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Description

HA12203NT is silicon monolithic bipolar IC providing Dolby noise reduction system**, music sensor

system, REC equalizer system and each electronic control switch in one chip.

Note: 1. Dolby isatrademark of Dolby Laboratories Licensing Corporation. A license from Dolby
Laboratories Licensing Corporation is required for the use of thisIC.

Functions

« Dolby B-NR** x 2 channel
* RECegualizer x 2 channel
¢ Music sensor x 1 channel

e Passamp. x 2 channel
» Each electronic control switch to change REC equalizer, bias, etc.

Note: 2. HA12204NT isnot built-in Dolby noise reduction system.
Features

* REC equalizer isvery small number of external parts and have 6 types of frequency characteristics
built-in.**

o 2typesof input for PB, 1 type of input for REC.

e 70u- PB equalizer changing system built-in.

e Dolby NR with dubbing double cassette decks.
Unprocessed signal output available from recording out terminals during PB mode.

¢ Provide stable music sensor system, available to design music sensing time and level.

» Controllable from direct micro-computer output.

» Biasoscillator control switch built-in.

« NRON/OFF and REC/ PB fully electronic control switching built-in.

» Normal-speed / high-speed, Normal / Crom / Metal** and PB equalizer fully electronic control
switching built-in.

» Available to reduce substrate-area because of high integration and small external parts.

o
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Note: 3. HA12204NT have 4 types of frequency characteristics.

Ordering Information

Standard Leve

PB-OUT REC-OUT Dolby Operating Voltage Range

Product Package Level Level Level Ve (V) Ve (V) Note

HA12203NT  DP-42S 580mVrms  300mVrms 300mVrms +6.0to+7.5 -75t0-6.0 |V, +V.|<1l.0V
HA12204NT —

Function

Dolby Music
Product B-NR REC-EQ Sensor Pass Amp. REC / PB Selection
HA12203NT O O @) O O O
HA12204NT O O O O O

Note: Depending on the employed REC / PB head and test tape characteristics, there is a rare case that
the REC-EQ characteristics of this LS| can not be matched to the required characteristics because of
built-in resistors which determined the REC-EQ parameters in this case, please inquire the
responsible agent because the adjustment built-in resistor is necessary.
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Pin Description, Equivalent Circuit

(V. =%7V, Ta=25°C, No Signal, The value in the show typical value.)

Pin No. Terminal Name Note Equivalent Circuit Pin Description
2 AIN (R) V = GND PB A Deck input
Y%
100k
GND
41 AIN (L)
4 BIN (R) V =GND PB B Deck input
39 BIN (L)
6 RIN (R) V = GND REC input
37 RIN (L)
10 EQIN (R) V = GND REC equalizer input
33 EQIN (L)
7 DET (R) V=V, +2.7V Vee Time constant pin
for Dolby-NR
W
O
Vee
36 DET (L)
5 BIAS1 V =V_+0.6V Dolby bias current
input
38 BIAS2 V=V, +1.3V REC equalizer bias

current input
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Pin No. Terminal Name Note Equivalent Circuit Pin Description

8 PBOUT (R) V = GND Ve PB output

35 PBOUT (L)

9 RECOUT (R) V =GND REC output

34 RECOUT (L)

11 EQOUT (R) V =GND Equalizer output
32 EQOUT (L)

28 MAOUT V = GND MS Amp output

3 ABO (R) V = GND Vce Time constant pin
for PB equalizer
\%
15k | 1
Vee

vO ﬁ
Ve
2k
Vee
\Y

40 ABO (L) V =GND
23 BIAS (M) V=V, - REC bias current
0.7v output
24 BIAS (C)
25 BIAS (N)
22 V. V=V, Power supply
42 GND V=0V GND pin
1 Ve V=V_, Negative power
supply
5,7,18, NC No No connection
23, 30, connection
31, 36 only
HA12204
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Pin No. Terminal Name Note Equivalent Circuit Pin Description
12 A/B | = 50pA v Mode control input
22k
100 k

GND
13 A120/70
14 NORM / HIGH
15 B NORM / CROM
/ METAL
16 BIAS ON / OFF
17 RM ON / OFF
18 NR ON / OFF
20 LM ON / OFF
19 REC / PB/PASS Mode control input
21 MSOUT | = OpA MS output
(to MPU)*1)
GND
Vee
30 GPCAL V = GND GP gain Calibration
terminal
110 k
Y 25V
31 RECCAL V = GND REC gain calibration

terminal
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Pin No. Terminal Name Note

