BLO22

50-3000 MHz Wideband LNA Gain Block

Device Features

e Low Noise Figure: NF=0.95 @ 1900MHz

e High Linearity: OIP3 =36 dBm @ 1900 MHz
e Output P1 dB =22 dBm @ 1900 MHz

e Gain=17 dB @ 1900 MHz

e Internally matched to 50 ohms ~ oVt

e Vdd: 5.0V "~

e Lead-free/RoHS-compliant SOT-89 SMT package

Product Description Typical Performance’
The BL022 is a high performance, wideband, LNA Parameter Frequency Unit
GaAs E-pHEMT gain block that is ideal for applica-

, . . o o 70 900 1900 2140 2650 | MHz
tions demanding low noise and high linearity in a
. L Gain 26.0 22.0 17.0 16.0 14.5 dB

wideband of 50-3000 MHz. The BL022 is internal- 5 g
ly matched to 50 Ohms and requires no external S11 8.0 115 120 -12.0 1 -100 B
matching components. It is available in RoHS- 522 -23.0 -29.0 -21.0 -26.0 -20.0 dB
compliant, SOT-89 SMT package and has a Class oIp3° 33.0 33.5 36.0 36.0 36,5 | dBm
1A ESD rating (HBM) These devices are 100% DC P1dB 22.0 220 220 22.0 220 | dBm
and RF tested to assure quality and performance.  |Noise Figure| 1.00 0.90 0.95 1.05 1.25 dB

! Device performance _ measured on a BeRex evaluation board at 25°C, 50 Q system.

% 511 can be improved by a shunt capacitor. (refer to application circuits)

App“caﬁons 3 0IP3 _ measured on two tones with a output power 5dBm/ tone , F2—F1 = 1 MHz.
e Base station Infrastructure/RFID Min. Typical Max. Unit
e Commercial/Industrial Bandwidth 50 3000 MHz
L o Iy @ (Vd =5V) 60 70 85 mA
Applications Circuit V, 50 Vv
dG/dT -0.004 dB/°C
Rru 79.8 °C/W
Operating Case Temperature -40 +85 °C
RFin . .
O—f— Absolute Maximum Ratings
¢ Parameter Rating Unit
Storage Temperature -55to +155 °C
BOM | 50~500MHz | 700~1000MHz | 1.7~2.2GHz | 2.5~3.06H; | function Temperature +220 °C
c1 inF 68pF 47pF 33pF | |Operating Voltage +7 v
c2 inF 68pF 47pF 33pF | [Supply Current 190 mA
c3 100pF 100pF 100pF 100pF Input RF Power 24 dBm
ca 1nF 1nF 1nF 1nF Operation of this device above any of these parameters may result in permanent damage.
L1 680nH 47nH 68nH 27nH
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BLO22

50-3000 MHz Wideband LNA Gain Block

V-l Characteristics BeRex SOT89 Evaluation Board
OO0 aon (S
160 oo oo .
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= ‘
E 80 ;,L
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40 WAl
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Va M *Dielectric constant _ 4.2 *31mil thick FR4 PCB
Typical Device Data
S-parameters (Vd=5V, ld=70mA, T=25°C)
[P 51T Smith (R+3ji) Scale L1.0000 [Fz] Trz 52l Log Mag 10.00dBS Ref 0.000dE [FZ]
1 900.00000 35, -20.603 0 & 5000 o5 00000 WAz 22,434 9B
z 1.3000 GHz 30,242 0-15.10% 0 1 40.00 |2 1.9000000 GH:  17.809 dE
3 2.1400000 GHz  30.782.0 BEIE DL 3 | 2.1400000 GHr 16.627 dE
4  z.5E00000 GHz  33.00 ILQEE 02 0.00 |4 2.6500000 GHz 14.925 dE
=5 3. 703 000000 GHe: 11.981 dE
20.00 g
10.00 2 2
. 273 a
0.000 M 4
xﬁ}m.ﬂ#gr -10.00
T -20.00
-30.00
-40.00
aln =N Fay Fs -50.00a = o a = F
Tr2 512 Log Mag 10.004B/ Ref 0.0004E [F2]  Trd 522 Smith (R+33) Scale 1.0000 [F2]
*0-00 9 T=op . on000 WHE —E7. 92 (B 1 S00.00000 -7.1857 0 2
40.00 |z 1.%00f000 GH= -F3.023 |dE z 1.9000 GHz  IFEF0 -9.5745 0 &
3 | z.l400000 GHe -Ez.2s0|dE 3 2.1406000%GHz  3F.173 0 GFF D1
30.00 |42 E500000-GHe -z deeldE 4 2.6500000 GHz 3egeYl 0 22WlFIo 01
£ | 3.5000000 GHz -E0.766 |dE =5 I RA0NEEE R 1
20.00
10.00
0.000 M L]
-10.00 E
-20.00 E]
-30.00 =3 4
-40.00 =
- 5':' -DD iy P sy Y

