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STFPC320

Front panel controller/driver with standby
power management and real-time clock

Features

m IC front panel VFD controller driver
m Standby power management to the host

m 3.3V (Vpp) and downto -30 V (Vgsg)
supply for the IC

m |R remote control decoder
(Philips, NEC, Thomson, Sony, Matsushita)

m Multiple display modes
(12 seg. and 16 digits to 20 seg and 8 digits)

m High voltage outputs (Vpp - 33.3 V max)

m No additional external resistors required for
driver outputs (P-CH. open drain + pull-down
resistor outputs)

m Key scanning (up to 12 x 2 matrix = 24 keys)
m LED ports (4 channels 20 mA max each)

m Serial I°C interface (SCL, SDA)
communication protocol b

m Operating speed: up to 400 kHz for 12C

Programmable hotkeys for IR remote control
command and KEYSCAN command

Low power consumption in standby mode
Dimming circuit (8 steps)

Real-time clock (accuracy + 25 secs/month)
Wake-up alarm

Internal oscillator with external crystal for RTC
Available in PQFP-52 package (0.65 mm pitch

Applications

m VCR, DVD and personal video recorders

m Home theatre with clock feature, STB and HTiB
(home theater in a box)

Description

The STFPC320 is designed to integrate the VFD
driving, key-scan matrix, LED driving, infrared (IR)
remote control decoding and real-time clock
(RTC) into one integrated solution. All the
functions are programmable using the 1°C bus.

Low power consumption is achieved during
standby operation. The STFPC320 provides the
standby power management to the main chipset.

The STFPC320 is housed in a 52-pin PQFP
package. The pin assignments and application
circuit are optimized for an easy PCB layout and
cost saving advantages.

Table 1. Device summary
Order code Operating temperature Package Packaging
STFPC320 -40°C to 85°C PQFP-52 Tape and reel

July 2008 Rev 2 1/78

www.st.com



Contents STFPC320

Contents
1 Device block diagram ............ ..., 9
2 Functionaldiagram ............ ..o iiinaaaanns 10
3 Pinsettings ........ciiiiiiiiii i i et i iae e annns 11
3.1 Pinconnection . ... ... . e 11
3.2 Pindescription .. ... .. 12
4 Functional description ............ ... 13
41 Reset ... 13
42  ColdbootUp ..o 14
4.3 Entering standby mode . ... .. 15
4.4 WaKe-UD . .ottt 16
4.5 Interrupts/events handling by STFPC320 . ... ..................... 17
4.6 Ready pin . ... 17
4.7 MUtE PIN 18
4.8 Keyscan matrix/frontpanel keys . ........... .. .. . i, 18
4.9 LED ports & ot e 18
410 Display ... e 18
4.10.1 Normaldisplay ... ... 18
410.2 RTCisplay . ... 18
411 Remote controldecoder . ........ ... ... . . 19
412  PIN_ AV . 19
413 Default state upon power-up ... 19
414 Initialstate . ... 20
5 Operating statediagram ...t 21
6 Real-time clock (RTC) operation ................cciiiiiinan. 22
6.1 Real-timeclock .. ... .. 22
6.2  2-wirebuscharacteristics . ........ ... ... 22
6.3  Watchdogtimer . ....... . . . . 24

2/78 ‘ﬁ




STFPC320 Contents
6.4 Real-time clock (RTC) ... 24

6.4.1 Reading the real-timeclock ........ ... .. ... . . . . . .. 25

6.4.2 Writing to the real-timeclock . ..... ... . ... ... . .. . . L 25

6.5 Registertable for RTC . ... ... e 26

6.6  Setting alarm clock registers . ...... ... .. 27

6.7 Calibratingtheclock ....... .. ... . 28

6.8 Squarewave output ... ... ... 30

6.9 Century bits .. ... . 31

6.10 Oscillator stop detection . ......... ... 31

6.11 Initial power-ondefaults . ...... ... ... . . .. . . e 32

7 Commands . .......oii ittt i e 33
7.1 Configuration mode settingcommand . ............ . ... ... .. .... 33

7.2 Data settingcommand . ... ... . i 36

7.3 Display control and hotkey settingcommand . ..................... 38

7.4 Example for device configuration .......... ... ... . . L 41

8 KeymatriX ........cciiiiiiiiiiii ittt ittt nnnnnnnnnnnnnnns 42
8.1 Keyread SEQUENCE . . . . ..ottt e 43

9 I o o ] o 44
9.1 Writingto LED sequence . ........ ... .. . . 44

10 SWdata ..........iiiiiii i i e e 45
10.1  Reading switchsequence ......... ... ... . . . . i 45

11 Address settingcommand .................. i iiiai 46
11.1 RTCdisplaydataread ......... ... ... i 46

11.2 Display (normal & RTC) datawrite .. ......... ... ... ... . ... .. 46

12 Normal display memory locations ................ ..., 47
13 Configurationdata ............ ... 48
14 Interruptflags ..........cciiiiiiii i i e 50
ST 3/78




