TOSHIBA TC94A15F

TOSHIBA CMOS Digital Integrated Circuit  Silicon Monolithic
TC94A15F

Single-Chip Digital Servo Processor Incorporating CD Head Amplifier

The TC94A15F is a single chip processor which incorporates
the following functions: CD system synchronous separation
protection and interpolation, EFM demodulation, error system
and correction, microcontroller interface, servo-use digital
equalizer and servo control circuit, and 1-bit DA converter.

In addition, the TC94A15FG incorporates a head amplifier,
which makes it possible to configure a CD player quite easily on
an adjustment-free basis.
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Features LQFP100-P-1414-0.50C

Common to all sections Weight: 0.65 g (typ.)

e Supports the x1, X2, and x4 speeds for CD playback.

CD-DA mode: X1, X2, and x4 speeds are supported.

(x4 speed in CD-DA mode is supported only for analog slicing.)

CD-RW mode: X1 and X2 speeds are supported.
e Built-in microcontroller interface circuit
e Operates at high speed with low power consumption because of a CMOS silicon structure.
e Packed in a flat package having 100 pins (0.5 mm pitch).

Head amplifier section
¢ Built-in reference voltage (VRO) generation circuit
¢ Built-in APC (auto laser power control) circuit
e Enables either NPN or PNP transistors, whichever are selected, to be used in the APC circuit (LDO).
e Enables the input polarity of the monitor diode (MDI) to be switched.
e Built-in RF signal generation circuit
e Enables the polarity of the offset voltage correction of the RF signal to be switched.
e Built-in AGC (auto gain control) circuit for the RF signal (gain adjustment range of +6 dB)
e Built-in RF equalizer correction circuit
e Built-in focus error signal and tracking error signal circuits

e Built-in signal generation circuit for track counting

e Built-in circuit for generating a subbeam addition signal or an RFDC signal, whichever is selected, as a defect

detection signal.

(Note that the RFDC signal is supported only when the RFO signal is positive.)
e Supports DC offset correction functions (for focus, tracking, and RF sections).
e Supports both CD-DA and CD-R/RW modes.
e Supports a voltage output type pickup.

Digital servo processor section
e Capable of decoding text data (CD-TEXT).
e Capable of performing sync pattern detection, sync signal protection and interpolation securely.
e Built-in EFM demodulation circuit and subcode demodulation circuit
e Has a jitter absorbing capacity of +6 frames.

e (Capable of making double C1 correction and quadruple C2 correction, using CIRC correction logical
expressions.

e Built-in 16-KB RAM
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TOSHIBA TC94A15F

e Built-in digital-out circuit
(supporting up to X2 speed, or 16.9344 MHz, and up to X4 speed, or 33.8688 MHz, in the CLV mode)
e Built-in independent left and right digital attenuators
e Supports bilingual audio outputs.
e Enables audio outputs to be switched among 32 fs, 48 fs, and 64 fs.
e Capable of reading subcode Q data at any time and outputting it in synchronization with audio data.
o Built-in data slice circuit (switchable between analog and digital slicing)
¢ Built-in analog PLL (with an adjustment-free VCO)
o Uses an active wide-range PLL system.
e Supports variable-speed playback.
e Built-in CAV control circuit, supporting switching between the CAV and CLV modes
e Supporting automatic loop gain, offset, and balance adjustments for focus and tracking servo sections.
e Built-in RF gain automatic adjustment circuit
e Built-in digital equalizer
e Built-in digital equalizer coefficient RAM, supporting various pickup types
e Built-in focus and tracking servo control circuits
e Supports all search control modes, thus realizing high-speed stable searches.
e Uses speed-controlled lens kick and feed kick.
e Built-in AFC and APC circuits for disc motor CLV servo control
e Built-in anti-defect and anti-shock circuits
o Built-in X8 over-sampling digital filter and 1-bit DA converter (for up to X2 speed)
o Built-in analog filter for a 1-bit DA converter (for up to X2 speed)
o Supports externally input BCK, LRCK, AOUT, and EMPH signals (for up to X2 speed).
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TOSHIBA

TC94A15F

Head amplifier block diagram
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TOSHIBA

TC94A15F

Block diagram (top view)
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Pin Function
Pin No. Symbol 110 Functional Description Remarks
o Correction flag output pin.
1 IPF 351/F "H" if the AOUT output is an uncorrectable symbol in C2 —
correction.
5 SBOK (0] CRCC check result output pin for subcode Q data. .
3-5I/F | “H" if the check result is OK.
3 CLCK /0 | Clock input/output pin for reading subcode P to W data. .
3-51/F | The polarity of the input/output can be selected with a command.
4 Vpp3 — Power supply pin for 3.3 V digital circuits. —
5 Vss3 — Grounding pin for digital circuits. —
o .
6 DATA 3-5I/F Subcode P to W data output pin. —
7 SESY 3_8”: Playback section frame sync signal output pin. 7.35 kHz
8 SBSY /0 | Subcode block sync output pin. .
3-5I/F |"H"in the S1 position when a subcode sync is detected.
Input/output pin for general-purpose I/O devices.
(Playback speed mode flag output pin.)
9 I00A 110
(/HSO) | 3-5I/F Command bits can be used to
/UHSO | /HSO [ Playback speed select which function of the
dual function pin to use
H x1 speed (general-purpose input or
output (input is selected upon
10 I01A /0 *2 speed a reset) or speed mode flag).
(/lUHSO) | 3-5I/F L H x4 speed
11 ARSEL 3II/F Usually fixed at "H" level. —
o . : ] Controllable in CLV/CAV
12 AWRC 3AIF VCO control pin for active wide-range PLL. mode.
13 PVpp3 — 3.3 V power supply pin dedicated to the PLL section. —
14 PDO O Signal output pin for phase difference between EFM and PLCK [ 4-value output.
3Al/F | signals. (PVbpa3, HiZ, PVss, PVREF)
15 TMAXS /S I _ _
3 TMAX detection result output pin. 3-value output.
1) The same signal is output from the TMAX and TMAXS pins. (PVpp3, PVss, Hiz)
16 TMAX
3AI/F
To be connected on the
| Lo . . ) o resistor side.
17 LPFN 3AIF Inversion input pin for PLL section low-pass filter amplifier. See the application circuit
diagram.
To be connected on the
0 . ) 5 ) - capacitor side.
18 LPFO 3AIF Output pin for PLL section low-pass filter amplifier. See the application circuit
diagram.
Connected to VRgr and VRO
19 PVREE — 1.65 V reference voltage pin dedicated to the PLL section. within the IC package. To be
connected to 0.1 pF.
[e) ) . Connect a 0.01 pF capacitor
20 VCOF 3AIIF VCO filter pin. between VCOF and PVgs3.
| . To be connected to PVRgE if
21 VCOREF 3AIF Input pin for VCO center frequency reference level. AWRC is left unused.
22 DTCN 3;\)'”: Analog slicer filter pin
To be connected to 0.022 pF.
o} . ) .
23 DTCP 3AI/F Analog slicer filter pin
24 PVss3 — Grounding pin dedicated to the PLL section. —
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TOSHIBA TC94A15F

