MITSUBISHI LINEAR ICs
- M5222L, P, FP

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL

B -

=p “‘ﬁtﬂ”ﬁu@a

RIPTION

e M5222 is a semiconductor integrated cirucit consisting PIN CONFIGURATION (Top VIEW)

a dual voitage controlled amplifier (VCA) designed for sip

e in an electronic volume control. Operable over a wide  18](+) suppLY
Iwpply voltage range from 1.8V to 20V, the M5222 is avail- 7/ouTtpPuT 2

ble in a compact 8-pin SIP, DIP or FP. The two buiit-in E INPUT 2
fRannels and especially the attenuation chargcteristics that § -5_—_| Ve (CONTROL)
Jhange logarithmically with respect to the external DC con- g 7] anp

ol voltage (a response equivalent to the A-curve volume)

ermit the M5222 to be applied widely in portable stereo [3] com(vee/2)
Mdio/cassette recorders, car stereo system, and electronic 2] INPUT 1

sical instruments. [T]outPurT 1

ATURES ' DIP, MINIFLAT
Operable at low voltages -«++-+---sereeeeeen Vee=1.8~20V

b Two built-in channels

outpPuT 1[1]0 18](+) suppLY

--------- Simultaneous control of both channels is INPUT 1 OUTPUT 2
possible with V¢ (control) at Pin & \ com 6] INPUT 2
Logarithmic response VCA GND (4] Ve (CONTROL)
--------- Logarithmic response equivalent to A-curve
volume

pWide attenuation range

TR 0dB(Vc%0)~—90dB(Ve3—270mV) (typ.)
High maximum input voltage ‘

................................. Vi=1 .0Vrms(typ.) (@VCC=3\/)
LOW diStOI’tiOﬂ ........................................... THD=005%

Similar characteristics between the two channels = . 8-pin molded plastic SIP

PPLICATION

an electronic volume control in portable stereo radio/cas-

ite recorders, car stereos, electronic musical instruments, 0
As.

8-pin molded plastic FP
(MINI FLAT) 8-pin molded plastic DIP

BLOCK DIAGRAM

* COM IS Vc/2 POINTS

te: 1. R, is used to convert input voltage to current.
. Ro is an output resistor used to convert the currentout,
DC output potential.

. The COM pin is used for making a 1/2pint supply voltage within the IC. It is used in connecting Rp and in Ve control,

put signal to voltage. Connect this output with COM pin (3 to fix the
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MITSUBISHI LINEAR ICq]

M5222L, P, FP

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL

ABSOLUTE MAXIMUM RATINGS (T2=25C. unless otherwise noted) SV
Symbol Parameter Conditions Ratings Unit
Vee Supply voltage : 20 : '
P4 Power dissipation 800(SIP)/625(DIP)/440( FP)
Kag Thermal derating X Ta=225C 8(SIP)/6.25(DIP)/4. 4(FP)
Topr Operating temperature range . —20~-+75 c
Tstg Storage temperature range - ~—55~-125
ELECTRICAL CHARACTERISTICS (1a=25T, unless otherwise noted)
‘ - Limits 3
i Symbol Patameter Test conditions Unit
Vece Min Typ Max B
tcc Circuit current Vi=0,Vc=0 3v 2.5 3.6 5.5
R;=10kQ
ViM1 Maximum input voltage f=1kHz 3v 0.7 1.0
Ro=20kQ
V=0
4 R=50kQ
il ViM2 Maximum input voitage THD=1% v 2.3 3.4
: - Ro=100kQ
R=10kQ, Ro==20kQ i
ATTm Maximum attenuation ' © 3v 80 90 dB TYP'
Vg=—270mV i
R,=10kQ :
ATTo Attenuation error f=1kHz 3v —4.4 | —1.4 | +1.6
Ro=20kQ
V=0
‘ ATT, Attenuati Vi=0dB Ri=30ka 9v 5.0 | —2.0 | +1.0
| 02 enuation error i m | Ro=100k0 . 8 .
‘,‘ Attenuation deviation between chan- f=1kHz, V=0, Vi=0dBm .
AATT . 3v 0.1 3.0
nels R=10kQ, Ro=20kQ
‘v Noi tout volt Ve=0(ATT==—1.4dB),R=10kQ" v 30 60
oise o oltage
No! 18¢ output voliag Ro=20kQ, BW=20Hz~20kHz
. v Noi tout voit ATT=—40dB, R,=10kQ v 5
/ ise e
‘ noz oise output vollag Ro=20kQ , BW=20Hz~20kHz
TEST CIRCUIT

