TOSHIBA TC9447F

TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

TC9447F

SINGLE-CHIP AUDIO DIGITAL SIGNAL PROCESSOR

FEATURES

The TC9447F is a single-chip audio digital signal processor
incorporating an AD/DA converter. The built-in program
memory (ROM) can contain a range of application
programs for concert hall acoustic field simulation, for
digital filters such as equalizers, and for dynamic range
control. In addition, the device includes 64kb of data
delay RAM, making external RAM unnecessary.

QFP100-P-1420-0.65A
Weight : 1.57g (Typ.)

Incorporates a 1-bit SA-type AD converter (two channels).
THD : -82dB S/N ratio : 95dB (typ.)

Incorporates a 1-bit ZA-type DA converter (four channels).
THD : -85dB S/N ratio : 100dB (typ.)

A *10-dB attenuator is built into the DA converter output block (two channels only)

Each port has a digital input/output (three lead-type)

A built-in self-boot function automatically sets the coefficients and register values at initialization.

Boot ROM : 1024 wordsx 18 bits

980910EBA1

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to the foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA TC9447F

® The DSP block specifications are as follows :

Data bus : 24 bits

Multiplier / adder : 24 bitsx 16 bits + 43 bits—43 bits

Accumulator : 43 bits (sign extension : 4 bits)

Program ROM : 1024 words x 32 bits

Coefficient RAM : 320 wordsx 16 bits

Coefficient ROM : 256 words x 16 bits

Offset RAM : 64 wordsx 16 bits

Data RAM : 256 words x 24 bits

Operation speed : 44ns (510-step (approx) operation per cycle at fs=44.1kHz)

Interface buffer RAM : 32 words x 16 bits
® Incorporates data delay RAM.
Delay RAM : 4096 wordsx 16 bits (64kb)

® The microcontroller interface can be selected between Standard Transmission mode and 12C bus
mode.

® CMOS silicon structure supports high speed.
® The package is a 100-pin flat package.
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TOSHIBA

TC9447F
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TOSHIBA TC9447F
PIN FUNCITON
IF\)IION. SYMBOL |I1/0 FUNCTION REMARKS
1 ECKO O |Amp output pin for external clock input
Pulled-down resistor
2 ECKI | |Amp input pin for external clock input (with on/off
switching function)

3 GNDX — | Ground pin for oscillator circuit

4 GNDAL — | Ground pin for DAC L channel

5 AOL O |DAC analog signal output pin (L channel)

6 VRL — | DAC reference voltage pin (L channel)

7 VDAL — [Power pin for DAC L channel

8 VDAR — |Power pin for DAC R channel

9 VRR — | DAC reference voltage pin (R channel)

10 AOR O |DAC analog signal output pin (R channel)

1 GNDAR — | Ground pin for DAC R channel

12 GNDAC — | Ground pin for DAC C channel

13 AOC DAC analog signal output pin (C channel)

14 AOCT DAC analog signal output pin with attenuator

(C channel)

15 VRC — |DAC reference voltage pin (C channel)

16 VDAC — [Power pin for DAC C channel

17 VRO O |Reference voltage pin for attenuator (buffer output)

18 VRI | |Reference voltage pin for attenuator (buffer input)

19 VDAS — [Power pin for DAC S channel

20 VRS — |DAC reference voltage pin (S channel)

2 AOST 0 DAC analog signal output pin with attenuator

(S channel)

22 AOS O |DAC analog signal output pin (S channel)

23 GNDAS — | Ground pin for DAC S channel

24 GND — | Ground pin

25 TPO

§ § O |Test pins (leave open)

29 TP4

30 VDD — |Power pin

31 VDDR — [Power pin for DLRAM

32 GNDR — | Ground pin for DLRAM

33 TP5

§ § O [Test pins (leave open)

40 TP12

41 FS O |Clock output pin (1fs)

42 CKOO0 O |Clock output pin 0

43 CKO1 O |Clock output pin 1

44 GND — |[Ground pin

45 TP13 O |Test pin (leave open)
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TOSHIBA TC9447F

El'g‘_ SYMBOL |I1/0 FUNCTION REMARKS

46 MCK O |MCK clock output pin (256fs/512fs/(384/768fs)) Push-pull output

47 VDD — |Power pin

48 TP14

§ § O |Test pin (leave open)

53 TP19

54 CKS | | Master clock switching pin Schmitt input

55 STEPO | | Execution step switching pin 0 Schmitt input

56 STEP1 | | Execution step switching pin 1 Schmitt input

57 RST | |Reset pin Schmitt input

58 VpD — |Power pin

59 SYNC I |Program SYNC signal input pin Schmitt input

60 ELRO I |LR clock input pin for serial data output Schmitt input

61 ELRI I |LR clock input pin for serial data input Schmitt input

62 EBCO | |Bit clock input pin for serial data output Schmitt input

63 EBCI | |Bit clock input pin for serial data input Schmitt input

64 DIN | |Serial data input pin Schmitt input

65 DOUT O |Serial data output pin Push-pull output

66 EMO | | De-emphasis setting pin 0 Schmitt input

67 EM1 | |De-emphasis setting pin 1 Schmitt input

68 IFFO | |Interface flag pin 0 Schmitt input

69 IFF1 | |Interface flag pin 1 Schmitt input

70 IFF2 | |Interface flag pin 2 Schmitt input

71 GND — |[Ground pin

72 cs I |Microcontroller interface chip select signal input pin Schmitt input

73 IFCK | |Microcontroller interface data shift clock input pin Schmitt input

74 EDI /0 Microc.ontroller interfa.ce data input pin Schmitt ir.1put/
(Data input/output pin when I2C bus selected) open drain output
Microcontroller interface data output pin