Pin No. Symbol 110 Functional Description Remarks
o Select a capacitor to be
25 SLCO EFM slice level output pin. connected according to the
3AI/F :
servo bandwidth.
I RF signal input pin. -
26 RF 3Al/F | An input resistance can be selected using a command. Zin: 20 kQ, 10k, 5 kO
| . . . .
27 RFRPI 3AIF RF ripple signal input pin. —
o To be connected to RFRPI via
28 RFEQO 3AIE RF equalizer circuit output pin. 0.1 pF and to RFI via 4700 pF
or more.
29 AVpp3 — Power supply pin for 3.3 V analog circuits. —
| . : : : To be connected to 22 kQ/
30 RESIN 3AI/F Pin for connecting a resistor for reference current generation. 680 pF.
Connected to VRegr and
(@) . PVRep within the IC package.
31 VRO 3AIF 1.65 V reference voltage output pin. To be connected t0 0.1 uF
and 47 pF.
Reference voltage for APC
32 VMDIR — 1.533 V reference voltage output pin. circuit.
To be connected to 0.1 pF.
[e) . L . To be connected to 0.015 puF
33 TESTR 3AIF Pin for connecting filter for RFEQO offset correction. or more.
I Pin for MDI input polarity select input.
34 INVSEL 3AI/F |"L": Normal input. "H": Inverted input. o
| : : . : To be connected to RFO via
35 AGCI 3AIF Input pin for RF signal amplitude adjustment amp. 0.1 uF.
I . ) ) To be connected directly to
36 RFDCI 3AIF Input pin for RF signal peak detection. RFO.
o To be connected directly to
37 RFO Output pin for RF signal generation amp. RFDCI and, via 0.1 pF, to
3AI/F
AGCI.
38 PNSEL | P_m f(_)r selecting an LDO connection transistor type for APC L: NPN, H: PNP
3AIl/F | circuit.
0 ) . . . . Kept open when RFEQ is
39 EQSET 3AIF External-connection pin for RF signal equalizer. used.
40 RVpp3 — Power supply pin for 3.3 V RF amp core section. —
O . .
41 LDO 3AIF Laser diode amp output pin. —
| . : : . With reference to 178 mV
42 MDI 3AIF Monitor photodiode amp input pin. (typ.)
43 RVss3 — Grounding pin for RF amp core section. —
| Main beam input pin.
44 FNI2 3AI/F | To be connected to PIN diode C. o
| Main beam input pin.
45 FNIL 3AI/F [ To be connected to PIN diode A. o
I Main beam input pin.
46 FPI2 3Al/F | To be connected to PIN diode D. T
I Main beam input pin.
4 FPIL 3AI/F | To be connected to PIN diode B. T
48 TPI I Subbeam input pin. .
3Al/F | To be connected to PIN diode F.
49 INI I Subbeam input pin. .
3Al/F | To be connected to PIN diode E.
) ) . Either focus signal or tracking
(0] Focus/tracking signal output pin. . . .
50 FTE 3AI/F | (Test pin for servo characteristic measurement.) signal is selected using a
command.
| . . . To be connected to RFRP via
51 RFZI 3AIF Input pin for RF ripple zero-cross signal. 0.033 yiF.
52 AVss3 — Grounding pin for analog circuits. —
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Pin No. Symbol 110 Functional Description Remarks
o : . . To be connected to RFZI via
53 RFRP 3AIF RF ripple signal output pin. 0.033 yiF.
54 RFDC 3;\)'”: Pin for the RF peak detection signal supporting hologram.
55 FEI o Focus error signal pin. ) o )
3AI/F Pins for monitoring various
(@) - . . signals.
56 SBAD 3AI/F Subbeam addition signal pin.
57 TEI o Tracking error signal pin
3AI/F '
| . . . To be connected to TEI via
58 TEZI 3AIF Input pin for tracking error signal zero-cross. 0.033 yiF.
59 AVpp3 — Power supply pin for 3.3 V analog circuits. —
o . .
60 FOO 3AIF Focus equalizer output pin. (Note)
o . . .
61 TRO 3AIF Tracking equalizer output pin. (Note)
o Connected to VRO and
62 VREF 3AIF Reference voltage pin for analog circuits. PVReg within the IC package.
To be connected to 0.1 pF.
o . .
63 FMO Speed error/feed equalizer output pin. (Note)
3AI/F PWM 3-value output.
o) : . . (AVDD3, AVss3, VREF)
64 DMO 3AIF Disc equalizer output pin. (Note)
65 102a | 00
Input/output pin for general-purpose I/O devices Input is selected at a reset.
66 103A | 10
At this pin, flags in the DSP
and PLL-circuit clock pulses
O . L . . can be monitored, using
67 MONIT 3AIF Pin for monitoring signals in the DSP microcontroller commands.
The pin can be used also to
output text data serially.
I FG signal input pin for CAV.
68 FGIN 3Al/F [ CLV:"L", CAV: FG input o
69 Vss3 — Grounding pin for digital circuits. —
70 Vbp3 — Power supply pin for 3.3 V digital circuits. —
71 TESIN 3A|I/F Test input pin, usually fixed at "L" level. —
72 XVss3 — Grounding pin for system clock oscillator circuit. —
I . . N
73 Xl 3AIF Input pin for system clock oscillator circuit. —
This pin is used to take
o system clock oscillator output
74 XO 3AIF Output pin for system clock oscillator circuit. into the MCK. It is “H” when
the microcontroller command
is XSTOP.
75 XVpp3 — Power supply pin for 3.3 V system clock oscillator circuit. —
76 DVss3 — Grounding pin for 1-bit DAC.
77 RO 3;\)'”: R channel data normal output pin for 1-bit DAC. No capacitor is to be
connected to the DVR pin if
78 DVpp3 — | 3.3V power supply pin for 1-bit DAC. theegu”t"n 1-bit DAC is not
79 DVR (@] Reference voltage pin for 1-bit DAC. In thi's case, however, 3.3V
o must be supplied across
80 LO 3AIF L channel data normal output pin for 1-bit DAC. DVpp3 and DVsgs3.
81 DVss3 — Grounding pin for 1-bit DAC.
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Pin No. Symbol 110 Functional Description Remarks
o This pin is valid also when
82 ZDET 3-51/E Zero detection flag output pin for 1-bit DAC. external inputs are supplied to
the 1-bit DAC.
83 Vsss — Grounding pin for interfaces —
1/0 When 3.3 V is supplied to
84 BUSO 3-51/F Vpps, the output level of each
interface pin (82, 84-87,
85 BUS1 3_"5(3F 92-100, 1-3, and 6-10) is
; Data input/output pin for the microcontroller interface. QYEU% with reference to a
1/0 :
86 BUSZ | sk To be fixed at "H" or "L" when
communication is not in
110 progress, so the pin will not
87 BUS3 3-51/F become Hiz.
88 BUCK | 4 5||/F Clock input pin for the microcontroller interface. To be fixed at "H" when
- communication is not in
; ; ; ; ; ; he pin will not
I Chip enable signal input pin for the microcontroller interface. progress, ?‘Ot
89 ICCE 3-5I/F | BUS3 to BUSO are active if this pin is “L". become Hiz.
Reset signal input pin. The XSTOP mode is released
9 JRST | The internal registers and servo section registers are reset, when /RST changes like:
3-5I/F | respectively, when the reset signal is “L” and on the rising edge |"H" — "L" — "H"
of the reset signal. To be connected to 0.1 pF.
91 Vbps — Power supply pin for the interface. 5 or 3.3 Vis supplied.
General-purpose /O pin.
92 (Ell\(zgal) 3_Ié(a|: (1-bit DAC external input: EMPH.)
(Flag output: A.)
101B o | General-purpose /O pin. Command bits are used to
93 (BCKI) 351/F (l]blt DAC gxternal input: BCK.) switch among . .
(Flag output: B.) general-purpose I/O (input is
General-purpose 1/O pin. selected at arese), flag
94 I(SIZNB) 3-Ié?/F (1-bit DAC external input: AIN.) output, and 1-bit DAC external
(Flag output: C.) input.
General-purpose /O pin.
95 (Ilg:éi) 31/5(3’: (2-bit DAC external input: LRCK.)
(Flag output: D.)
o Emphasis flag output pin.
96 EMPH 3.51/F ENPH on: “H”. EMPH off: “L". —
The output polarity is switched, using a command.
97 BCK (0] Bit clock output pin. 32 fs, 48 fs, and 64 fs can be selected, x1 speed:
3-51/F | using a command. 32 fs=1.4112 MHz.
08 AOUT (0] Audio data output pin. Which bit is first (MSB first or LSB first) .
3-51/F | can be selected, using a command.
o LR channel clock output pin. “L” for the L-channel and “H” for the
99 LRCK 351/F R-channel. The output polarity can be inverted, using a x1 speed: 32 fs = 44.1 kHz.
command.
100 DOUT 3-8/!3 Digital-out output pin. As per CP-1201.
*: 3AI/F :3V analog circuit input/output pin.
3-5I/F : 3-5 built-in interface pin (5 V input/output pin).
31/F :3Vdigital circuit input/output pin.

