NJU8715

PRELIMINARY
Switching Driver with Regulator
for Class-D Headphone Amplifier
B GENERAL DESCRIPTION B PACKAGE OUTLINE

The NJU8715 is a switching driver with regulator for
class-D headphone amplifier. It incorporates an
optimum regulator for the driver of headphone amplifier, —,
class-D line amplifier and a beep amplifier. The - T,
NJUB8715 converts 1bit digital signal of the PWM or the Qﬁw »af;“
PDM to an analog signal output through a simple :
external LC low-pass filter. Mﬂﬁﬁ
The NJU8715 provides a completed digital system

and high power-efficiency with class-D operation.
Therefore, it is suitable for portable audio applications. NJUB715KNI

B FEATURES B PIN CONFIGURATION

2-channel 1bit Audio Signal Input 28 ¢

Headphone Output 5

Built-in Class D Line Amplifier 1 =

Built-in Regulator for Driver

Beep Function

Logic Operating Voltage 1.9 t0 2.6V (Vpp)

Regulator Operating Voltage 4.0t0 5.75V (Vg)
1.9 10 4.0V (Vgee)
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C-MOS Technology
Package Outline QFN28
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NJU8715

B TERMINAL DESCRIPTION

No. SYMBOL 110 Function
1 MODE g | BEEP Output Level Control Terminal
H: -39dBm, L: -48dBm The load of 16Q (Note.1)
2 BEEP\ I BEEP Signal Input Terminal
3 Dinz | Audio Signal Input Terminal 2
4 Ding I Audio Signal Input Terminal 1
5 Ogeept O BEEP Output Terminal 1
6, 16, 22 Vss - Power GND: Vgs=0V (Note.2)
Output Terminal 1
! OuT o This terminal outputs D4 terminal input data.
8 Vbpo1 - Driving Power Supply 1
9 VREco O Regulator Output Terminal
10 VR8eG I Regulator Input Terminal
1 VconT | Regulator Output Voltage Control Terminal
12 VRer O Reference Voltage Output Terminal
13 Ces I Regulator Output Voltage Sense Terminal
14 Vbpoz - Driving Power Supply 2
Output Terminal 2
15 OUT> o This terminal outputs Dy, terminal input data.
17 Ogeep2 O BEEP Output Terminal 2
18 NC - Non connection
19 Vg - Pre-driver Power supply
20 Cq - + Capacitor Connection Terminal for the charge pump
21 CL - - Capacitor Connection Terminal for the charge pump
Master Clock Input Terminal
23 MCK I The condition of the data input terminal is latched on the rising
edge of this signal.
24 Vb - Operation Power Supply
25 EN; I HP/LINE/BEEP Mode Control Terminal 1 (with pull-down resistor)
26 EN, I HP/LINE/BEEP Mode Control Terminal 2 (with pull-down resistor)
27 ENgec | Regulator Enable Terminal (with pull-down resistor)
H:ON, L:OFF
8 ENye | Charging pump Enable Terminal (with pull-down resistor)
H:ON, L:OFF

Note.1) 0dBm[0.775Vrms
Note.2) Vss(Terminal No.6,16,22) should be connected at the nearest point to the IC.

B INPUT TERMINAL STRUCTURE

MCK, D|N1, D|N2, BEEP|N, MODEB Terminal

Vbb

Input

EN1, EN2, ENREGa ENVG Terminal

Vbb

Input

Terminal

Vss
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NJU8715

B FUNCTIONAL DESCRIPTION

(1) Power Supply

Vpp : Power supply for input circuit and control logic. Keep the input logic level less than Vpp.

Vs : Power supply for pre-driver which drives the transistor gates of output drivers.

When ENVG=H, charge pump generates double the voltage of Vpp, which is supplied to Vg terminal
through the inside.
When ENVG-=L, charge pump is halted, and Vg terminal accepts the external power supply.

Vree : Power supply for built-in regulator. Apply the required voltage with additional dropout voltage of
regulator. By connecting Vgeco (regulator output) to Vppo1, Vopo2 (Driver power supply), the power is
provided to the drivers. Furthermore, the regulator output should be supplied to Vppo1 and Vppoo by
connecting de-coupling capacitor to get highly smoothed power supply.

(2) Regulator Output Voltage Control Terminal (Vcont)
Vcont is the control terminal for regulator output voltage. As Vgeg output voltage is variable from 0V by
external DC voltage, driver output level can be used as sound volume.

