NJU8753

PRELIMINARY
Analog Signal Input Class-D Amplifier
with DC-DC Converter for Piezo Speaker
B GENERAL DESCRIPTION B PACKAGE OUTLINE

The NJU8753 is an analog signal input monaural
class D power amplifier with DC-DC converter for
Piezo speaker. Input part operates on 2.85V(typ) and
a built-in DC-DC converter generates variable output
voltage(up to 12V) with input voltage(2.6 to 4.2V). %o S
Therefore, it drives Piezo speaker with louder sound NJUS753KN1
and high efficiency.

The NJUB8753 incorporates BTL amplifier, which
eliminate AC coupling capacitors, capable of driving
Piezo speaker with simple external LC low-pass
filters.

Class D operation achieves lower power operation
for Piezo speaker, thus the NJU8753 is suited for
battery- powered applications.

B FEATURES
® Operating Voltage :2.6 to 3.6V(Vpp, VRreg)
2.6to 42V(VBAT)
® Output voltage :8Vrms(Typ.) @Vppo=10.0V
® Piezo Speaker Driving
® 1-channel Analog Signal Input, 1-channel BTL output
® Standby(Hi-2),
® Built-in DC-DC Converter
® Built-in Low Voltage Detector
® Built-in Short Protector
® CMOS Technology
® Package Outline :QFN28

B TERMINAL CONFIGURATION

1
TEST, Vboo
TEST; OUTe
Vkee Vss
FB NC
Vss VSS
Vsst OUTy
Vss1 VDDO
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B BLOCK DIAGRAM
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NJU8753

B TERMINAL DESCRIPTION

No. SYMBOL 1/0 Function

; $E§E | | Makertest

23 TEST, These terminals must be connected to GND.

3 VR&EeG — | Switching regulator Power Supply : Vgeg=2.85V

4 FB | | Switching regulator Feedback resistor connection
1591277 Vss — | Power GND : Vgs=0V

6,7 Vss1 — | Switching regulator Power GND: Vgg4=0V

8,9 Lx | | Switching regulator coil connection

10 Vour — | Switching regulator Power Supply : Vour=10.0V

11 VR O | Switching regulator step-up voltage setting resistor connection

Switching regulator Standby Control
12 EN, I High : Step-up ON Low : Standby ON
This terminal must be connected to Vgeg when step-up ON.

13,18 NC — | Non connection
14,15, Vv — | Output Power suppl
21,22 DDO p pply

16 OUTy O | Negative Output

20 OUTp O | Positive Output

Power Amplifier Standby Control
24 EN; I High : Standby OFF Low : Standby ON
This terminal must be connected to Vpp when Standby OFF.

25 COM — | Analog common

26 IN I | Audio Signal Input

28 Vb — Power Supply: Vpp=2.85V

* Vgs terminals(pins 5 and 17 and 19 and 27), Vss; terminals(pins 6 and 7) should be connected at the
nearest point to the IC.
* Vppo terminals(pins 14 and 15 and 21 and 22) should be connected at the nearest point to the IC.

* OUTp terminal(pin 20), OUTy terminal(pin 16) require Schottky barrier diodes.
APPLICATION CIRCUIT”)

(Refer to the “TYPICAL

* Lx terminals(pins 8 and 9) require caution to the extraneous noise including the ESD(electrical static
discharge) because the ESD protection can't be designed as well as other terminals.

Require extra caution when the input voltage (Vgar: Refer to the “TYPICAL APPLICATION CIRCUIT”)

to the Lx terminal is supplied directly from the external because the extraneous noise including

the ESD appears easily.
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NJU8753

B FUNCTIONAL DESCRIPTION

(1)Input signal
The amount of current passing through a capacitive load increases proportionately with frequency of audio
signal. Input filters should be put in the input line to reduce load current at high frequency-band.