Contents STFPC320
15 Remote controlprotocols . .......... ..., 51
15.1 Decoded and RAW formats ......... ... .. ... 51

15.2 Sending IR data on PCinterface ... ... 51

15.3 Philips RC-5 remote control protocol . ......... ... ... ... ...... 52

15.3.1 RC-5dataindecodedformat.......... ... ... ... ... . .. .. ... 53

156.3.2 RC-5datain RAWformat .......... ... ... ... .. i, 53

15.4 NEC remote control protocol . ....... ... .. ... . . i 54

15.41 NECindecodedformat .......... ... . ... . i, 55

1542 NECIinRAWformat ....... ... ... . i 55

15.5 Sony remote control format .......... ... ... . . .. 56

15.5.1 Sonyindecodedformat .............. ... ... .. . .. i, 57

1552 SonyinRAW format ........ ... . ... ... 57

15.6  Matsushita remote control format ... ........ . ... L. 58

15.6.1 Matsushitaindecoded format ....... ... ... ... . ... . L. 59

15.6.2 Matsushitain RAW format .. ... ... . ... . 60

15.7 R2000 remote control format . ..... ... ... ... ... .. . ... . . .. 61

15.7.1 R2000indecoded format ........... ... ... ... . . . ... 62

15.7.2 R2000in RAW format . ....... ... . . 62

156.8 RCAremote control format . .. ......... . ... . . 63

15.8.1 RCAindecodedformat ........ ... ... . ... . .. 64

15.8.2 RCAINRAWformat . ... 64

16 Serial communicationformat . .................. ... .. . ... 65
17 Electrical characteristics ...............c i, 68
17.1  Absolute maximum ratings . .......... . 68

17.2 Recommended operating conditions . ............ ... . ... .. .. ... 68

17.3 Power consumption estimation . . ........... .. ... ... . 69

17.4  Electrical specifications . ....... ... ... . . 70

17.5 Crystal electrical characteristics . . ......... ... .. ... .. .. . .. ... 71

17.6  Oscillator characteristics . ........ .. ... . . i 71

17.7 Timing characteristics . ........... . 72

17.8 Switching characteristics . .......... ... . . . 73

18 STFPC320 typical application circuit .......................... 74
4/78 ‘ﬁ




STFPC320 Contents

19 Package mechanicaldata ..................iiiiiiiiinnnn. 75

20 Revision history ...........c it i i nnans 77

IS74 5178




List of tables STFPC320

List of tables

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

Table 10.
Table 11.
Table 12.
Table 13.
Table 14.
Table 15.
Table 16.
Table 17.

Table 18.
Table 19.
Table 20.

Table 21.
Table 22.
Table 23.

6/78

DeVICE SUMMAIY . . o ottt e e e e e e e 1
Pin desCription . . ... e 12
Default state . ... ... 19
Register table for RTC . .. ... e 26
Alarm repeat MOTES . . . . oo 27
Square wave output freqUENCY . . . . . .. e 30
Century bits. . ..o 31
Initial power-on default values of theregisters . .. .. ... ... 32
Data write command. b5b4: 00 . ... ... ... 36
Dataread 1 command. b5 b4:10. .. ... ... e 36
Dataread 2command. b5 b4: 11 ... ... 36
Display RAM address and display mode .. ... . . i 47
Sony remote control format . ....... ... e 56
Matsushita remote control format. .. ... . . 59
Absolute maximum ratings (TA=25°C,GND =0V) ... . oo, 68
Recommended operating conditions (Tp =-20to +70°C, GND=0V) ................ 68

Electrical specifications

(To=-20t0 +70 °C, Vpp=3.3V,GND =0V, Vgg = Vpp —33.3 V)70

Crystal electrical characteristics . . ... ... i 71
Oscillator characteristics. . . . . ..o 71
Switching characteristics

(Ta=-20to +70 °C, Vpp = 3.3V, Vgg = -30V)73

Switching characteristics (Tp = -20 to +70 °C, Vpp =3.3V, Vgg=-30V) ... .. ......... 73
PQFP52 (10 x 10 x 2 mm) mechanicaldata. ... ......... ... ... ... i, 76
Document revision history .. .. ... . 77

