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BIPOLAR ANALOG INTEGRATED CIRCUIT

PC2505

45 W AF POWER AMPLIFIER

The yuPC2505, a pavser amplifier 1C dedicated for BTL{B3lanced Transformer Less), has been designed fiorcar audia
equipment. The £PC2505 integrates a stand-by switch circuit that can select amplifier operation mode and stand-
by mede upon receipt of 2rn external contraf signal, from a microcomputer,.for instance.

The pPC2505 ugpgrades the uPC2500:

Less shock naise when the relazive error of NF (Negative feedback) capacitor is large.
Less shutdowr at overvoltage of input signal.

FEATURES
= (nternal stend-by switch circuit; CMOS drive possible
« Can be used as CCL-BTL connection
e High output poweer: Po = 45 W TYP. (2t Vce = 14.4 V. RL= 2 O, THD = 10 %)
Po =40 WTYP. {8t Vec = 13.2V, Rt » 2 Q, THD = 10 %)
« Low impédance load drive performance: Up to 2 Q2 load
* Low listortion rate: THD = 0.03 % TYP. {(at Vee = 13.2V, Rt =22, Po=8 W, f= 1 kHz)
High slew rate: 2.8 V/us TYP. (at Vcc = 132V, Ru = 2 0, Vin = 0.5 Vp-p)
Small pop noise
Low circuit current at stand-by: 10 ¢A or less {at Vce = 13.2 V)
Low output offsst voltage: Vortzar = 150 mV MAX,
* Following protection circuits are included: ‘
Qvervoltage, surge protection circuit
Thermal shut down protection circuit
ASO protection circuit {Output pin short circuit protection {Vee to output pin, output p'n to GND, autput pin to
output pin), Loudspeaker protection}
* High resistance o output pin short circuit

e & b

ORDERING INFORMATION

Part Number Package Quality Grade
HPC2505H 12-pin plastic power SIP (L) Standard

Please refar to “Quality grade on NEC Semiconductnr Devices” {Document number | €1-1209) publiched by
NEC Corporaiion to kaow the specification of qualily graede on the devices and its recommendad 2appilications.

The infarmation In this documant Is subject to change withouT potice.

cument No. 10-3247
10 D. No. 10-8528)

te Published August 1593 M .. "
Wegdia Jagen @ NEC Coparation 1893
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BLOCK DIAGRAM

Pratectors

PIN CONFIGURATION {Top View)

tnput
NFB1
GND for tnput
NFBZ

Fiiter
Vee
Siand-by zviitch

HG0RZJJ!

Eootstrap 2
Quipyt 2
GND for Output

BRI iaiiniciols)

pary
|

D

Quwput 1

Sootstrap 1
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1. ELECTRICAL CHARACTERISTICS

’ Absolute Maximum Ratings (at Ts = 25 “C} g
Parameter Symbo! Conditions Ratings Unit
Supply voltage {Surgal Veecurga 6Q Mose v
Supply voitage (No signal} Vee: : 25 v
Supply voitage (Oserztional) Vee 8 \'%
Output current (lns:dmancougl te e A
Power dissipaton . Po : 50 w
Operating Temperature Ton ~30 to +85 *C
Storage Temperatura Tea —40 10 4150 °C

Note The surge pulse waveform is shown in the following figure.

Veuze ' @

(Vaueze = Veol X 0.8 + Vee

Vg ~ Ver) x 0.37 « Vee ’

Vcc:‘tB.ZV"_‘J .
1 ms

4 ms
1

80 ms }

Surge Pulse Wewelorm

Recommended Operating Conditions {at Te = 25 °C} .

Paramater Symbol Conditinns MIN. | TYP. | MAX.| Unmt
Supply valtage Vee ’ 5 13.2 16 v G
Load impedance Rv . 2 4 8 n
Stand-by switch (7) pin voltage (Operatingl| V{#7) 3.5 Vee v
Stand-by switck {7} pin voltage (Stand-ty) | VI#7) 0 1.5
Voliage gain Av 34 40 dB8
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Electrical Characzerichs (Te=25°C. Vec =132 V. RL=4 Q.1 =1 kHz) '

