1111,1010 OFAh
+25°C 0001,1001 19h 0,0011,0010 032h
+1°C 0000,0001 01h 0,0000,0010 002h
+0.5°C - - 0,0000,0001 001h
+0°C 0000,0000 00h 0,0000,0000 000h
-0.5°C - - 1,1111,1111 1FFh
-1°C 111,111 FFh 1,1111,1110 1FFh
-25°C 1110,0111 E7h 1,1100,1110 1Ceh
-55°C 1100,1001 C9h 1,1001,0010 192h

8.5.3.1. Monitor Temperature from Thermistor

External thermistors should have a  value of 3435K and a resistance of 10 KQ at 25°C. As illustrated in the
schematic above, the thermistor is connected in series with a 10-KQ resistor and then connects to VREF (pin 108).
The configuration registers to select a thermistor temperature sensor and the measurement method are found at
Bank 0, index 59h, 5Dh, and 5Eh.

RTHM R
10K@25'C, beta = 3435k 10K, 1% VREE _Pin108
AUXTIN _Pin109
CPUTIN__ Pin110 Super- 10
SYSTIN _Pin111

Figure 8-5 Monitoring Temperature from Thermistor

8.5.3.2. Monitor Temperature from Thermal Diode (Voltage Mode)

The thermal diode D- pin is connected to AGND (pin 112), and the D+ pin is connected to the temperature sensor
pin in the NCT6776F / NCT6776D. A 15-KQ resistor is connected to VREF to supply the bias current for the diode,
and the 2200-pF, bypass capacitor is added to filter high-frequency noise. The configuration registers to select a
thermal diode temperature sensor and the measurement method are found at Bank 0, index 5Dh, and 5Eh.
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VREF
R=15K, 1%$
Super - 10
D+ (SYSTIN)
CPUTIN
Therminal — (AUXTIN)
Diode - T C=2200pF
{7 CPUD- (AGND)
AGND

Figure 8-6 Monitoring Temperature from Thermal Diode (Voltage Mode)

8.5.3.3. Monitor Temperature from Thermal Diode (Current Mode)

The NCT6776F / NCT6776D can also sense the diode temperature through Current Mode and the circuit is
shown in the following figure.

Super - 10
D+ (SYSTIN)
CPUTIN
(AUXTIN)
Thermal .
Dicde T C=2200pF
D- CPUD- (AGND)

% AGND

Figure 8-7 Monitoring Temperature from Thermal Diode (Current Mode)

The pin of processor D- is connected to CPUD- (pin 112) and the pin D+ is connected to temperature sensor pin
in the NCT6776F / NCT6776D. A bypass capacitor C=2200pF should be added to filter the high frequency noise.
The configuration registers to select a thermal diode temperature sensor and the measurement method are found
at Bank 0, index 5Dh and 5Eh.

8.5.3.4. Temperature Reading

NCT6776F / NCT6776D has 6 temperature reading can monitor different temperature sources (ex. SYSTIN,
CPUTIN, AUXTIN, PECI...etc).

SMIOVT1 SMIOVT2 SMIOVT3 SMIOVT4 SMIOVT5 SMIOVT6
Temperature | Bank6, Bank®, Bank6, Bank®, Bank®, Bank®,
source index21 index22 index23 index24 index25 index26
select bit[4:0] bit[4:0] bit[4:0] bit[4:0] bit[4:0] bit[4:0]

default: default: default: default: default: default:
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SYSTIN CPUTIN AUXTIN SYSTIN SYSTIN SYSTIN
Temperature | BankO, Bank1, Bank2, Bank®, Banké, Banké,
reading (2's | index27 index50 & | index50 & | index2B & | index2C & | index2D &
complement) index51 bit7 | index51 bit7 | index2E bit0 | index2E bit1 index2E bit2

Note. If the temperature source is selecting to PECI, please set Bank0 Index AEh first for reading correct value.

8.6 PECI

PECI (Platform Environment Control Interface) is a new digital interface to read the CPU temperature of Intel®
CPUs. With a bandwidth ranging from 2 Kbps to 2 Mbps, PECI uses a single wire for self-clocking and data
transfer. By interfacing to the Digital Thermal Sensor (DTS) in the Intel° CPU, PECI reports a negative
temperature (in counts) relative to the processor's temperature at which the thermal control circuit (TCC) is
activated. At the TCC Activation temperature, the Intel CPU will operate at reduced performance to prevent the
device from thermal damage.

PECI is one of the temperature sensing methods that the NCT6776F / NCT6776D supports. The NCT6776F /
NCT6776D contains a PECI master and reads the CPU PECI temperature. The CPU is a PECI client.

The PECI temperature values returning from the CPU are in “counts” which are approximately linear in relation to
changes in temperature in degrees centigrade. However, this linearity is approximate and cannot be guaranteed
over the entire range of PECI temperatures. For further information, refer to the PECI specification. All references
to “temperature” in this section are in “counts” instead of “°C”.

Figure 8-8 PECI Temperature shows a typical fan speed (PWM duty cycle) and PECI temperature relationship.

Fan Speed
(PWM Duty Cycle)

Tcontrol TCC Activation

Duty?2

I BN BN BN BN BN BN BN Bm B .
e » 8 8 F 0 B B 0 0 R B B B |

N
o
1
[BEN
o

PECI Temperature (counts)

Figure 8-8 PECI Temperature

In this illustration, when PECI temperature is -20, the PWM duty cycle for fan control is at Duty2. When CPU is
getting hotter and the PECI temperature is -10, the PWM duty cycle is at Duty1.

At Tcontrol PECI temperature, the recommendation from Intel is to operate the CPU fan at full speed. Therefore
Duty1 is 100% if this recommendation is followed. The value of Tcontrol can be obtained by reading the related
Machine Specific Register (MSR) in the Intel CPU. The Tcontrol MSR address is usually in the BIOS Writer's
guide for the CPU family in question. Refer to the relevant CPU documentation from Intel for more information. In
this example, Tcontrol is -10.
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When the PECI temperature is below -20, the duty cycle is fixed at Duty2 to maintain a minimum (and constant)
RPM for the CPU fan.

The device also provides an offset register to ‘shift’ the negative PECI readings to positive values. The offset
registers are called “Tbase”, which are located at Bank7 Index 09h for AgentO and Bank7 Index OAh for Agent1.
All default values of these Tbase registers are 8’h00. The unit of the Tbase register contents is “count” to match
that of PECI values. The resultant value (Tbase + PECI) should not be interpreted as the “temperature” (whether
in count or °C) of the PECI client (CPU).

The Figure 8-9 Temperature and Fan Speed Relation after Tbase Offsets, shows the temperature and fan-speed
relationship after Thase offset is applied (based on Figure 8-8 PECI Temperature). This view is from the
perspective of the NCT6776F / NCT6776D fan control circuit.

Fan Speed
(PWM Duty Cycle) Tbase = 100
Tcontrol TCC Activation
1 | 1
1 | 1
1 | 1
1 | 1
1 | 1
1 | 1
1 | 1
1 85=(-15+100) 1 1
1 (PECI = -15) : :
Duty?2 2 - -
1 | 1
- . . >
80 = (-20 + 100) 90 = (-10 + 100) (PECI =0)
(PECI = -20) (PECI = -10)

Temperature (as seen by the W83677HG-I fan control circuit)

Figure 8-9 Temperature and Fan Speed Relation after Tbase Offsets

Assuming Tbase is set to 100 and the PECI temperature is -15 , the real-time temperature value to the fan control
circuit will be 85 (-15 + 100). The value of 55 (hex) will appear in the relevant real-time temperature register.

While using Smart Fan control function of NCT6776F / NCT6776D, BIOS/software can include Tbase in
determining the thresholds (limits). In this example, assuming Tcontrol is -10 and Tbase is set to 100 M the
threshold temperature value corresponding to the “100% fan duty-cycle” event is 90 (-10+100). The value of 5A
(hex) should be written to the relevant threshold register.