[S7i




STFPC320 List of figures

List of figures

Figure 1. STFPC320 block diagram. . .. ... ... e e e 8
Figure 2.  Functional diagram . . ... .. e 9
Figure 3. Pin connection (10p VIEW) . . . . .ottt e e e 10
Figure 4.  Power-up behaviour . . ... e 13
Figure 5.  Standby mode behaviour . . .. ... .. e e 14
Figure 6. WaKe-Up . . ..ot e e 15
Figure 7. Interrupts/events handling .. ... ... e e 16
Figure 8.  Operating state diagram . . . . ... ... e 20
Figure 9.  Serial bus data transfer sequence .. ........ ... i e 22
Figure 10. Acknowledgement SEQUENCE . . . . .. ..ottt e 22
Figure 11. Alarm interrupt reset waveform. . . .. ... .. . e 26
Figure 12. Crystal accuracy across temperature . . . ... .t i 28
Figure 13. Calibrating waveform . ... .. e e 28
Figure 14. First byte format after configurationbyte .. ... ... ... . . . o i i 33
Figure 15. Second byte format after configurationbyte. .. ... ... oo i i 34
Figure 16. 14-segment + dotpointdisplay . . ... o 38
Figure 17. Front panel hotkeys configuration. .. ... . . . i e 39
Figure 18. Key matrix and key-input data storage RAM . . . ... oo 41
Figure 19. LED byte format . . ... ... i e 43
Figure 20. LED byte format . . ... .. e e 44
Figure 21. Configuration databytes. . . ... .. o i e 47
Figure 22. Configuration data bytes (continued) . .. ... ... . i 48
Figure 23. Interrupt byte format . . .. ... . o e 49
Figure 24. IR dataformat. ... ... ..o e 50
Figure 25. Bi-phase CodiNg . .. ..ot e e 51
Figure 26. RC-5 protocol frame . .. ..o e e 51
Figure 27. Example of RC-5 transmission . . . .. ... .. e 51
Figure 28. RC-5 data structure in decoded format. ... ... ... ... . 52
Figure 29. RC-5datastructureinraw format. . ........ ... . 52
Figure 30. Pulse distance modulation . ... ... .. . . e 53
Figure 31. The transmitted waveform for NEC protocol. . . ........ .. .. . it 53
Figure 32. - NEC data structure indecoded format . . .. ... ... i 54
Figure 33. NEC data structureinraw format . .. ... ... . e 54
Figure 34. Output code waveform timing definitions .. ......... ... ... .. . . i i 55
Figure 35. Sony data structure in decoded format. . ........ ... . 56
Figure 36. Sony data structureinraw format. .. ... ... ... . e 56
Figure 37. Matsushita remote control protocol. . . ... ... 57
Figure 38. Matsushita data structure indecoded format . . ........ ... .. ... .. ... . . . ... 58
Figure 39. Matsushita data structureinrawformat . ........ .. ... ... . .. . . . L. 59
Figure 40. Thomson R2000 remote control protocol .. ... ... e 60
Figure 41. R2000 data structure indecoded format ........... ... ... .. . . .. 61
Figure 42. R2000 data structureinraw format . .......... .. . . . 61
Figure 43. Thomson RCA remote control protocol ... ... ... ... . . .. 62
Figure 44. RCA data structure indecoded format. ... ... ... .. .. . i 63
Figure 45. RCA datastructureinraw format. .. ... . .. . i e 63
Figure 46. Complete datatransfer. . ... ... . i e 64
Figure 47. Valid data changesonthe SDAbus. ... ... .. .. . i 64
Figure 48. Valid start and stop conditions . .. ... .. 64

IS74 7178




List of figures STFPC320

Figure 49.
Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.

8/78

Acknowledge response from receiver. .. ... ... e 64
Bus timing requirements SEQUENCE . . .. . ..ot e 65
Slave address location . . . ... ..o 65
Read mode seqUeNCE. . . . . ..o 65
Alternative READ Mmode SEQUENCE . . . .. .o oottt e 66
WRITE MOde SEQUENCE . . . . .ottt e e e e e e et e 66
Key scanning and display timing . . .. ... e 71
Typical application CIrCUIt . . . ... ..ot e 73
PQFP52L package outline . . ... .. ot 74

J




STFPC320 Device block diagram

1 Device block diagram

Figure 1. STFPC320 block diagram
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Functional diagram
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Functional diagram

Figure 2. Functional diagram
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STFPC320 Pin settings

3 Pin settings
3.1 Pin connection
Figure 3. Pin connection (top view)
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Note: For a description of each pin behaviour, please refer to the STFPC320 Table 2: Pin

description on page 12
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Pin settings