) Parameter Symbol |- Test Conditions MIN. | TYP. | MAX.{ Unit
Circuit Current fee 150 | 250 | mA
Ourput Offser Voliage . Vorrcae vi-9 -160 4] +«150 | mV
Por Ru=20, TED » 10 % 32 40 w
Poz Rie2Q THO = 1C %, Vec = 144V 45 w
Output Power Poy Ru=40 THD = 10 % 20 24 w
Pod R«2{ THD =1 % 25 33 w
Pas R.=a40Q,THD «1% 15 1% w
Voltage Gain Av Pc=2W L0 d8
Total Harmenic Oistortion THD- Rie2Q.PowEW 0.03 | 0.12 %
THO: RimaQ, Po=4W 0.02 | .12 Y%
Output Noise Level Va As = 30 k01, BW = 20 Hz te 20 kHz 0.3% 0.7 |mVemal
’ Supply Voitage Pejection Ratio SVA R = 0 Q. fuzowe = 100 H2, Vagpe = 1.0V 50 60 d8
Input Resistance R. 20 30 kS
Roll-off .Frr.-quercy ' I . Av =-3dB from 1 kHz 100 250 100 KHz
fu S 10 Hz
Stand-by Curren: - iecise 0 £Voitageofoin7 SISV .05 10 HA
Overvolizge Prctaciion Operating Voltage]  Vecwsxs 18.5 v
)
b
D S
S
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ELECTRICAL CHARACTERISTICS MEASURING CIRCUIT

Filier

Sutfer Proteciors

|
T OO
s6 To © . ‘ I
IL 7 777 . 220 ur . G

-

Note Mpylar capacitor

SWITCH POSITION

CHASACTERISTIC SYMBOL SW1 SW2 SW3a
Quiescent Current fee 2 2 1
Output Offset Voltage - . Votet 3 2 2
Volitage Galn Av 1 2 2
Output Povver : Pa 1 2 2
Total Harmonic Distortion THD 1 2 2
Qutput Noise Level ) Va 2 2 2
Stand-hy Current Yecrses 2 1 1 ‘
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2. CHARACTERISﬂC CURVES (Ts = 25 °C)

CIRCUIT CURRENT, QUIESCENT OUTPUT
VOLTAGE vs. SUPPLY VOLTAGE

3
]
&

Q=20
>"3 350 Re = 0
=) ~ 1
s <
S15 E 300
- t
& | §250
S.alS ]
,__‘!0—(: 200 lec
§ 2 150 4-/_.:/
v o= ~eill
5 9. = Voo
(."J S 3 00 jr
g 50 7
Tou ¢ L
6 e 10 12 14 6 13 20
b Vee - Supely Vallage -V
SUPPLY VOLTAGE REJECTION RATIO vs.
SUFPLY VOLTAGE
S 100 ,
t Viaxe = 1 Vems,
% wae : }!OO Hz
2 8 L=2
< As=0
8
3
‘& 60
=
E ]
D 5
;é aQ
2>
g
3 20
(7]
! 1
s o '
“ 8 3 i 12 14 18 18 20
Vee ~ Supply Voltage -V
} CQUTPUT POWER vs. SUPPLY YOLTAGE
8o
2«20
70 ?; = iao 0 //
=1 b4
= 63 ng
s PG
g 350 A
a <
2 % L
3 //r/
1 . /
£ 20 o
10
1] 1

6 € 10 12 % 16 18 20
Vee - Supply Voliage = V
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Av-Voltage Gain - d8

Va - Oinput Noise Vohage ~ mVems

Pa - Qulput Power - W

- e
h o

-
()

1.¢
0.2
0.6
04
0.2

a0
70

36

30

20
10

|
|

VOLTAGE GAIN vs. SUPPLY VOLTAGE

||

Ri=20
Po = 800Q
f=1gHMz
Pa=2W

1

é 8 10 12 it 16 18 20

Vcz - Supoly Voltage =V

QUTP T NOISE VOLTAGE ve.
SUPPLY VOLTACGE

VWids Band

20 Kz 1¢ 20 «Hz BPF

€ g 1 12 4 6 ie 2¢

Ve - Supgily Voltage -~V

OUTPUT POWER va. SUPPLY VOLTAGE

l Ri=40Q
Ac=600Q
f=1kMz

el

6 8 10 12 14 8 18 20

Vee - Supoly Voltage -V
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3. APPLICATION CIRCUIT

p

[«

Ce 77
47 uF
77 Pt
./

B Filter

Input \ -
1 Butier > Protectors

\
3 P22
777 . Stanc-by -
T Sranc /
i !