75 IFDO © (Leave open when I°C bus selecteg.) P Push-pull output

76 IFOK O |Microcontroller interface operation flag output pin Open drain output

77 ACK O |Microcontroller interface acknowledge output pin Open drain output

78 ERR O | Microcontroller interface error flag output pin Open drain output

79 12CS | |Microcontroller interface 1°C bus switching pin

80 BOOT | |Self-boot control pin Schmitt input

81 BAOD | |Boot address setting pin 0 Schmitt input

82 BA1 | |Boot address setting pin 1 Schmitt input

83 VDD — |Power pin

84 TSTO

J d | |Test pins. Use fixed to low level. Schmitt input

87 TST3
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TOSHIBA TC9447F

E‘g‘_ SYMBOL |1/0 FUNCTION REMARKS

88 GND — | Ground pin

89 VSAL — | Ground pin for analog mode (ADC L channel)

90 LIN | |ADC analog signal input pin (L channel)

91 AVRL — | ADC reference voltage pin (L channel)

92 VDL — |[Power pin for analog mode (ADC L channel)

93 VDR — |[Power pin for analog mode (ADC R channel)

94 AVRR — | ADC reference voltage pin (R channel)

95 RIN | |ADC analog signal input pin (R channel)

96 VSAR — | Ground pin for analog mode (ADC R channel)

97 GNDX — | Ground pin for oscillator circuit
Pulled-down resistor

98 Xl | | Crystal oscillator connecting pin (input) (with on/off
switching function)

99 X0 O |Crystal oscillator connecting pin (output)

100 VDX — | Power pin for oscillator circuit
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TOSHIBA

TC9447F

OPERATION

1. Pin Operations

PIN No. | SYMBOL FUNCTION
1 ECKO Supplies an external clock to ECKI (for slave operations). When CKS pin=H,
2 ECKI oscillation activated. When CKS =L, pulled down internally.
3~24 Omitted —
25~40 TP[0:12] Test pins (leave open) (TPx description is omitted.)
41 FS 1fs output
Timing output pins. The output frequency is set from the microcontroller.
(CMD-40h)
CKOS0 CKOS1
> 1 0 CKOO0 > 1 0 CKO1
0 Fixed to L 0 Fixed to L
0 0 (initial value) 0 0 (initial value)
42,43 | CKO[1:0] 1 [ fs2 1 | fs2
1 0 | fs4 1 0 |fs4
1 | fs8 1 | fs8
0 0 | fs16 0 0 | fs16
1 1 | fs32 1 1 [ fs32
1 0 | fs64 1 0 | fs64
1 | fs128 1 1/2 Xl or 1/2 ECKI
Master clock output pin. Output is validated /invalidated and the frequency
is switched from the microcontroller. (CMD-4Dh)
MCKE MCK MCKE STEP1 MCK
46 MCK 0 |Fixed to L 0 [don't care|256fs
Source oscillation
Output valid 0
1 P 1 (X1/XO or ECKI)
(initial value) 1 For testing
Source oscillation selector pin
CKS [SOURCE OSCILLATION
>4 cis 0 XI/XO pin
1 ECKI/ECKO pin
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PIN No. SYMBOL FUNCTION
Source oscillation frequency / ASP operation speed switching pins
SOURCE No. OF ASP
STEPT | STEPO O EQUENSY | OPERATION sTEPS
55, 56 | STEP[1:0] 0 512fs 340/fs
0 1 768fs 510/fs
1 * For testing
* . don't care
57 RST Reset input (L at initialization)
59 SYNC Program operation SYNC signal input pin. Valid when program is executing a
slave operation.
60 ELRO LR clock signal input pin for serial output data. Valid when serial data are
output in a slave operation.
61 ELRI LR clock signal input pin for serial input data. Valid when serial data are
input in a slave operation.
62 EBCO Bit clock signal input pin for serial output data. Valid when serial data are
output in a slave operation.
63 EBCI Bit clock signal input pin for serial input data. Valid when serial data are
input in a slave operation.
Serial input data signal input pin. Normally connected to internal register SI2
64 DIN .
in ASP block.
65 DOUT Serial output data signal output pin. Normally connected to internal register
SO2 in ASP block.
De-emphasis control pins
EM1 EMO DE-EMPHASIS SETTINGS
66, 67 EM [1:0] 0 0 De-emphasis off
1 For fs =48kHz
1 0 For fs =44.1kHz
1 For fs =32kHz
IFF control input pins. This functions the same as the microcontroller IFF[2:0]
68~70 IFF [2:0] setting.

The program uses the latest changes to the flags.
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PIN No. SYMBOL FUNCTION
7 s Microcontroller interface pins
STANDARD TRANSMISSION 2 206 —
73 IFCK MODE (I2CS = L) I1°C MODE (I°CS=H)
2cs Transmit/receive mode switching
74 IEDI (Standard Transmission mode /12C mode)
[ Chip select . Chip select (Can be fixed to L)
75 IFDO (COI’TtI'0| reqmred)
IFCK | Transmit/receive clock
76 IFOK IFDI | MCU data input MCU data input/output
IFDO | Monitor data output Fixed to L output.
77 ACK ACK | Acknowledge signal output |Fixed to HZ.
ERR [Error flag signal output
78 ERR IFOK |Internal operation confirmation flag signal output
79 Pcs For details, see 2, Microcontroller Interface below.
Self-boot select pin
BOOT OPERATION
80 BOOT
0 Does not boot at reset.
1 Boot at reset.
Self-boot start address pins (at reset)
BA1 BAO | START ADDRESS
81,82 | BA[1:0] 0 0 000h
1 001h
1 0 002h
1 003h
84~87 TST[3:0] Pins for inputting test settings. Use fixed to L.
88~97 Omitted —
98 X Connect the crystal oscillator (master mode).
Setting CKS=L enables oscillation. Setting CKS=H pulls down XI/XO using
99 X0 the internal resistor.
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TOSHIBA TC9447F

2. Microcontroller Interface
(1) Standard Transmission Mode 1

When [12CS =L, data can be transmitted or received in Standard Transmission mode.

When the CS signal is Low, control from the microcontroller is enabled.

The IFCK signal is the transmit/receive clock. The IFDI signal is the data. The TC9447F loads the
IFDI data on the IFCK signal rising edge. When CS=H, the IFCK and IFDI signals are don't care.

(1-1) Setting registers

l Don't care

v
Don‘t care

C7C6C5C4C3C2C1¢0 D15 D13 D11 D9 D7 D6 D5 D4 D3 D2 D1 D0
: : D14 D12 D10 D8 : Cn : COMMAND
- Dn : Data
ACK l l I I u—
IFOK : :

The registers are set by command data using the IFDI signal. The first byte is a command,
which differs for each register. The data sent after that are fixed to two bytes. Both
command and data are sent starting from the MSB.

The ACK signal is the acknowledge signal that the TC9447F returns to the microcontroller.
Because the ACK signal is open drain output, it must be pulled up outside the pin. Data are
loaded on the rising edge of the IFCK signal.

Note that commands or data that must be switched on the SYNC signal, such as the RUN
command or the IFF flag, must be synchronized with the SYNC signal and loaded on that
signal.

2000-02-09 11/53



TOSHIBA TC9447F

(1-2) Setting RAM (sequential)

cs | I
IFCK
IFDI
Don't tare C7C6CS5CAC3C2CICO AlS A13 ATl A9 A7A6ASA4AIA2ATAD D15 D13 D1t D9 D7 D6 DS D4 D3 D2 D1 DO D1D0O
Al4 A12 A10 A8 D14 D12 D10 D8
Don’t care
L L] LI g T
IFOK

Cn : COMMAND
An : ADDRESS
Dn : Data

The RAMs are set by command data using the IFDI signal. The first byte is a command, which
differs for each RAM. The next two bytes contain the start address for the RAM written.

The length of the data field following the RAM address bytes is 2xn bytes. The address is
automatically incremented by 1.
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TOSHIBA TC9447F

(1-3) Setting RAM (ACMP mode)

I3 | 1
IFCK ” | | I ‘ !
IFDI XX Y /

Don’t care C7C6C5C4C3C2C1CO A15 A13 Al A9 A7 ABAS AAA3 A2 A1 AD D15 D13 D11 D9 D7D6D5D4D3D2D1D0 D1DO \/

Al4 A12 A0 A8 D14 D12 D10 D8 .
Don't care

LI LI L1 L1 i
IFOK

a3 1))

Cn : COMMAND
An : ADDRESS
Dn : Data

In ACMP mode, the TC9447F does not write data directly to coefficient RAM (CRAM) or offset
RAM (OFRAM). In this mode, data must first be written to the interface buffer RAM
(IFB-RAM). Then, all the data are updated together in a period of 1fs.

For example, if a signal flow filter is designed as in the following diagram, unless the K1 to
K5 data are batch-updated, the circuit may resonate. The same applies to the K6 to K10 data.
Using ACMP mode can reduce the noise caused by updating coefficients while the TC9447F is
operating. This mode can suppress noise in almost all cases.

IFB-RAM is 32-word memory. Therefore, data can be updated at one time in units of up to 32
words.

The format of IFB-RAM is similar to the format of the RAM in 1-2 above. The length of the
data field is 2xn bytes, where n=32.

In ACMP mode, the IFOK pin outputs an ACMP operation end flag.

When ACMP operations complete, the flag is set to Low (D) and is initialized at the next low
chip select signal (@).