STFPC320

3.2 Pin description
Table 2. Pin description
Pin N° Name Type Description
1 OSC IN Connect to an external resistor of value 33 kQ £ 1%
2 SWi1 IN General purpose switch input port.
3 Sw2 IN General purpose switch input port.
4 MUTE ouT High level means mute status for.audlo.
Low level stands for normal working.
5 STRY ouT Pin to control power to the main t?oard. ngh Igvel means standby status.
Low level stands for normal working. Active high.
6, 38 VDD SUPPLY | 3.3 V £ 10%. Core main supply voltage.
7 XIN IN Oscillator input pin. 32.768 KHz crystal.
8 XOuT OUT | Oscillator output pin. 32.768 KHz crystal.
9 GND SUPPLY | Connect this pin to system GND.
10,11 KEY1, KEY2 IN Input data to thesg pins from extern_al kgyboard are latched at end of the
display cycle (maximum keyboard size is 12 x 2).
12 READY IN High level on this pin means that main board chip has been working
normally. Connect an external pull down resistor of 10kQ on this pin.
13 IR_DATA_IN IN Remote control input. Connect to IR photodiode.
SEG1/KS1 to . .
1410 25 SEG12/KS12 OUT | Segment output pins (dual function as key source).
26 VSS SUPPLY | VED outputs high voltage pull-down level. VDD- 33.3 V max.
SEG13/GRID16 . o
2710 34 to SEG20/GRID9 OUT | These pins are selectable for segment or grid driving.
35-37 | GRID8 to GRID6 | OUT |Grid output pins.
39 RESET_N IN Active low reset input.
40-44 | GRID5 to GRID1 OUT | Grid output pins.
45 SDA IN/OUT | Serial data in/out. Connect to 3.3 V through an external pull-up resistor.
46 SCL IN Serial clock input. Connect to 3.3 V through an external pull-up resistor.
A rising edge transition on this input will signal wake-up operation. This
47 PIN_AV8 IN signal comes from the SCART interface. The micro processor can use this
signal to start the recording or take other actions.
48 IRQ_N/SQW ouT Interrupt/square wave Qutput (open drain). A pull up resistor of 10 kQ must
be connected on this pin.
49, 50, LED4, LEDS, .
51,52 LED2, LED1 OUT | CMOS sink outputs (20 mA max).
12/78 1S7]




STFPC320

Functional description

4

4.1

Functional description

The STFPC320 integrates the supply standby management functionality, remote control
decoder, a 28-bit VFD driver and a real-time clock (RTC). This device is meant to reduce the
standby power consumption of the whole front panel application and also to reduce
hardware/cost by integrating the above mentioned functions in a single chip.

By utilizing the standby function, the host processor and other ICs could be turned off, thus
reducing the system power consumption. The STFPC320 is able to wake-up the system
when programmed hotkeys are detected to signal that the full operation of the system is
required. The hotkeys could be entered to the system through the front panel keys or
through the infrared (IR) remote control. STFPC320 supports multiple remote control
protocols decoding by setting the appropriate register.

The integrated 28-bit VFD driver can drive up to 16 digits of display. Controlling of the
display is done through writing to a internal RAM. The 4 LED drivers allow indication of
operation of the system. 2-wire serial interface (I°C) completes the interfacing part between
host processor and STFPC320.

The STFPC320 integrates a a low-power serial RTC with a built-in 32.768kHz oscillator
(external crystal controlled). Eight bytes of the SRAM are used for the clock/calendar
function and are configured in binary coded decimal (BCD) format. An additional 12 bytes of
SRAM provide status/ control of alarm, watchdog and square wave functions. Addresses
and data are transferred serially via a two line, bidirectional I°C interface. The built-in
address register is incremented automatically after each WRITE or READ data byte.

Functions available to the user include a non-volatile, time-of-day clock/calendar, alarm
interrupts, watchdog timer and programmable Square Wave output. The eight clock address
locations contain the century, year, month, date, day, hour, minute, second and
tenths/hundredths of a second in 24 hour BCD format. Corrections for 28, 29 (leap year -
valid until year 2100), 30 and 31 day months are made automatically.

Reset

Reset is an active low input signal to the STFPC320. A negative pulse input on RESET_N
pin resets the STFPC320. Electrical specifications of this pin are identical to that of the logic
input pin.

Upon power-up, an internal power on reset circuit resets the whole chip. This occurs when
Vpp is ramping up (at approximately 2.7 V) and the whole chip is initialized within 4 ps. This
time is much lesser than the typical Vpp ramp-up time. It is recommended to tie the
RESET_N pin permanently by a pull-up resistor to Vpp if reset to STFPC320 is not desired
during normal operation. For an initialization on power-up, a power-on-reset in STFPC320 is
sufficient to reset the entire STFPC320.