Tcontrol is typically -10 to -20 for PECIl-enabled CPUs. Base on that, a value of 85 ~100 for Thase could be set
for proper operation of the fan control circuit. This recommendation is applicable for most designs. In general, the
concept presented in this section could be used to determine the optimum value of Tcontrol to match the specific
application.
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8.7 Fan Speed Measurement and Control
This section is divided into two parts, one to measure the speed and one to control the speed.

8.7.1 Fan Speed Reading
The fan speed reading at:

FAN COUNT READING FAN RPM READING "°'"
13-bit 16-bit
[12:5] [4:0] [15:8] [7:0]

SYSFANIN Bank®, Bank®, Banké, Bank®,

index30 index31 index56 index57
CPUFANIN Bank®, Bank®, Banké, Bank®,

index32 index33 index58 index59
AUXFANINO Bank®, Bank®, Bank®, Bank®,

index34 index35 index5A index5B
AUXFANIN1 Bank®, Bank®, Bank®, Bank®,

index36 index37 index5C index5D
AUXFANIN2 Bank®, Bank®, Bank®, Bank®,

index38 index39 index5E index5F

Note. The default value of the “16-bit RPM reading” is 0x00A4h.

8.7.2 Fan Speed Calculation by Fan Count Reading
In 16-bit fan count reading, please read high byte first then low byte.
Fan speed RPM can be evaluated by the following equation, fan count could be 8-bit or 16-bit:

1.35x10°
Count

RPM =

8.7.3 Fan Speed Calculation by Fan RPM Reading
In 16-bit fan RPM reading, please read high byte first then low byte.
Fan speed RPM can be evaluated by translating 16-bit RPM reading from hexadecimal to decimal.

Register reading 0x09C4h = 2500 RPM

8.7.4 Fan Speed Control
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The NCT6776F / NCT6776D has three output pins for fan control, only SYSFANOUT offers PWM duty cycle and
DC voltage to control the fan speed. The output type (PWM or DC) of each pin is configured by BankO index 04h,
bits 0 for SYSFANOUT, bits 1 for CPUFANOUT, and BankO index 12h, bit 0 for AUXFANOUT.

SYSFANOUT CPUFANOUT AUXFANOUT
Output Type Select BankO, BankO, BankO,
index04 bit0 index04 bit1 index12 bit0

0: PWM output
1: DC output (default)

Only PWM output

Only PWM output

Output Type Select
(in PWM output)

CR24 bit4

0: open-drain (default)

CR24 bit3

0: open-drain (default)

CR24 bit5

0: push-pull (default)

1: push-pull 1: push-pull 1: open-drain
PWM Output BankO, BankO, BankO,
Fregency Index00 Index02 Index10
Fan Control Mode Bank1, Bank2, Banks3,

Select

index02, bit[7:4]

Oh: Manual mode (def.)
1h: Thermal Cruise

2h: Speed Cruise

4h: SMART FAN IV

index02, bit[7:4]

Oh: Manual mode(def.)
1h: Thermal Cruise
2h: Speed Cruise

4h: SMART FAN IV

index02, bit[7:4]

Oh: Manual mode (def.)
1h: Thermal Cruise

2h: Speed Cruise

4h: SMART FAN IV

Output PWM Bank1, Bank2, Bank3,
Value output index09 bit[7:0] index09 bit[7:0] index09 bit[7:0]
(write) (Duty)
DC output | Bank1,
(Voltage) index09 bit[7:2]
Current Output Value | BankO, BankO, BankO,
(read only) index01 index03 index11

For PWM, the duty cycle is programmed by eight-bit registers at Bank1 Index 09h for SYSFANOUT, Bank2 Index
09h for CPUFANOUT and Bank3 Index 09h for AUXFANOUT. The duty cycle can be calculated using the
following equation:

Programmed 8 - bit Register Value
255

Dutycycle(%) = x100%

The default duty cycle is FFh, or 100%. The PWM clock frequency is programmed at BankO Index 00h, Index 02h,
and Index 10h.

For DC, the NCT6776F / NCT6776D has a six bit digital-to-analog converter (DAC) that produces 0 to 2.048 Volts
DC. The analog output is programmed at Bank1 Index 09h bit[7:2] for SYSFANOUT. The analog output can be
calculated using the following equation:

Programmed 6 - bit Register Value.
64

The default value is 111111YY, or nearly 2.048 V, and Y is a reserved bit.

OUTPUT Voltage (V) = Vref x

8.7.5 SMART FAN™ Control
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The NCT6776F / NCT6776D supports various different fan control features:
. SMART FAN™ | (Thermal Cruise & Speed Cruise)

s+ SMART FAN™ IV
. Close-Loop Fan Control RPM mode

SYSFANOUT

CPUFANOUT

AUXFANOUT

Bank1,
index02, bit[7:4]

Fan Control Mode
Select

Oh: Manual mode (def.)
1h: Thermal Cruise

2h: Speed Cruise

4h: SMART FAN IV

Bank2,
index02, bit[7:4]

Oh: Manual mode(def.)
1h: Thermal Cruise
2h: Speed Cruise

4h: SMART FAN IV

Bank3,
index02, bit[7:4]

Oh: Manual mode (def.)
1h: Thermal Cruise

2h: Speed Cruise

4h: SMART FAN IV

8.7.6 Temperature Source & Reading for Fan Control

Select temperature source for each fan control output:

SYSFANOUT CPUFANOUT AUXFANOUT
Fan Control Bank1, Bank2, Banka3,
Temperature Source | index00 bit[4:0] index00 bit[4:0] index00 bit[4:0]
Select

Default: SYSTIN Default: CPUTIN Default: AUXTIN
Fan Control BankO, index73 & BankO, index75 & BankO, index77 &
Temperature Reading | BankO, index74 bit7 Bank0, index76 bit7 BankO, index78 bit7

Note. If the temperature source is selecting to PECI, please set Bank0 Index AEh first for reading correct value.

Smart Fan 4+

/ RPM Mode
4 )
Up Curve / Slope
» Down Curve calculation
decision
|
Y_AXxis Setting
Generate ( \
RiseFan /
Rise/Down %0&/;/:;3: » SYSFAN —»
X_Axis Setting ___SF4
i - J \ J
Control / \
Logic <
FaninCount > Rise/Down Fan T
»| Distributor » CPUFAN —»

Control Setting

4

A 4

_ Rise/Down_SCC

7] ThermalCruise
_ Rise/Down_TCC control

SpeedCruise
control

SMART FAN™ Function Block Diagram
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8.8 SMART FAN™|

8.8.1 Thermal Cruise Mode

Thermal Cruise mode controls the fan speed to keep the temperature in a specified range. First, this range is
defined in BIOS by a temperature and the interval (e.g., 55 °C + 3 °C). As long as the current temperature
remains below the low end of this range (i.e., 52 °C), the fan is off. Once the temperature exceeds the low end,
the fan turns on at a speed defined in BIOS (e.g., 20% output). Thermal Cruise mode then controls the fan output
according to the current temperature. Three conditions may occur:
(1) If the temperature still exceeds the high end, fan output increases slowly. If the fan is operating at full
speed but the temperature still exceeds the high end, a warning message is issued to protect the system.
(2) If the temperature falls below the high end (e.g., 58°C) but remains above the low end (e.g., 52 °C), fan
output remains the same.
(3) If the temperature falls below the low end (e.g., 52 °C), fan output decreases slowly to zero or to a
specified “stop value”. This “stop value” is enabled by the Bank1, Index00h, Bit7 for SYSFANOUT; Bank2,
Index00h, Bit7 for CPUFANOUT and Bank3, Index00h, Bit7 for AUXFANOUT. The stop value itself is
separately specified in Bank1 Index05h, Bank2 Index05h and Bank3 Index05h. The fan remains at the stop
value for the period of time also separately defined in Bank1 Index07h, Bank2 Index07h and Bank3 Index07h.

In general, Thermal Cruise mode means
o If the current temperature is higher than the high end, increase the fan speed.
e If the current temperature is lower than the low end, decrease the fan speed.
o Otherwise, keep the fan speed the same.

The following figures illustrate two examples of Thermal Cruise mode.

