TOSHIBA TB31261AF

TOSHIBA Bi-COMS INTEGRATED CIRCUIT SILICON MONOLITHIC

TB31261AF
RF 1CHIP IC FOR 900MHz CORDLESS TELEPHONE

One packaging three systems PLL, IF detector, Compander.
it is possible to reduce many external parts. This IC is
suitable for radio section of 900MHz cordless telephone.

FEATURES

® Low operating voltage Vee=2.7~5.5v
® PLL operating frequency : f=400~1000MHz

® Serial control for all status QFP52-P-1010-0.65
Weight : 0.45g (Typ.)

® Built-in clock output function for CPU

® Built in receiver amp

® Receiver output Level adjustment

® Variable battery alarm setting (4 thresholds)

® Built in battery saving function for intermittent receiving

* Small package:QFP52pin (0.65mm pitch)

Handle with care to prevent devices from deterioration by static electricity.

9809 10EBA]

® TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress,
It is the responsibility of the buyer, when utifizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or faiture of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property, In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook,

® The products described in this document are subject to the foreign exchange and foreign trade laws.
The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or ot{xerwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others,

@ The information contained herein is subject to change without notice,
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TOSHIBA

TB31261AF

PIN FUNCTION (The value of resistor capacitor are typical)

g‘é“ PIN NAME FUNCTION INTERNAL EQUIVALENT CIRCUIT
Output terminal of TX frequency from
' | OOUT X BUFFER TRANSISTOR, N
2 | TX-GND |GND terminal. a2 1 :S
4 | TX-Vee Power supply terminal. S Y SR
5 |TX-Buffer E | Emitter terminal of TX-BUFFER TRANSISTOR.
6 |TX-Buffer B | Base terminal of TX-BUFFER TRANSISTOR. ?N‘
Output terminal of RX frequency from 6 4
42 | RX-OUT RX-BUFFER TRANSISTOR. — '7
43 | RX-GND | GND terminal. M )
45 | RX-V¢c¢ Power supply terminal. rr )
46 IRX-Buffer £ | Emitter terminal of RX-BUFFER TRANSISTOR. » @
47 |RX-Buffer B | Base terminal of RX-BUFFER TRANSISTOR. ‘
Output terminal of CHARGE PUMP. CHARGE +Veey
3 | TX-CP PUMP circuit outputs constant current which +
is varied by serial data. n)
Output terminal of CHARGE PUMP. CHARGE % )
44 | RX-CP PUMP circuit outputs constant current which
is varied by serial data. A GND2
7 | Veeaz Power supply terminal. e
SPLATTER- | Output of Splatter Filter. And connected to Veer
8 lour Input of COMPRESSOR. “mn F 3 K ot x
o8 PR
of
- x < o ¢
9 [SPLATTER Output of SPLATTER FILTER. S g ¥
IN bl GND1
Vecd
Ve
{ x
10 |COMP-OUT | Output of COMPRESSOR. L ®
50 %
- GND1
”
11| cNE Feedback circuit of T type is formed by
external capacitor with SUM AMP,
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g’gf PIN NAME FUNCTION INTERNAL EQUIVALENT CIRCUIT
Ve
Output of MIC AMP and connected
MIC-OUT :
12| MIGOUT | i ectly to Input of COMPRESSOR. '
—®
13 | MIC-IN Input terminal of MIC AMP.
GND1
: Connected capacitor for foll-wave rectifier
14 CRECT 1 Gireuit of COMPRESSOR.
GND1