Note: The servo output pins (FOO, TRO, FMO, and DMO) become undefined under the following conditions:
¢ /RST pin = Low
¢ Crystal oscillation stopped according to the instructions by the Stop crystal oscillation command

To prevent the undefined pin states from affecting the servo circuitry or any other mechanical blocks in the
system, appropriate measures should be taken, such as using a driver IC supporting a standby feature to

place the system in standby mode while either of the above conditions is satisfied.
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Maximum rating (unless otherwise specified, referred to ground and Ta = 25°C)

Characteristics Symbol Rating Unit Remarks
Vbps -0.3~6.0 91-83 pin
4-5, 70-69 pin
Power supply voltage \% 13-24, 40-43 pin
VbD3 -0.3~4.5 29, 59-52 pin
75-72 pin
78-76, 81 pin
_ 3, 9~10, 84~90 pin
VINS -0.3~Vpps + 0.3 9295 pin
11, 17, 26, 27 pin
Input voltage v 30, 34~36, 38 Ein
VIN3 -0.3~Vpp3+0.3 42, 44~49, 51 pin
58, 65, 66, 68 pin
71, 73 pin
Permissible loss Pp 1910 mw —
Operating temperature Topr -40~+85 °C —
Storage temperature Tstg -55~+150 °C —
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TOSHIBA TC94A15F

Electrical characteristics

B RF core section

(unless otherwise specified, Vpps =5V, Vpp3 = AVpp3 = DVpp3 = XVppz = PVpp3z = 3.3V,
and Ta = 25°C)