Tolerance \ /
55°C
Target Temperature
Tolerance
52°C

[ N

Duty Fan Start = 20%  Fan Stop = 10% Fan Start = 20%

0 n

L» Stop Time

Figure 8-10 Mechanism of Thermal Cruise™ Mode (PWN Duty Cycle)
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Tolerance \ /
55°C
Target Temperature
Tolerance
52°C

[ N

V)
DC 3.3
Output Fan Start = 0.62V  Fan Stop = 0.31v  Fan Start = 0.62V
Voltage f
9 165 T T

0 n

L» Stop Time
Figure 8-11 Mechanism of Thermal Cruise™ Mode (DC Output Voltage)

8.8.2 Speed Cruise Mode

Speed Cruise mode keeps the fan speed in a specified range. First, this range is defined in BIOS by a fan speed
count (the amount of time between clock input signals, not the number of clock input signals in a period of time)
and an interval (e.g., 160 £ 10). As long as the fan speed count is in the specified range, fan output remains the
same. If the fan speed count is higher than the high end (e.g., 170), fan output increases to make the count lower.
If the fan speed count is lower than the low end (e.g., 150), fan output decreases to make the count higher. One
example is illustrated in this figure.

Count A C
oun ! /
170 /N 1
160 ; :
150 | N—
|
(%) | |
Fan 100
tput
outpu 50
0

Figure 8-12 Mechanism of Fan Speed Cruise™ Mode

The following tables show current temperatures, fan output values and the relative control registers at Thermal
Cruise and Fan Speed mode.
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Table 8-2 Relative Registers — at Thermal CruiseTM Mode

KEEP MIN.
THERMAL TEQ'EEEXT TOLERANC | START-UP STOP FAN STOP STEP- UP STEP-
CRUISE MODE E VALUE VALUE OUTPUT TIME TIME DOWN
URE
VALUE TIME
Bank 1, Bank 1 Bank 1,
) . ’ Bank 1 Bank 1 Bank 1 Bank 1, Bank 1
SYSFANOUT index 01h index 02h . ’ . ’ Index 00h . ’ . ’
. index 06h index 05h ’ index 07h index 03h index 04h
bit[7:0] Bit[2:0] bit7 naex
Bank 2, Bank 2 Bank 2,
. . ’ Bank 2 Bank 2 Bank 2 Bank 2, Bank 2
CPUFANOUT index 01h index 02h . ’ ; ’ Index 00h . y . ’
. index 06h index 05h ’ index 07h i index 04h
bit[7:0] Bit[2:0] bit7 index 03h
Bank 3, Bank 3 Bank 3,
. . ’ Bank 3 Bank 3 Bank 3 Bank 3, Bank 3
AUXFANOUT index 01h index 02h h ’ . y Index 00h . y . ’
. index 06h index 05h ’ index 07h i h index 04h
bit[7:0] Bit[2:0] bit7 index 03
THERMAL CRITICAL ENABLE THERMAL
CRUISE MODE | TEMPERATURE CRUISE MODE
Bank 1, Bank 1,
SYSFANOUT index 35h Index 02h,
bit[7:4] = 01h
Bank 2
Bank 2 ’
CPUFANOUT |nzr;x o Index 02h,
bit[7:4] = 01h
Bank 3
Bank ’
AUXFANOUT |n:r;x 3:;’5h Index 02h,
bit[7:4] = 01h
Table 8-3 Relative Registers — at Speed CruiseTM Mode
SPEED TARGET TARGET STEP- UP STEP- ENABLE
B B TIME DOWN
CRUISE SPEED SPEED TOLERANCE_L | TOLERANCE2 H © SPEED
MODE COUNT L COUNT_H TIME CRUISE
MODE
Bank 1 Bank 1 Bank 1 Bank 1
Bank 1 ’ ’ ’ Bank 1 Bank 1 ’
SYSFANOUT Inz:}x oih Index 0C Index 02 Index 0C |n?-1:>x o3 |nzr;x oap | Indexo2h
bit[3:0] bit[2:0] bit[6:4] bit[7:4] = 02h
Bank 2, Bank 2, Bank 2, Bank 2, Bank 2, Bank 2, Bank 2,
CPUFANOUT Index 01h Index 0C Index 02 Index 0C Index 03h | Index 04h Index 02h
bit[3:0] bit[2:0] bit[6:4] bit[7:4] = 02h
Bank 3, Bank 3, Bank 3, Bank 3, Bank 3, Bank 3, Bank 3,
AUXFANOUT Index 01h Index 0C Index 02 Index 0C Index 03h | Index 04h Index 02h
bit[3:0] bit[2:0] bit[6:4] bit[7:4] = 02h
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8.9 SMART FAN™ |V & Close Loop Fan Control Mode
SMART FAN™ IV and Close Loop Fan Control Mode offer 3 slopes to control the fan speed.
Set Critical Temperature, Bank1 Index 354ex, Bank2 Index 35pex , Bank3 Index 354ex

e Set the Relative Register-at SMART FAN™ IV Control Mode Table

If fan control mode is set as Close Loop Fan Control, the unit step is 50RPM. So the maximum
controllable RPM is 50*255=12,750RPM.

e Set Tolerance of Target Temperature, Bankl1 Index 02,ex bit[2:0] . Bank2 Index 02,ex bit[2:0] Bank3
Index 024ex bit[2:0].
The 3 slopes can be obtained by setting FanDuty1/RPM1~FanDuty4/RPM4 and T1~T4 through the registers.
When the temperature rises, FAN Output will calculate the target FanDuty/RPM based on the current slope. For
example, assuming Tx is the current temperature and Ty is the target, then

The slope:
e (FanDuty3/ RPM 3)— (FanDuty2/RPM 2)
(T3-T2)
Fan Output:
Target FanDuty or RPM = (FanDuty2 or RPM 2)+ (Tx~T2)- X 2
Fanduty/RPM
(unit RPM = 50 ) Critical Hyst.
A Operation Hyst. ..
FullSpeed (FF, 100%) : < >
e
Fanduty4/RPM4 < >
Fanduty3/RPM3 o X3
Fandutyy/RPMY " YT X X XXX XX
Fanduty2/RPM2 o e
‘ 0
0
0
0
0
Fanduty 1/RPM1 0
. ¥ » Temperature
Tl T2 TX T3 T4 TRCritical
Figure 8-13 SMART FAN™ IV & Close Loop Fan Control Mechanism
Table 8-4 Relative Register-at SMART FANTM IV Control Mode
DESCRIPTION T1 T2 T3 T4
Bank 1, Bank 1, Bank 1, Bank 1,
SYSFANOUT Index 21h Index 22h Index 23h Index 24h
Bank 2, Bank 2, Bank 2, Bank 2,
CPUFANOUT Index 21h Index 22h Index 23h Index 24h
Bank 3 Bank 3 Bank 3 Bank 3
AUXFANOUT ’ ’ ’ ’
Index 21h Index 22h Index 23h Index 24h
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DESCRIPTION T1 T2 T3 T4
DESCRIPTION DC/PWM1 DC/PWM2 DC/PWM3 DC/PWM4
Bank 1, Bank 1, Bank 1, Bank 1,
SYSFANOUT Index 27h Index 28h Index 29h Index 2Ah
Bank 2, Bank 2, Bank 2, Bank 2,
CPUFANOUT Index 27h Index 28h Index 29h Index 2Ah
Bank 3, Bank 3, Bank 3, Bank 3,
AUXFANOUT Index 27h Index 28h Index 29h Index 2Ah
CRITICAL . Monitored
DESCRIPTION | TEMPERATU ngﬁ:r‘;"(':e temperature ENABLE
RE tolerance SMART FAN IV
Bank 1 Bank 1, Bank1, Bank 1,
SYSFANOUT Index 3’5h Index 38h, Index 02h, Index 02h
bit[2:0] bit[2:0] bit[7:4] = 04h
Bank 2 Bank 2, Bank2, Bank 2,
CPUFANOUT Index 3’5h Index 38h, Index 02h, Index 02h
bit[2:0] bit[2:0] bit[7:4] = 04h
Bank 3 Bank 3, Bank3, Bank 3,
AUXFANOUT Index 3’5h Index 38h, Index 02h, Index 02h
bit[2:0] bit[2:0] bit[7:4] = 04h
DESCRIPTION EE@EFEE STEP- STEP- STOP STLAJFFf | sTop | FaNoUT
MIN UP TIME DOWN VALUE VALUE TIME STEP
TIME
Bank 1, Bank 1 Bank 1 Bank 1 Bank 1 Bank 1 Bank 1,
, an s an s an , an ,
SYSFANOUT | Index 00, | . 03h |index 04h | index 05h |index 06h | index 07h | Ndex20h,
bit7 Bit0
Bank 2, Bank 2 Bank 2 Bank 2 Bank 2 Bank 2 Bank 2,
, an , an s an , an ,
CPUFANOUT | Index 00h, | . 031 | index 04h | index 05h | index 06h | index 07h | 'Ndex 20n,
bit7 Bit0
Bank 3, Bank 3 Bank 3 Bank 3 Bank 3 Bank 3 Bank 3,
, an , an s an , an ,
AUXFANOUT 'b’f?ex 00h. | index 03h | index 04h | index 05h | index 06h | index 07h :;_foex 20h,
| |
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Figure 8-14 Fan Control Duty Mode Programming Flow