Speaker

ON 2 C
47 pF A

OFF g
1Q
sy 200

2

Note Myla.r capacitor -

Cs  : Filtercapacitor
Cnr : NE capzcitor
Ces : Bootstrap cespacitor
Cnaoc : Capacitor for preventian of oscillation (Mylar capacitor)
Rasc : Resis:or for prevention of oscillation
9 R : External resistor
Ans  : External resistor

11
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4, RELATIONSH;P BETWEEN EXTERNAL PARTS AND ELECTRICAL CHARACTERISTICS
i . . '
Thischa ptcrdes'cribes the effect of external parts, shown inthe application circuit (see 3. APPLICAﬁON CIRCUIT),

*on the electrical characteristics of uPC2505.
The constant of each part is recommended 10 be set to the value shown in 3. APPLICATION CIRCUIT. Use this

8s 3 reference when the value is changed.
4.1 Filter Capacitor (CF)

4.1.71 Rise time .
The rise time of the amplifier changes sccording to the capacitance of the Cr (filter capacitor). The larger this
czpaciiance is, the longer the rise time becomes. Therefore, the rise time can be set by Cr.

See Table 4-1.

Table 4-1 Relationship between the capacitance of Cr and rise time
Capacitance of Cr (uF) 22 33 47 300 220
Rise time (s) 0.23 0.48 0.70 1.49 2.80

Caution Set the capacitance of Cr 22 uF or more.
Remark The constant of the other external parts is recommended value.

4.1.2 Ripple rejection ratio
Since the structure of the positive phase signal amplifier (Po1) is exactly the same as that of the negative phase

signal amgiifier (P22} in the uPC2505, the rippie components appearing in the ouviput af speaker reiect each other.
Conszquerntly, the supply voitage rejection ratio does not worsen much even ifthe capacitance of Cris lessened (see
Fig. 4-1). .

However, theripple ccmponenis appearingin outputafthe output 1{pin 11) and the output 2 (pin 9) become larger.

Fig. 4-1 Relationship between Cr and Supply Voltage Rejection Ratio

30
| i l Vez = 13.2V

. | RL=2Q
s 70 . Po=s0
] Voo = 1 V:."\.:‘
2 fooom = 100 Hz
=z 60 .
- iyl
s 1 il
s SO
8. !
<
@« {
© 40
: |
S ag
z )
s |
' !
<
2 10 * i

0 i

1 10 100 1000

Cr - Filtar Capacitance - ufF

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6225931/UPC2505H.html

. ann ) a0 1T OB 30 NG 23T
FROM BRGRE #0A/3371428 |2ERIRZEE & 2217 & 220% XaE

SRAUM NG SUES LR AV ATFLIWS T 1S9 ZE108228 (@) 17 12, ¢ QS RBES2T1091425T P 1422
B Lu27525 00u9450 205 EENECE
NEC HPC2505

4,1.3 Reasistance to blesking
) ' When this capacitance in made smaller, there is a rick that the res:stance to breaking of the uPC2505 will iower.,

Ta prevent this, set the capacitance of Cr 10 22 M#F or more.

4.2 NF Capacitor {Cnr)

4.2.1 Voltage gain
The low frequency characteristic changes when the capacitance of Caf is changed (see Fig. 4~2).

Fig. 4-2 Voltage Gain vs. Frequency Characteristics

70 —
\ee = 12.2 V
€0 AL=20
3 Rz =600 2
Po=2W .
50
o
) 3 ,
1 ~ ' ‘
.% g S = 47 h b
(G} = ot - ’
o, g
g Ry ]
L] g G !
S o
2
=20
|
l i
10 T :
0
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4.2.2 Rise time

When the capacitance of Cnr is changed, the rise time hardly changes. Therefore, the iower cut-off frequency can
be decided without considering the rise time.
See Table 4-2.

Table 4-2 Relationship between the capacitance of Cnr and rise time
Capacitence of Cur (uF) 22 23 [ 47 100 220
Rice ure (8) . 0.70° a.70 ] 0.70 0.70" 0.70

Remark The constant of the other externzl parts is recommended value.