SW3

0dB Amp BW : 20Hz~20M
40d8 Amp s
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MITSUBISHI LINEAR ICs

MS5222L, P, FP

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL

SWITCH MATRIX

Parameter | SW; | SW2 | SW3 | SWa | SWs | SWe | SW/ | SWs
leo 2 1 |orr| 2 1 1/2 2 2
1 1 1 ON 2 1 1/2 1 1
Vim 1 2 | oN | 2 2 | 12 | 1 1
ATTM 1 1 ON 1 1 1/2 2 2
o1 1 B ON 2 1 1/2 2 2
ATT ™52 1 2 ON 2 2 1/2 2 2
1 2 i ON 2 1 1/2 1 1
Vo 5 2 i ON i 1 1/2 1 1

(Note)1. Use 0dB amplification when measuring Vim
2. Use 40dB amplification when measuring Vno
3. Vyo=measurement value/100(40dB) {xVrms]

TYPICAL CHARACTERISTICS
POWER DISSIPATION VS. AMBIENT

CIRCUIT CURRENT VS. SUPPLY VOLTAGE

2 TEMPERATURE (MAXIMUM RATINGS)
E 1000 8
j < : < 7 Vi=0
: =
1 > 800 8222, £ . Ve=0
o] Q L
i = o
i L M5222P - ]
L 600 F—N g5
H ! z L~
2 M5222FP u 4
T 400 ™ g / ‘ R=10kQ"
w N \\ ) ) 3 i Ro=20kQ
2 \\ \, e [
9 N 5 2
200 LY 0
2 . IENINN &
g XN g !
o
w0 0
e 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
AMBIENT TEMPERATURE T3 (C) SUPPLY VOLTAGE Ve (V)
ATTENUATION VS. CONTROL VOLTAGE ATTENUATION VS. SUPPLY VOLTAGE
+10 : +10 —
‘ Voo=3V Ve=—9mV
0 f=1kHz 0 +
o —10 \ Vi=0dBm_ o —10 !
Z : \ R=10kQ ) v v
— Ro=20kQ - A
E =20 E 20
< —30 N < —30 | ]
2 \ Ve=—135mV
G —%0 Z —40 t
£ N\ ° |
% —50 E —s0
S g Ve=—195mV,
Z —60 2 —60 t
- .‘L‘ I
< \ k70 Vo=—252mV
—80 —80 gt
—o0 % L [ ]
+100 0 —100 —200 —300 0 2 4 6 8 10 12 14 186
CONTROL VOLTAGE Vg (mV) SUPPLY VOLTAGE Vcc (V)
1 MITSUBISHI
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MITSUBISHI LINEAR ICsj

M5222L, P, FP

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE]
IN°-A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL ]