FAN CONTROL
-oad Step Up Time
Default
Index 03
Speed
Temperature Step Down
Source Select Time
Index 00 [4:0] Index 04
SF4 Table
Index 21~ 24 T:g:;tz gt[%;])
Index 27 ~ 2A
Critical dM%EE '
Temperatu re InT’(s))l(eran[c76;4]
Index 35 Index 02 [2:0]
Critical
Temlp erature Fan Control
Tolerance
Index 38 [2:0] Duty Mode
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Load Step Up Time
Default
Index 03
Speed
Temperature Step Down
Source Select Time
Index 00 [4:0] Index 04
SF4 Table RPM mode
Index 21~ 24 Bank6
Index 27 ~ 2A Index 00 [0]
Critical dM%'ZDE '
Temperature '”Tg’l(erarfze"‘]
Index 35 Index 02 [2:0]
Critical
Temperature Close-Loop
Tolerance Fan Control
Index 38 [2:0] RPM mode

Figure 8-15 Close-Loop Fan Control RPM mode Programming Flow

8.9.1 Step Up Time/ Step Down Time

SMART FAN™ IV is designed for the smooth operation of the fan. The Up Time / Down Time register defines the
time interval between successive duty increases or decreases. If this value is set too small, the fan will not have
enough time to speed up after tuning the duty and sometimes may result in unstable fan speed. On the other
hand, if Up Time / Down Time is set too large, the fan may not work fast enough to dissipate the heat. This
register should never be set to 0, otherwise, the fan duty will be abnormal.

8.9.2 Fan Output Start-up Value

From still to rotate, the fan usually needs a higher fan output value to generate enough torque to conquer the
restriction force. Thus the Fan Output Start-up Value is used to turn on the fan with the specified output value.

8.9.3 Fan Output Stop Value

It takes some time to bring a fan from still to working state. Therefore, Stop value are designed with a minimum
fan output to keep the fan working when the system does not require the fan to help reduce heat but still want to
keep the fast response time to speed up the fan.
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8.9.4 Fan Output Stop Time

A time interval is specified to turn off the fan if SmartFan continuously requests to slow down the fan which has
already reached the Stop time.

Fan Duty Cycle

Step Down Time Step Up Time
<> <>

Stop Value Start Up Value

Stop Time

¥

Fan Turn off state

Lowering speed zone €«———— Arising speed zone

Smart Fan Control Parameters Figure

8.9.5 Fan Output Step

CPUFANOUTPUT VALUE

A
255 >
215 4‘1

200

170

Stop Value =150 _ _
(Bank2 index Sh)

130 ; >
» Temperature
35 50 60 65 70
FANOUT STEP
(Bank2 Index 20h bit0)

Temperature | 50 | 55 | 60 | 61 | 62 | 50 | 35 | 44 |

CPUFANOUTPUT VALUE HHIE R 7l e :
FANOUTPUT X4 |I70|I85|200|20]|202| 203 ofof o ol | 7] 8| |150 HHEEE |
Target Duty 170185 | 200 | 203 206 | 170 | 130 153 |

T=1sec T=0.5sec

%‘;al’n‘lgzl”:')lﬁ‘evxﬂﬂmh; ﬁiiiiiiﬁlicllllllllllllllllll

8.9.6 Revolution Pulse Selection

The NCT6776F / NCT6776D supports four RPM output of the pulses selection function for different type of FAN
which has the character of different pulses per revolution.The others could be set by HM register at Bank®6,
Index44, Bit1-0 for SYSFANIN; Bank6, Index45, Bit1-0 for CPUFANIN and Bank6, Index46, Bit1-0 for
AUXFANINO. All default value of pulse selection registers are 2 pulses of one revolution.

Setting description for “Pulse Selections Bits”:
00: 4 pulses per revolution
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01: 1 pulse per revolution
10: 2 pulses per revolution (default)
11: 3 pulses per revolution

8.9.7 Weight Value Control

The NCT6776F / NCT6776D supports weight value control for fan duty output By register configuration, the
results of weight value circuit can be added to the fan duty of SMART FAN™ | or IV and output to the fan. Take
CPUFANOUT for example, if SMART FAN™ IV is selected, CPUTIN is the temperature source, and weight value
control is enabled, SMART FAN™ IV will calculate the output duty, and weight value circuit will calculate the
corresponding weight value based on SYSTIN. As the SYSTIN temperature rises, its corresponding weight value
increases. Then, the two values will be summed up and output to CPU fan. In other words, the CPU fan duty is
affected not only by the CPUTIN but also the SYSTIN temperature.

Figure 8-16 SYS TEMP and Weight Value Relations shows the relation between the SYSTIN temperature and the
weight value. Tolerance setup is offered on each change point to avoid weight value fluctuation resulted from
SYSTIN temperature change. The weight value will increase by one weight value step only when the SYSTIN
temperature is higher than the point value plus tolerance. Likewise, the weight value decreases by one weight
value step only when the SYSTIN temperature is lower than the point value minus tolerance.

SYS WEIGHT
A
= SYS TEMP increase curve
= SYS TEMP decrease curve
SYS_ WEIGHT STEP x4+

SYS_WEIGHT STEP 3+

SYS_ WEIGHT STEP x2}-

SYS WEIGHT STEP x|

SYS_FC_BASE Change Point
} } } } } } } + » SYS TEMP
SYS_TEMP_BASE - Tol Tol - Tol Tol - Tol Tol - Tol Tol
l¢ ;IA ;IA J

€ >« >« »e
SYS_TEMP_STEP SYS_TEMP STEP SYS_TEMP _STEP SYS_TEMP STEP SYS_TEMP_STEP

Figure 8-16 SYS TEMP and Weight Value Relations

Table 8-5 Relative Register-at Weight Value Control

DESCRIPTION | TEMP BASE | FC_BASE | TEMP_STEP TEMFT’bsl‘_TEP— WE'G*F')T—STE
e e N e N - N N
e e N e N e N N
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Step Up Time
FAN CONTROL Index 03
Load Weighting Ste_IQ.Down
i ; ime
Default Configuration Index 04
Speed Register naex
Temperature Fanout Step
Source Select Index 20 [0]
Index 00 [4:0] Temperature
Step
Index 3A
MODE
SF4 Table Temperature Index 02 [7:4]
Index 21~ 24 Step Tolerance Tolerance
Index 27 ~ 2A Fndex 3B Index 02 [2:0]
Weight Step
L. Index 3C Enable Weighting
Critical and Temperature
Temperature Source Select
Index 35 Temperature Index 39
Base
Index 3D
Critical Temperature
Temperature Fan Duty Base Fan Control
Tolerance Weighting
Index 38 [2:0] Index 3E Duty Mode

Figure 8-17 Fan Control Weighting Duty Mode Programming Flow
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8.10 Alert and Interrupt

NCT6776F / NCT6776D supports 6 Temperature Sensors for interrupt detection depending on selective monitor
temperature source.

