Ordering number : ENN2824A

Monolithic Linear IC

LA4165M
SA///WYO Recording/Playback IC

for Micro-Cassette Tape Recorder

Overview Package Dimensions

The LA4165M Recording-Playback |C combines the unit: mm
functions required to design the recording and playback 3108-MEP24D

systems and motor control circuits for micro- or
standard-cassette tape recorders into a single chip. [LA4165M]
Functions provided include automatic audio input 2 13
sensing during recording with stepless setting of the on- HEHRARHAHAAAARAHA =
off threshold using the playback volume control, and
LED indication that recording isin progress. .
Recording and playback modes can be toggled using a = s
single control pin. O
The LA4165M also has an on-chip preamp, power amp L
and ALC circuits, and has been designed to operate with 1H LR EI“H LR HE g —]
a 3V power supply. The device is available in 24-pin : \} & oz | ¢
plastic MFPs. wininininininininiEnEE
Features o4 121 o8
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* LED driver circuit
« Motor control circuit g 1.2 Pgmax - Ta
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B Any and all SANYO products described or contained herein do not have specifications that can handle
applications that require extremely high levels of reliability, such as life-support systems, aircraft's
control systems, or other applications whose failure can be reasonably expected to result in serious
physical and/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained

herein.
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LA4165M

Specifications
Maximum Ratings at Ta=25°C

Parameter Symbol Conditions Ratings Unit
Maximum Supply Voltage Vce max 4.5 \Y
Allowable Power Dissipation Pd max Gyn + Power 1100 mw
Operating Temperature Topr —10 to +50 °C
Storage Temperature Tstg -55 to +150 °C

Operating Conditions at Ta=25°C

Parameter Symbol Conditions Ratings Unit
Recommended Supply Voltage Vee 3.0 \%
Operating Voltage Range Ve op 1.8t0 3.6 \%
. PLAY 4 Q

Power Amp Load Resistance RL pWR REC I Q
Preamp Load Resistance RL PRE 10 kQ

Operating Characteristics at Ta=25°C, Ve =3.0V, R =4 Q (Play Power), R =10kQ (Rec Power),
R, =10kQ (Pre),f =1kHz, 0dBm =0.775V

Parameter Symbol Conditions Ratings Unit
min | typ | max

[Pre + Power]

Quiescent Current lccr REC mode, Vi=0V 12 25 38 mA

Quiescent Current lccp PLAY mode, Vi=0V 13 26 39 mA

Voltage Gain (Closed Loop) REC VGTRr REC mode, Vo =-5 dBm 62 64.5 67 dB

Voltage Gain (Closed Loop) PLAY VGrp PLAY mode, Vo = -5 dBm 71 73.5 76 dB
[Pre Amp]

Voltage Gain (Closed Loop) REC VG1R | REC mode, Vo =-10 dBm, Ry =100 Q 325 35 375 dB

Voltage Gain (Closed Loop) PLAY VG1P | PLAY mode, Vg =-10 dBm, Ryg =100 Q 42.5 45 47.5 dB

Maximum Output Voltage Vo max | THD=1%, PLAY mode 0.3 0.6 1.0 \

Equivalent Input Noise Voltage Vi PLAY mode, BPF = 20 Hz to 20 kHz 0.5 11 2.0 uv

Input Resistance RI 225 32.2 42 kQ

Total Harmonic Distortion THD1 PLAY mode, Vo =0.4V 0.01 0.11 1.0 %
[POWER AMP]

Voltage Gain VG2 Vo=-5dBm,R_. =4 Q 26.0 28.5 31.0 dB

Output Power Po THD=10%,R =4 Q 180 215 350 mwW

Total Harmonic Distortion THD2 |[Po=30mW,R =4Q 0.05 0.5 15 %

Output Noise Voltage Vno | RV=0,RL=4Q, BPF =20 Hz to 20 kHz 5 25 100 uv
[ALC]

ALC Width ALCW :/rgljtlzl:g\éoli:)arg:La(sz\Lﬁpﬁl_ :(:, ?il;:rt]»y 25dB 30 38 45 | dB

ALC Distortion ALC THD | Pre: Vi = —40 dBm 0.1 0.67 1.5 %

ALC Output ALC Vg | Pre: Vi=-40 dBm 0.35 0.46 0.55 \Y

ALC Start Input Level ALC V| -66.5 -69 -715 dBm
[Voice Sensor]

Minimum Activation Input Voltage Vop min | VR (10 kQ) max -84.5 -81.5 -78.5 dBm

Maximum Activation Input Voltage Vop max | VR (10 kQ) max -62.5 -59.5 -56.5 dBm

Input Hysteresis Vo HL 3 6 9 dB
[LED Drive]

LED Drive Current ILep | Red LED 1.0 2.5 4.5 mA

Continued on next page.
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Continued from preceding page.