Vesd
Vees
15 | REF-OSC1 | REFERENCE OSCILLATOR input and output Tt %x (’(”AC’,
terminals, & y
.- £<
Colpitts oscillator is formed by internal © K
16 | REF-OSC2 |emitter follower and external X'tal. @®
@ :l«‘tkﬂ (>§
, , b
17 | osc.ouTt Qutput terminal of BUFFER AMP. Output 3 W § Og
signal for MPU dock. - GND2
Ll
1 CLK Input terminal of clock. 3 0
) input the serial 19 b §
19 | DATA Input terminal of data. |, .. control for 20
20 | sT8 Input te'rmmal of this IC. oz
strobe signal.
: 2008
Output terminal of detection signal. It is B
21 | sSIG-OUT . x st
the open drain output.
sl GND 2
fesd
BATTERY ALARM terminals. When V¢
decrease VBAT-L, this terminal outputs &
22 | BAT-ALM | "H"Level. ) x
Detection voltage is controled by data bit. - GND 1
This terminal is open collector output. -
This terminal outputs DC voltage level
23 | RSS! according to input signal level of IF AMP.
Dynamic range is around 80dB.
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:\;? PIN NAME FUNCTION INTERNAL EQUIVALENT CIRCUIT
Ve
Output terminal of ware from shaping x
24 | DATA-OUT | circuit. @
This terminal is open collector output. § x
- GND1
o~
Control terminal for REF CLK output.
When voltage of this terminal is GND
then whether REF CLK output or not is )
25 | OsC controlled by serial data setting, when
voltage of this terminal is Vcc then REF D2
CLK always output regardless of serial
data setting.
Vees
<«
DATA COMPARATOR input terminal. RO
26 |D-COMP-IN| This terminal input demodulated signal of 25 l’s‘i’i‘. 5
DATA. Y ¥
GNDT
leed
27 | QuaD Phase shift signal input terminal .of FM
demodulator.
Vea
®S %
Demodulated signal output terminal. gg 2 ®
28 | AF-OUT Carrier leak is small as LPF is built-in. g 3300 +
- GND1
”
29 | PRE-OUT |Output terminal from PRE-AMP.
30 | PRE-IN Input terminal to PRE-AMP.
31 | Ve Power supply terminal.
DC voltage input terminal to control
32 | RSSI-REF detection level of RSSI COMPARATOR,
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ﬁ‘éf‘ PIN NAME FUNCTION INTERNAL EQUIVALENT CIRCUIT
x | lsiglcls Yee
W0 P SR T 2
33 | IF2-REF o T | [2i°1%]s 3¢
34 Q
IF AMP2 input and decoupling input for % Lﬁdh%
bias. @ | 1700
34 | IF2-IN T ®
GND1
Feud
Terminal for rectifier of EXPANDER.
35 | E-RECT Almost the same circuit as C-RECT e
: terminal.
36 | GND1 GND terminal. o
B g v e
z
. . 27000
37 | IF-OUT | Output terminal of IF AMP. g €})
®s %
= GND1
Feud
38 | Ve Power supply terminal. —
. Reference terminal through internal buffer
39 | REF -
of compander block.
T Bllly 1™
40 | IF1-IN Oll‘ e1717e 4
40
IF AMP1T input and decoupling input for * T L{ht_%%&.
bias. @ 129.9
<
41 | IF1-REF . L ON
GND1 o
teed
48 | GND2 GND terminal. —
49 RECEIVER 1
Receiving output for a dynamic receiver.
Used for BTL output type, RO1 terminal
and RO2 terminal.
50 |RECEIVER?2
RECEIVER- .
51 ;NC Inverted input of RECEIVER AMP.
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’{3@1 PIN NAME FUNCTION INTERNAL EQUIVALENT CIRCUIT

veer

Output of SUM amp at EXPANDER.
The signal from gain cell is gained by
inverted amp. The gain level can be
controlled by software.