SMIOVT1 SMIOVT2 SMIOVT3 SMIOVT4 SMIOVT5 SMIOVT6
Temperature | Bank6, Bank®6, Bank6, Bank®6, Bank®6, Bank®é,
source index21 index22 index23 index24 index25 index26
select bit[4:0] bit[4:0] bit[4:0] bit[4:0] bit[4:0] bit[4:0]
default: default: default: default: default: default:
SYSTIN CPUTIN AUXTIN SYSTIN SYSTIN SYSTIN
Temperature | BankO, Bank1, Bank2, Bank®, Banké, Banké,
reading (2's | index27 index50 & | index50 & | index2B & | index2C & | index2D &
complement) index51 bit7 | index51 bit7 | index2E bit0 | index2E bit1 index2E bit2
Temperature | BankO, Bank1, Bank2, Bank®, Bank®, Bank®,
High Limit index39 index55 & | index55 & | index72 & | index77 & | index7C &
index56 bit7 index56 bit7 index74 bit7 index79 bit7 index7E bit7
Temperature | BankO, Bank1, Bank2, Bank®, Bank®, Bank®,
Low Limit index3A index53 & | index53 & | index73 & | index78 & | index7D &
index54 bit7 index54 bit7 index74 bit0 index79 bit0 index7E bit0

SMIOVT Relative Temperature Registers

8.10.1 SMI# Interrupt Mode

The SMI#/OVT# pin (pin.128) is a multi-function pin. It can be in HM_SMI# mode or in OVT# mode by setting
Configuration Register CR24h, bit 2. In HM_SMI# mode, it can monitor voltages, fan counts, or temperatures.

8.10.2 Voltage SMI# Mode

The SMI# pin can create an interrupt if a voltage exceeds a specified high limit or falls below a specified low limit.
This interrupt must be reset by reading all the interrupt status registers, or subsequent events do not generate
interrupts. This mode is illustrated in the following figure.

|
High limit N

Low limit

N

|
|
|
|
|
|
l
|
! Fan Count limit r\
[
|
|
|
|

SMI# u " M - u . SMI# u : ’7*
*Interrupt Reset when Interrupt Status Registers are read

Figure 8-18 SMI Mode of Voltage and Fan Inputs
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8.10.3 Fan SMI# Mode

The SMI# pin can create an interrupt if a fan count crosses a specified fan limit (rises above it or falls below it).
This interrupt must be reset by reading all the interrupt status registers, or subsequent events do not generate
interrupts. This mode is illustrated in the figure above.

8.10.4 Temperature SMI# Mode

The SMI# pin can create interrupts that depend on the temperatures measured by SYSTIN, CPUTIN, and
AUXTIN. These interrupts are divided into two parts, one for SYSTIN and the other for CPUTIN / AUXTIN.

8.10.4.1. Temperature Sensor 1 SMI# Interrupt (Default: SYSTIN)
The SMI# pin has four interrupt modes with Temperature Sensor 1.
(1) Shut-down Interrupt Mode

This mode is enabled by setting Bank0 Index 40h, bit 4 to one.

In this mode, the SMI# pin can create an interrupt when the current temperature rises above T or Shut-
down mode high limit temperature, and when the current temperature falls below Tyyst or Shut-down mode
low limit temperature. Once the temperature rises above To, however, and generates an interrupt, this mode
does not generate additional interrupts, even if the temperature remains above To,, until the temperature falls
below Thyst. This interrupt must be reset by reading all the interrupt status registers, or subsequent events do
not generate interrupts, except the first time current temperature rises above Shut-down mode high limit
temperature. This is illustrated in the following figure.

Shut-down mode /\ /\ /\

High Limit Temperature /i \/ \ \
Shut-down mode l
Low Limit Temperature |
|
i
HANEVAN
-\ |
| I
I |
|
|
|
|
|
|
|
|

ToL

THTST/
S I [ e [

* Interrupt Reset when Interrupt Status Registers are read

———

A DR R My

______7/

Figure 8-19 Shut-down Interrupt Mode

(2) Comparator Interrupt Mode

This mode is enabled by setting Thyst (Temperature Hysteresis) to 127°C. This mode is enabled by setting
BankO Index 40h, bit 4 to 0.

In this mode, the SMI# pin can create an interrupt as long as the current temperature exceeds To (Over
Temperature). This interrupt can be reset by reading all the interrupt status registers, or subsequent events
do not generate interrupts. If the interrupt is reset, the SMI# pin continues to create interrupts until the
temperature goes below To. This is illustrated in the figure below.

Publication Release Date: July 12, 2011
-79- Version: 1.2



NnNUvoTonN NCT6776F / NCT6776D

ThysT
127'C

Toi

SMI# SMI#
*Interrupt Reset when Interrupt Status Registers are read

Comparator Interrupt Mode Two-Times Interrupt Mode
Figure 8-20 SMI Mode of SYSTIN |

(3) Two-Times Interrupt Mode

This mode is enabled by setting Tyyst (Temperature Hysteresis) lower than T and setting Bank0 Index 4Ch,
bit 5 to zero. This mode is enabled by setting Bank0 Index 40h, bit 4 to 0.

In this mode, the SMI# pin can create an interrupt when the current temperature rises above T, or when the
current temperature falls below Thyst. Once the temperature rises above T, however, and generates an
interrupt, this mode does not generate additional interrupts, even if the temperature remains above To, until
the temperature falls below Tyyst. This interrupt must be reset by reading all the interrupt status registers, or
subsequent events do not generate interrupts. This is illustrated in the figure above.

(4) One-Time Interrupt Mode

This mode is enabled by setting Thyst (Temperature Hysteresis) lower than To and setting Bank0 Index 4Ch,
bit 5 to one. This mode is enabled by setting BankO Index 40h, bit 4 to 0.

In this mode, the SMI# pin can create an interrupt when the current temperature rises above To. Once the
temperature rises above To, however, and generates an interrupt, this mode does not generate additional
interrupts, even if the temperature remains above To, until the temperature falls below Tyyst. This interrupt
must be reset by reading all the interrupt status registers, or subsequent events do not generate interrupts.
This is illustrated in the following figure.

Tayst / U

SMI#

Toi m
L

*Interrupt Reset when Interrupt Status Registers are read

One-Time Interrupt Mode
Figure 8-21 SMI Mode of SYSTIN Il
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8.10.4.2. SMI# Interrupt of Temperature Sensor 2 (Default: CPUTIN) and Temperature Sensor 3
(Default: AUXTIN) and Temperature Sensor 4 (Default: SYSTIN) and Temperature Sensor 5 (Default:
SYSTIN) and Temperature Sensor 6 (Default: SYSTIN).

The SMI# pin has 3 interrupt modes with Temperature Sensor 2~6.
(1) Shut-down Interrupt Mode

This mode is enabled by BankO Index 40h, bit5 to one for Temperature Sensor 2; BankO Index 40h, bit6 to
one for Temperature Sensor 3; Bank6 Index 74h, bit1 to one for Temperature Sensor 4; Bank6 Index 79h,
bit1 to one for Temperature Sensor 5 and Bank6 Index 7Eh, bit1 to one for Temperature Sensor 6.

In this mode, the SMI# pin can create an interrupt when the current temperature rises above T or Shut-
down mode high limit temperature, and when the current temperature falls below Tyyst or Shut-down mode
low limit temperature. Once the temperature rises above To_, however, and generates an interrupt, this mode
does not generate additional interrupts, even if the temperature remains above To,, until the temperature falls
below Thyst. This interrupt must be reset by reading all the interrupt status registers, or subsequent events do
not generate interrupts, except the first time current temperature rises above Shut-down mode high limit
temperature. This is illustrated in the following figure.

Shut-down mode /\ /\ /\

High Limit Temperature /I \/ \ \
I
Shut-down mode :

Low Limit Temperature

ToL

THTST/
[ [ [ (0 (e [

* Interrupt Reset when Interrupt Status Registers are read

p——N—

<

______7/

Figure 8-22 Shut-down Interrupt Mode

(2) Comparator Interrupt Mode
This mode is enabled by setting BankO Index 4Ch, bit 6, to one.