As soon as the 3.3 V supply to the chip is stable, the 1°C bus of the STFPC320 is ready for
communication.
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4.2

Note:
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Cold boot up

When power is first applied to the system, the STFPC320 will be reset. It will then manage
the power to the main board by bringing the STBY pin to a low level. This will wake-up the
main processor which will assert the READY pin to a high level to indicate to STFPC320 of a
proper boot-up sequence.

If the microprocessor does not assert the READY pin to a high within 10s, the STFPC320
will cut off the power to the Host by asserting the STBY pin. The high level on READY pin
signifies that the processor is ready. After this, the processor can configure the STFPC320
by sending the various 1°C commands for configuration of display, RC protocol, RTC display
mapping, hot-keys.

The power-up behavior in 2 conditions is shown in the Figure 4.

Figure 4. Power-up behaviour

1a) Powsr-Up Condition (Normal behavior)

VDD to STFRCI20 _/

Intermal POR ———
L Guard timer counts up to 108

STBY —l
READY |
MUTE |

READY asserts within 10s which is the desired
behavior, processor is active and nat hung

1b} Power-Up Condition (Processor not responding

VDD to STFPC320 Iy
I
Internal POR _‘ Iﬂuunt over
=

Guard timer counts up to 10s

STBY
o

Due to abnormality in the processor, READY did not
change state, leading to STBY aszsertion

Guard timer is turned off by default upon READY assertion.

If the guard timer is to be kept on during READY high condition, the guard timer registers
must be set accordingly by proper commands through PC bus.

In this power-up condition, the guard timer is triggered by internal POR pulse.
During power-up, the guard timer value is 10s.
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STFPC320 Functional description

4.3 Entering standby mode

The STFPC320 will control the power to the main board using the STBY pin. During normal

operation, the STBY pin is at a low level which externally controls a power MOS switch to

enable power to the main board. The STFPC320 asserts the STBY pin to a high when any

one of the following conditions occur:

® Processor fails to respond by enabling the READY pin within 10 s upon first power-up
(cold boot up)

® Guard timer counts downto 0 s

® Processor makes the READY pin to low (can happen in various conditions, such as
user presses STBY key on front panel, STBY key on remote control, etc.)

Figure 5. Standby mode behaviour

| WET-| Jal ndi WO
READY—
MUTE
I
I
STBY :
| 2us |
*+ -

Guard timer is not required hare

b)) Power-Down Condition (Abnomal bahavior of processes)

o L READY continues to remain high
A__
MUTE '
STBY

In this case the READY remains high and as long as
READY is high, the MUTE is low and STBY is low.

Note: 1  Guard timer can be kept on during normal condition when READY is high (depending on the
user).

2 Inthis condition, the guard timer can be disabled or enabled. If the guard timer is enabled,
the timer needs to be cleared before the programmed count of the timer is reached. If the
programmed count is reached, the STBY will be asserted.

3 Itis advisable not to enable the guard timer during normal operation.
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4.4

Note:
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Wake-up

The STFPC320 can wake-up from any one of the following sources:

® Front-panel keys

® Remote-control keys

® Real-time clock (RTC) in 3 conditions (alarm, watchdog timer, oscillator fail)
® External pin PIN_AVS8 (only by a low-to-high transition on this pin)

Figure 6. Wake-up

3a) Standby Condition (* havi

Hot key command from IR
or Key pad or RTC or PIN_AVE for wake up  Guard timer riggers

STBY ¢
_|

READY |
MUTE READY asserts within programmed timer value (15-15s)

ab) Standby Condition (Abnormal behavicr, processor is not responding)

Haot key command from IR Guard timer Signals STBY after
or Key pad or RTC or PIN_AVE for wake up Iriggers guard fimer count is over

v
L

5TRY

READY
MUTE

When the hot-key is detected either from front-panel or remote control or RTC or from a low-
to-high transition on PIN_AV8 pin during standby, the STBY pin de-asserts.

The de-assertion of the STBY triggers the guard timer.

The timer value is the programmed value by the user (1-15s). If the user did not change the
value before entering standby, then it remains 10s.

Also note that the guard timer is off when the STFPC320 is in the standby mode.

Guard timer is thus triggered by a de-assertion of the STBY signal or by internal power on
reset signal.

J




STFPC320

Functional description

4.5

4.6

Interrupts/events handling by STFPC320

The STFPC320 interrupts the Host by pulling the IRQ_N/SQW pin to a low-level both in
normal mode of operation and during wake-up. The interrupt is enabled by STFPC320 when
any of the conditions occur:

® Front panel key press in normal operation or during system standby state

® Remote control key press in normal operation or during system standby state

® A low-to-high transition on the external pin, PIN_AV8

® Real-time clock triggers (alarm, watchdog timer, oscillator fail)

The IRQ_N/SQW is an active low level signal and is cleared only after the interrupt buffer is
read. After reading the interrupt buffer, the Host will know the actual source of the interrupt.
This allows the Host to exactly know the event which caused the interrupt (e.g STBY key on
the front panel). The interrupt signal is used to inform the Host of any events detected by the
STFPC320. Note that the IRQ_N/SQW pin is an open-drain pin which requires an external
pull-up resistor.