—» MCU-I/F = IFB-RAM 1 CRAM

K8 K10 Write one by one- Update for 1fs
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TOSHIBA TC9447F

(1-4) Monitor mode

S| I_—

IFDI X X :

C7¢6C5C4C3C2C1C0

‘ Wi
‘D22 D20 D18 D16 D14 D12 D10 D8 : \/
D23 D21 D13 D17 D15 D13 D11 D9 D7D6D5D4D3D2D1 DO : Don’t care

Don‘t care

IFDO

ACK

' I —
1 : " ¢n : COMMAND

Q€ An : ADDRESS
Dn : Data

IFOK

Monitor mode is used to monitor the data bus or pointers.

There are two further modes : a mode where the data bus or pointer (s) is monitored at a
preset program counter (PC) and a mode where a loop counter (LC) is added to monitor
conditions in addition to the PC. After the command is issued, when the TC9447F loads data
to the IFDO register (IFDOR), the IFOK pin signal is set to Low (see O above).

Next, when the IFCK signal is sent, the data are output on the IFCK signal falling edge
starting from the MSB. The data length is at its maximum (24 bits or three bytes) during
monitoring of the data bus. In cases where transfer must be interrupted, such as where only
eight or 16 bits of the MSB side are required, monitoring can be interrupted at any time by
setting the CS signal to High. When the CS signal goes High, the IFOK signal also goes High.
When CS =H, all monitor circuits are initialized.
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TOSHIBA TC9447F

(2) Standard Transmission Mode 2

When 12CS =L, data can be transmitted or received in Standard Transmission mode.

When the CS signal is Low, control from the microcontroller is enabled.

The IFCK signal is the transmit/receive clock. The IFDI signal is the data. The TC9447F loads the
IFDI data on the IFCK signal rising edge. When CS=H, the IFCK and IFDI signals are don't care.

(2-1) Setting registers

C7C6C5CAC3C2C1€0 D15 D13 D11

D9
: D14 D12 D10

D7D6D5D4D3D2D1DO :
Don't care D8 :

Don‘t care

ACK | | L] | | Cn : COMMAND

IFOK Dn : Data

The registers are set by command data using the IFDI signal. The first byte is a command,
which differs for each register. The data sent after that are fixed to two bytes. Both
command and data are sent starting from the MSB.

The ACK signal is the acknowledge signal that the TC9447F returns to the microcontroller. As
the ACK signal is open drain output, it must be pulled up outside the pin. The data are
loaded on the rising edge of the IFCK signal.

Note that commands or data that must be switched on the SYNC signal, such as the RUN
command or the IFF flag, must be synchronized with the SYNC signal and loaded on that
signal.
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TOSHIBA

(2-2) Setting RAM (sequential)
T T —
IFCK
IFDI -
Don't care €7 CeC5C4C3C2C1CO A5 A13 A1 A9 A7 AB A5 A4 A3 A2 A1 AD D1S D13 D11 D9 D7D6D5D4D3D2D1 DO D1DO
A14 A12 A0 A8 D14 D12 D10 D8 B
L Don’t care
ACK .
o L1 L Ll L LI

Cn : COMMAND
An : ADDRESS
Dn : Data

The RAMs are set by command data using the IFDI signal. The first byte is a command, which
differs for each RAM. The next two bytes contain the start address for the RAM written.

The length of the data field following the RAM address bytes is 2xn bytes. The address is
automatically incremented by 1.
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TOSHIBA TC9447F

(2-3) Setting RAM (ACMP mode)

cs | | |
IFCK - *
IFDI X_X“J Xu I—i‘:~ ]
Don't vare C7C6C5C4C3C2C1CO Al5 A13 A1l A9 A7ABA5A4A3A2A1A0 D15 D13 D11 D9 D7D6D5D4D3D2DID0  D1DO \/ :
Al4 A12 A0 A8 D14 D12 D10 D8 :
Don't care :
ACK :
IFOK ! Ll :
D 2
Cn : COMMAND
An : ADDRESS
Dn : Data

In ACMP mode, the TC9447F does not write data directly to coefficient RAM (CRAM) or offset
RAM (OFRAM). In this mode, data must first be written to the interface buffer RAM
(IFB-RAM). Then, all the data are updated together in a period of 1fs.

For example, if a signal flow filter is designed as in the following diagram, unless the K1 to
K5 data are batch-updated, the circuit may resonate. The same applies to the K6 to K10 data.
Using ACMP mode can reduce the noise caused by updating coefficients while the TC9447F is
operating. This mode can suppress noise in almost all cases.

IFB-RAM is 32-word memory. Therefore, data can be updated at one time in units of up to 32
words. The format of IFB-RAM is similar to the format of the RAM in 2-2 above. The length
of the data field is 2xn bytes, where n=32.

In ACMP mode, the IFOK pin outputs an ACMP operation end flag.

When ACMP operations complete, the flag is set to Low (D) and is initialized at the next low
chip select signal (@).

—=  MCU-I/F = IFB-RAM —=1 CRAM

Write one by one-- Update for 1fs
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TC9447F

(2-4) Monitor mode

Gl

l‘

IFCK

LfUT.FU'LI'IﬂJ'U"LﬂJUU'Lﬂ.FUlFUlﬂ.ﬂﬂﬂJ’lJ‘I_:/:

IFDI

\ [

Don't care C7C6C5CacC3C2Cian

‘D22__D20_ D18 D16 D14 D12 D10 D8 : \/
D23 D21 D19 D17 D15 D13 D11 D9 D7D&D5D4D3D2D1D0O . Don’t care

IFDC

ACK

! L1 L1 L1

IFOK

| —

T : Cn : COMMAND
& An . ADDRESS

Dn : Data

Monitor mode is used to monitor the data bus or pointers.

There are two further modes : a mode where the data bus or pointer (s) is monitored at a
preset program counter (PC) and a mode where a loop counter (LC) is added to monitor
conditions in addition to the PC. After the command is issued, when the TC9447F loads data
to the IFDO register (IFDOR), the IFOK pin signal is set to Low (see O above).

Next, when the IFCK signal is sent, data are output on the IFCK signal falling edge from the

MSB first. The data length is at its maximum (24 bits or three bytes) during monitoring of the
data bus. In cases where transfer must be interrupted, such as where only eight or 16 bits of
the MSB side are required, monitoring can be interrupted at any time by setting the CS signal
to High. When the CS signal goes High, the IFOK signal also goes High.

When €S =H, all monitor circuits are initialized.
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TOSHIBA TC9447F

(3) I12C Bus Mode

When 12CS =H, data can be transmitted or received in Standard Transmission mode.

When the CS signal is Low, control from the microcontroller is enabled.

In 12C mode, the CS signal can be used fixed to L.

The IFCK signal is the transmit/receive clock. The IFDI signal is the data. The TC9447F loads the
IFDI data on the IFCK signal rising edge. When CS=H, the IFCK and IFDI signals are don't care.

(3-1) Setting registers

cs start 32h HZ HZ HZ HZ end
IFCK
IFDI
(MCU-) A7A6A5AGA3A2ATADL  : C7C6C5C4C3C2CTCO D15 D13 D11 D9 D7 D6 D5 D4 D3 D2 D1 DO
: : D8
N D14 D12 D10
ACK wreeesseesseeseeesee e e e ek f R e e EE e e Rt
HZ
IFOK

An : I°C address
Cn : COMMAND
Dn : Data

The registers are set by command data using the IFDI signal. The first byte after the 12°C
address (32h) is a command, which differs for each register. The data sent after that are fixed
to two bytes. Both command and data are sent starting from the MSB in 12C format.

The ACK pin cannot be used in I2C format. However, the acknowledge signal can be read by
using data signals in I2C format. The data are loaded internally every two bytes.

