
e M5222 is a semiconductor integrated cirucit consisting
a dual voltage controlled amplifier (VCA) designed for

in an electronic volume control. Operable over a wide
y voltage range from 1.8V to 20V, the MS222 is avait_
in a compact 8-pin Slp, Dlp or Fp. The two built_in

and especially the attenuation characteristics that
nge logarithmically with respect to the extärnal DC con_
voltage (a response equivalent to the A-curve vol,ume)

Ihe M5222 to be applied widely in portable stereo
cassette recorders, car stereo system, and electronic
I instruments.

TURES
at low voltages ...Vcc:1.g-20V

built-in channels
"".'...Simultaneous control of both channels is

possibte with V6 (controt) at pin O
response VCA

""....'Logarithmic response equivalent to A-curve
volume

attenuation range
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VOLTAGE GOI{TROLLED AMPLIFIER(VCA)FOR UsE

11{ A LOW.YOLTAGE ELEGTROIIIC VOLüilE COI{TROL

PIN CONFIGURATION (TOP UEWJ
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GND
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OUTPUT'I
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OUTPUT I
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(+) SUPPLY

OUTPUT 2
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0dB(vc+o) - -godB(vc+ _z7omv) (typ. )

""1T:UT:: :ti:l::'::"
Low distortion .. ::ll *lllü:]l$J:r 

#
Similar characteristics between the two channels 8-pin molded plastic Slp

TION
an electronic volume control in portable stereo radio/cas_

recorders, car stereos, electronic musical instruments, G
8-pin molded plastic Fp(MINIFLAT) 8-pin

l.R|isusedtoconvertinputvoltagetocurrent.
t 

* ä"il"l'lt"ij;;:It- ""to to convert the currentoutput sisnar ro vo^ase. connect rhis outpur with coM pin (3) 16 1;1 16"

thelc.|risusedinconnectingRoandinVccontrol.
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ABSOLUTE MAXIMUM RATINGS (ra:25t unress otheruise noted)

ELECTRICAL CHARACTERISTICS (ra:25"c, unress otheruise noted )

TEST CIRCUIT

2.2pF loko 1

SWO J

YOLTAGE GOTITROLLED AMPLIFIER(VCA)FOR
]N A LOW.VOLTAGE ELECTRO]IIC VOLUME

OdB Amp BW
40dB Amp

SWs
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8(stP)/6. 2s( DtP)/4. 4( FP)

f:lkHz
Vc:0
THD:1/o

Rr:10kO
Ro:20kQ

Rr:l0kQ, Ro:20kO
Yc:-?70mV

R':10kO
Ro:20kO

I:1kHz, Vc:o, Vi:0dBmAttenuation deviation between chan-

nels
Vc:o(ATT: !1. 4ctB), Rr:l 0kA

Ro: 20k O, BW :20H2 - 20kHz

ATT:-40d8, Rr:l0kQ
20kO, BW:20H2-2OkH2

r-]Kl-t i"*'

l0-4
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VoLTAGE GOI{TBOLLED AMPLIFIER(VGA)FOR USq
IN A LOW.VOLTAGE ELECTROT{IC VOLUTE GIITITROL

Parametel SWr SWz SWr sw, SWs SWe .SWz SWa

lcc 2 OFF 2 1/2 2 2

1 ON 2 1/2 1

2 2 ON 2 2 1/2

ATTM ON I 1/2 2 2

ATT
0l ON 2 1/2 2 2

02 ? ON 2 t/2 2 2

Vro
ON 2 t/2

2 ? ON I t/2

SwlTCH MATRIX
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AMBTENTTEMPERATURE Ta (r)

ATTENUANON VS. CONTROT VOTTAGE

M52221

*=J\
nurrri\ \i :i.