1 Start 50 MHz IFEM 70 kHz S GHz [eTd !
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BLO22

50-3000 MHz Wideband LNA Gain Block

BeRex

S-Parameter

(Vdevice = 5.0V, Iq= 70mA, T = 25 °C, calibrated to device leads)

Freq s11 s11 s21 s21 s12 s12 $22 $22
[MHz] [Mag] [Ang] [Mag] [Ang] [Mag] [Ang] [Mag] [Ang]

100 0.37 -18.62 19.45 167.38 0.03 11.11 0.07 -45.22

500 0.35 -60.85 16.81 133.42 0.03 27.40 0.08 -66.59
1000 0.26 -122.81 12.39 97.56 0.05 32.85 0.09 -136.31
1500 0.24 172.43 9.16 71.80 0.06 26.57 0.13 163.19
2000 0.33 123.97 7.25 50.52 0.07 16.69 0.19 129.77
2500 0.43 95.03 5.83 322 0.08 7.26 0.27 111.65
3000 0.53 72.98 5.04 12.65 0.10 -6.94 0.35 96.72

3500 0.61 53.74 3.97 -4.44 0.09 -16.96 0.42 79.25

4000 0.68 36.10 3.29 -19.03 0.09 -27.43 0.47 59.73
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BLO22

50-3000 MHz Wideband LNA Gain Block

Application Circuit: 70 MHz

Schematic Diagram BOM Tolerance
+5V C1 1nF +5%
Cc2 1nF 5%
]
RFin ‘ C3 | 100pF 5%
|
o = cal| 1nF +5%
J L1 | 680nH 5%
Typical Performance
V=5V, lg= 70mA
0 0
e +25C
5 5 - = 40T
|
— === +350C
10 =10
o [} o
= -15 =, -15 \'\
- o \'.L
- ol .
n 2 n o \Q
L :“-H*"M-h -
-25 - 400 25 ot 4 o
=== +BAC
-30 — -30
20 30 40 50 60 70 B0 90 100 140 120 20 30 40 50 G0 70 80 90 100 110 120
Freq [MHz] Freq [MHz]
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BLO22

50-3000 MHz Wideband LNA Gain Block

Vg=5V, Ig=70mA
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H 2: n? 0 /-/
22 5 — Pout
21 — .« = Gain
20 0 t
20 30 40 50 &0 7O &0 90 100 110 120 20 -15 -10 5 0
Freq [MHZ] Pin [dBITI]
F1=70MHz. F2=7T1MHz JGPP WCDMA, TM1+64DPCH,
+5MHz offset, PAR=10.34%
40 N 0
38 Pl I +25C
R ok e e et T S - "= 10 1 = = _doe
----- +B5C
M ] —— _ -20
2 3 1 l.r 2 -30
by 2 pef=a=r= e -40 —
o 26 o =
+25C =L -50 g 3
24 - - - s
- = &C 50 e R
T T T T ---- +85C L. -7 — -
20 — 70 T e
0012 3 4567 8 910111213 0 3 & 0 12 15
Po /tone [dBm
[ ] Po [dBm]
Noise Figure Temperature Performance
(Vds = 5.0V, Ids = 70mA)
Freq MHz 70 900 1900 2140 2650
-40 0.80 0.7 0.85 0.90 1.00
Temp
25 1.00 0.9 0.95 1.05 1.25
[°C]
85 1.50 1.15 1.40 1.50 1.70
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BLO22