The 1st-order RC type HPF(High Pass Filter) and the 1st-order RC type LPF(Low Pass Filter) are
composed of input filters.

fcn1(Cut-off frequency of HPF) and fc (Cut-off frequency of LPF) are determined by input resistance(Ry),

resistor for LPF(R_pg), capacitor for LPF(C pr) and AC coupling capacitor(Cc). (Ripr, Cipr, Cc: Refer to the
“TYPICAL APPLICATION CIRCUIT”")

When Rn=20kQ, R pr=2.4kQ and C pr=0.022uF, Cc=2.2uF, fcys and fe 4 are roughly calculated as
following expressions.

1 1

forn = = 3 3 5
27(Ry +Rpe)Ce 2x3.14x(20x10° +2.4x10%)x 2.2x10

. 1 ~ 1

2R IRpe)Clor 2% 3.14%(20x10%//2.4x10%) x 0.022 10

= 5[HZz]

~ 3[kHz]

When SBDs are added between OUTpand Vss, OUTy and Vss, the fc 1(Cut-off frequency of LPF) must be
less than 7KHz. When SBDs are not added, the fc 4 must be less than 3KHz.

Input amplitude impressed to IN terminal of IC (V\c) must be less than Vpp[Vpp].
When Vpp=2.85V, R pr=2.4kQ , Audio signal maximum input level V\yuax for considering as VIC<=VDD
[Vpp] Vinmax are roughly calculated as following expressions.

(Rupe + Ry )xVie  (24x10°+20x10°)x 2.85

V = = =3,
INMAX R, 20X10° 1Vpp]

(2) Output signal

The OUTp and OUTy generate PWM output signals, which will be converted to analog signal via external
2nd-order or higher LC filter.

LC type LPF is composed of the coil (L) and Piezo Speaker (C,).

The dump resistance (Rpamp) is connected between the OUTy terminal and the coil between the OUTp
terminal and the coil to reduce the cut off frequency (fc) of LPF consumption electric current neighborhood
signal input.

Set it up so that the value of L, C_ and Rpayp may become Gain(Q) <1 of LPF in fc. (L, C., Cout, Roamp :
Refer to the “TYPICAL APPLICATION CIRCUIT”)

When L=47uH, C =2.0uF, Cour=0.1uF, Rpamp =4.7Q, Rpcr=0.2Q, LPF(f;) and Q are roughly calculated
as following expressions.

1 1

fo = - = 11[kHz]
27[L(2C, +Coyr)  2x3.14x,/47x10°x(2x2.0x10° +0.1x10°)
-6
o- 1 L 1 47 110 =07
(Roawe + Roce )V (2C, +Cour)  (47+0.2) | (2% 2.0x10° +0.1x10°)

(3) Power Amplifier Standby

By setting the EN, terminal to “L”, the standby mode is enabled. In the standby mode, the entire functions of
the NJU8753 enter a low-power state, and the output terminals (OUTp and OUTY) are high impedance.

(4) Low Voltage Detector

When the power supply voltage drops down to below Vpp(MIN), the internal oscillation is halted for

prevention to generate unwanted frequency, and the output terminals (OUTp, OUTy) become in high
impedance.

New Japan Radio Co. Ltd,
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(5) Step-up switching regulator

The switching regulator is used as power supply(Vppo) for power amplifier of class-D. The PFM controlled
switching regulator works with external components, which are coil, capacitor, Schottky barrier diode and
step-up voltage setting resistance.

By setting the EN, terminal to “H”, the step-up operation is enabled, and in case of “L”, standby mode is
enabled.

Step-up voltage is set by internal reference voltage(Vres/ 2) and external resistors.

The step-up voltage can be calculated by the following methods:

<Calculation of the step-up voltage>
The step-up voltage is determined by internal reference voltage(Vgrer), R1 and R,. (See Figure.2)

example: Vpp=2.85V, Internal reference voltage(Vrer) = Vrec / 2=1.425[V], R=2MQ, R,=330kQ”
Step-up voltage[V] = Vrer*((R1+R2)/Rz) = 1.425%((2M + 330k)/330k) = 10.06[V] ”

Note)
*1  Apply Vgeg first, next Vgar. Otherwise, the voltage stress may cause a permanent damage to the IC.
*2 The kickback voltage by the step-up voltage operation varies with the fixed number of the external
components and the PCB patterns. Output power supply(Vppo) must not exceed the absolute
maximum rating.