(3) Regulator Enable Signal (ENgeg)
The regulator is halted at “L” level, and works at “H” level.

(4) Charging pump Enable Signal (ENyg)
The charge pump is halted at “L” level, and works at “H” level.

(5) HP/LINE/BEEP Mode Control Terminal (EN4 / EN5)
Each mode can be selected by a combination setting of EN;y and EN,.
The following table shows each output condition of each mode.

Mode Input Output
EN, EN, HP Amp. LINE Amp. BEEP Amp.
Standby Mode L L HiZ HiZ HiZz
LINE Mode L H HiZ Active HiZ
HP Mode H L Active HiZ HiZ
BEEP Mode H H Hiz HiZ Active

(6) BEEP Signal Input (BEEP)

(7) BEEP Signal Output (OBEEP1 / OBEEP2)
BEEP signal is output in a square wave.

(8) Master Clock (MCK)

Master clock (MCK) synchronizes the audio signal inputs(Dns, Din2). The setup time and the hold time should
be kept in the AC characteristics because Dy and Dy, are latched on the rising edge of MCK. During the
standby condition, MCK requires “L” level to avoid unnecessary power consumption. In addition, MCK requires
jitter-free or fewer jitter because the jitter could lead to poor S/N ratio.

(9) Signal output (OUT4/ OUTS,)

OUT, and OUT, terminals keep the Hi-z condition if output voltage of Vrego is lower than detection voltage.
Output signals are appeared as PWM signals through the use of Vppoq and Vppo, in the OUT, and OUT,
terminals If the output voltage is over than detection voltage. Output signals will be converted to analog signals
via 2nd-order or higher LC filter.
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NJU8715

B POWER ON/DOWN SEQUENCE

The pop-noise can be effectively suppressed with the following sequence when power ON and DOWN.

(1) Power ON / Power DOWN Sequence (ENyg=H: Using internal Vg)
< Power On sequence >
Input the MCK after the start-up of Vpp. After of 100ms delay or more from MCK input, set ENy¢g at “H”

1)

level.

Set ENgeg at “H” level after 5ms delay or more.(at 0.1uF for the charge pump and 1uF for the smoothing

capacitor)
After setting ENgeg at "H” level, input audio

signals(Din1, Dinz)-

Set EN, at “H” level and EN, at “L” level after audio signal input. The audio signal input must be
“Sound-less data” until V¢ont reaches a steady state.
Vcont should be applied gradually to the target voltage. If the rising time of the application to the target
Vcont Voltage is short, it may cause a pop-noise.

< Power Down sequence >

The sequence must be executed in inverse order of the power ON sequence.

VDDa VREG

ENve

Ve

ENgrec

100ms or more

<& »

100ms or more

&

»

VCONT

!

EN;,

EN,

vex AT

I

L

Dint, Ding /Ur defined\: :Sound-less
atg* Data

X Audio Data X

Data

Sound-les Ufnd efined

‘Data

OUT,, OUT, Highimpedance

Audio signal output

High impedance

*: Do not set D\yy and Do at “H” level before the start-up of Vpp.
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NJU8715

(2)Power ON / Power DOWN Sequence(ENyg=L, Vg: Externally applied)
< Power ON sequence >

1)

Input the MCK after the start-up of Vpp.

Apply Vg after the start-up Vpp.(As shown in the following sequence, Vg increases to Vpp through a
internal protection diode after Vpp is turned on.)

Set ENgeg at “H” level after the start-up of V.

After setting ENgeg at "H” level, input audio signals(Djn1, Din).

Set EN, at “H” level and EN, at “L” level after audio signal input. The audio signal input must be
“Sound-less data” until V¢ont reaches a steady state.

Vcont Should be applied gradually to the target voltage. If the rising time of the application to the target
Vcont Voltage is short, it may cause a pop-noise.

< Power DOWN sequence >

The sequence must be executed in inverse order of the power ON sequence.

VDDa VREG

ENye

V(,'J

ENgrec

100ms or more 100ms or more

<& » >
!