50-3000 MHz Wideband LNA Gain Block

Application Circuit: 900 MHz

Schematic Diagram BOM Tolerance
C1 68pF 5%
Cc2 68pF 5%
REin C3 | 100pF 5%
c c4 InF +5%
L1 47nH 5%
Typical Performance
Vy=5V, lg=70mA
0 0
+25C
-5 . — . — -40C
- - +85C
-10 —
oy m
2 15 = W
- ol
7 &
=20 4250 ““.‘-\‘
25 — -40C -40 ~
- 5O
-30 t -50
200 2850 900 950 1000 200 850 900 950 1000
Freq [MHz] Freq [MHz]
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BLO22

50-3000 MHz Wideband LNA Gain Block

Vg=5V, Ig=70mA
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24 — s —] s e— o ee— s s 8] — ‘..—l_
20 7 T~
23 1 e N
i e e T 15 /]
2,22 s L S = Ve
- R = P
o - ° 10
w 29 o /
+25C /
5 Pout 7
20 4 —-— 40C
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Freq [MHz] Pin [dBm]
F1=900MHz, F2=901MHz 3GPP WCDMA, TM1+84DPCH,
+5MHz offset, PAR=10.34%
40 0
38 +25C
36 10+ = = —40C
— 34 SRS _— -::___- ogd =0 +B5C
E 32 . I == - E‘
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m 28 o 40
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Po [ tone [dBm
[ ] Po [dBm]
Noise Figure Temperature Performance
(Vds = 5.0V, Ids = 70mA)
Freq MHz 70 900 1900 2140 2650
-40 0.80 0.7 0.85 0.90 1.00
Temp
25 1.00 0.9 0.95 1.05 1.25
[°Cl
85 1.50 1.15 1.40 1.50 1.70
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BLO22

50-3000 MHz Wideband LNA Gain Block

- Application for Improved S11 at 900 MHz

Schematic Diagram BOM Tolerance Evaluaiton Board diagram
c1 | espF +5% O°°° [doooml- 'O
c2 68pF +5% o BEREX . of ™ °
() 5 oog =
y c3 100pF +5% 0000000qpll o 000
O—& ca | anr +5% LR ﬂ  aur
i} cs | 0.75pF 5% e L
L1 47nH +5% o O ) OEVO:M:" '100'2 ) o o ©
Trl 511 Log Mag 10.00dE/ Ref 0.0004E [F2] pIEE 521 Log Mag 10.00dE/ Ref 0.000dE [FZ2]
000 5. 00000 MRz -14.333 98 000 T an . og000 WAz 22,050 @E
40.00 40,00
20,00 20.00 1
20.00 20.00 i 2
10.00 10,00
0.000 4 0.000 M "
-10.00 % X -10.00
-20.00 -20.00
-30.00 -20.00
-4 .00 -40.00
-50.00 = -E0.00 =
Tr3 512 Log Mag 10.00dE/ Ref 0.00048 [F2]  Tr4 522 Log Mag 10.00dE/ Ref 0.0004E [FZ2]
5000 T oEn o000 WAz 27606 [dB 000 T Tong. 00000 WHE —15.177 OF
40.00 40,00
20.00 20.00
z0.00 20.00
10.00 10.00
0.000 M W 0.000 M <]
-10.00 -10.00 % A
-20.00 1 -z0.00
-30.00 I ? 30,00
-40 .00 -40.00
-50.00 = -E0.00 =
1 Center 300 MHz 0 kHz Span 200 MHz [0 !
Freq Vcc Icc Gain OIP3 P1dB IRL ORL NF
[MHZz] Vi [mA] [dB] [dBm]™ [dBm] [dB] [dB] [dB]
900 5 70 22 33 22.4 -14.3 -15.1 0.95
(1) OIP3 _ measured on two tones with a output power 5dBm/ tone, F2—F1 =1 MHz.
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BLO22

50-3000 MHz Wideband LNA Gain Block

Application Circuit: 1900 MHz

Schematic Diagram BOM Tolerance
Cl| 47pF 1 20%
C2 | 47pF 5%
e C3 | 100pF 5%
|
S C4 | 1nF +5%
L1 68nH 5%
Typical Performance
V4= 5V, I4= 70mA
0
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BLO22