- Ratings )
Parameter Symbol Conditions - Unit
min typ max
[Moter Control]
Reference voltage Vyet Im =100 mA 11 1.25 1.4 \
Quiescent Current Iq Im =100 mA 2.0 3.0 6.0 mA
Shunt Ratio K Im = 50-100 mA 45 50 55
Residual Voltage Vsat Im =200 MA, Vyef = Veont 0.1 0.3 0.5 \%
Voltage Characteristic of Reference Voltage \A/V“]ffmvcc Vec=1.8t04.5V, I, =100 mA 0 0.1 0.5 %IV
re
Voltage Characteristic of Shunt Ratio AK_K IAVee| Vee =2.0 0 45V, 1y = 50-100 mA 0 0.1 05 | v
Current Characteristic of Reference Voltage eVrfef/Alm Im =50 to 200 mA 0 0.007 0.03 %/mA
re
Current Characteristic of Shunt Ratio A—KK/AIm Im = 50-100 mA to 150-200 mA -0.05 +0.005 +0.05 %/mA

Recording/Playback Mode Functions
O:0N X:OFF

Circuit Preamp ALC Circuit LED Drive Vogiersgir;sor Power Amp | Motor Control
. (MIC Amp) X X X
Recording Mode
& 0 o) o) o) 0 O
(EQ Amp)
Playback Mode
v O X X X O O

¥ : Block is on when MIC input voltage exceeds the threshold level.
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Test Circuit
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Equivalent Circuit
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Block Diagram

3 2 W w  Unit (resistance: Q)
g w z o @ = g g
W z - b £y & 5 z z
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Sample Application Circuit Unit (resistance: Q, capacitance: F)
Voice sensor activation level set. As R2 isreduced, ¢ 30p
the voice sensor circuit activates at a low input voltage. I—i }—1 Sets recording current.
'." Determines playback EQ characteristic.10k Determines REC/PB preamp gain.
. / : 2
%‘30 P / e
20 R B P N ile
12K 12k / o
1 / {1} s e x| P R
10k m‘gpl B ;
Tes 00k !
§4y | 22000 T o 50 RS 100
H f2] 4 :
Preamp y T
R X "I setsALC f’,;, ok TCS
“ width 2200p
c4 22000 - 2.2k
i 13] R/P
I o
Power Amp H T P
‘s o8 amp d L
ER I L [
Oscillation ¢ ly 8‘31 [ 201 5 -
suppression. ¢g
Sets ALC attack/recovery hime:_ R * QE—E E R =
Rh 560K ] j'? RY ok
Sets voice sensor
attack time.;i’:__ﬁ:_E o MIC J
D: sp €9 2.2y %

zy
~~|--Set large enough
for proper ripple filtering.

0 Ve

40

Turn on to disable’
the voice sensor circuit,

» R 26
~7 4lu Oy
Sets voice sensor-off I_]
time.’ L) 9] H
cx 10y -
Leave this pin open
if LED is not used.
ol el
o IS
RE YR2
L~ L, Lk {30k
i 14—t
N Gowernor ™\ >
c: 1p R7 Ry
+
C19 1u
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Functional Description
[Preamp]

* The frequency response characteristic of the low noise preamplifier is selected by the record/playback select pin
CONT (pin 20). If CONT istaken to ground to select record mode, the frequency responseisflat. If CONT isleft
open, playback mode is selected and the preamp has the NAM response curve.

[Power Amp]
» The power amplifier is suited to driving 4 Q speakers and earphones.

[ALC]

* The ALC (Automatic Level Control) circuit is active in recording mode. It detects the power amp output level, and
controls the preamplifier input gain so that the power amp output level is constant.

[VOX CONT VOX]

* This circuit monitors the power amp output level, and turns the motor drive on or off. When the VOX CONT
circuit is operating, the LED drive output on pin 16 is active. The LED is extinguished if the supply voltage drops
to 1.8V.

[GVN]

* Motor control circuit. The external constants are determined according to the motor characteristics to keep the
motor speed constant.

Circuit Components
The function of each component, together with recommended values in parentheses, are listed below.

e C1: (2200 to 4700 pF)
Determines the frequency response of the signal voltage to the record/replay head during recording. Its value
should be selected according to the characteristics of the head.

« C2: (4700 pF)
Determines the playback equalization frequency response.

» C3: (2200 pF)
Suppresses high-frequency oscillation.

