TOSHIBA

TC9287AF

TENTATIVE TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

TC9287AF

2 CHANNEL 1BIT AD/DA CONVERTER FOR AUDIO

TC9287AF is 2'nd order 2-4 modulation 1bit AD/DA
converter for Digital Audio. This IC built-in 2 channel AD/
DA converter, and digital and analog filter, so construct
hi-performance and low cost AD/DA converter system.

FEATURES

® Built in input and output digital /analog filter circuit, so

external filter is CR filter.

® Operating voltage is 5.0V.

® Power dissipation is 250mW (Vpp =5V)
[At ADOFF mode, 190mW (Vpp =5V)]

® Package is QFP44-P-1010-0.80.

AD /DA AC characteristics is as follows.

S/N
(A-Weight) | THD+N
AD converter | 92dB (Typ.) | —82dB (Typ.)
DA converter | 95dB (Typ.) | —87dB (Typ.)

QFP44-P-1010-0.80

Weight : 0.5g (Typ.)

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 TC9287AF

SYSTEM BLOCK
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TOSHIBA TC9287AF

BLOCK DIAGRAM
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TOSHIBA TC9287AF

Pin DESCRIPTION

NO. | TERMINAL | 1/0 FUNCTION REMARK
1 LRCKO O |Channel clock (LRCK) output pin.
A /D converter off setting pin.
2 ADOFF I At “"H" level, A/D modulation and decimation filter block Pull-down
operation are OFF.
3 GNDD — | Digital GND pin. ov
4 GNDAL — | Analog GND pin for A/D converter Left channel. ov
5 LIN I A /D converter Left channel analog signal input pin. 25Vta
6 VR1 — |Reference voltage pin for A/D converter comparator. 2.5V
7 VDA1 — | Power supply pin for A/D converter. 5.0V
8 VR3 — | Reference voltage pin for A/D converter integrator. 2.5V
9 RIN | |A/D converter Right channel analog signal input pin. 25Vta
10 GNDAR — | Analog GND pin for A/D converter Right channel. ov
11 GNDA2 — | Analog GND pin for D/A converter. ov
12 LOuUT O [D/A converter Left channel analog signal output pin. 25V-a
13 VR2 O |Reference voltage pin for D/A converter. 2.5V
14 ROUT O |D/A converter Right channel analog signal output pin. 2.5V-a
15 VDA2 — | Power supply pin for D/A converter. 5.0v
16 VDX — | Power supply pin for Oscillator. 5.0v
17 X0 O |Crystal oscillator connection pin.
18 Xl I Crystal oscillator connection pin.
19 TEST2 O |Test pin 2. Usually use at open state.
20 TEST3 | [Test pin 3. Usually use at “L” level.
21 GNDX — | GND pin for Oscillator. ov
22 NC — | Non-connecting. NC pin is use in the open state.
23 GNDD — | Digital GND pin. ov
24 TEST1 | [Test pin 1. Usually use at “H” level. Pull-up
25 CS1 I Master mode setting pin 1. Pull-up
26 CS2 I Master mode setting pin 2. Pull-up
27 S | |Serial mode pin. (fixed “L" level) Pull-up
28 EXT1 O |External output pin 1. Serial mode
29 EXT2 O |External output pin 2. Serial mode
30 IFD I Micro controller interface data input pin. P.uII—up
Serial mode
. . . . . Pull-up
31 IFS I Micro controller interface shift clock input pin. )
Serial mode
32 IFL | |Micro controller interface latch pulse input pin. Pull-up
Serial mode
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TOSHIBA TCO287AF
NO. Pin 1/0 FUNCTION REMARK
33 RESET I Reset pin. Pull-up
34 VDD — | Digital voltage supply pin. 5.0v
35 EM1 I De-emphasis Coefficient select pin 1. Pull-down
36 EM2 I De-emphasis Coefficient select pin 2. Pull-down
— AD converter output mute pin.