50-3000 MHz Wideband LNA Gain Block

Vg=5V, Ig=70mA
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Freq [MHz] Pin [dBm]
F1=1800MHz, F2=1901MHz 3GPP WCDMA, TM1+64DPCH,
+5MHz offset, PAR=10.34%
45 0 =
43 -
A0t = =
41 ~40c
10 g 4 ====- +B50
E a7 &
O -30
E 95 f==m=r == e =,
g = 0
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..... $850 -
25 +———— 70 ==/
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Po, tone [dBm] Po [dBm]
Noise Figure Temperature Performance
(Vds = 5.0V, Ids = 70mA)
Freq MHz 70 900 1900 2140 2650
-40 0.80 0.7 0.85 0.90 1.00
Temp
25 1.00 0.9 0.95 1.05 1.25
[°C]
85 1.50 1.15 1.40 1.50 1.70
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BLO22

50-3000 MHz Wideband LNA Gain Block

- Application for Improved S11 at 1900 MHz

Schematic Diagram BOM Tolerance Evaluaiton Board
c1 | 47pF +5% O°°° 0000 o
Cc2 47pF 5% ° BEREX
o]
Cc3 100pF +5% °°°°°°°°§° o
RFin T ar modl
O o ca | anr +5% T
ct l ‘ o olpl )
I C5 0.3pF +5% =
L Evaluation Board
L1 68nH + 5% ooOooooooo
Trl 511 Log Mag 10.00dE/ Ref 0.000dE [F2] pOEE 521 Log Mag 10.00dE Ref 0.000dE [Fz]
000 o7 spoooog GHz -2Z.580 9B *0-00 o7 soog000 oAz 17,339 9B
40.00 40.00
20.00 20.00 I
20,00 20.00 W .
10.00 10.00
0.000 W W 0.000 M o
-10.00 1 -10.00
-z0.00 W ,  -20.00
-20.00 -30.00
-40.00 -40.00
-E0.00 = -50.00 &
Tr3 312 Log Mag 10,0008/ Ref 0.000cdE [F2]  Trd 522 Log Mag 10.00d4ES Ref 0.000dE [Fz]
*0-00 T shnonT oA —E3.018 4B 000 e shnannT GHE 18,548 4B
40.00 40.00
20.00 20.00
20.00 20.00
10.00 10.00
0.000 M W 0.000 M <]
-10.00 -10.00 1
1 W 1
-20.00 W 1 5 -20.00
-20.00 -20.00
-40.00 -40.00
-50.00 = -50.00 =
IFBI 70 kHz
Freq Vcc Icc Gain OIP3 P1dB IRL ORL NF
[MHZz] Vi [mA] [dB] [dBm]™ [dBm] [dB] [dB] [dB]
1900 5 70 17.3 34.5 21.7 -22.5 -16.5 1.12
(1) OIP3 _ measured on two tones with a output power 5dBm/ tone , F2—F1 =1 MHz.
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BLO22

50-3000 MHz Wideband LNA Gain Block

Application Circuit: 2140 MHz

Schematic Diagram BOM Tolerance
Cl| 47pF 5%
C2 | 47pF 5%
cEin C3 | 100pF 5%
|
S C4 | 1nF + 5%
L1 | 68nH 5%
Typical Performance
V4= 5V, I4= 70mA
0 0
— 2O
5 51 .- a0
-0 4 === +85C
-10
E‘ ----- ———— - ——nm'_-_;_:: E__15
=, -15 =
= o 20
0 20 ® .
+I50 -25 H‘#E%:::n__‘
-25 - s =400 -30 mw
=== +85C
-30 . -35
2040 2090 2140 2190 2240 2040 2090 2140 2180 2240
Freq [MHz] Freq [MHz]
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BLO22

50-3000 MHz Wideband LNA Gain Block

BeRex

Vg=5V, Ig=70mA
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Freq [MHz] Pin [dBm]
F1=2140MHz. F2=2141MHz 3GPP 4FA WCDMA, TM1+64DPCH,
15MHz offset, PAR=10.34%
45 0
43 ] +25C 250
| --- 4c 04 - - 0c
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AT e S e o e e = - S
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Po, tone [dBm]
Po [dBm]
Noise Figure Temperature Performance
(Vds = 5.0V, Ids = 70mA)
Freq MHz 70 900 1900 2140 2650
-40 0.80 0.7 0.85 0.90 1.00
Temp
25 1.00 0.9 0.95 1.05 1.25
[°c]
85 1.50 1.15 1.40 1.50 1.70
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BLO22