» C4: (2200 to 4700 pF)
Controls high-frequency characteristics. C4 will interact with R3 to reduce the power amp input level if it is
too large.

» C5: (2200 to 4700 pF)
Microphone input high-frequency filter. This should be selected according to the high-frequency cut-off and
the value of C21.

* C6: (470 yF)
Couples the power amp output to the speaker or headphones. A value of 220 uF is adequate when using an 8 Q
speaker or headphones.

e C7:(1pF
Suppresses oscillation. For low-temperature operation (down to -10°C), a 0.47 pF tantalum electrolytic
capacitor should be used.

*C8: (22 uF)
ALC control smoothing filter. C8 should not be too large, since thiswill also increase attack time.

*+C9:(0.1t0 2.2 uF)
Voice sensor (VOX) control smoothing filter. C8 should not be too large, since this will also increase turn-on
delay (the time for the motor drive circuit to turn on after the microphone input voltage reaches the set level).

Continued on next page.
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Continued from preceding page.
* C10: (10 yF)

Voice sensor transient suppression. This prevents the motor drive from being turned on by large transient
pulses.

* Cl11: (47 yF)

Determines the time constant for motor drive hold after the voice sensor circuit turns off. The motor drive
remains on for approximately 4 to 5 seconds if the resistor in parallel with R5 is 300 kQ.

* Cl12: (4.7 uF)

Together with series resistor R8, determines the preamp low-frequency cut-off. For C12 =4.7 pF and R8=100
Q, the cut-off is approximately 200 Hz. The cut-off can be set to approximately 100 or 300 Hz by giving C12
avaue of 10 pF or 2.2 yF, respectively.

« C13: (0.47 uF)

Preamp input coupling capacitor.

« C14 : (2200 ppF)

EMI suppression capacitor. Select this according to the characteristics of the record/play head.

« C15: (3300 pF)

Microphone input high-frequency filter.

* C16: (220 yF)

Reference voltage decoupling capacitor.

« C17: (220 uF)

Head DC supply ripple filter.

« C18: (220 pF)

Supply decoupling capacitor.

«C19: (1to 10 yF)

Reference resistor (R7) bypass capacitor. Setting should be performed according to motor characteristics.

*«C20: (1 pF)

*R1:

*R2:

*R3:

*R4:

*R5:

*R6:

Load (motor) bypass capacitor. Setting should be performed according to motor characteristics.

(5t015kQ)

Determines the flow of AC current through the head. Select this according to the head characteristicsand ALC
level.

(820 Q)

Determines the microphone input level at which the voice sensor starts operating when VR1 is at minimum.
Larger values for R2 give voice sensor operation at lower microphone input signal levels.

(3kQ)

Improves high-frequency response and reduces high-frequency distortion. Distortion above 5 kHz increases as
R3 decreases.

(100 kQ to 3MQ)

Determines ALC recovery time.

(300 kQ)

Voice sensor circuit control current resistor. R5 and C11 form the motor drive hold-time constant.

(20to 70 kQ)
Determines motor speed. Select this according to the motor characteristics and the value of variable resistor
VR2.

Continued on next page.
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Continued from the preceding page.

* R7:(100t0 300 Q)

Select this according to the motor characteristics.
*R8: (0t0 200 Q)

Preamp negative feedback resistor.
*R9: (3.9kQ)

Bias set resistor for electrostatic microphones.

The current into or out of the reference voltage pin (pin 21) should not be greater than £1mA, or the biase of
other circuits will be affected. In particular, the power amplifier output power will be reduced.

«R10: (15kQ)

Recording head bias set resistor. Since the bias reference voltage is the filtered DC voltage on pin 19,
excessive current should not be drawn by R10, or the reference voltage on pin 21 will be affected.

The following diagram shows the internal circuit of the reference voltage generator.

louT2 lout1 Vee
DC Bias Equivalent Circuit
VREF Vee
[23] 22 21 [20] 19 18
2.8V

LA4I65M

s f

The voltage on pin 19 drops by gy X1009),
affecting the reference voltage.

—————— -

Unit (resistance: Q)

*R11: (5t020kQ)
Select this to match the electrostatic microphone output characteristics.
*VRL1: (10to 30kQ)
Adjusts the output level in playback mode, and the voice sensor sensitivity in record mode.
*VR2: (5t0 30 kQ)
Motor speed fine adjustment.
e LED : (Red LED)

[lfuminated while recording. The LED starts to go out when V¢ drops to 2.2 V, and is completely
extinguished when V¢ dropsto 1.8 V.