Equivalent Circuit

Pin Description

26 MSDET | = OpA Vee Time constant pin
‘ for MS
\%
Ve
27 MSIN V = GND Vee MS input *1)
\%
50k
GND
29 MAI V = GND MAOUT MS Amp input
VCC
100k
\Y
8.2k
GND

Note: 1. “MS” means Music Sensor.
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Block Diagram

HA12203NT
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HA12204NT
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HA12203NT Parallel-Data For mat

MODE

Pin No. Pin Name Lo Mid Hi “Pin Open”
12 PBA/B Ain *1 — Bin *1 Lo
13 A120/70 *1 — *1 Lo
17 RM ON / OFF REC MUTE ON — REC MUTE OFF Lo
16 BIAS ON / OFF BIAS OFF — BIAS ON Lo
18 NR ON / OFF # NR OFF — NR ON Lo
19 REC / PB/ PASS REC MODE PB MODE REC MODE PASS Mid
20 LM ON / OFF LINE MUTE OFF — LINE MUTE ON Lo
14 NORM / HIGH Normal speed — High speed Lo
15 B NORM / CROM/ REC EQ Normal * REC EQ CROM *' REC EQ METAL * Lo

METAL Bias Normal Bias CROM Bias METAL **
Note: 1. PB EQ logic

PB

A 120/ 70 B NORM / CROM / METAL Lo Hi
Lo Lo FLAT FLAT
Lo Hi or Mid FLAT 70
Hi Lo 70 FLAT
Hi Hi or Mid 70 70u
Note: 2. HA12203NT only
Functional Description
Power Supply Range
HA12203NT / 204NT are designed to operate on split supply.
Tablel Supply Voltage
Product Ve V. Note
HA12203NT +6.0t0 +7.5V ~-7.5t0-6.0V V. + V| <1.0V
HA12204NT

Note: The lower limit of supply voltage depends on the line output reference level.
The minimum value of the overload margin is specified as 12dB by Dolby Laboratories.
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Reference Voltage

The reference voltage are provided for the left channel and the right channel separately. The block diagram
isshown asfigure 1.

{> L channel reference

+

. {> Music sensor reference

+

| * {> R channel reference

Figurel ReferenceVoltage

Operating Mode Control

HA12203NT / 204NT provide fully electronic switching circuits. And each operating mode control is
controlled by parallel data (DC voltage).

Table?2 Control Voltage

Pin No. Lo Mid Hi Unit Test Condition
12,13,14,16, -0.2t01.0 — 4.0to V,, v Input Pin Measure
17, 18, 20

\Y;
15, 19 —-0.2t01.0 2.0t0 3.0 4.0to V. \%

Notes: 1. Each pins are on pulled down with 100 kQ internal resistor.
Therefore, it will be low-level when each pins are open.
But 19 pin are mid-level when it is open.

2. Over shoot level and under shoot level of input signal must be the standardized (High: V,
-0.2V).

3. For reduction of pop noise, connect 1uF to 22uF capacitor with mode control pins.
But it is impossible to reduce completely in regard to Line mute, therefore, use external mute at
the same time.

Low:

cc?
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Input Block Diagram and L evel Diagram

E The each level shown above is typical value MS REF '
i when offering PBOUT level to PBOUT pin. ‘

PBOUT
580mVrms

300mVrms PASS

PB/REC, i
PB=5.7dB/5.7dB:

300mVrms

. PB
! > DOLBY O RECOUT
BIN 25.9mVrms Q B-NR 300mVrms
REC :
PASS pp/REC, E
PASS=0dB/17dB !

42.4mVrms -

Figure2 Input Block Diagram

PB Equalizer

By switching logical input level of 13 pin (for Ain) and 15 pin (for Bin), you can equalize corresponding to
tape position at play back mode.

With the capacity C2 capacitance that we showed for figure 2 70 us by the way figure seem to 3 they are
decided.

Gv

T~

t1 = C2 « (12K + 15k)
t2 = C2 « 15k

| f
t1 t2

Figure3 Frequency Characteristic of PB Equalizer
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The Sensitivity Adjustment of Music Sensor

Adjusting MS Amp gain by external resistor, the sensitivity of music sensor can set up.