4.2.3 Peak value of shock naoise

The rise time of uPC2505 is hardly influenced by Crr. Therefore, the peak value of shock noise is controlled lower.
When the relative erroris 10 %, the peak value of shock noise is 2bout quertér of uPC2500. Fig. 4-3 shows the wave-
form of shock ncise vwhen the relative error is 10 %.
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Fig. 4-3 Waveform of Shock Noise (The Relative Error: 10 %)
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V.08 Vidw.
\H o2 s/div.)

Stand-by
release

4.3 Bootstrap Capacitor (Cas)

4.3.1 OQutputpower ) @
When the capacitance of Ces is changed, the lower ouiput power changes, See Fig. 4-4,

Fig. -4 Qutput Power vs. Frequency Characteristics
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4.4 CR Circuit for Pre!vention of O<zcillation {Cosc, Rosc)

b The CR cireuit connected to output pins is used for prevention of oscitlation. Forthe Cose, use a capatitor having
excelient temperature characteristic and frequency characteristic {recommended pans: nylar capacitor.
When the resistante and capacitance values of the circuits are changed, be sure to check that no osciliation is
produced.

4.5 Extcrnal Resistors (Rr, Rur)

4.5.1 Voltage gain
The closed loop voltage gain of the uPC2505 is determined depending on external resistors, Ri, Rwr and internal
fcedback resisior Ao, and it can be obtained according to the following equation:
Rro // Re
RaF

Av = 20 Sog + 6 1dB)

5 Fie= 25k .
Ric /7 Rt : Resistance value when Rro and Rt are connected in paraliel.

Caution Since the uPC2505 could start oscillating when the voltege gain is set too low, set the voltage gain to
34 dB or more.

15

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6225931/UPC2505H.html

ROM GRERH RIAERT M2 GQ3EI0RY2H & 22 -5 2200 ¥B553303000-7¢1 F, 18

FROM MEC Qw5 (X)) oV J-—.n,n:r 1923 10A2ZTB(&V 17 2. TN T DL/ RESBISI0T 13737 F 17,24

- bu427525 0049453 Tlu EENECE
NEeC

. PROTECTION, CIRCUITS

| 4
The uPC2505 inieg rates various protection circuits to provide high resistance to breaking. This chapter outlines
these protection circuits.

5.1 Overvoltage Protection Circuit and Surge Protection Circuit

The overvoliage circuit and surge protection circuit constitute a common circuit. When the supply voltage rises
beyond 20 V TYP., it prevents the uPC2505 from being broken. .

5.2 Therma) Shutdown Circuit

When the junction temperature of the uPC2505 reaches 175 °C TYP., this therma! shutdown circuit operates to
reduce the current of the output bias constant current gircuit, thereby curbing a turther rise of temperature and
preverxtmg damageto the uPC2505. Since alatch functionis not provided for the protecting operation of this circuit,
the protection aper-ation is automatically refeased when the junction temperature lowers 1o its normal temperature. e

§3 ASO Protection Circuit

The zPC2305 integrates this ASQO protection circuit to provide high resistance to output pin short circuit {Vee to
output pin, octput pin to GND, autput pin to output pin). .

When the ASG protection circuitis in its protective operation, output pins are 3lf placed into the floating status.
This prevents the speaker frorm breakdown when output pin short circuit and so on, occurs at the same time.

@
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6. HEAT SINK DESIGNING
. i
' A heat sink for the gPC2505 must be designed according to the operating conditions. :
6.1 Qutline of Heat Sink Designing

In general, the relationship amdng temperature change 4T, thermal resistance Rwm, and power consumption Pa
is expressed ss following equation:

4T {¢C) = R (3C/W) x Pa (W)

For the heat sink of the uPC2508, the reiationship between the thermal resistances and temperature is shown as
below;

Fig. 6-1 Re!ationship of R, T; and Ta

!

y| : Junztlon temgersture

-
VA—O

.(‘{__J
i
:

Rivec Ta : Amblent temperaturae

Ring-er = Thermal resisiance between junction and c2se

A~ Rinte-ry : Thermal resistance between ¢35z and heat sink
]
- i N R Rinm * Thermal resistance between heat sink 2nd air
. ' t

b 1 é + Rinem Rina -~ Thermal resistance betwveen junction and ambience
. 1 - i .
1 .