52 | EXP-OUT




TOSHIBA TB31261AF

1. General Description

TB31261F is controlled all status by serial data. This IC is included {F detector, PLL and compander.
IF detector function is wideband system, dual PLL function (~1000MHz), and compander with MIC
AMP and RECEIVER AMP,

POWER SUPPLY BLOCK ASSIGN

IF-AMP1, IF-AMP2, DATA-COMP, RSS!, BATTERY-ALARM,
Veer GND1 SOFT-VOLUME, MIC-AMP, COMPRESSOR, SPLATTER-FILTER,
PRE-AMP, EXPANDER, RECEIVER-AMP
Veeo IF-AMP2, QUAD
Vees GND2 RX-PLL, TX-PLL, REF-OSC, DATA LATCH CONTROL
RX-V¢c RX-GND | RX-PRESCALER, RX-BUFFER, RX-BUFFER TR
TX-Vee TX-GND | TX-PRESCALER, TX-BUFFER, TX-BUFFER TR

2. Gain Distribution for Receiving

S0OMHz

:' """""""""""""""""""""""" A

RF 15t MIX  CE1 UF AMPY  CE2  IF AMPZ H

W, ~ ! . !
D —E o> et

H H
748 798 -ads | 24ds -4dB 728 0dB  igpgg

B et 1.7 SPTTV Y J——

3. PLL Block

4

. 1716, 1/17 , e
N 172 {abit counter) - 11bit counter

4. Data Latch Control

This block has 4 registers assigned by 2 or 3 bits CODE.DATA is read on the time of up edge of
CLK. When STB receivers high signal, DATA in shift register is sent into LATCH to contro! block
which CODE indicates and the operation starts.

INPUT TIMING FOR SERIAL DATA

When both CLK "H” and DATA “L”, STB "H” leads data active.

Y

;.0.2;15

>1us 202us I

e 7\ /f‘\ 1 |

- X { | |

po—s A .
201 aoms—.! - e 2028
$T8 /
e 202
Operation . o o Previous State b - — New State e
State
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Code Assign
CODE CONTROL BLOCK FUNCTION

# 1 0 | TX divider (18bits) Setting frequency for TX-PLL
* 0 1 |RX divider (18bits) Setting frequency for RX-PLL
* 1 1 | REF divider (12bits) Setting phase comparison frequency
0 0 0 | Option control 1 Battery save, Mute control, BAT-ALM, etc
1 0 | 0 |Option control 2 Volume control

Serial Data Format

(1) TX DIVIDER

Swallow Counter {4bit) Programmable Counter {11bit) CODE
A0 | A1]A2TA3 Mo M1 | M2 [ M3 M4 [M5 M6 M7 M8 M3 [M10] * | 1 | o
« 1st 1 STB

* Don't care

N=2x{16M + A) (480 - 65534)

A=A0+2A1+4A2 + 8A3

M=MUO +2M1 + 4M2 + 8M3 + 16M4 + 32M5 + 64M6E + 128M7 + 256M8 + 512M9 + 1024M 10

(2) RX DIVIDER

Swallow Counter (4bit) Programmable Counter (11bit) CODE
A0 | A1 A2 A3 [MO]MI [ M2 [M3[M4 M5 M6 M7 [ M8 M3 [M10| » | 0 | 1
& st 1 sTB

* Don't care

N=2x(16M+A) (480 -65534)

A=A+ 2A1+4A2 +8A3

M=MO+2M1 +4M2 +8M3+16M4+32MS+64M6+128M7+256M8+512M9+1024M10

(3) REF DIVIDER

Programmable Counter {10bit) CODE
RO | R1]R2[R3[R4A[RS[R6|R7 ]R8 | RY 1] 1
- 15t tsT8
N=R({4-~1023)

R=RO+2R1+4R2 + 8R3 + 16R4 + 32R5 + 64R6 + 128R7 + 256R8 + 512R9

(4) Option Control 1

SIG OUT REF TX Control RX Control BAT-ALM CODE
TXLD|RXLD| Rssl [xOSC| RF | AF | CP [MUT| RF | AF | P MuTe Bat [BA2[BA3] 0 | 0 | 0
& 15t t sT8
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1. Battery Saving Control

0 | Operation
1 | Battery Saving
BIT CONTROL BLOCK
RX-RF RX-PLL, RX-BUFFER TR, IF AMP, QUAD, DATA COMP, RSSI
RX-AF PRE AMP, EXPANDER, RECEIVER AMP
TX-RF TX-PLL, TX-BUFFER TR
TX-AF MIC AMP, COMPRESSOR, SPLATTER-FILTER
REF-QSC REF-OSC

2. Charge Pump Qutput Current Select

CpP Current
0 400 A
1 800 A

3. Mute Control

0 {Operation
1 | Mute On

TX-MUTE control for COMPRESSOR output.
RX-MUTE control for EXPANDER output.