REP
Vee D Vce

MS OUT,~

\;J Microcomputer
GND -

Figure4 Music Sensor Block Diagram

The Sensitivity of Music Sensor

Gv

1
fl=—fF—— [H
211 C17 * 50k [Hz]

f2 = 25k [Hz]

fl f2

Figure5 Frequency Characteristic of MSIN

Occasion of the external component of figure 4, f1is 3.18 kHz.
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A standard level of MSinput pin 25.9 mVrms, therefore, the sensitivity of music sensor (S) can request it ,
by lower formulas.

A =MS Amp Gain | c
B = PB input Gain x (1/2)*! S=20log ——————
C = Sensed voltage 259+A-B
20log (A x B) = D [dB]

C =130 [mVrms] S=14 D|[dB]

PB input Gain = 21.3 [dB]

[dB]

Notes: 1. Case of one-sided channel input

* Time constant of detection
Figure 6(1) generally shows that detection timeisin proportion to value of capacitor C16.
But, with Attack ** and Recovery *° the detection time differs exceptionally.

) ) Recover ) Recover
E| Recovery E s £ —
5 g 5|
5 = Attack 5 ‘ Attack
L Attack L L w
o4 (] 5] |
a [a) [a] |
C16 R18 Detection level Input level
Function Characteristic of MS (1) Function Characteristic of MS (2) Function Characteristic of MS (3)

Figure6 Function Characteristicof MS

Like the figure 6(2), Recovery timeis variably possible by value of resister R18. But Attack time gets
about fixed value. Attack time has dependence by input level. When alarge signal is inputted,
Attack timeis short tendency.

Notes 2. Attack : Non- music to Music
3. Recovery : Musicto Non-music
e Music Sensor Output (MSOUT)

Asfor internal circuit of music sensor block, music sensor out pin is connected to the collector of NPN
type directly, output level will be “high” when sensing no signal. And output level will be “low”
when sensing signal.

Connection with microcomputer, it is requested to use external pull up resistor (R = 10 ke to 22 ke)
Note: Supply voltage of MSOUT pin must be lessthan V . voltage.

The Tolerances of External Components

For Dolby NR precision securing, please use external components shown at figure 7. If leak-current are a
few electrolytic-capacitor, it can be applicable to C5 and C23.

Note: AsDolby-NR aren't built-in at HA12204NT, R3, C5 and C23 aren't necessary.
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VEE

I Cc23

0.1u
l-m%

36)
DET (R)
HA12203NT .
5 BIAS1  DET (L) E

e (e
R3 TCS

33k 0.1p
—20% I ~10%
VEE

Figure7 Tolerance of External Components

L ow-Boost

. EQIN ! | _EQOUT

—H—W ‘ REC EQ[()
Cl R1 H i
291 20k : :
e R2 =R3 : :
vin() 6.8k = 5.1k 5 |
+C2 5 :
047  memeeeeeeeeees

TIT TIT

GND

Figure8 Exampleof Low Boost Circuit

External components shown Figure 8 gives Frequency response to take 6dB boost. And cut off Frequency
can request it, by lower formulas.

Gv
| f1= 1 [Hz]
| 21 C2 + (R1 + RO)
| | 2= -1  [Hz7 Ro=RL°R2 o
21 C2 « R2 R1 + R2

fi f2

Figure9 Frequency Characteristic of L ow-Boost
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REC Equalizer

The outlines of REC Equalizing frequency characteristics are shown by figure 10. Those peak level can be
set up by supplying voltage. (0 V to 5V, GND = 0 V) to 30pin (GPCAL).

And whole band gain can be set up by supplying voltage (0 V to 5V, GND =0 V) to 31pin (RECCAL).

Both setting up range are + 4.5dB. In case that you don't need setting up, 30 pin, 31pin should be open
bias.

Note: Depending on the employed REC/PB head and test tape characteristics, there is arare case that the
REC-EQ characteristics of this LSl can not be matched to the required characteristics because of
built-in resistors which determined the REC-EQ parametersin this care, please inquire the
responsible agent because of the adjustment of built-in resistor is necessary.

Since an output pin and an input pin for REC-EQ are adjacent, it will easily oscillate if patterns run

abreast.
A /\
------ RECCAL .\,
— - — GPCAL
o
)
c
T
o

\j

Frequency (Hz)

Figure10 Frequency Characteristics of REC Equalizer

Rev.3, Jun. 1999, page 15 of 97
HITACHI




HA12203NT/HA12204NT

Bias Switch
This series built-in DC voltage generator for bias oscillator and its bias switches.