\-\\

(Note)1. Use \dB amplilicatiql when measuring ViM

2. Use 40dB amplification when measuring vNo

3. vNo-measurement value/lO0(40d8) [lvrms]

CHARACTERISTICS

POWER DISSIPATION VS. AMBIENT
TEMPERATURE (MAXIMUM RATINGS}
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CONTROL VOLTAGE VS. SUPPLY VOLTAGE
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VOLTAGE COI{TROLLED AMPLIFIER(VCA)FOR USE
II$A LOW.VOLTAGE ELECTROIIIC VOLUME CONTROL

TOTAL HARMONIC DISTORTION
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ATTENUATION VS. FREOUENCY
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VOLTAGE COI{TROLLED AMPLIFIEN(VCA)TOR UsE
III A LOW.VOLTAGE ELEGTROTIIC YOI.UME GOI{TROL

BASIC PRINCIPLE OF OPERATION
The M5222 is a current input, current output type of VCA
lC. This amplilier uses the principle by which changing
üe balance of the diflerential circuit with external con-
bol voltage V6 will change gm. The circuit is also called

vohage-current convercion mechanism for input
output

Applying the input signal V; which flows through external
hput resistor Rr results in a change to a current signal al

hput terminal lN. The Vs6 level shiYt of Rr, Rz, Qs, Qr,

Qz will cause input pin lN to become ground level
means of Ycc/z in terms of direct current and to be-

ground level !y means of the externally-con-
capacitor in terms of alternating current. The sig-

input in this way will be sent to the output pin as a

signal by the current mirror and differential cir-
By taking this current signal through the externlaly-

output resistor (load resistor), the signal can

through a current-to-voltage conversion and be

as output signal Vo.
The output transistors combine the currents by mean$

the joined PNP and NPN collector circuits. Basically,

DC potential floats and is not determined in this
of currents. This is why one end of external-

resistor R6 is connected to the Ycc/2 pin

the DC level (v""/2) at the time ol no signal is set.

mechanism of attenuation
output is controlled by means of changing the con-
voltage applied to the V6 pin with respect to the

pin (Vss/2 pin) . By applying voltage from the
pin to the base of one side of a differential circuit

applying voltage from the V6 pin to the other base,
current distribution of the ditferential circuit is

and the gain of this circuit is changed.

Let us first considel when V6 equals zero (Vc-Cotrrt
shorted). lnput signal Vi is converted to current by in-

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

put resistor R1 and the i cürrents (2i: VilRr) ttow
through the collectors of Qr and Qz. When the current
flowing in Qi becomes i+i, the overall emitter current ol
the differential circuit consisting of Qro and Q11 will also
be determined as l*i by means ot current mirror (2).
Since the base potential ol Qro and Qrr is the same, the
curret will be divided egually and current (l+i)/2 will
flow in each of Qro and Qrr. The current of current mirror
(4) will also be determined as ( l+i)/2 because ol this.

Since the current of current mirror (1) is determined
as 2l by the current flowing in Q3 and Qr, the total of the
current florring in Qz and the current floriving in differen-
tial circuit Qo, Qg will also be 21. The current from Qz

which will becorne l*i florvs here and as a result, the
overall emitter current of the differential circuit will be 2l

-(t*l)-t-i. This current is devided the same way as

in the diflerential circuit consisting of ,Qro änd Qrr with
current (l-i)/2 flowing in each of Qe and Qg. From this,
the current of current mirror (3) is determined as (t-i)
/2 and the current of current mirror (5) oecornes (t*i)
/2.

Now, current (l-i)/2 from current minor (4) flovr,s in

transistor Qrz of the output stage. Since the current tlovr/-

ing in transistol Q13 from current mirror (S) is netO at (t

-i)/2, connecting output resistor R6 between the out-
put pin and the COM pin will result.in current i flowing
through Rs and prwiding a voltage signal Vo:i.Ro.

Here, by selecting R6:2R;, Vo:i'Ro:2i'R1:V1 and
the amplifier will have a gain of 1.

Nexl, we will consider case of when control'voltage
V6 is applied with regard to the selection of this resist-
ance.

x( ü) is lheVcc/z pin (COM pin) deriv€d by voltage divisim by Br, Bz and so on. ALL coupling is internal.

Fig.1 M7222 EOUIVALENT CIRCUIT
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vcc/2

\ l-*-
Vss-

-i't /
-Vseg

\F.y' v..,0-
vc

__2/
i-Veet t

t-i r+i

Fig. 2 DIFFERENTIAL CIRCUIT

The values of Vss of the differential stage will be as
lollows:

v"*=Sr"(f )
v".'+ [r.(f )
v".,r+f,r"(f )
u".,,+ T,n(li" )

where, /ls: the saturation current \
/ t, tt e Boltzmann constant \
I q: the amount of electric charge on the elec- |\.;";"--' I\T: the absolule temperature /