Note that commands or data that must be switched on the SYNC signal, such as the RUN

command or the IFF flag, must be synchronized with the SYNC signal and loaded on that
signal.
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TOSHIBA TC9447F

(3-2) Setting RAM (sequential)

cs

IFCK

IFDI

(MCU—)

ACK

IFOK

start 32h HZ HZ HZ

HZ HZ HZ end

RAY

........... [ I_
ATAGASA4A3A2ATADL | C7C6C5CAC3C2CT CO RAI5 RA13 RATT RA9 RA7 RAS RA D15, D13 D11 D9 ’
. RA14RA12 RA10 RAB raf"Rad kaf  kao 142512 o1 g

L .

Cn : COMMAND
An : 1°C address
RAN : RAM-ADDRESS
Dn Data

The RAMs are set by command data using the IFDI signal.
The first byte after the 12C address (32h) is a command, which differs for each RAM. The next
two bytes contain the start address for the RAM to be written to. The length of the data

field following the RAM address bytes is 2xn bytes. The address is automatically incremented
by 1.
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TOSHIBA TC9447F

(3-3) Monitor mode

3 start end start end

(TC9447F—)

BCK cooeeemmmermneemne e e T

IFOK

Monitor mode is used to monitor the data bus or pointers.

There are two further modes : a mode where the data bus or pointer (s) is monitored at a
preset program counter (PC) and a mode where a loop counter (LC) is added to monitor
conditions in addition to the PC.

First, issue the monitoring command, which has no data.

When the TC9447F loads data to the IFDO register (IFDOR), the IFOK pin signal is set to Low (see
@® above).

Next, the I°C read command (ID =33h) is issued, then when the IFCK signal is sent, the data are
output on the IFCK signal falling edge starting from the MSB. The data length is at its maximum
(24 bits or three bytes) during monitoring of the data bus. In cases where transfer must be
interrupted, such as where only eight or 16 bits of the MSB side are required, monitoring can be
interrupted by sending the I°C end condition (set data level to H while the clock =H).

After issuing a monitor command (50h~56h), be sure to perform a continuous read operation by
issuing the 1°C read command (ID =33h).

(3-4) MCU does not write data by ACMP mode at I°C bus controlling.
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(4) IFOK Pin Description
The IFOK signal has the following three functions.
(4-1) ACMP mode end flag output

After the completion of a RAM data update with CRAM-ACMP (CMD : 47h) or OFRAM-ACMP
(CMD : 49h), the IFOK pin goes Low. Setting the CS signal to Low changes the IFOK signal
from Low to High.

Example :

< T T
e T U AR T
IFDI H Y H

: CRAM-ACMP | 1 any command 1
ok 727 ! '

NDon't care

: t Update complete Next command

(4-2) Loading end flag output in Monitor mode

When monitoring using the bus monitor command (CMD : 50h), for example, after data are
loaded to the internal register under the specified conditions, the IFOK signal goes Low. In
monitor mode, when the CS signal goes High, the IFOK signal also goes High.

Example :
s T —]
eee 1ML TR AR ~ A R
IFDI | MON.DB | | any command |
IFOK | | data ]
IFOK 2! ]
Pon't care  J— register loading end
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(4-3) Mute end flag output for digital filter (DF) block

When using a command to control the DF block mute on/off (CMD : 36h, bit 5), the mute
end flag is output from the IFOK pin after the mute operation completes.

Example :

cs _I | | ’ ; 1

L 1111 11 111 S A A : A U
IFDI VUTE | MUTE |: """" H I any command |
IFOK w T o [

MUTE ON ; MUTE OFF :
Don't care : ATT =100% ATT=0% | Next command
Next command H
ATT 100

1t5x1024 ; ; 115X 1024
(23ms@fs = 44.1kHz) i

(Note) At power on, the IFOK pin output is undefined. When the CS signal goes
Low, the IFOK signal goes High.
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3. Control Commands

The following table lists the control commands that can be used from the microcontroller.

(1) Control Commands

Table 1 Control Commands

coumano [ cove [nw]  vescurrion [ quatt [T S T
TIMING 40h Timing — Async
BOOT 41h Self-boot ROM start address — Async
DAC 42h DAC output attenuator — Async
SIO 43h SIO setting — Async
RUN-MUTE 44h Program execution, mute — Sync

ZIRS/EI\Q/I j:: ziiu“;ntlal RAM Sync (run)/Async (stop)
CRAM-ACMP 47h W CRAM (ACMP mode) Enable Async

OFRAM 48h OFRAM Sync (run)/ Async (stop)
OFRAM-ACMP 49h OFRAM (ACMP mode) Async
IFF 4Ah Interface flag (IFF) — Sync
MONI-PC 4Bh Monitor (PC conditions) — Async
MONI-LC 4Ch Monitor (LC conditions) — Async
MISC 4Dh Others — Async

— 4Eh (Prohibited) — —

M-RST 4Fh Initialization — Async
MONI-DB 50h DB monitor — Async
MONI-CP 51h CP monitor — Async
MONI-OFP 52h OFP monitor — Async
MONI-DP 53h R |DP monitor — Async
MONI-AR 54h AR monitor — Async
MONI-CRP 55h CRP monitor — Async
MONI-SR 56h SR monitor — Async
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(2) Control Commands
CO'\?T'\{'rﬁmg)"mh 0100 0000
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
SYPD |SYD1|SYDO | SYPA | SYAT|SYAO | SYPS | SYS1 | SYS0 | e |CKOST CKOST) COST CKO30) CKDS0) CKO30
NAME DESCRIPTION VALUE OPERATION
SYPD Digital block sync polarity 0 ASP program starts on falling edge
switching 1 ASP program starts on rising edge (initial value)
0 Signal after SYNC output (initial value)
SYD |[ASP digital block SYNC 1 |SYNC pin
[1:0] |signal input switching 2 ELRI pin
3 ELRO pin
“on An.alog block sync polarity 0 (Di:]g?;c:: \t;l’lcs;)(DF) program starts on falling edge
switching 1 Digital filter (DF) program starts on rising edge
0 Signal after SYNC output (initial value)
SYA |Analog block SYNC signal 1 SYNC pin
[1:0] [input switching 2 ELRI pin
3 ELRO pin
Overall system sync polarity 0 Qp.e.rates at polarity for SYPD, SYPA settings above
SYPS switching (initial value).
1 Reverses all polarities for SYPD, SYPA settings above.
0 Internal SYNC signal (initial value)
[91'\:(3] SYNC circuit input switching ; ?L(Igllcp?r:n
3 ELRO pin
0 Fixed to L (initial value)
1 fs2
2 fs4
CKOS . . 3 %8
1 CKO1 pin output selection
[2:0] 4 fs16
5 fs32
6 fs64
7 Outputs Xl or ECKI clock divided by 2
0 Fixed to L (initial value)
1 fs2
2 fs4
CKOS . . 3 %8
0 CKOO pin output selection
[2:0] 4 fs16
5 fs32
6 fs64
7 fs128
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COMMAND-41h
(BOOT) 0100 0001
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 BTA9 |BTA8 |BTA7 |BTA6 |BTA5 |BTA4 | BTA3 [BTA2 |BTA1|BTAOD
NAME DESCRIPTION VALUE OPERATION
BTA 000h
[9:0] Self-boot ROM start address ~ Starts self-boot operation from specified address.
) 3FFh
COMMAND-42h
(DAC) 0100 0010
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 ATTC|ATTC[ATTC|[ATTC|ATTC 0 0 0 ATTS | ATTS [ ATTS | ATTS | ATTS
4 3 2 1 0 4 3 2 1 0
NAME DESCRIPTION VALUE OPERATION
arrc |DAC C channel attenuator | %" {00h—0dB, 01h= - 1dB, 02h= - 2dB, -, 15h~1Fh= - o0
value (Initial value =1Fh = — )
1Fh
arrs |DAC S channel attenuator | %%" |00h—0dB, 01h= - 1B, 02h = - 2dB, -, 15h~1Fh= - o0
value 1Fh (Initial value = 1Fh = — )
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COMMAND-43h
(SI0) 0100 0011