(6) Short Circuit Protection
The short protector, which protects the NJU8753 against high short-circuit current, turns off the output
driver. After about 5 seconds from the protection, the NJU8753 returns to normal operation. The short
protector functions at the following accidents.
-Short between OUTp and OUTy
-Short between OUTp and Vsg
-Short between OUTy and Vsg

Note)
*1 The detectable current and the period for the protection depend on the power supply voltage, chip
temperature and ambient temperature.
*2 The short protector is not effective for a long term short-circuit current but for an instantaneous
accident. Continuous high-current may cause permanent damage to the NJU8753.
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B ABSOLUTE MAXIMUM RATINGS

(Ta=25°C)
PARAMETER | SYMBOL CONDITIONS RATING UNIT | Note
Voo -0.3to +4.0 \%
VRrec -0.3to +4.0 V
Supply Voltage v With SBDs 20.3 to +14.0 v s
PPO | Without SBDs -0.3t0 +9.5
With SBDs -0.3t0 +14.0
LxInputVoltage | Vix  Majinout SBDs. 0310+9.5 v 6
FB Input Voltage Ves -0.3to +4.0 \%
Input Voltage Vin -0.3 to Vpp+0.3 V
Operating Topr -40 to +85 °C
Temperature
Storage Tstg 40 to +125 °C
Temperature
Power .
Dissipation Po 640 mW

* . Mounted on two-layer board of based on the JEDEC.
Note 1) All voltage are relative to “VSS= 0V” reference.
Note 2) The LSI must be used inside of the “Absolute maximum ratings”. Otherwise, a stress may cause
permanent damage to the LSI.
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B ELECTRICAL CHARACTERISTIC

(Ta=2500, VDD=VREG=2-85V= VBAT=3-7V1 VDDO=10V= VSS=V331=OV,
TEST,=TEST,=TEST3=0V, EN,=EN,=2.85V,

Input Signal=1kHz, Input Signal Level=150mVrms,Frequency Band=20Hz to 20kHz,
Load Impedance=2.0uF, 2nd-order 11kHz LC Filter(Q=0.7),

When the SBDs are connected between OUTp and Vss, OUTy and Vss.)

PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | UNIT | Note
Vpp Supply Voltage Vbob 2.6 2.85 3.6 \Y
Vrec Supply Voltage VREeG 2.6 2.85 3.6 \Y
Vgar Input Voltage Veat 2.6 3.7 4.2 \Y
With SBDs 6.5 10.0 12.0
Vooo Supply Voltage Voo Mwithout SBDs. 65 | 75 | 85 | " | °©
Input Impedance ZN IN terminal - 20 - KQ
Voltage Gain Ay - 31 - dB
THD+N THD | Input Signal Level =200mVrms - 0.05 | 0.08 % 4
Maximum Output Vo Output THD+N=10% - 8.0 - Vrms
SIN SN A weight - 80 - dB 4
Operating Current(Standby) IsT EN.=EN,=0V - - 1 pA
Operating Current No-load operating i
(No signal input) lss No Signal Input 10 15 mA
ViH EN;, EN, terminals 0.7Vpp - Vb V

Input Voltage Vi | ENy, EN, terminals 0 ~ [03Vep | V
Input Leakage Current Ik EN4, EN, terminals - - 1.0 pA
Switching regulator

Oscillating Frequency fosc 220 | 300 | 380 | kHz
Switching regulator | Step-up Voltage =10.0V 50 ) ) mA

Maximum Load Current OUT | Vour= 10.0V X 95%
Switching regulator Step-up Voltage =10.0V ) )

Load Stability AVour ||| =10mA to 50mA 100 mv

*The LSI must be used within the “Absolute maximum ratings”. Otherwise, a stress may cause permanent
damage to the LSI.

Note 3) Test system of the THD+N and S/N
The THD+N and S/N are tested in the system shown in Figure 1, where a 2nd-order LC LPF and
another filter incorporated in an audio analyzer are used.