No. 2824-9/17
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Design Notes

Pin No. Symbol Pin Name Voltage [V]

...... 1 1. Ve ... EqualizecG 4 L5
2 Vergour Preout e 15 .
""" 8 Vewsny,... | Powerin | 15
""" 4 Noyr. I Powerout .} 15
""" 5 1.ALC | AutoLevelCont |0
""" I (N 1 WO
...... R T R e B .
""" § | .VOXRECOV | Voico OpeRecorder ~ | ~ 0
..... QVOXC ' ."7.95?.’19}?‘?.9................. 0
a0 Ve GVNYg 30 .
1| Voyr GVN 1 GVNout
LAz ITGNDGVN T GVNGND 0 ..
i rvsGvN TTTTTY VS GVN T
AT Vg GVNT T T GVN Vg T 12
e R R R
..... e BN ] O
R S Pt R R S
R R i R
R A TR S R
..... 20 | RPCONT | RECPLAY Gont IR
..... 21 1. Veer . . Veer 15
o e SEBL o
g g | R e R
B R S S

1. Locate the LC4165M as close as possible to the power source, to prevent voltage and power loss due to supply line

resistance.

Inner R1
_Wh

Change "Inner Ry" to "Wiring resistance Ry"
Change "Inner Ry" to "Wiring resistance Ry"
The total wiring resistance Rt = Ry + Ry causes the voltage V¢ at the IC supply pins to drop from the source voltage

Ve to

Vc=Vee—lec (Ri+Ry)
The power output from the amplifier isequal to
PO (V)2

—
inher R2
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2. Keep the supply lines for the amplifier circuits separate from those for the motor drive circuit. This will reduce the
effect of motor noise on the amplifiers and help prevent voltage drop due to motor load from affecting the amplifier

supply voltage.
The recommended supply layout for the LA4165M power supply lines is shown below.

These lines must be kept short to reduce
motor noise on the amplifier supply.

’/—\\/L

r\ / Power
thsc
\s
SP
Pre G wr
/ Wiy ™ i
All grounds connected
at single point
Governor
Yoty

3. Do not connect aresistor to pin 6. The capacitor on this pin is being charged by a small current to determine the voice
sensor attack time. Bypassing this capacitor with a resistor will increase attack time, and possibly prevent the voice

sensor circuit from turning on.

Do not connect a resistor.

4. The voice sensor circuit has approximately 6 dB hysteresis. It turns on at a voltage on pin 6 of approximately 1.1 V
and turns off at approximately 0.65 V. Biasing pin 6 higher than 0.65 V will cause it to remain on. The voice sensor

equivalent circuit is shown below.

Vee O~

Lo 300kFE FHAT . . .

Voice sensor equivalent circuit *  Increase capacitance to increase hold time.
-4

vce

=
YWY

Governor Control
LED Control

o

On at approximately 1.1V, off at approximately 0.65V.

Rl o]

IO.MZ.Z}J

Unit (resistance: Q, capacitance: F)
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5. In record mode, grounding pin 8 will turn off the voice sensor circuit and keep the motor drive circuit operating
continuously.

1
[ A gl 9]
2 C9 swlaoOk?; 47
0.1v2.2p I 2 T
o
Vee

Unit (resistance: Q, capacitance: F)

6. Pin 7 is close to 0 V when the governor circuit is on, and close to V¢ when it is off. The voice sensor output stage
equivalent circuit is shown below.

TR1

oVee

Governor SW

Unit (resistance: Q)

7. Pin 16 is used solely for driving an external LED, and should be left open when an LED is not used. It is active only
during record mode while the motor driveison. The LED drive circuit is shown below.

50

— mA
w BN
S o

8

-
o

Quiescent Current,] .,

LED
(RED)
6

\ce
—0

voXx

Supply Voltage,Voe — V

lecco = Vcc
2.0
Rg=2.2kQ(PRE) ,
REC:R, =820Q(POWER) /r 1.9
Rp=10kQ /|
PLAY:R,=0Q 4/ . 18
Ry, =4Q & | 4.7
/ a’
74 216
& s
y 215
S 1.4
2
, 1.3
/ 12
1.1
0 1 2 3 4 5 6 7

Unit (resistance: Q)

ViEpJiep - Vcc

I -]

Vo= —5dBm N
LED RED // .
_ /
//VLED /

/ I/II;ED

/ /

L/

/

IS
LED Drive Current,l;zgp — mA

(o]