In this mode, the SMI# pin can create an interrupt when the current temperature exceeds To (Over
Temperature) and continues to create interrupts until the temperature falls below Tyyst. This interrupt can be
reset by reading all the interrupt status registers, or subsequent events do not generate interrupts. This is
illustrated in the figure below.
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Two-Times Interrupt Mode

Figure 8-23 SMI Mode of CPUTIN

(3) Two-Times Interrupt Mode
This mode is enabled by setting Bank0 Index 4Ch, bit 6, to zero.

In this mode, the SMI# pin can create an interrupt when the current temperature rises above T or when the
current temperature falls below Tyyst. Once the temperature rises above T, however, and generates an
interrupt, this mode does not generate additional interrupts, even if the temperature remains above To, until
the temperature falls below Tyyst. This interrupt must be reset by reading all the interrupt status registers, or

subsequent events do not generate interrupts. This is illustrated in the figure above.

Table 8-6 Relative Register of SMI functions

SHUTDOWN COMPARATOR TWO-TIME ONE-TIME
MODE MODE INTERRUPT MODE | INTERRUPT
MODE
SMIOVT1 BankO0,Index40_Bit4 | Bank0,Index43 Bit4 | BankO,Index43_Bit4
(EN_WS=1) (TIN=0) (TIN=0) BankO0,Index43_
Bank0,Index43 BankO,Index3A Bank0,Index4C_Bit5 | Bit4
_Bit4(TIN=0) (Thyst = 8'h7F) (EN_T1_One =0) Bank0,Index4C_
Bank0,Index46 Bitd
_Bit3 (Shut = 0)
SMIOVT2 | BankO,Index40_Bit5 | BankO,Index43 Bit5 | BankO,Index43
(EN_WS=1) (TIN=0) Bit5(TIN=0)
S?EQFT(JI}I\IM(JG)ML Bank0,Index4C_ Bank0,Index4C_
I = Bit6 (T2T3_INT=1 i =
Bank0,Indexd6_ ( _ ) | Bit6 (T2T3_INT=0)
Bit 4 (Shut = 0)
SMIOVT3 | BankO0,Indx40_Bit6 | Bank0,Indx44_Bit5 | Bank0,Index44 _
(EN_WS=1) (TIN=0) Bit5(TIN=0)
Bank0,Indx44_ Bank0,Indx4C_ Bit6 | BankO,Indx4C_
Bit5(TIN=0) (T2T3_INT=1) Bit6 (T2T3_INT = 0)
Bank0,Index46_ Bit
5 (Shut = 0)
SMIOVT4 Bank6,Index74_Bit1 | Bank4,Index40_Bit0 | Bank4,Index40_Bit0
(EN_WS=1) (TIN=0) (TIN=0)
BankO0,Index4C_Bit6 | Bank0,Index4C_Bit6
=l
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Bank4,Indx40_ (T2T3_INT =1) (T2T3_INT =0)
BitO(TIN=0)

Bank4,Inex40_

Bit 3 (Shut = 0)

SMIOVT5 | Bank6,Index79_Bit1 | Bank4,Index40_Bit1 | Bank4,Index40_Bit1
(EN_WS=1) (TIN=0) (TIN=0)
Bank4,Index40_Bit1 | Bank0,Index4C_Bit6 | Bank0,Index4C_Bit6
(TIN=0) (T2T3_INT = 1) (T2T3_INT = 0)
Bank4,Index40_Bit4
(Shut = 0)

SMIOVT6 Bank6,Index7E_Bit1 | Bank4,Inex40_Bit2 Bank4,Inex40_Bit2
(EN_WS=1) (TIN=0) (TIN=0)
Bank4,Inex40 Bit2 | Bank0,Index4C_Bit6 | Bank0,Index4C_Bit6
(TIN=0) - (T2T3_INT =1) (T2T3_INT =0)
Bank4,Index40_Bit5
(Shut = 0)

Table 8-7 Relative Register of OVT functions
SMIOVT1 SMIOVT2 SMIOVT3

BankO,Index18 Bit6=0
(Enable OVT output)

Bank0,Index18 Bit4
0: Comparator Mode (def.)
1: Interrupt Mode

BankO, Index18 Bit0

0: Start to monitor the source
of SMIOVT1 temperature.

1: Stop monitoring the source
of SMIOVT1 temperature.

Bank1, Index52_Bit0

0: Start to monitor the source
of SMIOVT2 temperature.

1: Stop monitoring the source
of SMIOVT2 temperature.

Bank 0, Inedex4C_Bit 3

0: Disable SMIOVT2
temperature sensor over
temperature output

1: Enable SMIOVT2
temperature sensor over
temperature output

Bank 1, Index52_Bit 1
0: Comparator Mode
1: Interrupt Mode

Bank 1, Index52_Bit 3~4
Number of faults to detect
before setting OVT# output.

Bank2, Index52_Bit0

0: Start to monitor the source
of SMIOVT3 temperature.

1: Stop monitoring the source
of SMIOVT3 temperature.

Bank 0, Inedex4C_Bit 4

0: Disable SMIOVT3
temperature sensor over
temperature output

1: Enable SMIOVT3
temperature sensor over
temperature output

Bank 2, Index52_Bit 1
0: Comparator Mode
1: Interrupt Mode

Bank 2, Index52_Bit3~4

Number of faults to detect
before setting OVT# output.

SMIOVT4

SMIOVTS

SMIOVT6
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Bank6, Index28 Bit0

0: Start to monitor the source
of SMIOVT4 temperature.

1: Stop monitoring the source
of SMIOVT4 temperature.

Bank 6, Inedex74_Bit 2

0: Disable SMIOVT4
temperature sensor over
temperature output

1: Enable SMIOVT4
temperature sensor over
temperature output

Bank 6, Index28 Bit 1
0: Comparator Mode
1. Interrupt Mode

Bank 6, Index28 Bit3~4

Number of faults to detect
before setting OVT# output.

Bank®6, Index29_Bit0

0: Start to monitor the source
of SMIOVTS5 temperature.

1: Stop monitoring the source
of SMIOVT5 temperature.

Bank 6, Inedex79_Bit 2

0: Disable SMIOVT5
temperature sensor over
temperature output

1: Enable SMIOVT5
temperature sensor over
temperature output

Bank 6, Index29 Bit 1
0: Comparator Mode
1: Interrupt Mode

Bank 6, Index29 Bit3~4

Number of faults to detect
before setting OVT# output.

Bank®6, Index2A_Bit0

0: Start to monitor the source
of SMIOVT6 temperature.

1: Stop monitoring the source
of SMIOVT6 temperature.

Bank 6, Inedex7E_Bit 2

0: Disable SMIOVT6
temperature sensor over
temperature output

1: Enable SMIOVT6
temperature sensor over
temperature output

Bank 6, Index2A _Bit 1
0: Comparator Mode
1: Interrupt Mode

Bank 6, Index2A_Bit3~4

Number of faults to detect
before setting OVT# output.

8.10.5 OVT# Interrupt Mode

The SMI#/OVT# pin is a multi-function pin. It can be in SMI# mode or in OVT# mode by setting Configuration
Register CR[24h], bit 2 to one or zero, respectively. In OVT# mode, it can monitor temperatures, and OVT pin
could be enabled to OVT output by BankO Index 18h, bit 6 for Temperature Sensor 1(default: SYSTIN); Bank1
Index 52h, bit 1 for Temperature Sensor 2(default: CPUTIN); Bank2 Index 52h, bit1 for Temperature Sensor
3(default: AUXTIN); Bank6 Index 28h, bit1 for Temperature Sensor 4(default: SYSTIN); Bank6 Index 29h, bit1 for
Temperature Sensor 5(default: SYSTIN)and Bank6 Index 2Ah, bit1 for Temperature Sensor 6(default: SYSTIN).

The OVT# pin has two interrupt modes, comparator and interrupt. The modes are illustrated in this figure.

o N

/N

Thyst / U

OVT#
(Comparator Mode; default) | |
OVT# " " P
(Interrupt Mode) u u

*Interrupt Reset when Temperature sensor registers are read

Figure 8-24 OVT# Modes of Temperature Inputs

If BankO Index 18h, bit 4, is set to zero, the OVT# pin is in comparator mode. In comparator mode, the OVT# pin
can create an interrupt once the current temperature exceeds To and continues to create interrupts until the
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temperature falls below Tyyst. The OVT# pin is asserted once the temperature has exceeded To and has not yet
fallen below ThysT.