Input Signal

2nd-order LC LPF
Filters

2nd-order Filter -'I;/IHD )
easuring
NJU8753 LCLPF » 20kHz Apparatus
(AES17)
NJU8753 Test Board Audio Analyzer

Figure 1. Output THD+N and S/N Test System

: Refer to “Typical Application Circuit”
: 22Hz HPF + 20kHz LPF(AES17)
(with the A-Weight filter for S/N test)

Ver.2009-03-10
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B TYPICAL APPLICATION CIRCUIT

Roump L
10uF 0.1uF 47Q 4TuH Piezo S
peaker
Voo T Vop(28) OUTx(20) o CL2uF
SBD & 0.1uF jﬁ
Vss(27) 470  47uH T
OUT\(16) our
10uF 0.1uF L
Vb T Vrea(3) 22uH(DCR=0.5Q)
Lx(8,9 \Y,
Vv 5 m ( ) BAT
SS( ) LO
SBD
R v N~ AN
N o4k Cn0.1pF o0
>\W—$— F—— IN(26) > Vooo(21.22)
CLPF ﬂ VDDO(14,15)
10uF +
Voo A—
>—— EN,(24) VR(11) R 224F | 0.1pF
>—— ENx(12) 2MQ
TEST,(1) FB(4) R, ’
ol Se | |
’ Vss(17,19) “— 1
10uF 0.1pF

Figure 2. Application Circuit example

Note 4) De-coupling capacitors must be connected between each power supply terminal and GND.

Note 5) The LC filter and the schottky barrier diodes should be laid out nearest to the IC.
OUTp terminal(pin 20), OUTy terminal(pin 16) require schottky barrier diodes for terminal protection.
When SBDs is not used, the Vppo supply voltage maximum is 8.5V. (SBD: When Tj=125°C, IR=less
than 10mA at reverse voItage12V*1. When Tj=25°C, Forward voltage (V) =0.45V, Forward current (Ig)
=more than1A at more than 12V)
*1 Absolute maximum ratings is more than 20V.

Note 6) The LSI must be used inside of the following ratings. Otherwise, a stress may cause permanent
damage to the regulator.

SBDs are added No SBDs
Vppo (Supply Voltage) MAX=12V MAX=8.5V
Input cut-off frequency MAX=7kHz MAX=3kHz
Output cut-off frequency MAX=15kHz
Q (The gain of LPFat fc) MAX=1
Piezo Speaker MAX=2.2uF
The capacitor between Vppo and Vss MAX=22uF
The coil for Lx terminal MIN=22uH
Input voltage MAX=Vpp[Vpp]

Note 7) The transition time for EN4 and EN, signals must be less than 100us. Otherwise, a malfunction may
be occurred.
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Note 8) Apply Vgeg first, next Vgar. Otherwise, the voltage stress may cause a permanent damage to the IC.
The Vppo is not able to accept from external power supply. Therefore use the DC-DC converter of the
NJU8753.

Note 9) The Lx terminals require caution to the extraneous noise including the ESD(electrical static
discharge) because the ESD protection can't be designed as well as other terminals.
Require extra caution when the input voltage (Vgar) to the Lx terminal is supplied directly from the
external because the extraneous noise including the ESD appears easily.

Note 10) The kickback voltage by the step-up voltage operation varies with the fixed number of the external
components and the PCB patterns. Output power supply(Vppo) must not exceed the absolute
maximum rating.

Note 11) The above circuit shows only application example and does not guarantee the any electrical
characteristics. Therefore, please test the circuit carefully to fit your application.
The cut off frequency of the LC filter influences the quality of sound.
The Q factor of the LC filter must be less than “1”.  Otherwise, the operating current increase when
the frequency of input signal is closed to the cut off frequency.

[CAUTION]

The specifications on this databook are only
given for information , without any guarantee
as regards either mistakes or omissions. The
application circuits in this databook are
described only to show representative usages
of the product and not intended for the
guarantee or permission of any right including
the industrial rights.
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHoBsaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