External resistor R15, R16, R17 Which corresponded with tape positions and bias out voltage are relater
with below.

R14
(R15 or R16 or R17) + R14

Vbias = X (Vec = Veg —0.7) + Vge V]

Bias switch followsto alogic of 15 pin (B / Norm / Crom / Metal).

Note: A current that flows at bias out pin, please useit lessthan 5 mA.

BIAS p(stzl i O

R16 Vbias
BIASP(§2 S AN——s
Basmyl R |

P23
% R14
vV

EE

Figure 11 External Components of Bias Block
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Absolute Maximum Ratings

Item Symbol Rating Unit Note

Max Supply Voltage V.. max 16 \%

Power Dissipation Pd 500 mw Ta<75°C
Operating Temperature Topr —40t0+ 75 °C

Storage Temperature Tstg —551t0 + 125 °C

HITACHI
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Electrical Characteristics

HA12203NT

440 selg ‘paads [ewloN ‘ede} [ewoN ‘440 JLNIN-DTY : UOIIPUOI-D] JBYIO «
|uueyd apis auo o) [eubis Bumndul 104 'Z

A 09F =997 T seloN

ozl — | — | — | — €| — |O0¥ — |l =l =l =1 =1 =1 = HiA
oozl — | — | — | — 0e| — |02 — |l =l =l =1 = =1 = A
ot — | — | — | — | A |OT|— |20 — — — — — — — A abeljoA [01U0D
ww|—|—|—|—|v|oz|—|— — — | 440 | ozt v ad | 440 HOI| juauino xes| indino S
|l —|—|tw| 2| A |ST|OT|— — — | 440 | ozt \ ad | 440 TOn [9A8] mo| Indino S
2 | te|—|— |1 | 2 |ap 0811022092 — S | 440 | ozt \ ad | 440 NOA [9A8] Buisuas SN
— | se | 8 |6enMy| v/ g'€z|€zz|8 02 0 MOT | 440 | 0L | a7 | ad | 440 |01 039
— | se | 8 |6e/Ty| v/z | @p |0L2|S'S2|0V2 0 AT | 440 | oL | 9~ | 9d | 440 | ST 039 ureb O3 Mo,
— |se| 8 |tw| z |ap |— [008|00L 2T+ | T NO | 0zt v ad | 440 JLNA L1V 31NN
— | se | 8 |6ev| vz | ap [ 0T |00 |0T- 0 NI | 440 | 02T | anv |[SSvd| 440 ADV uonelAsp ures
— | & | 8 |68MY| /2 | 9P |S'82|0°L2|S'G2 adAD-VdAD| 0 NI | 440 | 02T | av |SSvd| 440 vd AD ureb "dINY ssed
— | se | 8 [, |omwre — |oog|o0L 2T+ | T | 440 | 02T | a/v |9d/03d| 440 d/id 10
— | se | 8 |681Y| ¥z | 9P | — |0°08|00L 2T+ | T | 440 | 02T | 9nv | ad | 440 aN 10 [eIssoln
—|se| 8 || 9 — |o'sg|00L 2T+ | T | 440 | ozt vV |03 | 440 | (2) 1d1D
— | se | 8 |eeny| vz | ap | — |0°08|0°0L 2T+ | AT | 440 | 02T | 9w | ad | 440 | (1) 1dLD uonesedss [puueyd
— |ve| 6 |286]| 9 | % |g0]|so0| — 0 YT | 440 | ozt v | 034 | NO dHL | uomiolsIq duouwIeH [ejoL
— |ve | 6|28 | 9 |9p | — |00L|079| NIV/HIDD ‘DAT'S=Bd| — T | 440 | ozt v | 034 | NO N/S opes asiou o} [eubis
T | —|ve| 6|29 |gp|— |ocT|OCT %T=AHLl| — NT | 440 | 0zZT v | 034 | NO Xeuw oA Bupuey reubis
—|ve| 6 |28| 9 1628|219 0e- | S | 440 | ozt v | 034 | NO |(2>50N3
—|ve| 6 |28]| 9 Ly |ze | LT 0z— | ds | 440 | ozt v | 034 | NO |(1)%50N3
—|ve| 6 |2£] 9 00T| S8 |02 0e- | Mz | 440 | ozt v | 034 | NO |(2)>zoN3 15009 8poous
— |ve| 6 |26| 9 |ap|8S|eVv|8C 0Z- | Mz | 440 | ozt vV | 034 | NO |(T)%2ON3 adA1-g
— s | 8|2 | 9 Zve|Lee|eie 0 T | 440 | 02T v | 034 | 440 2349
— | se | 8 |ee/ty| vz | Gp |S82|0°L2|S'SE 0 AT [ 440 | 02T | 9v | ad | 440 ad o ureb “diNY Indul
2| —|—|—|— |vw|ose|oze| — [eubis oN| — — | e | ozT v ad | 440 0 Ua1NJ JUBdSaIND
(ap) lersl| (zH) |3LNN| ToL SSvd/ |[440/NO
WOD| 1 | 94| 1| d xel\ | dAL | uiN JETle) 1N003y| uy | anIT [ /Mozt | 9V [ddo3d| WN
indino indu x uonipuod Q|
eLay feuiwia] uoneslddy nun | uoneoyoads uonpuod 1sa 1 joquiAs way|