Figure 7. Interrupts/events handling

Key-press from Front panel or Remote Conirol or
RTC trigoers or PIN_AVE low to high transition (in
Mormal Mode or Standby Mode)

!

IRQ_N/SQW

Reading of the interrupt buffer clears the IRD_MN/SCW pin

Ready pin

The STFPC320 supports cutting-off power to the main board for standby operation for good
power management. STBY will be set to high when the READY transitions from high to low.
During a cold boot up or wakeup from standby, if the READY pin stays low, the STFPC320
will assert the STBY when the guard timer has finished counting down to 0.

When the READY drops to a low, MUTE goes high immediately and soon after (2 ps) the
STBY is asserted.

In the normal mode of operation, when READY is a high, the STBY is asserted only when
the guard timer is enabled and has finished counting down to 0. This is meant to put the
system into standby as the READY pin was stuck at high and the guard timer register was
not cleared before it finished counting down to 0. It is advised to disable the guard timer
during normal operation.
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Mute pin

The MUTE pin is set to logic high to mute the audio output before power is cut to the host
processor. In wakeup mode, the MUTE pin is set to logic low to enable the audio output
immediately after the high assertion of the READY pin. In general, MUTE follows READY pin
with an inverted polarity. This pin is used to prevent pop-up sound during power-up and
power-down states.

Keyscan matrix/front panel keys

The key scan matrix on the STFPC320 helps to pass command from the front panel to the
host processor through the SDA pin on STFPC320. The STFPC320 can be programmed to
wake-up the system from standby using any of the 24 keys pressed on the front panel.
These wake-up keys are also referred to as hot-keys.

LED ports

4 LED displays are supported by the STFPC320. Turning on or off of the LED is done by
issuing write command to the LED port. After reset, the LEDs are off. Note that the LED
outputs sink the current, so the cathode of the diode must be connected to the LED pins of
STFPC320.

Display

The display is divided into two sections, Normal and real-time clock (RTC).

Normal display

The VFD display is configurable for displays from 8 digits/20 segments to 16 digits/12
segments. The VFD display can be configured to be either in the normal VFD mode or in the
RTC mode. In the normal VFD mode, the display shows whatever is written in the VFD
display memory.

If the user desires to show normal display simultaneously with the RTC, then CPU must
read the time of RTC display memory and then write all the data to be displayed to the
normal display memory. After writing the values to the display memory, a display-on
command will show both the normal and RTC display on the front panel.

On first power on, the default configuration is 16-digit, 12-segment mode (with display
turned OFF).

RTC display

In RTC mode, the display can be configured to show the time in two modes, either by direct
mapping of RTC to the display or by using the CPU. If CPU is used, the CPU reads the RTC
value from RTC registers and then writes the time to be displayed in the RTC display
memory.
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4.13

Remote control decoder

Remote control (RC) decoder module decodes the signal coming from IR_DATA_IN. The list
of IR remote control protocols recognized by STFPC320 is Philips RC-5, SONY, NEC,
Thomson-RCA, Thomson-R2000 and Matsushita. The selection of remote control protocol
to use is done by setting the RC Protocols register. The commands from RC is used to
wake-up from standby and resume normal operation. All RC keys can be programmed to act
like RC hotkeys. Upon receiving any one of the designated hotkeys, wake-up operation will
begin.

PIN_AV8

External device (e.g. set-top box) could pull this pin high to wake-up the system. A low-to-
high transition on this pin will signal the STPFC320 to wake-up and provide power to the
system. This signal is considered high when it is in the range of 2.5 - 3.6 V (proper voltage
division must be done externally so that the STFPC320 PIN_AV8 sees no more than 3.6 V).
No action is taken on the high-to-low transition on PIN_AV8. Also when the pin is already a
high, the current state of the system is maintained and it does not trigger anything.

Default state upon power-up
The Table 3 below shows the default state of the STFPC320 upon power-up.

Table 3. Default state

S.No. Functions Default state
1 Display OFF
2 Key-scan ON
3 IR (Remote Control) ON
4 Display mode 12 segment/16 digit
5 Display address 10H with Address increment mode
6 RC protocol RC-5 (Raw format)
7 LED OFF
8 Dimming 1/16 duty factor
9 Hot Keys (IR and FP) Disabled
10 Guard timer 10s
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4.14 Initial state

On power application, the 1/16-pulse width is set and the display shows the value
configured in the VFD display RAM before entering the standby mode. Thus if HELLO is
required to be shown on the VFD upon wake-up, then the user must write the corresponding
digit and segments locations in the VFD display memory before going into the standby mode
of operation. Note that the Vgg must be present in order to keep the VFD display active. The
value of the display changes only after user configuration.