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

CHSI 0 ISLT ISLT | IBCS | IBCS [ IFMT [ IFMT | CHSO | CHSO | OSLT | OSLT | OBCS | OBCS | OFMT | OFMT
1 2 1 0 0 0 1 0 1 0 1 0 1 0

NAME DESCRIPTION VALUE OPERATION

o

ADC—SIO register, DIN pin—SI1 register (initial value)
ADC-SI1 register, DIN pin—SIO0 register
16 bits/channel (initial value)

20 bits/channel

24 bits/channel

32 bits/channel

16 bits (initial value)

18 bits

20 bits

24 bits

Pads from the beginning (initial value)
Pads from the end

CHSI |Serial input switching

ISLT
[1:0]

Number of serial input slots

IBCS
[1:0]

Serial input bit length

IFMT
[1:0]

Serial input format
12S format

SO0 register—>DOUT pin
SO1 register—»DOUT pin

SO2 register—»DOUT pin (initial value = 2)

CHSO
[1:0]

Serial output switching

16 bits/channel (initial value)

20 bits/channel

24 bits/channel

32 bits/channel

16 bits (initial value)

18 bits

20 bits

24 bits

Pads from the beginning (initial value)
Pads from the end

OSLT | Number of serial output
[1:0] [slots

OBCS
[1:0]

Serial output bit length

OFMT
[1:0]

Serial output format
12S format

WIN|=2|O|W|IN|[=|O([WIN|=|O|W|IN|=|O(W|N|=|O|W|IN|=|O(W|N|=|O| =
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COMMAND-44h
(RUN-MUTE)

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

0100 0100

DF DA SO- [OMUTE[OMUTE
0 0 0 0 0 0 0 0 RUN 0 mute | mute | ™MYTE | muTe 1 0
NAME DESCRIPTION VALUE OPERATION
i 0 Stops program (initial value).
RUN |ASP program execution
1 Runs program.
DF 0 Mute off
muTe | PF block mute 1 |Mute on (initial value)
DA |DAC mute 0 Mute off
MUTE | (all four channels) 1 Mute on (initial value)
IMUT [ASP block input mute 0 Mute off
E (slo, sI1) 1 Mute on (initial value)
ASP block serial output
0 Mute off
SO |mute (Mutes DOUT output
MUTE [whichever register is s
selected in CHSO.) 1 Mute on (initial value)
OMUTE | ASP block output mute 0 Mute off
1 (SO1) 1 Mute on (initial value)
OMUTE | ASP block output mute 0 Mute off
0 (SO0) 1 Mute on (initial value)

COMMAND-45h
(MSEQ) 0100 0101

......

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 A9 A8 A7 A6 A5 A4 A3 A2 A1l A0

NAME DESCRIPTION VALUE OPERATION
h .
MSA 000 Set sequential RAM.

[9:0] Sequential RAM address 3;h Enable a sequential write to RAM.
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COMMAND-46h
(MSEQ) 0100 0110
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
NAME DESCRIPTION VALUE OPERATION
D | cRAM OOSOh Set CRAM.
[15:0] FFFER Enable a sequential write to RAM.
COMMAND-47h
(CRAM-ACMp) |9100 0111
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
NAME DESCRIPTION VALUE OPERATION
D 0000h
[15:0] CRAM-ACMP ~ Set CRAM in ACMP mode.
' FFFFh
COMMAND-48h
(OFRAM) 0100 1000
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
NAME DESCRIPTION VALUE OPERATION
D OFRAM OOSOh Set OFRAM.
[15:0] EEFER Enable a sequential write to RAM.
COMMAND-49h
(OFRAM-ACMp) [ 0100 1001
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
NAME DESCRIPTION VALUE OPERATION
D 0000h
OFRAM-ACMP ~ Set OFRAM in ACMP mode.
[15:01 FFFFh
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COMMAND-4Ah
(IFF) 0100 1010
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 0 0 0 0 0 0 0 IFF2 | IFF1 | IFFO
NAME DESCRIPTION VALUE OPERATION
IFF 0 IFFn =0 (initial value)
[2:0] Interface flag (IFF) - FEn = 1
COMMAND-4Bh
(MONI-PC) 0100 1011
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
12C0S1|12C0S0| O 0 0 0 A9 A8 A7 Ab A5 A4 A3 A2 A1l A0
NAME DESCRIPTION VALUE OPERATION
. h T
12C0S | Monitor data length in 12C [l Set the data byte length when monitoring in 12C mode.
[1:0] [mode 3h (3 =3byte, 2 =2byte, 1 or 0=1byte)
A [Monitor conditions 000h " o
~ Set the PC conditions when monitoring.
[9:0] [(PC : program counter)
3FFh
COMMAND-4Ch
(MONI-LC)  |©100 1100
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 LCE | LCS |LCDE |LCA7 |LCA6 |LCA5|LCA4|LCA3|LCA2|LCAT|LCAD
NAME DESCRIPTION VALUE OPERATION
Adds the LC (loop counter) 0 Does not add LC value to the conditions (initial value).
LCE [value to the monitor
conditions. 1 Adds LC value to the conditions.
cs |Lc selecti 0 Compares with LCO value.
selection 1 Compares with LC1 value.
After a match, does not change the value to be
0 .
LCDE |Automatic LC decrement compared with the LC.
utomatic ¢ 1 After a match, automatically decrements by 1 the value
to be compared with the LC.
LCA 00h
[7:0] Monitor conditions (LC) ~ |Set the value to be compared with the LC.
' FFh
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COMMAND-4Dh
(MISC) 0100 1101
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 SIS SOS |[ERDET| ZST | DP7F | SYRC |SYRO |MCKE|[MCKS [DLSEPDLAC4]
NAME DESCRIPTION VALUE OPERATION
sis |serial | ¢ 0 Master (LRCK =FS, BCK =FSxx) (initial value)
eral inpu 1 |Slave (LRCK = ELRI, BCK = EBC)
s0S |Serial outout 0 Master (LRCK =FS, BCK =FSxx) (initial value)
erial outpu 1 |Slave (LRCK = ELRO, BCK = EBCO)
ERDE . 0 Invalid
T Error detection 1 Valid (initial value)
75T Switches to access CROM 0 2-cycle access
using LOG-LIN adjustment. 1 1-cycle access (initial value)
DATA-RAM 128/256 word 0 256 words (initial value)
DP7F . .
switching 1 128 words
L 0 Does not initialize.
SYRC |Initializes CP at each SYNC. — —
1 Initializes (initial value).
L 0 Does not initialize.
SYRO |Initializes OFP at each SYNC — —
1 Initializes (initial value).
MCKE | MCK pin output enable 0 |Fixestol
pin outpu 1 |Output (initial value)
0 256fs
s Wh TEP1 pin=0, illati
MCKS [ MCK pin output switching . .e.n S pin =0, outputs source oscillation
1 (initial value).
When STEP1 pin=1, used for testing.
DLSEP Delay RAM table area 0 Does not use table.
switching 1 Uses 2-k word area as the table (initial value).
DLA 0 One access/ 6 cycles (initial value
¢ Delay RAM access method y ( )
4 1 One access/4 cycles
COMMAND-4Fh
(M-RST) 0100 1111
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
MRST| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NAME DESCRIPTION VALUE OPERATION
itializati 0 Does not initialize.
MRST Initialization from the

microcontroller

Initializes (after initialization, automatically set to 0).
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COMMAND-50h

(MON-DB) 0101 0000
D23 D22 D21D20D19D18D17D16 D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
D23|D22(D21|D20|D19(D18|D17|D16|D15(D14|D13|D12|D11|D10|D9 (D8 |D7 |D6 (D5 (D4 | D3 |D2 [ D1| DO
INAME DESCRIPTION VALUE OPERATION

D
[23:0] Data bus monitor 000000h~FFFFFFh | Reads data bus on the condition CMD : 4Bh, 4Ch.