VCONT

EN;,

EN,

ve

Dni, D ndefined\: iSound-less >< . X Sound-less ndefingd
IN1 IN2 Data* Data Audio data Data Data®

OUT;, OUT, w‘ Audio signal output High impedance

*: Do not set D\yy and Do at “H” level before the start-up of Vpp.
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NJU8715

B ABSOLUTE MAXIMUM RATINGS

(Ta=25°C)

PARAMETER SYMBOL RATING UNIT
Voo -0.3 ~+2.75 \
Supply Voltage VRkeg -0.3~+5.5 \Y,
Ve Vpp ~ +6.0 \
Input Voltage Vin -0.3 ~Vppt0.3 \Y
Operating Temperature Ta -20 ~ +85 °C
Storage Temperature Tstg -40 ~ +125 °C

Power Dissipation Pp 640 mw

Note.3) The relations of Vppo1,Vbpo2<Vas, VrRec<Vg and Vpp<Vs must be maintained during operations.

Note.4) All voltage values are specified as Vss=Vss0=0V.

Note.5) If the LSI is used on condition beyond the absolute maximum rating, the LS| may be destroyed.
Using LSI within electrical characteristics is strongly recommended for normal operation. Use beyond

the electrical characteristics conditions will cause malfunction and poor reliability.

Note.6) De-coupling capacitors for “Vpp-Vss”, “Vppo1-Vsso” and “Vppoa-Vss” should be connected for stable

operation.
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B ELECTRICAL CHARACTERISTICS

(1) DC CHARACTERISTICS

NJU8715

(Ta:25°C, VDD:Z.OV, VDDO1:VDD02:1 7V, VREG=2'15V! VSS:VSSO:O-OVy
Load Impedance=16Q, fs=44.1kHz, unless otherwise noted)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Vpp Supply Voltage Vob 1.9 2.0 2.6 \%
Vs Supply Voltage Vg Vg: Externally applied 4.0 5.0 5.75 V
HP Driver _
High side Resistance Rien OUT:,2%Vopo1, 201V ) 12 2 Q
HP Driver _
Low side Resistance Rupt OUT; 2=0.1V ) 1.2 2 Q
Line Driver OUT']' Z:VDDO1, 0.1V
High side Resistance | NEH | Voo 5=0 75V 7 1 14.3 Q
Line Driver OUT, ,=0.1V
Low side Resistance RuneL Vbpo1, 2=2.75V 7 1 143 Q
-50 -48 -46
VBeepL MODEg=L
2.45 3.08 3.88
BEEP Output Voltage (2:45) (3.08) (3-88) dBm
Vv MODE~=H -41 -39 -37 (mVrms)
BEEPH B (6.91) (8.70) (10.95)
Standby Mode
Power Supply Current | Stopping ) ) y A
At Standby ST MCK,Di1,Dinz BEEP H
ENgrec=L
Using internal Vg
Iop1 HP Mode - 0.95 1.6
No-load operating, mA
IReG1 MCK=256ts - 0.70 1.2
Power Supply Current Dint,Ding=16fs, ENrgg=H
At Operating V¢: Externally applied,
(Mute signal input) lobz HP Mode ) 0.05 0.10
No-load operating, A
IRec2 MCK=256fs, - 0.70 1.2 m
Din1,Din2=16fs,ENgec=H
V|H MCK, D|N1, D|N2 0-7VDD - VDD \
Digital Input Voltage BEEP,n, MODEg
V) EN4, EN2, ENgea, ENve 0 - 0.3Vop \Y
MCK; DIN'I; DIN2
Input Leakage Current ik BEEPy, MODEg 3 - +1 pA
Pull-down Resistance Rep EN;, EN,, ENgrgg, ENvg 150 300 450 kQ
prv—— New Japan Radio Co.Lid,




NJU8715

(2) REGULATOR CHARACTERISTICS
(Ta:25°C, VDD:Z.OV, VDDO1:VDD02:1 7V, VREG:2-15Vy VSS:VSSO:O-OVy
Load Impedance=161), fs=44.1kHz, unless otherwise noted)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
VREGH HP MODE 1.9 2.15 4.0 \%
Input Voltage
VRrecL LINE MODE 3.0 - 4.0 \%
HP MODE
VDDoH1 Veonr=1.5V, Vaea=2.5V 1.9 2.0 21 Y
Voooro | 1P MODE . 0.23 0.33 043 | V
Output Voltage Veonr=0.5V, Vgee=2.5V
Vv LINE MODE 28 29 30 Vv
DDOL1 VCONT:1 5V, VREG:3-5V ) ) )
LINE MODE
VbpoL2 Veonr=0.5V, Vea=3.5V 0.38 0.48 0.58 \%
Output Current lout 70 - - mA
Sink Current lsink 60 - - mA
Dropout Voltage AV {?;;;732'6‘7\/ - - 0.2 \%
Ripple Rejection RR Xr:ﬁ(.:'\Z/rms, lout=70mA 36 44 ] dB
Load Regulation Voltage Vir IrRego=0 ~ 24.3mArms - - 520 pVrms
Residual VOltage Vmin Veont=0.1V - - 10 mV
Vcont Vcont 0 - VRec \