(gp 0 = SWIAW Q0E = [9A871 1NO - O3 = [8A87 Aglod ‘A L ¥ =2°A ‘0,62 = el)

Rev.3, Jun. 1999, page 18 of 97

HITACHI



HA12203NT/HA12204NT

HA12203NT (cont)
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Electrical Characteristics Curve

HA12203NT

Quiescent Current vs. Split Supply Voltage (REC mode)
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HA12203NT
Inpuit Amp. Gain vs. Frequency (1)
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HA12203NT
Inpuit Amp. Gain vs. Frequency (3)
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HA12203NT
Encode Boost vs. Frequency
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HA12203NT
Signal Handling Signal Handling
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HA12203NT

Signal to Noise Ratio vs. Split Supply Voltage
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HA12203NT
Total Harmonic Distortion vs. Split Supply Voltage Total Harmonic Distortion vs. Split Supply Voltage
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HA12203NT

Total Harmonic Distortion vs. Split Supply Voltage
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HA12203NT
Total Harmonic Distortion vs. Output Level (1)
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HA12203NT
Total Harmonic Distortion vs. Output Level (3)
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HA12203NT

Total Harmonic Distortion vs. Frequency (1)
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HA12203NT

T.H.D. (%)
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HA12203NT
Crosstalk vs. Frequency (Ain - Bin) (1)
-30
-40
Vg=%7.0V
PBmode PBOUT Vin=+12 dB
Ain - Bin 1
__ 60 —
g —
= =
[
% 80 =
o
5 —
T
-100 /
’_\\_/
-120
-130
10 20 60 100 200 600 1k 2k 6k 10k 20k 60k 100k
Frequency (Hz)
Crosstalk vs. Frequency (Bin - Ain) (2)
-30
-40
Vg=+7.0V
PBmode PBOUT Vin=+12 dB -
Bin - Ain L~
-60
o
Z
T —]
@ -80
O
T
-100 /
-120
-130
10 20 60 100 200 600 1k 2k 6k 10k 20k 60k 100k

Frequency (Hz)

HITACHI

Rev.3, Jun. 1999, page 35 of 97




HA12203NT/HA12204NT

HA12203NT

Crosstalk vs. Frequency (Ain —~ RECOUT) (3)
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HA12203NT

Crosstalk vs. Frequency (5)
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HA12203NT
Crosstalk vs. Frequency (7)
-30
-40 =
Vg=+7.0V |~
— PASSmode Ain - RECOUT
Vin = +12 dB ~
__ —60 T
g —
X L~
o
0 _
g 80 //
o A~ 2k A
MW~ AL AN~
-100
-120
-130
10 20 60 100 200 600 1k 2k 6k 10k 20k 60k 100k
Frequency (Hz)
Crosstalk vs. Frequency (8)
-30
-40
Vg=+7.0V prd
— PASSmode Bin -~ RECOUT
-60 /
— L~
% //
X
<
7 80 - —
o ]
'-"”“V"'\Ww\wr'
-100
-120
-130
10 20 60 100 200 600 1k 2k 6k 10k 20k 60k 100k

Frequency (Hz)

Rev.3, Jun. 1999, page 38 of 97

HITACHI




HA12203NT/HA12204NT

HA12203NT
Crosstalk vs. Frequency (9)
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HA12203NT
Crosstalk vs. Frequency (11)
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Maximum Output Level vs. Supply Voltage (5)
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Total Harmonic Distortion vs. Supply Voltage (5)