37 ADM I At “L" level, mute “ON". Pull-up
S AD converter output mute pin.

38 DAM ! At “L" level, mute “ON". Pull-up

39 LRCKI I External channel clock (LRCK) input pin.

40 BCKI I External bit clock (BCK) input pin.

41 SDI I Digital data input pin. (DA converter serial data input)

42 MCKO O |384fs clock output pin. (system clock)

43 SDO O |Digital data output pin. (AD converter serial data output)

44 BCKO O |Bit clock (BCK) output pin.
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TOSHIBA

TC9287AF

FUNCTION / APPLICATION
1. Analog pin
1) LIN : L-ch ADC input (pin 5)
® Input is inverting amplifier, input impedance is
25k (Typ.).

® Ri (=1k{)) must not change, because this value
effect total gain.

® Full-scale analog input is 1Vyms (Vpp =5V, Ri=1k{}),

if input level is more, digital data becomes over
scale. In this case, digital data is clip.

® ADC full-scale input level is sifted by Vpp level.

2) VR1 : Reference voltage input for ADC comparator
(pin 6)

® Impedance is 5kQ) (Typ.).

® This IC generates 1/2 VDA internally by resister
dividing, so please put on only external decoupling
condenser.

3) VR3 : Reference voltage for ADC integrator (pin 8)
® Impedance is 6.2k} (Typ.).

® This IC generates 1/2 VDA internally by resister
dividing. Further it is necessary to connect 3.0kQ}
between VR3 pin and VDA1, 3.3k{) between VR3
pin ad GNDAR, and then decoupling condenser
externally, because of offset adjustment

4) PIN : R-ch ADC input (pin9)
® Input is inverting amplifier, input impedance is
25kQ) (Typ.).

® Ri (=1k{)) must not change, because this value
effect total gain.

® Full-scale analog input is 1Vyms (VDD =5V, Ri=1k{1), apc input

if input level is more, digital data becomes over
scale. In this case, digital data is clip.

® ADC full-scale input level is sifted by Vpp level.

® Because of offset compensation, it is necessary to
connect 2.2M{) between RIN and GNDAR pin.

Integrator
Buffer Amp.

VR3
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TOSHIBA TC9287AF

5) LOUT/ROUT : DAC output (pin 12/14)

® R does not only construct low pass filter, but also protect

output signal form capacitor load and short.

® Full-scale output level is 1.25Vyms (VDD =5V). S bAC OUT
AN 3
® DAC full-scale output level is sifted by Vpp level. ‘\,If

VR2 PIn® s also the some.
6) VR2 : Reference voltage for DAC output amplifier (pin 13) Fig.5
® Impedance is 7.5k} (Typ.). VDA2
® This IC generates 1/2 VDA internally by resister dividing, so 9’%
o
please put on only external decoupling condenser. - !:om
® Nothing decoupling condenser is OK, but AC output Rch ’%é
characteristics becomes worse. (S/N, PSRR, CT, etc.) Output Amp. VDg 1 5
S

L-ch CE‘ /I
7) Crystal oscillator circuit input/output Xl (pin 18), XO (pin 19) 3

® (1, C2 is 33pF typical, but all oscillator is not so. Please ask
Oscillator maker.

e Xl pin is very high sensitive In case of input external noise
from XI, the clock jitter in creases sharply. Consequently, the
characteristic of A/D, D/A conversion is worsened greatly.
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TOSHIBA

TC9287AF
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TOSHIBA TC9287AF

2. Timing
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TOSHIBA

TC9287AF

MAXIMUM RATINGS (Ta =25°C)
CHARACTERISTIC SYMBOL RATING UNIT
VDD
Vbx
Supply Voltage -0.3~6.0 Y
y 9 VDA1
VbA2
Input Voltage VIN -0.3~Vpp +0.6 \
Power Dissipation PD 250 mw
Operating Temperature Topr -30~85 °C
Storage Temperature Tstg -55~150 °C

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Ta =25°C, Vpp =Vpx=Vpa1=VYDa2 =5V)