Test

Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Power supply voltage
Guaranteed-operation VD3 o L 3.0 33 36 vV
supply voltage
CMD: D4400E
Supply current IbD3 — | (FCSW = 00 for 1 speed) — 45 60 mA
Reference voltage
Reference voltage VRO — — — 1.65 — \Y
Output drain current loH AV =-0.1V 3 — —
— mA
Output sink current loL AV =+0.1V 3 — —
APC section (MDI — LDO) MDI —> LDO
Internal reference VMDIR . . . 15 . v
voltage
Voltage gain 1 GvaPC1 Ff = 1 kHz, normal-polarity LDO — 200 — "
— \%
Voltage gain 2 Gvaprc2 Ff = 1 kHz, inverted-polarity LDO — —-200 —
Operation reference Vipo=Vpp-13V, o o
voltage 1 Vbl normal-polarity LDO 178
— mV
Operation reference Vipo =ground + 1.3V, L o
voltage 2 Vb2 inverted-polarity LDO 178
VDD reference,
LD-off voltage 1 VLDoP1 CMD: LD-OFF. PNP — -0.2 —
— \%
GND reference,
LD-off voltage 2 VipoprP2 CMD: LD-OFF. NPN — 0.2 —
Input bias current Iapc — [VMDI1/2 =178 mV -1 — 1 pA
RF section (FPIL/FPI2 (FNIZ/FNI2) — RFO)
Voltage gain & variable GVA11RF f=0.5Vpp/ RFOGAINi=0000| — -6 —
range 1 100 kHz,
(CD-DA mode) GvVA12RF CMD: GVSW =1 |RFOGAINi=1111| — 12 — B
Voltage gain & variable GVA21RF f=0.5Vpp/ RFOGAINi=0000| — 6 —
range 2 100 kHz,
(CD-RW mode) GvVA22RF CMD: GVSW =0 |RFOGAINi=1111| — 24 —
Frequency
characteristic 1 f —3dB point, CMD: GVSW =1, L 16 o
(CD-DA mode) CI1RF RFOGAINi = 1000
(Note 1) MH
— z
Frequency
characteristic 2 f -3 dB point, CMD: GVSW =1, o 6 o
(CD-RW mode) C2RF RFOGAINi = 1000
(Note 1)
Output slew rate SRRE — |[CrFo =20 pF 10 20 — V/us
Output upper-limit L
voltage VOHRE GND reference 2.9 3.1
— \%
Output lower-limit
voltage VOLRF GND reference — 0.3 0.5
Permissible load
resistance RLMRF - - 5 10 - kQ

Note 1: Design guarantee.
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TOSHIBA TC94A15F
Characteristics Symbol C-Ii-risutit Test Condition Min Typ. Max Unit
AGC+RFEQ section (AGCI - RFEQO)
Voltage gain 1 (Note 2) GviaGe RFGC = 80h — -7.8 -6
Voltage gain 2 (Note 2) Gv2aGe — |f=100kHz RFGC = 00h — 0 — dB
Voltage gain 3 (Note 2) Gvsace RFGC = 7Fh 6 7.8 —
Peak frequency 1 CMD: D4COOE (Boost Max), .
(x1 speed mode) fe1eQ RFGC = 00h 0.9 1.8
Peak frequency 2 ___ | CMD: D4C10E (Boost Max), .
(x2 speed mode) fe2eQ RFGC = 00h L7 84 | MHz
Peak frequency 3 CMD: D4C20E (Boost Max), .
(x4 speed mode) feseQ RFGC = 00h 3.3 6.6
Group delay difference c 00 oC - 0oh
11 MD: D4400E, RF = ,
(x1 speed mode) GDiEQ f = 100 kHz (reference) to 1 MHz —20 o 20
(Note 3)
Group delay difference
21 CMD: D4410E, RFGC = 00h,
(x2 speed mode) GD2eQ " |f=200 kHz (reference) to 2 MHz 10 o 10 ns
(Note 3)
group delay difference c 20 oC - 00h
1 MD: D4420E, RF = ,
(x4 speed mode) GDseQ f = 400 kHz (reference) to 4 MHz -6 - 6
(Note 3)
Peak gain difference
11 v f =100 kHz (reference), RFGC = 00h, . 5 .
(x1 speed mode) 1EQ CMD: D4COOE (Boost Max)
(Note 3)
Peak gain difference
21 v __|f=100 kHz (reference), RFGC = 00h, L 5 L dB
(x2 speed mode) 2EQ CMD: D4C10E (Boost Max)
(Note 3)
Peak gain difference
31 v f =100 kHz (reference), RFGC = 00h, L 5 L
(x4 speed mode) 3EQ CMD: D4C20E (Boost Max)
(Note 3)
Output slew rate SRaGC — | CrFEQO = 20 pF 10 20 — V/us
Output upper-limit o
voltage VOHAGC GND reference 2.9 3.1
— \%
Output lower-limit
voltage VoLaGcc GND reference — 0.3 0.5
Permissible load
resistance Rimace - — 5 10 - kQ
Note 2: These values were measured in the AGC-AMP section.
Note 3: These values were measured in the RFEQ section. Design guarantee.
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. Test " . .
Characteristics Symbol Cir?:suit Test Condition Min Typ. Max Unit
FE section (FPIL/FPI2 (FNIL/FNI2) - FEI)
Voltage gain & variable GvA11FE f=0.5Vpp/1kHz, FEOGAINi = 0000 |  — -2.8 —
range 1 (CD-DA mode) GVALZFE CMD: GVSW =1 |eoGAINi= 1111 — 215 - s
Voltage gain & variable GvA21FE f = 0.5Vpp/1kHz FEOGAINi=0000 | — 9.5 —
range 2 (CD-RW CMD: GVSW = 0 —
mode) Gva22FE FEOGAINi = 1111 — 33.5 —
Gain balance 1
(CD-DA mode) GBire AGvarrFE -1 0 1 o
Gain balance 2
(CD-RW mode) GBare AGvaz+FE -1 0 1
Frequency . . . B
characteristic 1 fcire C?\;jg %)\'?évs'\_mi FEBW =0, — 29 —
(CD-DA mode) ’ -
Frequency _ ; . _
characteristic 2 fcore C?\;jg %)\'?évsl\gD FEBW =0, — 29 —
(CD-RW mode) : B ‘
— Hz
Frequency _ ; . _
characteristic 3 fcare C?\jljg Fé)\l;]évfl:wi FEBW =1, — 44 —
(CD-DA mode) ’ -
Frequency _ ; . _
characteristic 4 fcare C?\;jg %)\I?évs '\_/”3 FEBW =1, — 44 —
(CD-RW mode) ’ -
Output offset voltage 1 VRO reference,
(CD-DA mode) VOF1FE FPI1/FPI2/FNI1/FNI2 open -50 — +50
(Note 4) FEBC = 00h, CMD: GVSW =1 v
— m
Output offset voltage 2 VRO reference,
(CD-RW mode) VOF2FE FPI1/FPI2/FNI1/FNI2 open -50 — +50
(Note 4) FEBC = 00h, CMD: GVSW =0
Output upper-limit
voltage VOHFE GND reference 2.9 3.1 — y
Output lower-limit
voltage VOLFE GND reference — 0.3 0.5
Permissible load
resistance RLmFe - - 10 15 - kQ