: o BA
. TOTAL HARMONIC DISTORTION The
CONTROL VOLTAGE VS. SUPPLY VOLTAGE oy VS. INPUT VOLTAGE Ic
S .
~ 100
- R o
O +50 = 3 [ f=1kHzt trol
£ ATT=0dB - ve=0]]
~ 0 } Z  olR=10kQ
Ky I 0 '9FRo=20ka T
- 5 5
w —50 ATT=—20dE 5 3 I
2 ! 7
— [Z I
K100 ATT=—40dB a7
S50 — g
E') ATT=—60dB o =g
£—200 — s 0l \
s ATT=—80dB g s
o—250 I 3
O |
—300 £ o.01
0 2 4 6 8 10 12 14 16 O 0.0013570.013570.1 3571 35710
'_
SUPPLY VOLTAGE Vgc (V) INPUT VOLTAGE Vi (Vrms)
TOTAL HARMONIC DISTORTION NOISE OUTPUT VOLTAGE
;\8 VS. INPUT VOLTAGE = VS. ATTENUATION
00 TTTTT E 1000 T—
Q  7t=lkHz S T ybvee=3vl 1 ]
OJ—: g V=01 X 5 - BW=20Hz~20kHz
- [ R,=50kQ o 3 i i
Ro=100kQ z — ‘
I Va6V u > R=50k, Ro=100k Bas
ES Vooi0v w TORNT R=30k, Ro=60k and
S 3 PG 1] X Ri=15k, Ro=30k App
= ce=15V <] < 5 N AT RN
- n B 3 INEXSE _FRi=10k, Ro=20k{] npL
8 4 2048 g NS inp
z 3 g / E 10 NN and
S o \ LY g 7 R >
£ 7 ~NH 5 5 e by
< 5 o 3 com
2 3 d % nec
= 0.01 o nal
O '0.001 3570.013570.1 3571 35710 4 0 —20 —40 —60 —80 ~—100
- curr
INPUT VOLTAGE V; (Vrms) ATTENUATION ATT (dB) cuit
. con
go
obta
ATTENUATION VS. FREQUENCY ATTENUATION VS. AMBIENT TEMPERATURE T
: of tt
IR o L_ATT=008 (Ve=omv) | the
T | | ATTE00B (@Vomamy) 0 ATT=—10d8 (Vo= —43mV)  foin
= W O [T 2 e
- 11 H— -+t - —20 and
2 ATT=—20dB (@Vc=—73mV .
RS : o
q
(z) UL 1Tt Tttt g—40 The
F ATT=—40dB (@V;=—135mV) = wol
<« —40 H E Of
2 H N ) j COl
I T Z —60
s Vee=3V w (ole].
% 80 vi=odBm E and
R=10kQ < e )
Ro=20kQ the
—80 LiL L1 dlaf
10 3571003 57 1k 3 5710k 3 57100k —20 0 420 +40 +60 +80 L
: €
FREQUENCY f (Hz) AMBIENT TEMPERATURE T, ('C) is st
. MITSUBISHI .
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MITSUBISHI LINEAR ICs

M5222L, P, FP

' VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE

‘IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL

BASIC PRINCIPLE OF OPERATION

i The M5222 is a current input, current output type of VCA
IC. This amplifier uses the principle by which changing
the balance of the differential circuit with external con-
trol voltage V¢ will change gm. The circuit is-also called

a variable transconductance (variable gm) OP amp.
The basic principle of operation will be simply ex-
plained below. '

0 +Vee

ouT Vo

T TIT

Basic voltage-current conversion mechanism for input
and output

mput resistor R, results in a change to a current signal at
input terminal IN. The Vge leve! shift of Ry, Rz, Qs, Qi
and Q2 will cause input pin IN to become ground level
by means of Vcc/2 in terms of direct current and to be-
‘come ground level by means of the externally-con-
mected capacitor in terms of alternating current. The sig-
mal input in this way will be sent to the output pin as a
eurrent signal by the current mirror and differential cir-
leuit. By taking this current signal through' the externlaly-
iconnected output resistor (load resistor), the signal can
igo through a current-to-voltage conversion and be
jobtained as output signal Vg.

The output transistors combine the currents by means
fof the joined PNP and NPN collector circuits. Basically,
e DC potential floats and is not determined in this
oining of currents. This is why one end of external-
connected resistor Ro is connected to the Vgc/2 pin
d the DC levei (Vcc/2) at the time of no signal is set.
jasic mechanism of attenuation
e output is controlled by means of changing the con-
wol voltage applied to the V¢ pin with respect to the
ICOM pin (Vcc/2 pin) . By applying voltage from the
COM pin to the base of one side of a differential circuit
d applying voltage from the V¢ pin to the other base,
current distribution of the differential circuit is
ghanged and the gain of this circuit is changed.

- Let us first considetr when V¢ equals zero (Vc—COM
shorted). Input signal Vj is converted to current by in-

Applying the input signal Vi which flows through external .