COMMAND-51h
(MON-CP) 0101 0001
D23 D22 D21D20D19D18D17D16D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
o(o|jofo|jOoO|(O0O|O|O|O]|O|O|O]|O]| O]/ O |CP8CP7|CP6|CP5/CP4|CP3(CP2|CP1|CPO
INAME DESCRIPTION VALUE OPERATION
[SC_F:)] CP monitor 000000h~00013h |Reads CP on the condition CMD : 4Bh, 4Ch.
COMMAND-52h
(MON-OFP) 0101 0010
D23 D22 D21D20D19D18D17D16 D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
0(0|0(0|O0O[0O|O0O|0O(O0O|O0O|[O0O|O0O|O0O|O0O]|O0]|O0|O0]| O [OFPSOFP4OFP3OFP2OFP1/OFPO
INAME DESCRIPTION VALUE OPERATION
[(;FOP] OFP monitor 000000h~0003h |Reads OFP on the condition CMD : 4Bh, 4Ch.

COMMAND-53h
(MON-BP)

D23 D22 D21 D20

0101

0011

D19D18 D17

D16 D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

0|0

o(0|0]O0

0

o|0|0]O0

0 |sP11{BP10|BP9|BP8|BP7(BP6|BP5|BP4(BP3(BP2

BP1

BPO

INAME

DESCRIPTION

VALUE

OPERATION

BP
[11:0]

BP monitor

000000h~000FFFh

Reads BP on the condition CMD : 4Bh, 4Ch.
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CO?,(',I'\gAN’_\'ES“h 0101 0100

D23 D22 D21D20D19D18D17D16 D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

ofof|ofojo|o|o|o|[o0]|o0|o0]o0 |4R|4R|ARIARSAR7|ARGARSIARA|ARSIAR2IARTIARD

INAME DESCRIPTION VALUE OPERATION
AR |Delay RAM address Reads delay RAM address on the condition CMD :
[11:0]| monitor 000000h~000FFFh 4Bh, 4Ch.

COMMAND-55h
(MON-CRP) 0101 0101

D23 D22 D21D20D19D18D17D16 D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

o|lo(o(ofo|oOo|O0O|O|O|[O0Of[O0O|O]| O] O/ O [crRP8cRP7|CRPECRPS|CRP4|CRP3[CRP2|CRP1|CRPO
INAME DESCRIPTION VALUE OPERATION
CRP CRP (LIN-LOG
[8:0] adjustment pointer) | 000000h~0001FFh | Reads CRP on the condition CMD : 4Bh, 4Ch.
" | monitor

COMMAND-56h
(MON-SR) 0101 0110

D23 D22 D21D20D19D18D17D16 D15D14D13D12D11D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

LI | LG |OV|OV|RD|RD
0(0[0]|]O0O]|O0O|O0O|[0]| O] O [LRFIGF3|GF2|GF1|GFO G| uli1eloEl2a 16V1FV0F ZF | SF

NAME|  DESCRIPTION VALUE OPERATION
sg |SR (status register) — Reads SR on the condition CMD : 4Bh, 4Ch.
monitor
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4. Self-Boot Function Description

(1) Self-Boot Function

The TC9447F supports a self-boot function for setting coefficients and offsets. As Fig.1 shows, the
data are set via the microcontroller interface circuit.

First saving the data to be set via the microcontroller in the self-boot ROM (SBROM) allows
various modes to be set later. The microcontroller interface circuit supports two formats : 1°C and
the original mode. However, the boot must be executed in Standard Transmission (the original)

mode.
RST - . . -
Self-boot circuit BTCSN Microcontroller interface circuit E
BOOT -
Timing BTIFCK
SBROM IFCK
BA1 (1024word x 18bit) | | 9enerator BTIFDI
IFDI
BAO BTMODE l l
1o 1o 110 ~p 2cs
Internal CSN Internal IFCK Internal IFDI )
Internal I°CS

Fig.1 Self-Boot System
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(2) Boot ROM format

The following shows the breakdown of the 18 bits.

00 |Data that are being sent

01 |Command

10 [Final data (after the data are sent, the CS signal is set to “H").
11 [Jump address (jump to any address in the self-boot ROM).

11111111 000 O0O0O0O0O0OO0TDO
7 6 54 3 210987 6543 2 10
(MSB) (LSB)
000h | 11 Address JMP
001h | 11 [ 770 Address JMP
002h | 11 Address JMP
003h | 11 Address JMP
004h 01 CMD CMD
005h | 10 Data Data (LAST)
006h | 01 — | CMD CMD
007h | 00 Data Data (Cont)
008h | 00 Data Data (Cont)
009h | 00 Data Data (Cont)
00Ah | 10 Data Data (LAST)
00Bh | 11 Address JMP 3FFh
[3FFh [ 11 [ e | Address | JMP 3FFh

Fig.2 Boot ROM Format and Example

Boot mode completes when the address reaches 3FFh, the maximum value.
Therefore, for the final address, write JMP 3FFh (data =303FFh).

2000-02-09 35/53



TOSHIBA TC9447F

(3) Self-Boot Operation

Self-boot operations support two modes : one for use at reset and one for setting the
microcontroller. The modes can be used in combination.

(3-1) Self-boot operation at reset

To enter this mode, set the BOOT pin to High, then set the RST pin from Low to High. The
2048fs period (46.4ms when fs =44.1kHz) after a reset release is a wait period (for power-on
reset). The boot operation starts at the end of this period.

When switching the setting according to the application, specify the start address using the
BA[1:0] pin. At addresses 000h to 002h, set jump addresses.

The data setting speed is one word of SBROM per 1fs. As up to 1024 words can be set in the
SBROM, the maximum time required for setting the data is half of the wait period.

Table 1 Relationship Between fs and Wait Period Table 2 Relationship Between BA[1:0]
Pin Value and Start Address
fs WAIT PERIOD ('fwo&l\}h'\’l\'/f) BA1 BAO START ADDRESS
32kHz 64.0ms 32.0ms 0 0 000h
44.1kHz 46.4ms 23.2ms 0 1 001h
48kHz 42.7ms 21.3ms 1 0 002h
1 1 003h

(3-2) Self-boot operation when setting microcontroller

In this mode, the microcontroller can specify any address and the operation starts from that
address. The BOOT pin can be set to either High or Low. Setting the self-boot ROM start
address using the BOOT command (CMD : 41h) from the microcontroller starts the boot
operation with no wait.