4. BATTERY ALARM Detection Setting

This IC has 4 threshold levels for detection of battery dropping.
These threshold levels are given by below table.

BAT-ALM QUTPUT
BA1 BA2 BA3 DET. VOLTAGE DET.VOL > Ve | DET.VOL < Ve
J 0 1 3.00Vv H L
0 1 0 3.15V H L
0 1 1 3.30V H L
1 0 0 3.45V H L
1 1 1 BS H

5. SIG QUT Selection

SIG OUT terminal generates combination states of RX and TX LOCK DETECTOR and RSSI.
IF you set plual BIT to 1, then SIG OUT is “AND“ output of each FUNCTION.

0 JOFF

1 1OQUT PUT
BIT FUNCTION
TXLD TX-PLL LOCK DETECTOR
RXLD RX-PLL LOCK DETECTOR
RSS! RSSI COMPARATOR OUTPUT

10
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RXAPLL et RRAD

*LOCK

*ON
OFF ¢ 0

UNLOCK : 0 {“’*

TA-PLL prmed LD

* LOCK

FON )
OFF 1 0

UNLOCK : 0

RESH e
RSGI-REF s

R351-COMP

* RSSI-REF « RSSH ¢
RSSL-REF > RSSI

*ON
OFF 2 0

STATE

INTERNAL CIRCUIT BLOCK

SERIAL DATA SETTING

[on i oo TN BN e
QPO

Qoo o

<O
<o

G Jo]
SERIAL
DATA 0lo
SETTING F—=
Crssi > Jojo
INPUT :
[ rx10 | lolo
CIRCUIT [T=
sTaTe | Lo | lojo
oo
OUTPUT SIG-OUT |1]0

SO o oo
= =2 =2 I = I ]
DO o

fos i e I B oo B I o

Gxo> o)1
SERIAL D
DATA | (GxoD |ofo
SETTING oS lolo
RSS!
INPUT =
o
R
CSTX%ET [0 ] |ojo
RSS! ! 11
OUTPUT SIG-0UT |10

11
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{5} Option Control 2

RECEIVER QUTPUT LEVEL CONTROL

It is possible to volume control to set these bits.
And this resister includes TEST bits which must be set 0 in customer side.

1.5dB steps from QdB to -22.5dB,

Receiver Volume CODE
voLijvotajvowsfvor] * 11 [ o [ o | * You have to be sure to set 0.
VOL1 VOL2 VOL3 VOL4 GAIN
0 0 0 0 0dB
0 0 0 1 -1.5dB
0 0 1 0 -3.0dB
4] 0 1 1 -4.5dB
0 1 0 0 - 6.0dB
0 1 0 1 -7.5dB
0 1 1 0 -9.0dB
0 1 1 1 -10.5dB
1 0 0 0 -12.0dB
1 0 0 1 ~13.5dB
1 0 1 0 - 15.0d8B
1 0 1 1 - 16.5dB
1 1 0 0 - 18.0dB
1 1 0 1 ~19,5dB
1 1 1 0 - 21.0dB
1 1 1 1 - 22.5dB