1

-
=
L.
)
’
Lo

Rinvjat = Ring=s + Fuven + Bingy

Thatis, where the power consumpticn within the uPC2505 istaken as Pg, the junction temperature Tjof the uPC2505
can be representad by trie following equation:

Tg = Ta >R tjog) Pa

) e To + {Rinij-a) + Rinic-m ~ Rumsg) % Ps

To keep the junction temperature less than the maximum allowable value Timaxy when the pPC2505 is opersted
under the conditicn of the maximum ambient temperature of Tamaxy and maximum power consumption of Pamaxy,
the heat sink must meet the fcllowing equation:

Timaxy — Tarmaxs
Pt @ —me 30T

= {Renij<i + Bne-m} (SC/W) ceieeceieeene (1

Patrviaxa

. .. D e el T e LS 2 BTN P N
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- 6.2 Heat Sink De|$igning of yPC2s08

Fig. 6~2 shows the relstionship between the powser dissipation Po of the uPC2505 and ambient temperature T.. ‘
Fig. 6-2 and 6-4 show the relationship between the internal power consumption Pe and output power Po.

From Fig. 6-2, the thermal resistance between the junction and heat sink of uPC2505 is given by
“Rint-n = Rng<) + Rinie-ny = 2.5 (SC/W)”. .

On1the other hand, the absolute maximum rating Timaxs of the jurction temperature of uPC2503 is 150 °C. Therefore
equation (1) above becomes as shown below:

Ronerg « 20 ToM0 _ 5 6 (oG .o - (2)

Patrnx.
Designing Procedure of Heat Sink
@ Setthe operating conditions.
(a) Losdimpedance s R
(b) Supply voltage : Vee
(c} Maximum ambient temperature : Taiaaxy
Obtain the meximum power consumption Pamax) under conditions of (a} and (b) from Fig. 6-3 end 6-4.

Incorporaie Tamax1and Pdmax,y obtained from steps @ and @ sbove into equation (2) to abtain the required therme!
resistance of the heat sink.

86

Caution Although the thermalresistance of the heat sink can be obtained according to the method described above,
itisrecommendedtouse a heat sinksomewhatlarger than the calcufated value for greaterrehability. Also,
be sure 10 use silicon grease when the heat sink is mounted to the uPC2505.
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7. ATTENTION ON APPLICATION
When attaching the ¢PC2505 on the heat sink, note following points.
» Be sure ta use the silican grease.

» Keep the fastening torque for the screw in the range of 5 ta € kg-em.
* Flatness of attached area of heat sink should be kept within £0.1 mm.

When the uPC2505 is unsteble due to the high impedance of signal source, connect 3 capacitor (about 1000 pF)
between pin 1 and pin 3,
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8. PACKAGE DHAM}ING

B | a | o

12PIN PLASTIC POWER SIP (L)

}_ A
v (o] — N
—+
w i ]
N |
<
7 H o
[
e
= [r“ ]
B 1‘
v
U
-_L... > G @
@ T PI12KP.25482
NOTE ) ITEM |  MILLIMETERS | INCHES
Each l2ad centerhine is located within 0.256 mm
(N 01 inch) of itc truo paawisa (T.N} at M- - A A3 07 Max —[ 13 Mav.
mum material condition, c 1.2 MIN. 0.047 MIN,
D B 2:0! 0_323 0012
E 3.8 0.162:8%%
F 0.8=%" 0.031:323%
g G 0.26 0.01
H 254° 0.1
J 2.54 MAX. 0.3 MAX,
K 1.0 MIN, 0.039 MIN.
™ 13.8 MAX, 0.544 MAX ’
N §.g302 0.188=%003
le] 24,039 0.945:-88%
Q 15.0 MAX, 0.591 MAX
(¥} 2.8 MAX. 0.111 MAX.
v 0.35%¢" 001472285
Y 6.6°°7 0.256 ~°o7°
_ 21
NS LT VRE TN e, ala
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9. RECOMMENDED SOLDERING CONDITIONS

The following conditions (see table below} must be met when soiaering this product.
For more detzils, refer to ouc document “SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY MANUAL” (IEl1-
1207).
lease consult with our sales offices in case other soldering process is used, or in case soldering is done under
different conditions.

Type of Through Hole Devico

HPC2S05H : 12 pin plastic power SIP (L)

Soldaring Process Soldering Conditions

Solder tempersture: 260 *C or lower.

Wave Soldsring (For leads only)
Flow time; 10 seconds or less.

Pin temgperature: 260 “C oc lowver. g

Pcriat Heating Method
Time: 10 seconds or fess.

Caution Do not jet molten solder on the surface of package.
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