2 il Vi 8(;[:0‘3

(51 —O
1 GND

m (2)

r r

% (&) is the Voe/2 pin (COM pin) derived by voltage division by B;, B, and so on. ALL coupling is internal.
Fig. 1 M5222 EQUIVALENT CIRCUIT

put resistor R, and the i currents (2i = Vi/R,) flow
through the collectors of Q; and Q.. When the current

flowing in Qi becomes i+i, the overall emitter current of

the differential circuit consisting of Qip and Q¢ will also
‘be determined as |+i by means of current mirror (2).
Since the base potential of Q1o and Qu; is the same, the
curret will be divided equally and current (1+i) /2 will
flow in each of Qig and Q1. The current of current mirror
(4) will also be determined as (I4i)/2 because of this.
Since the current of current mirror (1) is determined
as 2| by the current flowing in Qs and Qa, the total of the
current flowing in Q2 and the current flowing in differen-
tial circuit Qg, Qg will also be 2I. The current from Q;
which will become |4i flows here and as a result, the
overall emitter current of the differential circuit will be 2i
—(14-i)=1—i. This current is devided the same way as
in the differential circuit consisting of Qi and Qq; with
current (I—i)/2 flowing in each of Qg and Qs. From this,
the current of current mirror (3) is determined as (1—i)
/2 and the current of current mirror (5) becomes (14i)
/2. :
Now, current (1—i)/2 from current mirror (4) flows in
transistor Q2 of the output stage. Since the current flow-
ing in transistor Qi3 from current mirror (5) is held at (I
—i)/2, connecting output resistor Ry between the out-

put pin and the COM pin will resuit in current i flowing

through Ro and providing a voitage signal Vo=i*Ro.
Here, by selecting Ro=2R,, Vo=i*Ro=2i*R,=V; and
the amplifier will have a gain of 1.
Next, we will consider case of when control*voitage
V¢ is applied with regard to the selection of this resist-
ance.

" @ MITSUBISHI :
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VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR U

IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTR

Vee/2

Fig. 2 DIFFERENTIAL CIRCUIT

The values of Vge of the differential stage will be as
follows:

|
VBEB__ln( =8 )

kT |
Ve In( <9 )

-_ﬂ 'cw)
VBEIOf a In( Is

VBEHi-T%ln ( -I%)
Is: the saturation current

k: the Boltzmann constant

q: the amount of electric charge on the elec-

where,

trons
T: the absolute temperature
From this,
~Vo=Vees— Vo=t i
c=Vees™ Veeo= oM
) . KT oy -
—Vec=Vgei1—Vgegto=—"In7—
C’ BEN BE10 q ‘C]O
Here,
IgsHice=1—i
lcrotlcn=1—i
KT, les
‘ VC—' q |n|_i_|cs
kT |
—Vg=— cn

e
q l—i—ley
The current flowing through Qg and Qi will be

(|—i)exp(_k_c!er) 1—i
1+exp(—k—c!rvc)

leg= a
1+exp( —AVC)

. (1+i)exp(— Vc)

I—i
len=

1+exp(-?qfvc)

1+exp(—~k*fvc)

Current lc); is the current of current mirror (4), and Igs
will be the same as the current of current mirror (5).

At this time, the current that will flow through the out-
put pin will be the same as that in the explanation when
V¢ was equal to zero, and is expressed as

_ 2i
1+exp(~g—'vk )
“KT ¢
The gain will be

Vo _io*Ro 2
Vi 2i-R, 14+-exp( qu “Vg)
and when calculated in dB,
2
ATT=20log ( —_— )
1+exp( “V¢)

As in the graph below, the attenuatlon will change logar
ithmically with respect to the change of Ve.

ATTENUATION VS. CONTROL VOLTAGE

0dB

@

2

E 2

< ATT=20 tog(»——2———
z 1+exp( 17+ Vo)
o

=

<

=}

b4

w
=

-

<

0

CONTROL VOLTAGE V¢ (V)

Setting and connection of input/output resistance
As explained above, the input signal is converted to ¢ ,
rent, but since the transistor of the input stage is biase§
at a fixed current of =76 « A, the maximum value of i
input current is determined at the least upper bound
(FIG.3) . Accordingly, when a large signal is input
necessary to select a large input/output resistance .
decrease the input current. Note that increasing the o
sistance will aiso increase the noise distortion factor;§
the value of the setting should be made to suit the g '
ticular application.