12



TOSHIBA TB31261AF
MAXIMUM RATINGS (Ta = 25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Power Supply Voltage Vee 6 1
Power Dissipation PpD 900 *1 mw
Operating Temnperature Topr ~20~70 °C
Storage Temperature Tstg ~50~150 °C
*1 IC single unit
ELECTRICAL CHARACTERISTICS
TOTAL CHARACTERISTIC{Vcc =3.6V, Ta=25°C, Af=25kHz, fmod = 1kHz)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX, | UNIT
CUIT
Operating Power
v — — . . .
Supply Voltage CC (opr) 271 36| 551V
. ALL ON
Consumption Current 1 | lceq 1 (Not including VCO current) 123 | 246 | 3331 mA
. RX-RF ON
Consumption Current 2 | iceo 1 (Not including VCO current) 7.7 1 116 15.7 | mA
Consumption Current 3 | lec3 1 |RX-AF ON 2.4 35 4.8 | mA
. TX-RF ON
Consumption Current 4 | iccyq 1 (Not including VCO current) 2.6 7.1 96 | mA
Consumption Current 5 | iccs 1 |TX-AF ON 0.8 2.1 281 mA
RL =100k}
Alarm Supply Current lcc (a) 1 VBAT.L=3.30VE~ F — 160 200 | uA
Supply Current at BS Icc (BS) 1 | ALL OFF — G 50 | uA
Vger Voltage VREF 1 — 1.0 | 1.45 1.8 \
0.8x
ViH — o Vee Vee 55
Data Input Threshold vV
Vi — — -02 | o |02x
Ve
i — [ViH=Vc¢ — 0 !
Data Input Current m — [Vi(=GND - 0 1 HA
CK Input Frequency fek — — —— 100 | 1000 | kHz

13



TOSHIBA TB31261AF
DETECTOR SECTION (Unless Otherwise Specified, Vee =3.6V, Ta=25°C)
BATTERY ALARM
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
. VBAT.L — 285 | 3.00 | 3.15
Detection Voltage 1 VBAT .1 1 — — 3.08 | 323 \
. VBAT-L —r 299 | 315 | 3.31
Detection Voitage 2 VBAT 1 1 — — 325 | 347 \
. VBAT.L — 3.14 | 330 | 3.47
Detection Voltage 3 VBATH 1 — — 340 | 357 |
. VBAT-L o 3.28 | 3.45 | 3.62
Detgctaon Voltage 4 VBATH 1 — — 355 ] 373 \Y
Output Low Leve!
=0.1 . .
Voltage Vori 1 Heing=0.1TmA 0.1 93 Vv
Output Leak Current ILEAKT 1 |VaLm =3.6V 0 51 rA
DATA COMPARATOR
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Minimum Detection VTH1 2 |f=500Hz . N 50 |mVrms
Level
Output Low Level
Vv 1 =0. — ‘
Voltage oL ISINK = 0.2mA 0.1 0.3 \
Output Leak Current ILEAK? 1 |H Level — 0 51 pA
VIN (Data comparator input)
Duty Ratio Duty 2 | =120mVrms, "H" Level, 46 — 541 %
F=1kHz
SIG OUT DETECTION
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
Output Low Level
Voltage Vous 1 1Nk =0.2mA — 0.1 0.5 v
Output Leak Current ILEAKD 1 151G out off mode —_ 0 51 pA

14



TOSHIBA TB31261AF
PLL SECTION {Unless Otherwise Specified, Ve = 3.6V, Ta=25°C)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUlT
PLL Operating fiNn 1 — 400 | 900 | 1000 | MHz
Frequency
PLL Input Sensitivity ViN 1 — 90 | 103 110 | dBaV
XIN Operating _
Frequency fXIN 1 [ViN=110dBuV 2 4 24 | MHz
XIN Input Sensitivity VXN 1 |{fiN=4MHz 100 | 110 115 | dBuV
Charge Pump Output Icp1 — |Vep=1.8V — | 2400 — A
Current lcP2 — [Vep=1.8V — | t800] — | ¥
Charge Pump Leak
Current 'LEAK4 ! B - 0 S| KA
RECEIVING SECTION (Ve =3.6V. Ta=25°C. Af=25kHz. fmod = 1kHz)
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
12dB SINAD Sensitivit 12d8 INPUT 500) 13.5
ensitivity | ¢\ — . —  |dBLVEMF
IF AMP1 Gain GIF1 2 e e 24 e dB
IF AMP2 Gain GIF2 — — — 72 — dB
gi:i"du}ated Output |y, 5 2 |VIN (IF1) = 70dB L VEMF 90 | 117 | 144 |mVrms
S/N Ratio SN 2 [VIN(IF1) = 70dBLVEMF 55 | 695 | — | dB
AM Rejection Ratio AMR 2 | VIN (1F1) = 70dBuVEMF — | 683 — dB
IFAMP1 input
F —_ - — -
Resistance RIF1IN IF1-IN 330 O
FAMP1 Output RIFIOUT | — |IF1-0UT — 3| - | @
Resistance
FAMP2 Input RIFIN | — |IF2-IN — |33 — | @
Resistance
VRSSI1 2 | VIN (IF1-IN) = 20dB £VEMF 0.15 | 0.35 { 0.50
RSS! Output Voltage A
wiput Voliag VRSS2 | 2 |VIN(IF1-IN) = 708 ZVENF 136 | 1.70 | 2.06