Total Harmonic Distortion vs. Output Level (1)
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T.H.D. (%)

Total Harmonic Distortion vs. Output Level (5)
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Total Harmonic Distortion vs. Frequency (2)
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Total Harmonic Distortion vs. Frequency (4)
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Crosstalk vs. Frequency (Input) (1)
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Crosstalk vs. Frequency (Mode) (3)
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Crosstalk vs. Frequency (Mode) (5)
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Crosstalk vs. Frequency (Mode) (7)
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Crosstalk vs. Frequency (Mode) (9)
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EQ Channel Separation vs. Frequency (1)
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Line Mute vs. Frequency (1)
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Line Mute vs. Frequency (3)
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REC Mute Attenuation vs. Frequency
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Ripple Rejection Ratio vs. Frequency (2)
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Ripple Rejection Ratio vs. Frequency (4)
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Ripple Rejection Ratio vs. Frequency (6)
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Equalizer Amp. Gain vs. Frequency (2)
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Equalizer Total Harmonic Distortion vs. Output Level (2)
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Equalizer Total Harmonic Distortion vs. Output Level (4)
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EQ Vin max (dBs)
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Bias Output vs. Load Current
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Signal Sensing Time vs. Capacitance C16
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MS Sensing Level vs. Frequency
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Package Dimensions
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Disclaimer

1

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’ s patent,
copyright, trademark, or other intellectual property rights for information contained in this document.
Hitachi bears no responsibility for problems that may arise with third party’ s rights, including
intellectual property rights, in connection with use of the information contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you have
received the latest product standards or specifications before final design, purchase or use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability. However,
contact Hitachi’ s sales office before using the product in an application that demands especially high
quality and reliability or whereits failure or malfunction may directly threaten human life or cause risk
of bodily injury, such as aerospace, aeronautics, nuclear power, combustion control, transportation,
traffic, safety equipment or medical equipment for life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi particularly
for maximum rating, operating supply voltage range, heat radiation characteristics, installation
conditions and other characteristics. Hitachi bears no responsibility for failure or damage when used
beyond the guaranteed ranges. Even within the guaranteed ranges, consider normally foreseeable
failure rates or failure modes in semiconductor devices and employ systemic measures such asfail-
safes, so that the equipment incorporating Hitachi product does not cause bodily injury, fire or other
consequential damage due to operation of the Hitachi product.

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document without
written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi semiconductor
products.
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Semiconductor & Integrated Circuits.

Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Tel: Tokyo (03) 3270-2111 Fax: (03) 3270-5109

URL NorthAmerica . http://semiconductor.hitachi.com/
Europe . http://lwww.hitachi-eu.com/hel/ecg
Asia . http://sicapac.hitachi-asia.com
Japan . http://lwww.hitachi.co.jp/Sicd/indx.htm

For further information write to:

Hitachi Semiconductor Hitachi Europe GmbH
(America) Inc. Electronic Components Group
179 East Tasman Drive, Dornacher Straf3e 3
San Jose,CA 95134 D-85622 Feldkirchen, Munich
Tel: <1> (408) 433-1990 Germany
Fax: <1>(408) 433-0223 Tel: <49> (89) 9 9180-0

Fax: <49>(89) 9 29 30 00

Hitachi Europe Ltd.

Electronic Components Group.
Whitebrook Park

Lower Cookham Road

Maidenhead

Berkshire SL6 8YA, United Kingdom
Tel: <44> (1628) 585000

Fax: <44> (1628) 585160

Hitachi Asia (Hong Kong) Ltd.
Group Il (Electronic Components)
7/F., North Tower,

World Finance Centre,

Harbour City, Canton Road

Tsim Sha Tsui, Kowloon,

Hong Kong

Tel : <852>-(2)-735-9218

Fax : <852>-(2)-730-0281

URL : http://www.hitachi.com.hk

Hitachi Asia Ltd.

Hitachi Tower

16 Collyer Quay #20-00,
Singapore 049318

Tel : <65>-538-6533/538-8577
Fax : <65>-538-6933/538-3877
URL : http://www.hitachi.com.sg

Hitachi Asia Ltd.

(Taipei Branch Office)

4/F, No. 167, Tun Hwa North Road,
Hung-Kuo Building,

Taipei (105), Taiwan

Tel : <886>-(2)-2718-3666

Fax : <886>-(2)-2718-8180

Telex : 23222 HAS-TP

URL : http://www.hitachi.com.tw
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