The boot operation when set from the microcontroller is the same as the self-boot operation
at reset except that the boot operation can start from any address.
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Table 3 Differences Depending on Operating Mode

BOOT MODE SET FROM
PARAMETER BOOT MODE AT RESET MICROCONTROLLER
Boot Wait Period Yes
Boot Start Address Select from 000h to 003h Any add.ress specified from
microcontroller
BOOT Pin “H" level Don’t care

(4) Programming examples

000:
001:
002:
003:
004:
005:
006:
007:

008:
009:
00A:
00B:
00C:
00D:

100:
101:
102:
103:
104:
105:
106:

300:
301:
N2

30040h
30100h
30200h
30004h
10040h
28007h
10043h
20039h

10045h
00000h
00001h
00123h
20320h
30300h

10046h
00000h
00000h
00000h
00000h
20000h
30380h

10046h

00000h
N7FFFh

jmp 040h ; Jump to 040h
jmp 100h ; Jump to 100h

jmp 200h ; Jump to 200h

jmp 004h ; Jump to 004h

cmd 40h ; Command 40h (TIMING)
data 8007h ; CKOS0=7 (fs 128 output)
cmd  43h ; Command 43h (SI0)

It is necessary to use JMP instruction
while address 000 to 003.

data 0039h ; CHSO =0 (SO0), OSLT =3 (32 bits), OBCS=2 (20 bits),

OFMT =1 (Padded from the end)

cmd 45h ; Command 45h (MSEQ)
data 0000h ; Start address =0h
data 0001h s MSEQ[0]=001h

data 0123h ; MSEQ[1]=123h

data 0320h ; MSEQ[2]=320h

jmp 300h ; Jump to 300h

cmd 46h ; Command 46h (CRAM)
data 0000h ; Start address =0h

data 0000h ; CRAM [0] =0000h
data 0000h ; CRAM[1] =0000h

data 0000h ; CRAM [2] =0000Fh
data 0000h ; CRAM [3] =0000h

jmp 380h ; Jump to 380h

cmd 46h ; Command 46h (CRAM)
data 0000h ; Start address =0h
data 7FFFh - CRAMIN1 = 7FFFh
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(5) Code Format Example
The following shows the format for storing data in SBROM.

REM TC9447F SelfBootRomData Verl.0 ;
REM DATA : XX/XX/XX(MON)12:12:12 ; Can use a REM statement.
REM VERSION : 1.10b;
REM SBROM;
MODULE : RCA018A;
WORD :1024,HEX; Do not change these.
BIT  :18,HEX
DATA
000/30040,30100,30200,10040,28007,10043,20039,10045;
008/00000,00001,00123,20320,30300,10040,20022,303FF; Write data between DATA;
100/10046,00000,00000,00000,00000,20000,30380,00000; and END MODULE;.

3F8/30380,00000,00000,00000,00000,00000,00000,303FF;
END MODULE;
END; Completes with END; statement.
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5. Cautions on Use

(1) The cautions at the time of using IFOK terminal

The timing which outputs IFOK signal is the signal which shows whether the command received
from the microcomputer was performed normally.

Since the initial value of IFCK signal is unfixed when a control microcomputer is checking IFOK
signal, before sending a command, it may stop performing control from a microcomputer.

(2) The cautions at the time of using ACMP (address comparing mode)

In rewriting coefficient data and offset data using ACMP mode, please do not use it the
following condition.

(2-1)

(2-2)

(2-3)

Please do not transmit the following command before completing rewriting of data.

Please do not send the following command before completing rewriting of data of CRAM or
OFRAM.

Please check that waiting the term after rewriting of data is completed until it transmits the
following command was carried out, or rewriting has been completed using IFOK signal.

Please do not include data of an intact address.

Please do not include coefficient data of offset data of an address which are not used by the
program under execution, into transmitting data.

When data of an intact address is contained, operation in ACMP mode cannot be ended.

If the following command is transmitted in this state, RAM data will become unfixed also by
the command with the command unrelated to CRAM or OFRAM.

It needs to reset and all data needs to be re-set up to interrupt before completing rewriting
of data in the rewriting processing.

Please do not perform continuation transmission over the 0th address.

The transmission over the 0th address may incorrect-operate.

The same of this restriction is said not only of ACMP mode but continuation transmission of
usual RAM data.

For example, when writing in 007h from 1BFh and 000h from 1B8h of CRAM, it must transmit
in 2 steps.
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(3) The following cautions are required when transmitting a reset command and a boot cammand in
the cautions I2C bus mode at the time of using the 12C bus mode.

(3-1) At the time of reset command use

When transmitting a reset command (4Fh : M-RST) from a microcomputer, the
acknowledgement signal in front of the end conditions outputted from IFDI terminal is not
transmitted to a microcomputer.

Therefore, the acknowledgement signal of the last of IFDI signal should repeal at the time of
reset command transmission.

The timing at the time of reset command transmission is shown if Fig.4.

Fig.4 Timing at the Time of Command Transmission

(3-2) At the time of self boot command use

When a self boot command (41h : BOOT) is transmitted, even if end conditions happen to the
acknowledgement signal of the last of boot command data, please repeal.

If it becomes the boot mode, data will be transmitted internal boot ROM data using the
internal circuit of a microcomputer interface.

Data is transmitted not in the I°C bus mode but in the standard transmitting mode at the
time of boot mode operation in that case.

Therefore, IFDI terminal will be in the state of H level, and operation of an 1°2C bus and
conditions may not be performed normally.

The timing at the time of self boot command transmission is shown if Fig.5.

Fig.5 Timing at the Time of Self Boot Command Transmission
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MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Power Supply Voltage VpD -0.3~6.0 \Y
Input Voltage VIN -0.3~Vpp +0.3 \
Power Dissipation PD 1500 mw
Operating Temperature Topr -40~75 °C
Storage Temperature Tstg -55~150 °C

ELECTRICAL CHARACTERISTICS
(Unless otherwise noted, Ta=25°C, Vpp =Vpx=VDDR=VDL=VDR =VDAL=VDAR =VDAC =VDAS =5V)
DC Characteristics

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. [ TYP. | MAX. | UNIT
CUIT
Operating Power Supply VDD — |Ta= -40~75°C 45| 50| 525 | Vv
Voltage
Operating Frequency Range f 340-step mode 8 1> 25 MHz
P g Frequency 9 opr ~ [511-step mode 12 | 33.8 34
Operating Power Supply fopr =33.8688MHz
Current DD — |511-step mode - 1351 1401 mA
Clock Pins (XI, XO, ECKI, ECKO)
Input Voltage |"“H" level VIH1 — . 3.5 — —
(1) “L" level ViLT —| Xl ECKI pin — [ =115]
Output Voltage | “H” level VOH1 — |loH=-3.0mA |XO0, 4.5 — —
(1 “L" level VoL1 — |loL=5.0mA ECKO pin — — 0.5
Pull-down Resistance RxD — | XI, ECKI pin — 3.0 5.0 | kQ
Input Pins
Input Voltage |“H" level VIH2 — 4.2 — —
(2) “L" level ViL2 — (Note 1) — 1 = [ o8| Y
Input Leakage "H" level lIH2 — |VIN=VDD (Note 1) — — 10 LA
Current L” level L2 — |VIN=0V -10 — —
“H" level \Y — — 2.8 —
Threshold H Vi P (Note 2)
Voltage L” level VN — — 2.0 — Vv
Hysteresis Voltage VH — (Note 2) — 0.8 —

(Note 1) CKS, STEPO, STEP1, RST, SYNC, ELRO, ELRI, EBCO, EBCI, DIN, EMO, EM1, I12CS, CS,
IFCK, IFDI, BOOT, BAO, BA1, TSTO~3 (Normally input pins and Schmitt input pins)
(Note 2) Pins excluding I2CS pins in (Note 1) above (Schmitt input pins)
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Output Pins
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. [ UNIT
CUIT
"H" | I \Y — |1 = -2.0mA 4. — —
Output Voltage H eve OH?2 OH Om (Note 3) 5
(2) L” level VoL2 — |loL=2.0mA — — 0.5
Output Voltage ”H” level VOH3 — |[loH=-4.0mA (Note 4) 4.5 — — y
(3) L” level VoL3 — |loL=4.0mA — — 0.5
a‘)‘tp“t Voltage . v |oyel Vola | — |loL=4.0mA — | — | os
(Note 5)
Output Open Leakage _ +
Current loza — |VoH=VDD — — | 210 | A

(Note 3) FS, CKO, CKO1, MCK, DOUT (Normally output)
(Note 4) IFDO (Normally output)
(Note 5) IFDI(When I1°C mode output), IFOK, ACK, ERR (Open drain output)
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AC Characteristics (1) Analog
AD Converter Characteristics