Note 4: These values are those for which offset correction is completed.
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. Test . . .
Characteristics Symbol Cir?:suit Test Condition Min Typ. Max Unit
TE section (TPI (TNI) —» TEI)
Voltage gain & variable GvALL1TE f=0.5Vpp/1 kHz, | TEOGAINi = 0000 — 8.5
range 1 TEBC = 00h, -
(CD-DA mode) Gva12TE CMD: GVSW =1 |[TEOGAINi=1111| — 32 J
— B
Voltage gain & variable Gva21TE f=0.5Vpp/1l kHz, | TEOGAINi = 0000 — 20.5 —
range 2 TEBC = 00h, -
(CD-RW mode) Gva22TE CMD: GVSW =0 |[TEOGAINi=1111| — 44
Gain balance |H (DA) ART1TE TEBC = 7Fh +50 +60 —
adjustment — %
width L (DA) ART2TE TEBC = 80h _ -60 _50
Gain balance 1
(CD-DA mode) GBi1TE AGvA1*TE -1 0 +1 dB
Gain balance 2
(CD-RW mode) GBaTE AGva2+TE -1 0 +1
Frequency _ ; . _
characteristic 1 fciTE C?\;jg %)\'?évs'\_mi TEBW =0, — 29 —
(CD-DA mode) ’ -
Frequency . . . B
characteristic 2 fcoTE C?\;jg %)\'?évs '\_/”3 TEBW =0, — 29 —
(CD-RW mode) ’ - ‘
_ Hz
Frequency _ ; . _
characteristic 3 fcaTe C?\jljg Fg)\'?évf/: 'Y”i TEBW =1, — 44
(CD-DA mode) ’ -
Frequency _ ; . _
characteristic 4 fcaTE C?\;jg %)\I?évs '\_/”3 TEBW =1, — 44 —
(CD-RW mode) ’ -
Output offset voltage 1
VRO reference, TPI/TNI open,
(CD-DA mode) VoF1TE TEBC < 00h CMD: GVSW = 1 S0 | — | +50
(Note 5) : v
— m
Output offset voltage 2
VRO reference, TPI/TNI open,
(CD-RW mode) Vor2Te TEBC < 00h CMD: GVSW = 0 S0 | — | +50
(Note 5) :
Output upper-limit
voltage VOHTE GND reference 2.9 3.1 — y
Output lower-limit
voltage VoLTE GND reference — 0.3 0.5
Permissible load
resistance RumTe - - 10 15 - kQ

Note 5: These values are those for which offset correction is completed.
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. Test . . .
Characteristics Symbol Cir?:suit Test Condition Min Typ. Max Unit
RFRP section (RFRPI — RFRP)
Voltage gain 1 Gv1iRrpP RFRPGi=00| — 2.2 —
Voltage gain 2 Gyvorp ) ~ |RFRPGi=01| — 3.4 —
— | RFRPI input amp gain dB
Voltage gain 3 Gv3rpP RFRPGi=10| — 4.4 —
Voltage gain 4 Gv4RrpP RFRPGi=11| — 5.3 —
—3dB point with
Detection frequency 1 reference to 3
(Note 6) firp low-frequency side on | RPBW =0 _ 50 —
the assumption that
— |RFRPI=1.2 Vpp for kHz
Vop1rp and output
Detection frequency 2 amplitude = 0dB for a _ o o
(Note 6) farP 700 kHz sine wave RPBW =1 100
input.
. RFRPI = 1.2 Vpp for B
Detection constant 1 TirP Vopirp and slew rate RPBW =0 — 35 —
— |(Cin>1pF)forab Vims
Detection constant 2 Torp :(r:_pti trectangular wave | ppew = 1 — 70 —
Operating reference . B ~
voltage 1 VopP1rRP VRO reference, no input 1.05 — 0.75
— \%
Operating reference VRO reference,
voltage 2 Vop2rp RFRPI = 1.2Vpp/700 kHz 03 — | 075
Output upper-limit
voltage VOHRP — | GND reference 2.9 3.1 — \%
Permissible load
resistance RLMRP - - 10 15 - kQ
RFDC section (FPI1/FPI12 (FNI1/FNI2) — RFDC)
—3dB point with
Detection frequency 1 reference to 3
(Note 6) fibc low-frequency side on | RPBW =0 - 20 —
the assumption that
— | RFDCI =1.2 Vpp for kHz
Vopibc and output
Detection frequency 2 amplitude = 0dB for a _ o o
(Note 6) fanc 700 kHz sine wave RPBW =1 40
input.
. RFDCI = 1.2 Vpp for B
Detection constant 1 Tibc Vopipc and slew rate RPBW =0 — 14 —
— [(Cin>1pF)fora5b Vims
Detection constant 2 Tanc :(nT)i trectangular Wave | ppw =1 — 28 —
. VRO reference,
\?oﬁgagnlg reference VoP1DC FPIL/FPI2/FNIL/FNI2 open, 035 | — | +01
g CMD: RFOOLDi = 00
— \%
. VRO reference,
\?Oﬁgagnzg reference VoP2DC RFDCI = 1.2Vpp/350 kHz, 0.2 — | 055
g CMD: RFOOLDi = 00
Output upper-limit
voltage VoHDC GND reference 2.9 3.1 —
— \%
Output lower-limit
voltage VoLbc GND reference — 0.5 0.75
Permissible load
resistance Rumpc - - 20 25 - kQ
Note 6: The detection frequency values are for only reference purposes.
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TOSHIBA TC94A15F

. Test - . .
Characteristics Symbol Cir?:suit Test Condition Min Typ. Max Unit
SBAD section (TPI (TNI) - SBAD)
Voltage gain 1 G f=1kHz, SBADGAINi=0000 — [ -30 | —
(CD-DA mode) V1SB TEBC = 00h :
CMD: GVSW =1 | SBADGAINi = 1111| — 21.0 —
— dB
Voltage gain 2 G f=1kHz, SBADGAINi = 0000 — 9.0 —
(CD-RW mode) V1sB TEBC = 00h )
CMD: GVSW =0 | SBADGAINi = 1111 — 33.0 —
Frequency .
characteristic fess — | ~3dB point - 44 - kHz
Operating reference
voltage 1 Vop1sB -1.1 -0.8 -0.5
(CD-DA mode) \N/E(i?];ifterence y
Operating reference SBADINV =0
voltage 2 Vop2sB -1.1 -0.8 -0.5
(CD-RW mode)
Output upper-limit o
voltage RoHsB GND reference 2.9 3.1
— \%
Output lower-limit
voltage RoLsB GND reference — 0.3 0.5
Permissible load
resistance Rimss - — 10 15 — kQ
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EDSP core section
DC characteristics (1)