1+i

764

imax

t

Fig. 3 MAXIMUM CURRENT SIGNAL

) MITSUBISHI
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MITSUBISHI LINEAR ICs

MS5222L, P, FP

VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL

The M5222 has a floating-type output stage with the
collectors of Qi2 and Qi3 joined as shown in FIG. 4.
Here, the difference of the combined currents will be-
come the output current that will flow through the load.
Note that it is necessary to set the DC potential of this
output pin by externally-connected resistor Ro and that
it is generally DC-connected to the vcc/z pin (or to pin
(3)).

In terms of AC, it is necessary to set the output pin to
ground level so that capacitor C is required. Since the
voltage gain (amount of attenuation) is determined by

- Ro, the value of the input impedance connected to the
next stage is sometimes affected. (Placing Z, in parallel
with Ro will lower the impedance.) Generally, a buffer
amplifier composed of a fransistor or OP amp con-
nected. -

—y——0 Vee

Qi

iciz

OUT Rg

(a)
Vee/2

Fig. 4 EQUIVALENT CIRCUIT OF OUTPUT STAGE

APPLICATION EXAMPLES
(1) TEMPERATURE COMPENSATED BIAS AND OUTPUT BUFFER CIRCUITS

Vee Ro 20k - 20k
Vee
R
220 ok 8 4 OUTPUT 1
INPUT 1 o«—H——'VW—— 2
A
R, M5222 ‘ ' ;
224 0k ' : ;
T2 6 ' )
INPU oy ) !
5 3 7 QUTPUT 2 i
Vee : i
N S 1 \
1 43 | Ro - 20k - 20K £
1 30k | .
I iy 22
] 10k W [
| |
| | Unit Resistance : Q
\ 30k TEMPERATURE Capacitance : F
| COMPENSATED | - ; : i
: BIAS CIRCUIT | il
] NGENERAL | Note : poing A is the Vsc/2 pin which is set externally. :
I PURPOSE SMALL : " It may even be operated when internai pin (3) of i
L_. . __ BIGNAL DIODE M5222 is used.
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VOLTAGE CONTROLLED AMPLIFIER(VCA)FOR USE
IN A LOW-VOLTAGE ELECTRONIC VOLUME CONTROL

(2) PROGRAMMABLE ATTENUATION CIRCUIT
ATTENUATION VS. AMBIENT TEMPERATURE

Vee

{TEMPERATURE COMPENSATION)

. ) ' ¥ i 1
220 r‘ r 104 0 ATT=0dB (Vo=—6mV)
+,° 10k
iNPUT 1 o—Hm—— 8 4 = + OQUTPUT 1 =
R, M5222 ‘: 10 3 -
InPUT 20— Mm% 200 OUTPUT 2 —10
A 5 31 Imro E
e Vo | R COM"20'<IQ <
—r 2 ATT=—20dB (Vo=—78mV)
L - Z -2
2% 2R 2 1 Z
3
Z —30 -
TR —————o w ATT=—35dB (Vo=—126mV)
TR, =
—40
Unit Resistance : Q

Capacitance : F —20 0 +20 440 +60 +80

(3} CONTROL APPLICATION WITH EXISTING VOLTAGE CONTROL AMBIENT TEMPERATURE T, (C)

0 +Vee(3V)
ke
8 4
12k
5 3 Veo/2
V. L
CI\—)J’ZK VR
(B TYPE)

10k

Unit Resistance : Q
- Capacitance : F

PRINTED CIRCUIT BOARD FOR CIRCUIT TESTING )
(PARTS SIDE)

PRINTED CIRCUIT BOARD WIRING DIAGRAM
(COPPER FOIL SIDE)
o e}
INT v
o] 3.3u 104
£ + R +
% Ro © OUTI
1 8
3.3, a % Ro
o—H—00—wm—o0 10
IN2 +0_01# . + ©OoUT2
[¢] ¥
+
2?@# o Vec GND
. N
M5222L , o COM V¢ % 00 e ? o
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