CHARACTERISTIC SYMBOL Tch?zT TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
. . Input level that ADC digital
Maximum Input Signal Vi — | output does not overflow 1.13 | 1.20 — | Vims
Level
(Note 1)
Input Impedance Zin — | LIN, RIN pins (Note 1) | — 27.0 — kQ
A-Weight,
S/(N + D) Ratio S/Na1 — | When using X'tal oscillator at 90 98 | —
33.8688MHz (Note 1)
CCIR-ARM,
S/Na2 — |[When using X'tal oscillator at 88 94 —
33.8688MHz (Note 1)
THD+N 20kHz LPF,
THDg — [When using X'tal oscillator at — -77 | =70 | dB
33.8688MHz (Note 1)
A-Weight,
Crosstalk CT, — [When using X'tal oscillator at — -95 | -88
33.8688MHz (Note 1)
A-Weight,
Dynamic Range DR, — | When using X'tal oscillator at — 95 90
33.8688MHz (Note 1)

(Note 1) Input channels : LIN, RIN
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DA Converter Characteristics

CHARACTERISTIC SYMBOL —EEFS{T TEST CONDITION MIN. [ TYP. | MAX. | UNIT
CUIT
Output voltage at full-scale
Vo1 " |digital input (Note 2) 110 121 1.32
Output Signal Level Output voltage at full-scale Vrms
Vo2 — |digital input (Trim output) 1.35 | 1.52 | 1.61
(Note 3)
Trim Output Pin :
Attenuation Level VoaL | — (Note 3)) 0 — | -20
:{;’;‘ E’e‘ﬁ“t Pin - VOps | — (Note 3) | — 1| —
A-Weight,
S/N Ratio S/Ndg — [When using X'tal oscillator at 90 100 —
33.8688MHz (Note 4)
20kHz,
THDg1 — [When using X'tal oscillator at — -87 | -80
33.8688MHz (Noet 2) dB
THD +N 20KHz,
THD4> | — |When using X'tal oscillator at — -82 | -75
33.8688MHz (Note 3)
A-Weight,
Crosstalk CTq — | When using X'tal oscillator at — -95 | -88
33.8688MHz (Note 4)
A-Weight,
Dynamic Range DRg — | When using X'tal oscillator at — 95 90
33.8688MHz (Note 4)

(Note 2) Output channel : AOL, AOR, AOC, AOS
(Note 3) Output channel : AOCT, AOST
(Note 4) Output channel : AOL, AOR, AOC, AOS, AOCT, AOST
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TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
AC Characteristics (2) Timing
Clock Input Pins (XI, ECKI)
Clock Cycle tx| — 29 — —
Clock “"H" Cycle Width tXIH — — 14.5 — ns
Clock “L" Cycle Width tx|L — — 14.5 —
Reset Pin (RST)
Standby Time trRRS — 10 — — ms
Reset Pulse Width tWRS — 1.0 — — U
Timing Output
| CKO Output Delay Time | tprc | — | [-150| — | 150 | ns |

Audio Serial Interface (EBCI, DIN, EBCO, DOUT)

ELRI Hold Time tLIH — | CL=30pF -75 — 75
DIN Setup Time tspi — | CL=30pF 50 — —
DIN Hold Time tHDI — |CL=30pF 50 — —
EBCI Clock Cycle tEBCI — |CL=30pF 300 — —
EBCI Clock “H" Cycle

Width tEBIH — | CL=30pF 150 — —
EBCI Clock “ L" Cycle

Width tEBIL — | CL=30pF 150 — —
ELRO Hold Time tLOH — | CL=30pF -75 — 75 ns
DOUT Output Delay _

Time (1) tDO1 — | CL=30pF — — 60
DOUT Output Delay

Time (2) tDO2 — | CL=30pF — — 60
EBCO Clock Cycle tegco | — |CL=30pF 300 — —
EBCO Clock “H” Cycle

Width teBOH | — |CL=30pF 150 — —
EBCO Clock “L" Cycle

Width tEBOL — | CL=30pF 150 — —
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TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT

CUIT

Microcontroller Interface o
Standard Transmission Mode (CS, IFCK, IFDI, IFDO, ACK)

Standby Time tsTB — 1.0 — —
CS | -IFCK | Setup
Time (Mode 1) tccp T 051 — o
IFCK “L" Cycle Width twLc — 0.5 — —
IFCK “H" Cycle Width twHe | — 0.5 — —
IFCKT -CS1T Setup
Time tcke | — 051 — | —
CS “H" Cycle Width twces — 1.0 | — —
IFCKT -CS1T Setup
Time (Mode 2) tccu o 0-5 o _
IFCK |, -CS | Setup

— ) — — s
Time tsCK 0-5 -
IFDI - IFCKT Setup Time tscD — 0.5 — —
IFCK T -IFDI Hold Time | tuep | — 05| — | —
IFCK |, - IFDO

— =30pF — — .
Propagation Delay Time tDDO CL=30p 0-5
IFCK ] - ACK |, CL =30pF
Propagation Delay Time 'DAKD | — (Pull-up resistor) R| = 1kQ) o o 0.5
IFCK | -ACK T CL=30pF
Propagation Delay Time DAKZ (Pull-up resistor) R = 1kQ 0-5

12C Mode (CS, IFCK, IFDI)

IFCK Clock Frequency fiIFck — | CL=400pF 0 — 400 | kHz
IFCK “H" Cycle Width ty — | =400pF 06 | — —
IFCK “L" Cycle Width t — ¢ =400pF 13| — —
Data Setup Time tDs — | CL=400pF 0.1 — —
Data Hold Time tDH — | CL=400pF 0 — —
Transmission Start
Condition Hold Time tscH — | CL=400pF 0.6 | — -
Repeat Transmission
Start Condition Setup tscs — | CL=400pF 0.6 — — S
Time
Transmission End
Condition Setup Time teCs — | CL=400pF 0.6 | — -
Data Transmission

— =400pF 1. — —
Interval tBUF CL=400p 3
I2C Rise Time tR — | CL=400pF — — 0.3
12C Fall Time tF — | CL=400pF — — 0.3
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AC Characteristic Test Points
(1) Clock Pins (XI, ECKI)

XI/ECKI 50% 71 7Z

tXIH | tXIL
X
(2) Reset
100% — U
VbD
0% —

50%

RST

tRRS twRs

(3) Timing output

100% —
FS 50% ><

0% — =————t | V— i

CKOO, CKO1 50%

DFC
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(4) Audio serial interface (ELRI, EBCI, DIN, ELRO, EBCO, DOUT)

tEBCI

tEBIL tEBIH

|
|

EBCI —_— J—— —_— Y

AK 7L AK_ AL#
A

tspl tHDI tELRI

tEBCO

tEBOL tEBOH

ELRO __X é

jx_7‘ xi_ _XLJ

DOUT

tpo2 tELRO
tDO1

ELRO
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(5) Microcontroller Interface in Standard Transmission Mode (CS, IFCK, IFDI, IFDO, ACK)

RST [{

s (Mode 1) (Mode 2) N

| tcco twic tWHC teke twcs tecu

N .../ /

tsek
IFDI

tscp tHCD |

IFDO %f{
tpDo

ACK

10%

— —

tDAKD tpakz

(6) Microcontroller Interface in 12C Mode (IFCK, IFDI)

tBUF

/X N\

IFCK

tL tH
tSCH tR tDs tDH tscs tF teCS

Purchase of TOSHIBA I°C components conveys a license under the Philips 1°C Patent Right to
use these components in an I°C system, provided that the system conforms to the 1°C Standard
Specification as defined by Philips.
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PACKAGE DIMENSIONS

b AR A [
100§ © %31
L

‘ !
3.05MAX

0.1940.1 || 2.740.2

Weight : 1.57g (Typ.)
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