50-3000 MHz Wideband LNA Gain Block

- Application for Improved S11 at 2140 MHz

Schematic Diagram BOM Tolerance Evaluaiton Board
c1 | 47pF +5% O°°° 0000 o
Cc2 47pF 5% ° BEREX
o]
c3 100pF 5% ooooooo%; o
RFin T ar modl
O—4—F | ca 1inF +5% s I
ct l \ o olpl o
I (65) 0.3pF 5% 2
L Evaluation Board
L1 68nH +5% ooOooooooo
Trl 511 Log Mag 10.004B/ Ref 0.0004B [F2] pIEE 521 Log Mag 10.00dB/ Ref 0.000d4B [Fz]
2000 5 T4n0o00 GHz —I4.470 9B 20.00 C 5 T4npong GHE 16,504 9B
40.00 40.00
20.00 20.00
20.00 20.00 %‘ ,
10.00 10.00
0.000 M W 0.000 M L
-10.00 -10.00
-20.00 % L -20.00
-20.00 -30.00
-40.00 -40.00
-E0.00 = -E0.00 =
Tr3 512 Log Mag 10,0048/ Ref 0.00048 [F2]  Trd4 S22 Log Mag 10.00dE/ Ref 0.000d4E [Fz]
S0-00 s Taneong ore -EZ.398 [dE P0-00 s Tanmoo0 GHE 16,307 9B
40.00 40.00
30.00 30.00
20.00 20.00
10.00 10.00
0.000 M W 0.000 K L
1 Center 2,14 GHz IFEW 70 kHz Span 200 MHz
Freq Vcc Icc Gain OIP3 P1dB IRL ORL NF
[MHZz] V] [mA] [dB] [dBm]“’ [dBm] [dB] [dB] [dB]
2140 5 70 16.5 345 21.7 -24.4 -16.3 1.2
(1) OIP3 _ measured on two tones with a output power 5dBm/ tone , F2—F1 =1 MHz.
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BLO22

50-3000 MHz Wideband LNA Gain Block

Application Circuit: 2650 MHz

Schematic Diagram BOM Tolerance
c1 33pF 5%
C2 33pF 5%
R C3 | 100pF 5%
|
S C4| 1nF +5%
L1 27nH 5%
Typical Performance
Vy=5V, lg=70mA
0 0
— 2O
5 54 == -40C
=== +85C
10 re—t———— = -10 4
o o
=.-15 = 15
- o
® %) —
? =0 +2R/C 20 J:-‘----r-a-p:—-:--a‘-:-a:w:-----
-25 - 400 -25
=== +55C
-30 . -30
2550 2600 2650 2700 2750 2850 2600 2650 2700 2750
Freq [MHz] Freq [MHz]
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BLO22

50-3000 MHz Wideband LNA Gain Block

Vg=5V, Ig=70mA
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+5MHz offset, 2140MHz
45 0-
43 +25C
- — 40C
41 A0 e +85C
_ 39 -20
-] = =11 = L .. R
E 35 i s sl et S P L d % 30
[ag) - -
2 33 o -40 L7
| L #
31 +25C g -h0 ":‘/‘
29 1 . Ha
27 T e -50 ——=—
25 T 70 | =l ==
2 3 4 5 6 7 8 9 10 111213 14 B
34 5 6 7 8 8 10111213 1415
Po, tone [dBm)]
Po [dBm]
Noise Figure Temperature Performance
(Vds = 5.0V, Ids = 70mA)
Freq MHz 70 900 1900 2140 2650
-40 0.80 0.7 0.85 0.90 1.00
Temp
25 1.00 0.9 0.95 1.05 1.25
[°cl
85 1.50 1.15 1.40 1.50 1.70
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BLO22