(unless otherwise specified, Vpps =5V, Vpp3 = AVpp3 = DVpp3 = XVpp3 = RVpp3 = PVpp3 = 3.3V,

Ta = 25°C)
- Test . . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
VbDs 4.5 5.0 5.5
VpD3
AVpp3
Operating power supply voltage DVpp3 — — 30 33 36 \%
PVpp3
RVpp3
XVpp3
IbDs — 2 5
x1 speed
IbD3 — 40 50
Operating power supply Ibps — 2.5 6
current x2 speed — [ XI'=16.9344 MHz mA
IpD3 — 45 55
I — 3 7
x4 speed DD>
Ibp3 — 50 60
“H” level \% i i ircui 35 — —
Input voltage 1 IH5 o CMIO(?' input p||ns 5 VtC|r_CU|ts) v
“L" level ViLs excluding analog input pins _ _ 1.5
“H” level I ViH5 =5V — — 1.0
Input current 1 IS — IS A
“L” level liLs Viis=0V -1.0 — —
“H” level | Ve =5V Pins listed at _ _ 1.0
: o o (1), (2), and (3)
Tristate leak current 1 — in the following pA
“L” level ITLLS Viis=0V table. -1.0 — —
“H” level loH5 VoHs =4.6 V|Pinslistedat (1) | — — 2.0
in the following
“L” level loLs VorLs=0.4V |table. 2.0 — —
Output current 1 — — mA
“H” level loHs VoHs =4.6 V|Pinslistedat (2) | — - 4.0
and (3) in the
“L" level loLs VoLs = 0.4V | following table. 4.0 — —
Inbut voltage 2 “H’ level ViH3 __ | CMOS input pins (3 V circuits) 2.3 — — Y
p g “ " level ViLa excluding analog input pins o _ 1.0
“H” level I Vi3 =3.3V — — 1.0
Input current 2 IH3 — IH3 pA
“L” level i3 Vi3=0V -1.0 — —
) “H” level ITLH3 Vigz=3.3V [Pins listed at (4) — — 1.0
Tristate leak current 2 — and (5) in the pA
“L" level ITLL3 ViLa=0V following table. -1.0 — —
“H” level loH3 Von3z =29V |Pinslistedat(4) | — — 2.0
in the following mA
“L” level loL3 Vorz =0.4V |table. 2.0 — —
“H" level loH3 Von3 =29V |Pinslistedat(5) | — -80 _
Output current 2 — in the following
“L" level loLs Vo3 =0.4V [table. — 80 — WA
“H” level loH3 VoHn3 =2.9V |Pinslistedat (6) | — -121 —
in the following
“L” level loLs VorL3=0.4V |table. — 121 —
VREF output-on resistance Ron — — — — 500 Q
Input amp feedback resistance RN — | FGIN feedback resistance 1.0 — 3.0 MQ
Pull-up resistance Rup — foIIrI]s\Al/Ii?]tg(tjaet‘)tl gg) in the 25 50 75 kQ
Pins listed at (5) in the
_ _ _ Ro1 following table. - 50 —
Output resistance integrated at pin — — - kQ
R Pins listed at (6) and (7) in the| 33 L
02 following table. :
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DC characteristics (2)
(unless otherwise specified, Vpps = Vpp3 = AVpp3 = DVpp3 = XVpp3 = RVpp3 = PVpp3 =3.3 V, Ta = 25°C)

L Test " . .
Characteristics Symbol Cir?:iit Test Condition Min Typ. Max Unit
Vbps
VbD3
AVpp3
Operating power supply voltage DVpp3 — — 3.0 3.3 3.6 \%
PVpp3
RVpp3
XVpp3
IpDS — 2 5
x1 speed
Ipp3 — 40 50
Operating power supply Ibps — 2.5 6
x2 speed — | XI=16.9344 MHz mA
current
IbD3 — 45 55
IpDs — 3 7
x4 speed
IbD3 — 50 60
“H” level ViHs CMOS input pins (5 V circuits) 2.5 — —
Input voltage 1 — udi log inout bi vV
“L" Jevel ViLs excluding analog input pins - _ 0.8
“H” level liHs Vs =3.3V — — 1.0
Input current 1 — (vDD5 =3.3V) HA
“L” level liLs Viis=0V -1.0 — —
“H” level ITLH5 Vg5 =3.3V [ Pins listed at (1), — — 1.0
Tristate leak current 1 — (2), and (3) in the LA
“L" level ITLLS ViLs=0V  |following table. -1.0 | — —
“H” level loHs VoHs = 2.9 V| Pins listed at (1) — — -2.0
in the following
“L” level loLs Vo5 =0.4V |taple. 2.0 — —
Output current 1 — mA
“H” level loHs VoHs = 2.9 V| Pins listed at (2) — — -2.0
and (3) in the
“L” level loLs VoLs = 0.4V | following table. 2.0 — —
“H” level ViH3 CMOS input pins (3 V circuits) 2.3 — —
Input voltage 2 — . A ; vV
“" level ViL3 excluding analog input pins - - 1.0
“H" level IiH3 Vi3 =3.3V — — 1.0
Input current 2 — pA
"L" level s Vii3=0V -1.0 — —
“H” level ITLH3 Viy3 =3.3V | Pins listed at (4) — — 1.0
Tristate leak current 2 — and (5) in the JIN
“L” level ITLL3 ViLa=0V  [following table. -1.0 | — —
“H” level loH3 VoH3 =2.9 V| Pins listed at (4) — — -2.0
in the following mA
“L” level loLs Vo3 =0.4V |taple. 2.0 — —
“H” level loH3 VoH3 =2.9 V| Pins listed at (5) — -80 —
Output current 2 — in the following
“L” level loL3 Vo3 =04V |taple. — 80 —
pA
“H” level loH3 VoH3 =2.9 V| Pins listed at (6) — -121 —
in the following
“L” level loLs Vo3 =0.4V |taple. — 121 —
VREF output-on resistance Ron — — — — 500 Q
Input amp feedback resistance RN — | FGIN feedback resistance 1.0 — 3.0 MQ
Pull-up resistance Rup — gEISeI'Sted at (8) in the following 50 80 120 kQ
Ro1 gkr)llse.“Sted at (5) in the following| 5.0 o
Output resistance integrated at pins — kQ
Pins listed at (6) and (7) in the
Ro2 following table. — 33 -
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Pin Group Pin Name
(1) Pin SBOK, SFSY, SBSY, IO0A~IO1A, ZDET
(2) Pin BCK, LRCK, AOUT, DOUT, IPF, CLCK, DATA, 100B~103B, EMPH
(3) Pin BUS3, BUS2, BUS1, BUSO
(4) Pin TMAX, TMAXS
(5) Pin PDO
(6) Pin FMO, DMO
(7) Pin FOO, TRO, I02A~I03A
(8) Pin /IRST