DC Characteristics

TEST
CHARACTERISTIC  [SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX | UNIT
CUIT
VbD
Operating Supply VDX — |Ta = -35~85°C 45| 50| 525| v
Voltage VDA1
VDA2
.. . Xl =16.9344MHz
Power Dissipation | ADOFF = L — 50 90 .
Power Dissipation DD ~ [XI=16.9344MHz = | 63 m
(at ADOFF = OFF) MHz ADOFF = “H" -
Input “H'L NI | VY _ 35| — | — v
Voltage "L"L NIV VL — — 1.5
42pin  V =0.4V -94 — -3.6
llHll b ,\*’)[/ IOH — pl OH -
Output 1, 28, 29, 43, 44pin Vou =0.4V -5.0 — -2.1 mA
Current IR 42pin VoL =4.6V 80| — 22.0
oL — 1, 28, 29, 43, 44 pin VgL=4.6V 35| — | 140
Input Current IIN — -10 — 10 | zA
Pull Up/Dowin Rester | Ry;p | — 60 | — 150 | k)
AC Characteristics
A/D converter
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN TYP. | MAX [ UNIT
CUIT
Maximum Input Input voltage = Output level of
Voltage Vim 1 |A/D converter is full scall 0.9 1.0 111 Vrms
Input Impedance ZIN 1 — 25.0 — kQ
S/N Ratio S/Na 1 |A-Weight 88 92 — dB
Tz.able I_—Iarmomc. THDA 1 _ _82 ~77| 4B
Distortion + Noise
Cross-tolk CTa 1 [A-Weight — -90 -85| dB
Output Offset OFST 1 |Input AC is short circuit -100 0| +100| LSB
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TOSHIBA TC9287AF
D/A converter
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX | UNIT
CUIT
Maximum output Output voltage at full scall level
V 2 — 1.2 — \
Voltage oM input > rms
S/N Ratio S/Np 2 |At A-Weight 88 95 — dB
Table Harmonic
THD 2 — - 87 -80
Distortion + Noise AD dB
Dynamic Range DRp 2 | At A-Weight 85 92 — dB
Cross-tolk CTp 2 |At A-Weight — -90 -85| dB
Common item
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN TYP. | MAX [ UNIT
CUIT
Operating Frequency fopr — |Vpp=Vpa=Vpx = 4.5V 12 [ 16.9344| 18.5 | MHz
fLRCKI 30 441 50
Input Frequency fBCKI — 1 1211 6.2 MHz
Rise Time of Input Signal| ty — | LRCKI, BCKI pin (10~90%) — — 15
Fall Time of Input Signal | tf — ' P! ° — — 15
Delay Time of Input . The falling edge of BCKI— 40
Signal di — | LRcKI, SDI - -
Rise Time of
Input Signal trim ~ |IFL, IFS pin B B 1>
H -~ 0,
MCUI IFall Tlme of tin . (10~90%) . . 15
|/F nput Signal ns
Delay Time of . The falling edge of IFS— 40
Input Signal dim — |IFL, IFD - -
Rise Time of Output
. tro -_ . _ -_ 15
Signal LRCKO, BCKO pin
Fall Time of Output (10~90%)
. tfo — — — 15
Signal
Delay Time of Output ¢ The falling edge of BCKO— 40
Signal do LRCKO, SDO
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TOSHIBA TC9287AF

TEST CIRCUIT 1: A/D converter evaluation system

LRCKO LRCK
LIN LOuUT LIN LOuUT LIN
BCKO BCK
ANALOG 20kHz
S.G. TC9287AF D/A LPF
SDO DATA
RIN ROUT RIN ROUT RIN
MCKO MCK
Distortion meter
ANALOG S.G. : SHIBASOKU, AM51A
20kHz LPF : SHIBASOKU, INTERNAL FILTER OF AM51A

Distortion meter : SHIBASOKU, AM51A

TEST CIRCUIT 2: D/A converter evaluation system

LRCKO LRCKI
LouT LIN LOUT LIN
BCKO BCKI
DIGITAL UE 20kHz
G DATAO SDI TC9287A P
LRCKI
MKCO ROUT RIN ROUT RIN
BCKI
Distortion meter
DIGITAL S.G. : ANRITSU, MG-22A
20kHz LPF : SHIBASOKU, INTERNAL FILTER OF 725C