The following figure shows a representative example of Vcont versus Vgreco.
At Veont=1.5V: VRego=2.0V(Vges=2.5V) in HP MODE, Vreco=2.9V(Vrec=3.5V) in LINE MODE.
At Vcont=0.5V: VRrego=0.33V(VRee=2.5V) in HP MODE, Vreco0=0.48V(Vres=3.5V) in LINE MODE.

4.0
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3.0 /
/
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S /
< 2.0 / /
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& /
> 1.5 /

J

1.0 / > HP MODE
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0.0
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-8- New R 6’0, Ver.2005-03-09



NJU8715

(3) AC CHARACTERISTICS
(Ta:25°C, VDD:Z.OV, VDDO1:VDD02:1 7V, VREG:2-15Vy VSS:VSSO:O-OVy
Load Impedance=16Q, fs=44.1kHz, unless otherwise noted)
+ Master Clock

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Frequency fmek 8 - 50 MHz
Pulse Width (H) tmekH 8 - - ns
Pulse Width (L) tvekL 8 - - ns

 Digital Audio Data

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT
Dint, Ding Setup Time tos 5 - - ns
DIN1, DIN2 Hold Time toH 5 - - ns

EN'I! ENZ! ENREG! ENVG!
BEEP|N, MODEB ter, tEf - - 50 ns
Rise Time, Fall Time

EN1, ENz, ENREGa ENVGa BEEP|N, MODEB Tlmlng chart
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NJU8715

B APPLICATION CIRCUIT

(1) Using Internal Vg (ENyg=H)

»| mck Ogeerr —>
Dins 47puH 220pF
—P + °
—»| Dinz ouT: L
—> BEEPN § g g
Regulator Vrkes v
| : — 16Q
npu E g‘l Head Phone
= o
Vss
Vss Osgeer2 >
47puH 220pF
+ °
—P|Crs O ouT: =
< @]
' VRreco '\ § g §
TR PrVooo1 O
st " l D 16Q
S £ T Head Phone
A\ =2
Vopoz Z

uq

3 Voo [¢pWpW ] Vo
y Control Signal
REF
s L] -
o
= g . v
H VDD 4 DD
g T . U
- =3
s Ly* o, i @ g
o > -~ N o T
" fvs E E E E = Vss _<|7
SRR
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NJU8715

(2) Vg: Externally applied (ENyg=L)

Regulator

Input

220pF

Vs

_> MCK OBEEP1 ’
—»| Dint 47pH 220puF
+ °
—»{Die OUT: )
3
—p|BEEPy § g g
VREG N
P s L 16Q
s 3 Head Phone
VSS
Vss Osgeer2 [—P>
47pH 220uF
OuUT. + .
EE To) : 00N
<~ S ]
— € Vreoo N~ § $ R
<
V
+ u:_j- l . DDO1 % 16Q
g - T S Head Phone
Y pd
T} Vbboz
[T
3
5 Vo [N Ve
v Control Signal
s LI : ¢
o
g Ch Voo 4 D Vobp
A +
L. [T
C|_ i~ 3 =1
0} L q S
B2 o 8 @ .
Ve Z2 2 2 z Q Vss
W + W W w w =
S R R

Note.7) Cy and C, pins must be opened when Vg externally applied.
Note.8) De-coupling capacitors must be connected between each power supply pin and GND pin.

The capacitor value should be adjusted on the application circuit and the temperature. It may
malfunction if capacity value is small.

Note.9) A large-capacitance for the de-coupling capacitors for headphone speaker is recommended to improve a

low-frequency characteristics. In addition, a low-ESR(Equivalent series resistance) capacitor is
recommened for high power efficiency.

Note.10) The above circuit shows only application example and does not guarantee the any electrical
characteristics. Therefore, please consider and check the circuit carefully to fit your application.

[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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Mouser Electronics
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Click to View Pricing, Inventory, Delivery & Lifecycle Information:
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.



mailto:org@eplast1.ru

