NJG1145UA2

WIDE BAND LOW NOISE AMPLIFIER GaAs MMIC

H GENERAL DESCRIPTION Hl PACKAGE OUTLINE
The NJG1145UA2 is a fully matched wide band low noise
amplifier GaAs MMIC for terrestrial and satellite applications.
To achieve wide dynamic range, the NJG1145UA2 offers high
gain mode and low gain mode. Selecting high gain mode for weak
signals, the NJG1145UA2 helps improve receiver sensitivity

through high gain and low noise figure. Selecting low gain mode NJG1145UA2
for strong signals, it bypasses LNA circuit to offer higher linearity.
In high gain mode, the NJG1145UA2 achieves high gain and
high IIP3 across the band.
The ESD protection circuits are integrated into the MMIC. They
achieve high ESD protection voltage.
An ultra-small and ultra-thin package of EPFFP6-A2 is adopted.
Hl APPLICATION
Terrestrial and Satellite applications from 90MHz t02150MHz
Digital TV, CATV, BS/CS and Set-top box
LTE Router, modem and Base Station
B FEATURES
® Wide operating frequency range 90MHz~2150MHz
@ Low voltage operation 2.8V typ.
® External components count 3pcs. (capacitor: 2pcs, inductor: 1pc)
@® Small package size EPFFP6-A2 (package size: 1.0mmx1.0mmx0.37mm typ.)
[High gain mode]
@ Current consumption 20mA typ.
® High gain +15.0dB typ.
@ Low noise figure 1.5dB typ.
[Low gain mode]
® Low current consumption 11uA typ.
® Gain(Low loss) -1.0dB typ.
H PIN CONFIGURATION
(Top View)
RFIN 5 |cnp
E‘_{F % verr, Pin Connection
o 1. GND
7’;‘; circuit 2 GND
| 3. RFOUT
LNA circuit ‘ 4 VCTL
e . cirutt [ 5. GND
1 ﬂ 6. RFIN
GND eno| 2 RFOU
H TRUTH TABLE “H”=VCT|_(H)“L”=VCT|_(|_)
Vel LNA ON Bypass LNA mode
H ON OFF High Gain mode
L OFF ON Low Gain mode

Note: Specifications and description listed in this datasheet are subject to change without notice.
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NJG1145UA2

B ABSOLUTE MAXIMUM RATINGS

T,=+25°C, Z,;=Z,=50 ohm
PARAMETER SYMBOL CONDITIONS RATINGS | UNITS
Supply voltage Vb 5.0 V
Control voltage VerL 5.0 V
Input power Pin Vpp=2.8V +15 dBm
povorasspaten | o | sorainsrcs oo | s |
Operating temperature Topr -40~+85 °C
Storage temperature Tstig -55~+150 °C

B ELECTRICAL CHARACTERISTICS1 (DC CHARACTERISTICS)
General conditions: Vpp=2.8V, T,=+25°C, Z,=2=50 ohm

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating voltage Vob 2.3 2.8 3.6 \Y
Control voltage (High) VerLn) 1.3 1.8 3.6 \Y
Control voltage (Low) Veriw 0.0 0.0 0.5 \Y
Operating current1 Ibp4 RF OFF, Ve =1.8V - 20.0 27.0 mA
Operating current2 Ibp2 RF OFF, Vo1 =0V - 11.0 25.0 LA
Control current leTL RF OFF, Vo1 =1.8V - 6.0 10.0 LA
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS2 (High Gain mode)

Conditions: freq=90~2150MHz, Vpp=2.8V, V1

1=1.8V, T,=+25°C, Z,=2,=50 ohm

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX | UNITS

Small signal gain1 Gain1 | Exclude PCB, 120 | 150 | 180 | dB
connector losses*1

Noise figure1 NF1 | Exclude PCB, ] 15 | 23 | B
connector losses*2

InP.Ut power 1dB P-1dB(IN)1 -5.0 +0.0 - dBm

gain compression1

Input 3rd order f1=freq, f2=freq+100kHz,

intercept point1 P3_1 Pn=-26dBm *2.0 | +10.0 ) dBm
f1=200MHz, f2=500MHz,

2nd order IMD1 IM2_1 fmeas=700MHz, 20.0 28.0 - dB
Pn1=Pin2=-15dBm *3
f1=600MHz, f2=650MHz,