15



TOSHIBA TB31261AF
AUDIO SECTION (Unless Otherwise Specified, Ve =3.6V, fipn = 1kHz, Ta =25°C)
MIC AMP + COMPRESSOR
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT ‘
comF Input Reference |, 2 |Vom = - 10dBV -113] -9.1| -73 | dBv
COMP Output
= - 30d ~0.7 | -0.1 .
Deviation Voc 2 Vom 30d8v 0.7 0 +0.7 | dB
MIC AMP Voltage Gain
Setting Range VGRM - - 0 - d8
Total Harmonic
THD 2 |Vom= -10 —_ ) 0
Distortion c oM 10d8YV 03 ! %
Output Noise Level VNOC 2 |{Input-GND Short — ~62 | -48 | dBV
o Viim1 — {COMP OUT, Vip =0dBV — 1.3 e
Limitting Level Viima [ MIC OUT, Vi =0dBV — 25 — Vp-p
MUTE OQutput Level VMUTE — — -~ | =90 e dBv
Crosstalk EC CTec — | Vip=0dBV — =387 - dBV
Attack Time Tac — {Vim= ~46 - ~34dBV — 35 o ms
Recovery Time Tre — | Vipm = ~ 34> ~46dBV — 5.0 — ms
PRE AMP + EXPANDER + RECEIVER AMP
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CUIT
if@:”p“t Reference |\, ¢ 2 |Vop= -10dBV -13.6/-109| -80 | dBV
EXP Output Deviation Voe 2 |Vop= -35dBV -10 | +03}| +1.8| dB
RO1 Voltage Gain GRO1 — IR =150{) — 6| — dB
Total Harmonic
T Ry =1 . VOE= ~ — . . 9
Distortion HD1 2 L=1500, VoE 15dBV 0.65 1.5 %o
Output Noise Level VNOR 2 |input-GND Short e ~-76 | ~65 | dBV
Maximum Output Level | Dr 2 |THD =3%, 150(} load — 2631 — | Vp-p
MUTE Qutput Level VMUTE — e e - 65 — dBv
. P N
PRE’AM Voltage Gain VGRp N _ ol — 20 dB
Setting Range
RECEIVER AMP Voltage
Gain Setting Range VGRR - - 6| — 20| dB
Offset Voltage VOE? 1 |RO1-RO2 - 50 0 50 mvV
Crosstalk CE CTee - Vi = - 20dBV —_ - 79 — dB
Attack Time TAE ~— [Vip=-18 - ~12dBV — 8.5 —_ ms
Recovery Time TRE — Vip= -12 - - 18dBV e 45 1 — ms

16
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FILTER AMP
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. | TYP. | MAX. | UNIT
CuUIT
Voltage Gain G5 - e — 0 —_ dB
Maximum Output Level | Dgsg — |THD=3% — 3{ — |Vpp
Input Bias Current IB1AS 1 — — 1.5 251 pA
Offset Voltage VOFs 1 e ~35 0 35| mv

17
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TEST CIRCUIT 1
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TEST CIRCUIT 2
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