1 2 3 4 5
Supply Voltage, Voo — V
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1 ALCV,, THD - VN
0
7 7
5 + 5
> 3 d 22y/F 560k 3
] ol N 2
> \ 1
g0 < I THD A
< 5 Vo ALC 5
&
8 3 3
A 4 i
2 // Vee=3.0V
5
& 01 f=1kHz
R Ry, =10kQ(REC)]
8 a RNF='1()OQ
= Rg=2.2kQ
-90 -80 -70 -60 -50 ~40 30 -20
Input Voltage,Viy — dBm
. ALCVy, - Viy
5 {Rg:('z.2k)+z.2k
. Rg:(z.‘zk)/& ,
I
<
;, //
< Rg=(2.2k) + 4.7k
% 1
2 Rg=(2.2k) 38dB
> Rg=(2.2k)+2.2k 42dB
;:'x; Rg=(2.2k)+4.7k 45dB
= Vee=3.0V
S ‘ f=1kHz
s I Ri,= 10kQ(REC)]
< 5 1 Ryp=100Q
-90 -80 -70 -60 -50 -~40 -30 -20 -10
Input Voltage, Vi — dBm
» Vox OFF TIME - Vgpx C
|
@ Vee=3.0V -
£ Ar=1kHz T
e VoL =10k max /
& 10 1 Viy= —40dBm /’
- 7 } Over this time
> 5| Viy=—100dBm
[
E 3 b,
&=
2 1/
3 /
21 / VoxC
@] -0 /’
g 7
8
£ 5
5
[
g % I3 57 57
3 1u 10u 100u
> Pin 6 External Capacitance,Voy C — pF
Vv -
90 G f
{ Vee=3.0V
p) Vo= —5dBm
80 //' La; Pin 5-GND |
= “ \\
;70 ——
g —
= 60 - P REC
[+
4]
2 yd
&0 50 /
g
40
zL
T -
J 1m £ 3 2 ﬂ( £ 3 2 10k <
Frequency,f - Hz

(o]

ALCVy, - V
10 " [¢] IN
} 3 8
> 1o .
Al 22y i Z560k0) Z/Q >
Ei >o T+ P %‘% 4(? ~
RS 5 AN
O'S S| /
TS, /
Q o 4
2 & [
BE 2 St
o O < @
.E > N
g5 /|
18 2.0-1 <
£l ‘/§ Vee=3.0V
E ] / ~ f=1kHz
3% Ry, =10kQ(REC)
S < . Rg=(2.2kQ)
-0 -90 -8 -70 -60 -50 —-40 -30 -20
Input Voltage,Viy — dBm
0.9 ALCVys - ALCR
Vee=3V
> o8 | f=1kHz
! ° \ Vin= —40dBm
° ALCR 220F | R; =10kQ(REC)
> 0.7
Q0
=3
< 0.6
& N
2 s N
> . =
z \\4\\__‘
=]
“E‘ 0.4
o
% 0.3 i
o[ )
1ok Tk L% M 77 oM
Pin 5 External Resistance,ACLR — Q
, Vox DC(V6) - Vox SWR
Vee=3.0V
> 1.2 \ f=1kHz
J\ \ Vm(Vox activation input)
§ 11 \ = —-80dBm
-1
a 1.0 \
5 \
% 0.9 N —
&
£o0.8
=]
5 0.7
O 0.7+ N
a \\
E 0.6 | Vox DC=_——Vco+Vae
R (0.63V)
055 P R B R 57
7 ok, 100k > 1M
Pin 8 External Resistance,Vox SWR — Q
VG - f
80 'o I ! Preamp
TN i
AT TN
A | PLAY
. b:-\\} \r_*
40 - i
T ~
&) z T REC
>, 30 C;:\QW////
E (
$
E” 20 —@Q (\QQ
= 1w Vee=3.0V
> 10 V,=—10dBm
Pin 5—»GND
0 Rnp=100Q
10 235 4 235 g 235 g0 23

Frequency,f - Hz

No. 2824-13/17



LA4165M

223
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Supply Voltage,Vee - V
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Sl
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B Specifications of any and all SANYO products described or contained herein stipulate the performance,
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer’s
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device,
the customer should always evaluate and test devices mounted in the customer’s products or equipment.

B SANYO Electric Co., Ltd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot occur. Such measures include but are not limited to protective
circuits and error prevention circuits for safe design, redundant design, and structural design.

H In the event that any or all SANYO products (including technical data, services) described or contained
herein are controlled under any of applicable local export control laws and regulations, such products must
not be exported without obtaining the export license from the authorities concerned in accordance with the
above law.

H No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co., Ltd.

B Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the SANYO product that you intend to use.

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reliable, but
no guarantees are made or implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of December, 1999. Specifications and information herein are
subject to change without notice.
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