AC characteristics
(unless otherwise specified, Vpps = 5V, Vpp3s = AVpp3 = DVpp3 = XVpp3 = RVpp3 = PVpp3 =
3.3V, Ta=25°C)

1. Microcontroller Interface

falling edge

Characteristics Symbol CTirecSutit Test Condition Min Typ. Max Unit
/CCE = “H" pulse width tCC — — 120 — —
Data disable time tSZ1 __ | With reference to the BUCK 0 — —
rising edge
/CCE, BUCK delay time tCB __ | With reference to the /CEE 0 — —
falling edge
: With reference to the BUCK
BUCK-to-/CEE delay time tBC — | rising edge 0 — —
) tBLW — | Write, SRC mode 120 — —
BUCK = “L" pulse width
tBLW — | QDRC, TEXT mode 240 — —
BUCHK = “H" pulse width (1) tBHW — | Write, SRC mode 120 — —
BUCHK = “H” pulse width (2) tBHW — | ODRC, TEXT mode (x1 speed) | 3000 | — — ns
BUCHK = “H” pulse width (3) tBHW — | QDRC, TEXT mode (x2 speed) | 1500 — —
BUCHK = “H" pulse width (4) tBHW — | QDRC, TEXT mode (x4 speed) | 800 — —
Write data set-up time tWS __ | With reference to the BUCK 60 — —
rising edge
: : With reference to the BUCK
Write data hold time tWH — | rising edge 20 — —
: : With reference to the BUCK
Data disable time tSz2 — | talling edge 0 — —
Read data access time tRD | With reference to the BUCK 0 — —

Supplement: Cautions about write command entry

No write command is taken into the microcontroller if the WBUSY flag in SRC5 is “H”. If you want to issue write
commands one after another, make sure that the WBUSY flag is “L” before issuing each command. Read
commands can be taken in no matter what the state of the WBUSY flag is. The WBUSY flag stays on the “H” level
for up to 25 ps after a command is entered.

The system clock frequency must be 16.9344 MHz.

18
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TOSHIBA TC94A15F

(1) Write command mode
4-word command

tCB tBC tCC

/CCE

tBLW_ tBHW

BUCK

BUSI
(input)

Write mode

(2) Write command mode: D command in 6-word mode when DEXT = H
Six -word command

tCB tBC tCC

o TR

tBLW_ tBHW

BUCK

BUSI
(input)

Write mode (D2) (D1) (DO) (ADD)

(3) Write command mode: Bxxxxx and Fxxxxx commands
Six -word command

tCB tBC tCC

o TR

tBLW_ tBHW

BUCK

BUSI
(input)

Write mode (ADDM) (ADDL) (D2) (D1) (DO)
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(4) Read command mode
tCB

/CCE

tBC tCC

BLW_ {BHW

BUCK o \__/ /_\l\—
ﬁ Y -

BUSI
(npuyy ~ @ R Tl Bt

9
BUSI
npuy ~ T T T T T T A RPO A mmmm oo m o m e oo o

Read mode

2. AOUT Data Output Timing

Characteristics Symbol C-Ii-r(f:sutit Test Condition Min Typ. Max Unit
. “H" level tpLH1 — — — 5
Transfer time (1) LRCK
“L" level tpHL1 — — — 5
ns
“H” level tpLH2 — — — 5
Transfer time (2) AOUT
“L” level tpHL2 — — 5
tpHL2 tpHL1
<tpLH2 > [€tpLH1
LRCK

XX XXX X

20
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3. DATA and CLCK Input/Output Timing
(1) CLCK input mode (constant no matter what the state of the HS and UHS bits of the SPEED command is)

Characteristics Symbol CTirecSutit Test Condition Min Typ. Max Unit
. “H” level tHW 50 — —
Clock pulse width —
“L” level tLw 50 — _
Input set-up time tSuU — ) 400 — —
CLCK input mode
Transfer time (1) “L" level tpHL1 — — — 5
ns
“H" level tpLH52 — — 15
“L” level tpHL52 — — 15
Transfer time (2) —
“H" level tpLH32 — — 20
Vpps=3.3V
“L” level tpHL32 — — 20
tpHLL. J _ tpHLs2, tpLH52
— B tpHL32, tpLH32
SFSY
_tSuU o tHW o | tLW
CLCK L
DATA SUBP SUBQ ><
(2) CLCK output mode (only for tHW, tLW, and tpLH3, xn speed x 1/n)
- Test -, . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
. “H" level tHW — — 950
Clock pulse width —
“L" level tLW CLCK output mode — — 950
Transfer time (1) “L" level tpHL1 — — — 5
“H” level tpLHs2 ] — — 15
CLCK input mode ns
“L" level tpHL52 — — 15
Transfer time (2) —
“H” level tpLH32 — — 20
Vpps=3.3V
“L” level tpHL32 — — 20
Transfer time (3) “H” level tpLH3 — | CLCK output mode — — 850
tpHLL J _ tpHLs2, tpLH52
| B tpHL32, tpLH32
SFSY
pLH3 o tHW o | tLW
CLCK J’

DATA SUBP SUBQ ><
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4. SBSY and SBOK Input/Output Timing