Distortion meter : SHIBASOKU, 725C
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TOSHIBA TC9287AF

APPLICATION CIRCUIT 1

(use external PLL IC : TC9246F/P)
* Slave and Serial mode

DIGITAL OUT DIGITAL IN
(ADC OUT) (DAC IN)

s 1 T — 1
¥ ] - v
(9} v o — ¥ ]
o [v] a [a] (9} o
- o w vy ] -

(o] o (o] Q (o]

DAC MUTE (“L" =ON)
|

ADC MUTE (“L" =ON)
L

RESET (“L” =ON)
ADOFF (“H" = ON) I

HH

pnCom.

r

L-ch IN

TC9287AF

ANALOG INPUT

(ADC IN) 3.0k J, : Analog GND
ap I
R-ch IN v ——— b J_ : Digital GND
1k w G =
g3 RY '
N C1~C6 : Power supply bypaass
capacitor.
= Usually, these use 4.7 uF
(=3
10 uF S and 0.1 uF by parallel
L-ch OUT ,;l -1 connection.

However, optimum value
changes with influences

ANALOG OUTPUT

(DAC IN) of a pattern etc.
10 uF
R-ch OUT f—ll —
o
(=3
(=3
0,
— 10082
w
T 3
G
P
2o
o
56k = o
(=3
A8
o

(Notes) : Wiring of a power supply divides a digital system and an analog system
completely, and it is necessary to consider that TC9287AF is not influenced of
common impedance.

® After turning on the power supply, and in case that the power supply voltage rang is
exceeded temporarily, please set RESET pin to “L” at once, and then set ADOFF pin to “H".
(ADOFF period is required 100ms or more.)
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TOSHIBA TC9287AF

APPLICATION CIRCUIT 2

* Master and Serial mode

DIGITAL OUT DIGITAL IN
(ADC OUT) (DAC IN)

S 1 T —
~ o o — v
o ~ o X — ~ [v]
o v} a ¥ o ] o
— o w § w 4] —

(o] o 0O 0 (@] (o]

DAC MUTE (“L" =ON)
I

ADC MUTE ("”"L=0ON)
I

o

RESET (“L“ =ON)
o—||l
ADOFF (“H” = ON)
1 ~
peom.
y774
L-ch IN é— W
47 yF
fi—ll"—‘ VR1 TC9287AF EXT1 h X'tal :
ANALOG INPUT a7 44.1kHz SPL—>16.9344MHz
(ADC IN) . 48kHz SPL —18.432MHz
47 uF 13
4.7 pF 3.3KQ3
R-ch IN 3
1kQ

J, : Analog GND

TS
Tx
g,

Lch OUT J__ : Digital GND

ANALOG OUTPUT

(DAC IN) C1~C4 : Power supply bypaass
10 uF capacitor.
R-ch OUT I Usually, these use 4.7 uF

"1

and 0.1 uF by parallel
connection.

However, optimum value
changes with influences

of a pattern etc.
1. P
wn

(Notes) I

(Notes) : Wiring of a power supply divides a digital system and an analog system
completely, and it is necessary to consider that TC9287AF is not influenced of
common impedance.

® After turning on the power supply, and in case that the power supply voltage rang is
exceeded temporarily, please set RESET pin to “L” at once, and then set ADOFF pin to “H".
(ADOFF period is required 100ms or more.)
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TOSHIBA TC9287AF

PACKAGE DIMENSIONS

QFP44-P-1010-0.80 Unit : mm
12.240.3
) 10.040.2 ,
33 23
sy | | HAAAAAARARA T 1

Q4345
(min
(%
s
i
s
(=i
mis
CI
1]
44 10
1.0TYP|

V5]
-Q
ESg

T
-
[

l ‘ 0.7810.2

Weight : 0.5g (Typ.)
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