50-3000 MHz Wideband LNA Gain Block

- Application for Improved S11 at 2650 MHz

Schematic Diagram BOM Tolerance Evaluaiton Board
c1 33pF +5% O°°° EZOO

() 33pF +5% o BEREX = “orimec
5 T
c3 100pF 5%
RFin
O I C4 1nF +5%
c1
(65) 0.3pF 5%
L1 27nH +5%
Trl 511 Log Mag 10.004B/ Ref 0.0004B [F2] pIEE 521 Log Mag 10.00dB/ Ref 0.000d4B [Fz]
2000 5 geanong GHz -17.86% db 20.00 5 gehoong GHE  14.957 9B
40.00 40.00
20.00 20.00
1
20.00 20.00
¥ z
10.00 10.00
0.000 M W 0.000 M L
-10.00 1 " -10.00
—20.00 N S i —20.00
-20.00 -30.00
-40.00 -40.00
-E0.00 = -E0.00 =
Tr3 512 Log Mag 10,0048/ Ref 0.00048 [F2]  Trd4 S22 Log Mag 10.00dE/ Ref 0.000d4E [Fz]
50.00 T reomong GR -EL.Z40dE 20.00 Cr T Foonoog GHE -E4.252 4B
40.00 40.00
20.00 20.00
20.00 20.00
10.00 10.00
0.000 M W 0.000 K L
IFEI 70 kHz Span 200 MHz
Freq Vcc Icc Gain OIP3 P1dB IRL ORL NF
[MHZz] V] [mA] [dB] [dBm]“) [dBm] [dB] [dB] [dB]
2650 5 70 14.9 35 21.3 -17.8 -24.2 1.4
(1) OIP3 _ measured on two tones with a output power 5dBm/ tone , F2—F1 =1 MHz.
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BLO22

50-3000 MHz Wideband LNA Gain Block

- T —EP
= 4 ; E
+ i | 1 I ==
;.- 1 n ' M A -— -
T T T T
r. -
JcL ot | | bl
NOTE: R MILLIMETERS NOTE
1. DIMENSIONS IN MILLIME TERS. * TMINIMUM — NOMINAL — MAXIMUM | ™ &
A 1.40 1.50 1.60
Z2\ DIMENSION D DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE BURRS 2‘ lr: 1::
MOLD FLASH, PROTRUSIONS DR GATE BURRS SHALL NOT EXCEED 0.5mn PER END, BT 558
DIMENSION E1 DDES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION. 62 187
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 08.5mm PER SIDE = 0.46
D 4.70 7.3
/3\ DMENSIONS D AND E1 ARE DETERMNED AT THE OUTMOST EXTREMES OF 4.30 .
THE PLASTIC BODY EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, GATE BURRS AND 2.70 2.3
INTERLEAD FLASH, BUT INCLUDING ANY MISMATCH BETWEEN THE TOP AND BOTTGM Ll
OF THE PLASTIC BODY. - :
L=3
/2\ DATUMS A, B AND D TQ BE DETERMINED §.18mm FROM THE LEAD TIP R
R I = 0.20
Z/2\ TERMINAL NUMBERS ARE SHOWN FOR REFERENCE ONLY. TUEAMESE RO |y o7p
SvmicL AND POSITION -
aaaq 0.15
bbb 0.20
ccc 0.10
ddd 0.10
PCB Land Pattern PCB Mounting
0.40 1.30 0.40
©0.40
0.40 i€ GNPy VCC

BeRex

0.75 ‘__..-""' g
o O
120 f/? 215 Evaluation Board o ¢) 0
T
I

050 © 0 0 0 00

4 RFIN
120 | , g0 H u [ |

C6

1.20

1.20
1.50

N

™

0.35

Note : All dimension _ millimeters

PCB lay out _ on BeRex website
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BLO22

50-3000 MHz Wideband LNA Gain Block

Package Marking

BLO22
YYWWXX

H u u YY = Year, WW
XX = Wafer No.

Pin 1

Lead plating finish

Tape & Reel

SOT89 Packaging information:

SOT-59 - Part Orientation
5 [ T T T Tape Width (mm): 12

Reel Size (inches): 7
= Working Week Device Cavity Pitch (mm): 8

Cirection of Feed Devices Per Reel: 1000

100% Tin Matte finish

(All BeRex products undergoes a 1 hour, 150 degree C, Anneal bake to eliminate thin whisker growth concerns.)

MSL / ESD Rating

ESD Rating:
Value:
Test:

Standard:

MSL Rating:

Standard:

NATO CAGE code:

Class 1A
Passes <500V
Human Body Model (HBM)

JEDEC Standard JESD22-A114B

Level 1 at +265°C convection reflow

JEDEC Standard J-STD-020

2 N

9 6
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