If BankO Index 18h, bit 4, is set to one, the OVT# pin is in interrupt mode. In interrupt mode, the OVT# pin can
create an interrupt once the current temperature rises above T or when the temperature falls below Tyyst. Once
the temperature rises above To, however, and generates an interrupt, this mode does not generate additional
interrupts, even if the temperature remains above To, until the temperature falls below Tyyst. This interrupt must
be reset by reading all the interrupt status registers. The OVT# pin is asserted when an interrupt is generated and
remains asserted until the interrupt is reset.

8.10.6 Caseopen Detection

The purpose of Caseopen function is used to detect whether the computer case has been opened and possible
tampered with. This feature must function even when there is no 3VSB power. Consequently, the power source
for the circuit is from either Pin 99 (VBAT) or Pin 85 (3VSB). 3VSB is the default power source. If there is no
3VSB power, the power source is VBAT. This is designed to save power consumption of the battery.

When the case is closed, CASEOPENO# or CASEOPEN1# (pin 100) must be pulled high by an externally pulled-
up 2MQ resistor that is connected to VBAT (pin 99). When the case is opened, CASEOPENO# or CASEOPEN1#
will be switched from high to low. Meanwhile, the detection circuit inside the IC latches the signal. As a result, the
interrupt status and the real-time status can be read at the registers next time when the computer is powered. The
CASEOPENO0# status will not be cleared unless CR[46h], bit 7, or CR[E6h] bit 5 at Logical Device A is set to “1”
first and then to “0”. The CASEOPEN1# status will not be cleared unless CR[46h], bit 6, or CR[EEh] bit 0 at
Logical Device A is set to “1” first and then to “0”.

CASEOPEN# I

CASEOPEN
CLEAR

CASEOPEN
STATUS

Figure 8-25 Caseopen Mechanism
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8.11 Power Measurement

R1
R2
Vin3
—_—
Power_V Is
| Rs |
Current 10
measurement
IC =
gain=Gm
RL1 Vin1

RL2

Figure 8-26 Power measurement architecture

This function will detect the voltage from current measurement IC on board and calculate the current and
power. Fig 8.26 is the architecture. Vin3 (\in3 = Power V x—__) and Vin1 (Vinl=Isx RsxGmx RL2) could
- R1+ R2

HM Register Note
Is Bank4 Index 60h & Index 61h Calculate by 1O
POWER Bank4 Index 62h & Index 63h Calculate by 10
VIN Bank4 Index 64h Given by user
Rre Bank4 Index 65h Given by user Rreg=Rs*RL2*Gm
Reg Ration_K | Bank4 Index 66h Given by user Reg_Ration_K = (R1+R2)/(R1)
Power_Volt_En | Bank4 Index 66h Given by user
POWER_V Bank4 Index 67h Calculate by 10 or given by user depend on
Power_Volt_En
Vinl BankO Index 24h Measure by 10
not over 2.048. We suggesttheratio _ Rl _ 1.
R1+R2 15
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9. HARDWARE MONITOR REGISTER SET

The base address of the Address Port and Data Port is specified in registers CR[60h] and CR[61h] of Logical
Device B, the hardware monitor device. CR[60h] is the high byte, and CR[61h] is the low byte. The Address Port
and Data Port are located at the base address, plus 5h and 6h, respectively. For example, if CR[60h] is 02h and
CR[61h] is 90h, the Address Port is at 0x295h, and the Data Port is at 0x296h.

Remember that this access is from the host CPU I/O address range. To conserve space in the crowded CPU 1/O
addresses, many of the hardware monitor registers are “banked” with the bank number located at BankO, index
04Eh.

9.1 Address Port (Port x5h)

Attribute: Bit 6:0 Read/Write , Bit 7: Reserved
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME DATA
DEFAULT 0 0 0 0 0 0 0 0
BIT DESCRIPTION

7 RESERVED.
6-0 READ/WRITE.

BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
Reserved Address Pointer (Power On default 00h)
(Power (8)” default | g A5 A4 A3 A2 A A0

9.2 Data Port (Port x6h)

Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME DATA
DEFAULT 0 0 0 0 0 0 0 0
BIT DESCRIPTION
7-0 Data to be read from or to be written to Value RAM and Register.

9.3 SYSFANOUT PWM Output Frequency Configuration Register — Index 00h (Bank 0)
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Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME PWM_CLK_SEL1 PWM_SCALE1
DEFAULT 0 0 0 0 0 1 0 0

The register is meaningful only when SYSFANOUT is progarmmed for PWM output (i.e., BankO, Index 04h, bit 0

is 0).
BIT DESCRIPTION
PWM_CLK_SEL1. SYSFANOUT PWM Input Clock Source Select. This bit selects the
7 clock source for PWM output frequency.
Refer the Divisor table.
PWM_SCALE1l. SYSFANOUT PWM Pre-Scale divider. The clock source for PWM
6-0 output is divided by this seven-bit value to calculate the actual PWM output frequency.
Refer the Divisor table.

The clock source selected by CKSEL will be divided by the divisor and used as a fan PWM output frequency.
If CKSEL equals 0, then the output clock is simply equal to 93.9/ (Divisor[6:0]+1) KHz
MappedDivisor depends on Divisor[6:0] and is described in the table below.

Divisor[6:0] | Mapped Divisor | Output Frequency | Divisor[6:0] ‘ Mapped Divisor ‘ Output Frequency
0000000 1 93.9KHz

0000001 2 46.95KHz

0000010 3 3LaKHz | e
0000011 4 23.47KHz

0000100 5 18.78KHz 0001111 16 5.86KHz
0000101 6 15.65KHz 0011111 32 2.93KHz
0000110 7 13.41KHz 0111111 64 1.46KHz
0000111 8 11.73KHz 1111111 128 734Hz

If CKSEL equals 1, then the output clock is simply equal to 1008/ Mapped Divisor Hz
MappedDivisor depends on Divisor[3:0] and is described in the table below.

9.4 SYSFANOUT Output Value Select Register — Index 01h (Bank 0)

Attribute: Read Only

Size:

Divisor[3:0] | Mapped Divisor | Output Frequency | Divisor[3:0] | Mapped Divisor | Output Frequency

0000 1 1008Hz 1000 12 84Hz

0001 2 504Hz 1001 16 63Hz

0010 3 336Hz 1010 32 31.5Hz
0011 4 252Hz 1011 64 15.75Hz
0100 5 201Hz 1100 128 7.875Hz
0101 6 168Hz 1101 256 3.94Hz
0110 7 144Hz 1110 512 1.97Hz
0111 8 126Hz 1111 1024 0.98Hz

8 bits
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BIT 7 6 5 4 3 2 1 0
NAME SYSFANOUT Value
DEFAULT FFh
FUNCTION MODE 7 6 5 4 3 2 1 0
PWM Output The PWM duty cycle is equal to this eight-bit value, divided by
(BankO, Index DESCRIPTION | 255, times 100%. FFh creates a duty cycle of 100%, and 00h
04h, bit 0is 0) creates a duty cycle of 0%.
DC Voltage SYSFANOUT voltage control. The output
Output Banko, voltage is calculated according to this
Index 04h, bit 0 is equation.
1) DESCRIPTION FANOUT Reserved
OUTPUT Voltage = Vref *
Note. VREF is approx 2.048V.
This register could be programmed by Bank1, Index 09

9.5 CPUFANOUT PWM Output Frequency Configuration Register — Index 02h (Bank 0)

Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME PWM_CLK_SEL2 PWM_SCALE?2
DEFAULT 0 0 0 0 0 1 0 0

The register is meaningful only when CPUFANOUT is programmed for PWM output.
BIT DESCRIPTION

PWM_CLK_SEL2. CPUFANOUT PWM Input Clock Source Select. This bit selects the
7 clock source for the PWM output.

Refer the Divisor table.

PWM_SCALE2. CPUFANOUT PWM Pre-Scale divider. The clock source for PWM
6-0 output is divided by this seven-bit value to calculate the actual PWM output frequency.
Refer the Divisor table.