- Test - . .
Characteristics Symbol Cir?:suit Test Condition Min Typ. Max Unit
) “H” level tpLH1 — — 5
Transfer time (1) — | SBSY
“L” level tpHL1 — — 10
ns
“H” level tpLH2 — — 15
Transfer time (2) — | SBOK
“L" level tpHL2 — — 20
tpLH1 tpHL1
SFSY
tpLH2
tpHL2
SBSY
SBOK
5. Output Pin Timing
- Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Rising time 5 (1 tors1 — — — 7
9 @ > Pin (1)
Falling time 5 (1) tofsl — — — 12
Rising time 3 (1) torgl — — — 14
Vpps =3.3V
Falling time 3 (1) tofzl — — — 24
Rising time 5 (2) tors2 — — — 7
Pin (2)
Falling time 5 (2) tof52 — — — 7
Rising time 3 (2) torz2 — — — 14
Vpps=3.3V ns
Falling time 3 (2) tof32 — — — 14
Rising time 5 (3) tors3 — ) — — 7
Pin (3)
Falling time 5 (3) tof53 — — — 7
Rising time 3 (3) torz3 — — — 14
Vpps =3.3V
Falling time 3 (3) tof33 — — — 14
Rising time 5 (4) tors4 — — — 10
Pin (4)
Falling time 5 (4) tofs4 — — — 10
Pin Grou Pin Name
P VoH 90%
Pin (1) SBOK, SFSY, SBSY, IO0A~IO1A, ZDET /2
VoH
Pin (2) BCK, LRCK, AOUT, DOUT, IPF, CLCK, DATA
Pin(3)  |BUS3, BUS2, BUSL, BUSO Vss - - 10%
Pin (4) TMAX, TMAXS <or” <or
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Analog Circuit Characteristics
1. AD Conversion Section
. Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Resolution — — — 10 — bit
FE — 176.4 —
TE — 176.4 —
Sampling frequency — — kHz
SBAD(RFDC) — 88.2 —
RFRP — 176.4 —
L AVgs =0V 0.15 x 0.85 x
C t t — — \%
onversation input range AVpp3 = 3.3V AVpD3 AVDD3
2. DA Converter (Focus and Tracking Sections)
. Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Bit number — — — 5 — bit
Sampling frequency — — — 2.8 — MHz
Output signal range — |AVss=0V, AVpp3=3.3V AVss3 — | AVpp3 \%
3. PLL Section Filter Amp
. Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Input/output signal range — — PVss3 — PVpbp3 \%
Frequency characteristic — | -3dB point (Gain = 1) — 8 — MHz
4. Active Wide-Range Comparator
. Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Input range — — PVss3 — PVpp3 \Y
5. AWRC (Active Wide-Range Control) Output DA Comparator
. Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Bit number — — — 8 — bit
Sampling frequency — — — 88.2 — kHz
Output signal range — — AVss3z| — |AVpp3 \%
6. VCO (PLL)
- Test . . .
Characteristics - Test Condition Min Typ. Max Unit
Circuit
A LPFO = VCOREF = VReE
Oscillation center frequency — | VCOUPL=“L", VCOUPO = “L” — 69 — MHz
VCOGSO0 =“L" — 125 —
Frequency variation range — %
VCOGSO0 = “H” — +35 —
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7. VCO (Slice)
- Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
A LPFO = VCOREF = VReE
Oscillation center frequency — | VCOUPL = “L", VCOUPO = “L” — 69 — MHz
VCOGSO0 =“L”" — 125 —
Frequency variation range — %
VCOGSO0 = “H” — +35 —
8. TEZI Signal Comparator
- Test - . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Input range — — AVss3 — | AVpp3 \%
Hysteresis voltage — | VReEr reference — +50 — mV
9. RFZI Signal Comparator
- Test - . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Input range — — AVss3 — | AVpp3 \%
Hysteresis voltage — | VRefr reference — +50 — mV
10. Data Slicer Circuit
(1) Comparator
- Test - . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
Input amplitude — | VReE reference 0.6 1.2 2.0 Vpp
(2) R-2R DAC (DAC for digital slicer)
- Test . . .
Characteristics L Test Condition Min Typ. Max Unit
Circuit
. 3/4 5/4
Output conversation range — — — \%
P 9 VREF VREF
Output impedance — — — 2.5 — kQ
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11. Audio DAC Characteristics

L Test . . .
Characteristics Symbol Cir?:iit Test Condition Min Typ. Max Unit
1 kHz sine wave,
S THD +N (1) full scale input. o 88 80
Noise distortion factor 1 dB
THD + N (2) 10 kHz sine wave, . _80 _75
full scale input.
) S/N (1) Internal zero detection off 87 92 —
S/N ratio 1 dB
SIN (2) Internal zero detection on 95 100 —
. 1 kHz sine wave,
Dynamic range DR 1 60 dB input conversion 85 90 — dB
1 kHz sine wave,
Crosstalk CT 1 full scale input. — -90 -85 dB
Analog output amplitude DACout 1 fluﬁ':f: ;gien‘é"t?t"e' 790 | 820 | 850 |mvims

Test circuit 1: The application circuit shown in the following example is used.

TC94A15F Lout 20 kHz Distortion

Application circuit Rout ideal LPE meter

LPF: Filter incorporated in the SHIBASOKU distortion meter 725D.
Distortion meter: SHIBASOKU 725D or equivalent.

Characteristics Distortion F|I_ter Setting:
A-weight
THD + N, CT OFF
SIN, DR ON A-weight: |EC-A or equivalent
Application circuit example
TC94A15F
DVss3
3.3V
RO R-ch analog out
XVbp3
i—i {—C XI DVpb3
G
16.9344 MHz E3 5=
7 DVR
i L—C o)
_L_C XVss3 LO L-ch analog out
DVss3
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Package Dimensions

LQFP100-P-1414-0.50C Unit : mm
AR ARARRAARRRAARRARAARAE
g = ="
= O =
 JHEGHE RS EERE ) —
1.0TYP | 0.220.1

Weight: 0.65 g (typ.)
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RESTRICTIONS ON PRODUCT USE

030619EBA

e The information contained herein is subject to change without notice.

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

o TOSHIBA is continually working to improve the quality and 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 comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products 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 TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

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

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law and regulations.
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