If the user wishes to display the RTC value during standby, then the user must configure the
STFPC320 by sending the appropriate command. If the user does not configure the
STFPC320 to display the RTC in standby, the VFD shows the same value as was written in
the VFD display memory location.

Note that all the hot keys are disabled on power-up. Only the hotkeys (FP or RC) or RTC or
the low to high transition on the PIN_AV8 pin can be detected to wake-up the system from
standby condition.

J
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5 Operating state diagram

Figure 8. Operating state diagram

Mo mains supply

Mains supply applied

1. Ready Low
2. Main Waichdaog timer time-cut

Mo mains supply

Wake-up from any of the following sources:

1. Front panel hot-keys

2. Remote-control hot-keys

3. Real Time Clock (Alarm, Watchdog timer, Oscillator fail)
4. A low-to-high transition on PIN_AVE
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Real-time clock (RTC) operation

Real-time clock

The RTC operates as a slave device through the slave address of the STFPC320 on the
serial bus. Access is obtained by implementing a start condition followed by the correct
slave address (Write: 0x52H and Read: 0x53H). The 16 bytes contained in the device can
then be accessed sequentially in the following order:

1. Reserved

. Seconds register

. Minutes register

. Hours register

. Square wave/day register
. Date register

. Century/month register

0 N O 0o~ WD

. Year register

9. Calibration register
10. Watchdog register
11 - 15. Alarm registers

16. Flags register

2-wire bus characteristics

The bus is intended for communication between different ICs. It consists of two lines: a
bidirectional data signal (SDA) and a clock signal (SCL). Both the SDA and SCL lines must
be connected to a positive supply voltage (typical voltage is 3.3 V) via a pull-up resistor
(typical value is 10 K). The following protocol has been defined:

® Data transfer may be initiated only when the bus is not busy.

® During data transfer, the data line must remain stable whenever the clock line is High.
°

Changes in the data line, while the clock line is High, will be interpreted as control
signals.

Accordingly, the following bus conditions have been defined:
® Bus not busy: both data and clock lines remain High.

@ Start data transfer: a change in the state of the data line, from high to Low, while the
clock is High, defines the START condition.

® Stop data transfer: a change in the state of the data line, from Low to High, while the
clock is High, defines the STOP condition.

o Data Valid: the state of the data line represents valid data when after a start condition,
the data line is stable for the duration of the high period of the clock signal. The data on
the line may be changed during the Low period of the clock signal. There is one clock
pulse per bit of data.

Each data transfer is initiated with a start condition and terminated with a stop
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condition. The number of data bytes transferred between the start and stop conditions
is not limited. The information is transmitted byte-wide and each receiver acknowledges
with a ninth bit.

By definition a device that gives out a message is called “transmitter,” the receiving
device that gets the message is called “receiver.” The device that controls the message
is called “master.” The devices that are controlled by the master are called “slaves.”

® Acknowledge: each byte of eight bits is followed by one Acknowledge Bit. This
Acknowledge Bit is a low level put on the bus by the receiver whereas the master
generates an extra acknowledge related clock pulse. A slave receiver which is
addressed is obliged to generate an acknowledge after the reception of each byte that
has been clocked out of the master transmitter.
The device that acknowledges has to pull down the SDA line during the acknowledge
clock pulse in such a way that the SDA line is a stable Low during the High period of the
acknowledge related clock pulse. Of course, setup and hold times must be taken into
account. A master receiver must signal an end of data to the slave transmitter by not
generating an acknowledge on the last byte that has been clocked out of the slave. In
this case the transmitter must leave the data line High to enable the master to generate
the STOP condition.

Figure 9. Serial bus data transfer sequence

DATA LINE
STABLE
, DATAVALID .
1 1 1
1 1 1
i | i
1 1 1
[} 1 1

CLOCK

DATA

5
I

____;;]_____

/

START CHAMGE OF STOP
CONDITHOM DATA ALLOWED COMDITION

Figure 10. Acknowledgement sequence

CLOCK PULSE FOR
START ACKMOWLEDGEMENT

SCL FROM - 2 = o
MASTER - ;

CATA QUTPUT - o =

BY TRANSMITTER  \ ! MSB X )C- . LB

DATA OUTPUT o \ /
BY RECEIVER
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6.3

Note:

6.4
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Watchdog timer

The watchdog timer can be used to detect an out of control microprocessor. The user
programs the watchdog timer by setting the desired amount of time-out into the Watchdog
Register, address 09h. Bits BMB4-BMBO store a binary multiplier and the three bits RB2-
RBO select the resolution where:

000 = 1/16 second (16Hz)
001 = 1/4 second (4Hz)
010 =1 second (1Hz)

011 = 4 seconds (1/4Hz)
100 = 1 minute (1/60Hz)

Invalid combinations (101, 110, and 111) do NOT enable a watchdog time-out. Setting the
BMB4-BMBO = 0 with any combination of RB2-RB0, other than 000, will result in an
immediate watchdog time-out. The amount of time-out is then determined to be the
multiplication of the five-bit multiplier value with the resolution. (For example: writing
00001110 in the Watchdog register = 3*1 or 3 seconds). If the processor does not reset the
timer within the specified period, the STFPC320 generates a watchdog output pulse on the
IRQ_N/SQW pin.

The watchdog timer can only be reset by having the microprocessor perform a WRITE of the
Watchdog register. The time-out period then starts over. Should the watchdog timer time-
out, any value may be written to the Watchdog Register in order to clear the IRQ_N/SQW
pin. A value of 00h will disable the watchdog function until it is again programmed to a new
value. A READ of the Flags Register will reset the Watchdog flag (Bit D7; Register OFh). The
watchdog function is automatically disabled upon power-up, and the Watchdog Register is
cleared.

Real-time clock (RTC)

The RTC keeps track of the date and time. Once the date and time are set, the clock works
when the STFPC320 is in normal operation and standby operation. The wake-up alarm
feature is included in the RTC module. The accuracy of the RTC is approximately 10 ppm
(25 secs/month).

The wakeup alarm is programmed to wake up once the date and time set are met. This
feature is present in normal and standby mode of operation. Only one date and time is
available for setting.

The real-time clock (RTC) uses an external 32.768 kHz quartz crystal to maintain an
accurate internal representation of the second, minute, hour, day, date, month, and year.
The RTC has leap-year correction. The clock also corrects for months having fewer than 31
days.
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6.4.1

6.4.2

Reading the real-time clock

The real-time clock (RTC) is read by specifying the address corresponding to the register of
the real-time clock and then initiating a Read command. The RTC registers can then be
read in a sequential read mode. Since the clock runs continuously and a read takes a finite
amount of time, there is the possibility that the clock could change during the course of a
read operation. In this device, the time is latched by the read command (falling edge of the
clock on the ACK bit prior to RTC data output) into a separate latch to avoid time changes
during the read operation. The clock continues to run. Alarms occurring during a read are
unaffected by the read operation.

Writing to the real-time clock

The time and date may be set by writing to the RTC registers. To avoid changing the current
time by an uncompleted write operation, the current time value is loaded into a separate
buffer at the falling edge of the clock on the ACK bit before the RTC data input bytes, the
clock continues to run. The new serial input data replaces the values in the buffer. This new
RTC value is loaded back into the RTC register by a stop bit at the end of a valid write
sequence. An invalid write operation aborts the time update procedure and the contents of
the buffer are discarded. After a valid write operation the RTC will reflect the newly loaded
data beginning with the next “one second” clock cycle after the stop bit is written. The RTC
continues to update the time while an RTC register write is-in progress and the RTC
continues to run during any nonvolatile write sequences. A single byte may be written to the
RTC without affecting the other bytes.

25/78




	Contact us
	Table 1. Device summary
	1 Device block diagram
	Figure 1. STFPC320 block diagram

	2 Functional diagram
	Figure 2. Functional diagram

	3 Pin settings
	3.1 Pin connection
	Figure 3. Pin connection (top view)

	3.2 Pin description
	Table 2. Pin description


	4 Functional description
	4.1 Reset
	4.2 Cold boot up
	Figure 4. Power-up behaviour

	4.3 Entering standby mode
	Figure 5. Standby mode behaviour

	4.4 Wake-up
	Figure 6. Wake-up

	4.5 Interrupts/events handling by STFPC320
	Figure 7. Interrupts/events handling

	4.6 Ready pin
	4.7 Mute pin
	4.8 Keyscan matrix/front panel keys
	4.9 LED ports
	4.10 Display
	4.10.1 Normal display
	4.10.2 RTC display

	4.11 Remote control decoder
	4.12 PIN_AV8
	4.13 Default state upon power-up
	Table 3. Default state

	4.14 Initial state

	5 Operating state diagram
	Figure 8. Operating state diagram

	6 Real-time clock (RTC) operation
	6.1 Real-time clock
	6.2 2-wire bus characteristics
	Figure 9. Serial bus data transfer sequence
	

	6.3 Watchdog timer
	6.4 Real-time clock (RTC)