The clock source selected by CKSEL will be divided by the divisor and used as a fan PWM output frequency.
If CKSEL equals 0, then the output clock is simply equal to 93.9/ (Divisor[6:0]+1) KHz
MappedDivisor depends on Divisor[6:0] and is described in the table below.

Divisor[6:0] | Mapped Divisor | Output Frequency | Divisor[6:0] ‘ Mapped Divisor ’ Output Frequency
0000000 1 93.9KHz

0000001 2 46.95KHz

0000010 3 3L3KHZ | e
0000011 4 23.47KHz

0000100 5 18.78KHz 0001111 16 5.86KHz
0000101 6 15.65KHz 0011111 32 2.93KHz
0000110 7 13.41KHz 0111111 64 1.46KHz
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Divisor[6:0] | Mapped Divisor | Output Frequency | Divisor[6:0] | Mapped Divisor | Output Frequency
0000111 8 11.73KHz 1111111 128 734Hz

If CKSEL equals 1, then the output clock is simply equal to 1008/ Mapped Divisor Hz
MappedDivisor depends on Divisor[3:0] and is described in the table below.

Divisor[3:0] | Mapped Divisor | Output Frequency | Divisor[3:0] | Mapped Divisor | Output Frequency

0000 1 1008Hz 1000 12 84Hz

0001 2 504Hz 1001 16 63Hz

0010 3 336Hz 1010 32 31.5Hz
0011 4 252Hz 1011 64 15.75Hz
0100 5 201Hz 1100 128 7.875Hz
0101 6 168Hz 1101 256 3.94Hz
0110 7 144Hz 1110 512 1.97Hz
0111 8 126Hz 1111 1024 0.98Hz

9.6 CPUFANOUT Output Value Select Register — Index 03h (Bank 0)

Attribute: Read Only
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME CPUFANOUT Value
DEFAULT 7Fh
FUNCTION MODE 7 6 5 4 3 2 1 0

CPUFANOUT PWM Duty. The PWM duty cycle is equal to
PWM Output DESCRIPTION | this 8-bit value, divided by 255, times 100%. FFh creates a
duty cycle of 100%, and creates a duty cycle of 0%.

This register could be programmed by Bank2, Index 09

9.7 SYSFANOUT Configuration Register | — Index 04h (Bank 0)

Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME RESERVED SYSFANOUT_SEL
DEFAULT 0 0 0 0 0 0 0 1
BIT DESCRIPTION
7-1 Reserved.
SYSFANOUT Output Mode Selection.
0 0: SYSFANOUT pin produces a PWM duty cycle output.
1: SYSFANOUT pin produces DC output. (Default)

9.8 Reserved Register — Index 05h ~ OFh (Bank 0)

Publication Release Date: July 12, 2011
-90- Version: 1.2



NnNUvoTonN NCT6776F / NCT6776D
I —

9.9 AUXFANOUT PWM Output Frequency Configuration Register — Index 10h (Bank 0)

Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME PWM_CLK_SEL3 PWM_SCALE3
DEFAULT 0 0 0 0 0 1 0 0

This register is only meaningful when AUXFANOUT is programmed for PWM output (i.e. Bank0, Index 12h, bit O

is 0)
BIT DESCRIPTION
PWM_CLK_SEL3. AUXFANOUT PWM Input Clock Source Select. This bit selects the
7 clock source of PWM output frequency.

Refer the Divisor table.

PWM_CLK_SCALE3. AUXFANOUT PWM Pre-Scale divider. The clock source for PWM
6-0 output is divided by this seven-bit value to calculate the actual PWM output frequency.
Refer the Divisor table.

The clock source selected by CKSEL will be divided by the divisor and used as a fan PWM output frequency.
If CKSEL equals 0, then the output clock is simply equal to 93.9/ (Divisor[6:0]+1) KHz
MappedDivisor depends on Divisor[6:0] and is described in the table below.

Divisor[6:0] | Mapped Divisor | Output Frequency | Divisor[6:0] ‘ Mapped Divisor ‘ Output Frequency
0000000 1 93.9KHz

0000001 2 46.95KHz

0000010 3 3LaKHz | e
0000011 4 23.47KHz

0000100 5 18.78KHz 0001111 16 5.86KHz
0000101 6 15.65KHz 0011111 32 2.93KHz
0000110 7 13.41KHz 0111111 64 1.46KHz
0000111 8 11.73KHz 1111111 128 734Hz

If CKSEL equals 1, then the output clock is simply equal to 1008/ Mapped Divisor Hz
MappedDivisor depends on Divisor[3:0] and is described in the table below.

Divisor[3:0] | Mapped Divisor | Output Frequency | Divisor[3:0] | Mapped Divisor | Output Frequency

0000 1 1008Hz 1000 12 84Hz

0001 2 504Hz 1001 16 63Hz

0010 3 336Hz 1010 32 31.5Hz
0011 4 252Hz 1011 64 15.75Hz
0100 5 201Hz 1100 128 7.875Hz
0101 6 168Hz 1101 256 3.94Hz
0110 7 144Hz 1110 512 1.97Hz
0111 8 126Hz 1111 1024 0.98Hz

9.10 AUXFANOUT Output Value Select Register —Index 11h (Bank 0)
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Attribute: Read Only
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME AUXFANOUT Value
DEFAULT FFh
FUNCTION MODE 7 6 5 4 3 2 1 0

AUXFANOUT PWM Duty Cycle. The PWM duty cycle is equal
PWM Output DESCRIPTION | to this 8-bit value, divided by 255, times 100%. FFh creates a
duty cycle of 100%, and 00h creates a duty cycle of 0%.

This register could be programmed by Bank3, Index 09

9.11 Reserved Register —Index 12-17h (Bank 0)

9.12 OVT# Configuration Register — Index 18h (Bank 0)

Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
BIT RESERVED | DIS_OVT1 | RESERVED | OVT1_Mode RESERVED STOP
DEFAULT 0 1 0 0 0 0 0 0
BIT DESCRIPTION
7 Reserved.
DIS OVT1.

6 0: Enable SMIOVT1 OVT# output. (Default)

1: Disable temperature sensor SMIOVT1 over-temperature (OVT#) output.
5 Reserved.

OVT1l _Mode. SMIOVT1 Mode Select.

4 0: Compare Mode. (Default)

1: Interrupt Mode.

3-1 Reserved.

STOP.

0 0: Monitor SMIOVT1 temperature source.

1: Stop monitoring SMIOVT1 temperature source.

9.13 Reserved Registers — Index 19h ~ 1Fh (Bank 0)

9.14 Value RAM —Index 20h ~ 3Fh (Bank 0)

ADDRESS A6-A0 DESCRIPTION
20h CPUVCORE reading
21h VINO reading
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ADDRESS A6-A0 DESCRIPTION
22h AVCC reading
23h 3VCC reading
24h VIN1 reading
25h VIN2 reading
26h VIN3 reading
27h SMIOVT1 temperature source reading.
2Bh CPUVCORE High Limit
2Ch CPUVCORE Low Limit
2Dh VINO High Limit
2Eh VINO Low Limit
2Fh AVCC High Limit
30h AVCC Low Limit
31h 3VCC High Limit
32h 3VCC Low Limit
33h VIN1 High Limit
34h VIN1 Low Limit
35h VIN2 High Limit
36h VIN2 Low Limit
37h VIN3 High Limit
38h VIN3 Low Limit
39h SMIOVT1 temperature sensor High Limit
3Ah SMIOVT1 temperature sensor Hysteresis Limit

9.15 Configuration Register — Index 40h (Bank 0)

Attribute: Read/Write
Size: 8 bits
BIT 7 6 5 4 3 2 1 0
NAME INITIALIZATION | EN_WS2 | EN_WS1 | EN_WS [ INT_CLEAR | RESERVED | SMI#ENABLE | START
DEFAULT 0 0 0 0 0 0 1 1
BIT DESCRIPTION
7 Initialization. A one restores the power-on default values to some registers. This bit
clears itself since the power-on default of this bit is zero.
Output type of SMIOVTS3:
6 1: SMI# output type of SMIOVT Source3 temperature (Default: AUXTIN) is S