From this,
.. kT. lss

-Vc:Veea-VB€s: q lnlä
.. kT. 1611

-Vc:Veel -VBEIo: q- ln ü;
Here,

lce*lca=l-i
lcro*lcrräl-i

kT l^"
-Vc: O 

ln;frO;
kT l^,,

-v6: o tr6;li
The cunent flowing through Qs and Qil will be

0dB

o
3
FF

zI
F
l
2
uJ
FF

. (t-i)exp(-*u",
'"t: -t+"rp(- 

ultuJ r*exp(-*vc)
(t*t)exp(-*v") t-i

CONTRoL VoLTAGE Vc (v)

Setting and connoction of input/output ro$istrnc.
As explained above, the input signal is converted to
rent, but since the transistor of the input stage is
at a fixed current of l:76pA,lhe maximum value cl
input current is determined at the least upper bound
(FlG.3). Accordingly, when a large signal is input
necessary to select a large input/output resistänce
decrease the input current. Note that increasing the
sistance will also increase the noise distortion
the value of the setting should be made to suit the
ticular application.

l-i

lcll- t*exp(-Sv6) 1*exp(-fiv")
Current 1611 is the currenl ol current mirror (4), and lce

will be the same as the current ol current mirror (5).
At this time, the current that will llow through the out-

put pin will be the same as that in the explanation when
V6 wäs equal to zero, and is expressed as

ilrTsuBlSHl
ELECTRrc

M5222L P,

VOLTAGE COI{TROLLED AMPLIFIER(VCA)FOR
ITI A LOW.VOLTAGE ELECTROilIC VOLUTE

.2i
'":1+"rp(-#.vJ

The gain will be
Vo io'Ro
V; 2i.Rr r*exp(fi.v6)

and when calculated in dB,
l2\ATT:20 tos [ 

-

--.-e \ r*exp(#.vc) /
As in the graph below, the aüenuation will change
ithmically with respect to the change of V6.

ATTENUANON VS. CONTROT VOLTAGE

Fis. 3 MAXIMUM CURRENT StcI{AL
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VOLTAGE COI{TROLLED AMPLIFIEN(VCA)FOR USE
IT{ A LOW.VOLTAGE ELECTROI{TG VOLUTE OOilTKOL

The M5222 has a floating-type output stage with the

collectors of Qrz and Qr: ioined as shonvn in FlG. 4.

Here, the difference of the combined currents will be-

corne the output current that will flol through the load.

Ncfie that it is necessary to set the DC potential of this

output pin by externally-connected resistor Rs and that
it is genbrally DC-connected to the Vcc/2 pin (or to pin
(3) ).

ln 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 sornetimes affected. (Placing Z1 in parallel

with R6 will lower the impedance.) Generally, a buffer

amplifier composed of a transistor or OP amp con-

nected.

Fig. 4 EOUIVATENT CIRCUIT OF OUTPUT STAGE

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

Ro zOR

?.?p

INPUT I

INPUT 2

+

2.2p

Vcc

Ro zok

TEMPERATURE
COMPENSATED
BIAS CIRCUIT

ERAL
PURPOSE SMALL

. "' BtcNAL DIoDE I
__- --_J

OUTPUT I

OUTPUT 2

Unit hesistance
Capacitance

Note : poing A is the Vcc,/2 pin which is set externally.
' lt may even be operated when internal pin CO of

M5222 is used.

Rr

10k

Rr

10k

o
F

BUFFER AMPLIFIER
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m5222L, P, FP

VOLTAGE CIOTITROLLED ATIPLIFIER(VGA)FOR USE
II{ A LOW.V(LTAGE ELECTROTIIC VOLUTIE GOT{TRON-

2-2p

Unit Resistance : O
Capacitance : F

(3} CONTROT APPIrcANON W|TH EXFNNG VOLTAGE CONTROT

*V""(3V)

Yc"/2

:2K VR
(B TYPE)

l0k

Unit Resistance
.Capacitance

PRINTED CIRCUIT BOARD FOR CIRCUIT TESTING
PRINTED CIRCUIT BOARD wlRING DIAGRAM

ATT-OdB (Vc:-Urn;,

ATT: 20dB 78mV)

ATT--35d8 (Vc:- 26mV)

(2} PROGRAMMABLE ATTENUANON CIRCU]T
ATTENUANON VS. AMBTENT TEMPERATURE

(TEMPERATURE COMPENSANON)
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