3rd order IMD1 IM3_1 fmeas=700MHz, 35.0 45.0 - dB
P|N1=P|N2=-15dBm *3

Isolation ISL S12 - -19.0 | -15.0 dB

RF IN VSWR1 VSWRI1 - 2.2 3.2 -

RF OUT VSWR1 VSWRo1 - 1.5 2.2 -

*1 Input & output PCB and connector losses: 0.037dB(90MHz), 0.092dB(620MHz), 0.274dB(2150MHz)
*2 Input PCB and connector losses: 0.019dB(90MHz), 0.046dB(620MHz), 0.122dB(2150MHz)

*3 Definitions of IM2 and IMS.

Pout(dBm) Pout(dBm)
A A
i P
IM2 IM3
f > 600/650 ? >

200 500 700 700

frequency(MHz) frequency(MHz)
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS3 (Low Gain mode)
Conditions: freq=90~2150MHz, Vp=2.8V, Vcr =0V, T,=+25°C, Z,=Z,=50 ohm

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX | UNITS

Small signal gain2 Gaing | EXClude PCB, 6.0 | -1.0 ; dB
connector losses*1

lnPUt power at 1dB P-1dB(IN)2 +10.0 +15.0 - dBm

gain compression2

Input 3rd order f1=freq, f2=freq+100kHz, )

intercept point2 hP3_2 Pn=-6dBm +20.0 | +30.0 dBm
f1=200MHz, f2=500MHz

2nd order IMD2 IMD2_2 | fmeas=700MHz, 55.0 66.0 - dB

P|N1 =P|N2=-8dBm *3

f1=600MHz, f2=650MHz
3rd order IMD2 IMD3 2 | fmeas=700MHz, 65.0 75.0 - dB
P|N1 =P|N2=-8dBm *3

RF IN VSWR2 VSWRIi2 - 1.5 4.0 -

RF OUT VSWR2 VSWRo02 - 1.5 4.0 -

*1 Input & output PCB and connector losses: 0.037dB(90MHz), 0.092dB(620MHz), 0.274dB(2150MHz)

*3 Definitions of IM2 and IM3.

Pout(dBm) Pout(dBm)
A A

IM2 IM3

£ i

200 500 700 600/650 700

frequency(MHz) frequency(MHz)
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NJG1145UA2

B TERMINAL INFORMATION

No. SYMBOL DESCRIPTION
Ground terminal. This terminal should be connected to the ground
1 GND :
plane as close as possible for excellent RF performance.
Ground terminal. This terminal should be connected to the ground
2 GND .
plane as close as possible for excellent RF performance.
RF output terminal. This terminal doubles as the drain terminal of the
3 RFOUT | LNA. Please connect this terminal to the power supply(VDD) via
inductor(L1).
4 VCTL Control voltage terminal.
Ground terminal. This terminal should be connected to the ground
5 GND .
plane as close as possible for excellent RF performance.
6 RFIN RF input terminal. This IC integrates an input DC blocking capacitor.
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NJG1145UA2

H ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: Vpp=2.8V, Vc1.=1.8V, Ta=25°C, Z,=Z=50 ohm, with application circuit

Pout (dBm)

Pout, IM3 (dBm)

P-1dB(IN) (dBm)

15
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-10
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20
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0
-
o
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Pout vs. Pin
(F=620MHz)
d
Pout :
P-1dB(IN)=-4.0dBm/~
40 35 30 25 20 15 -10 5 0
Pin (dBm)
Pout, IM3 vs. Pin
(F1=620MHz, f2=f1+100kHz)
| :
Pout !
L ,,/ :
M3 A~ :
1 :
-7 1IP3=+7.1dBm |
[
30 25 20 15 -0 -5 0 5 10
Pin (dBm)
P-1dB(IN) vs. frequency
(f=50~2150MHz)
L~
P-1dB(IN)
0 500 1000 1500 2000 2500

frequency (MHz)

Gain (dB)

Gain (dB)

OIP3, IIP3 (dBm)

Gain, oo vs. Pin

(f=620MHz)

20 . 40
1
'
: 35
Gain .
15 30
""""""""""""""""""" ".‘\"
T 25
P4
10 Iop 2" 1 20
_____ —_— — —]e - :
: 15
1
'
'
5 : 10
;
P-1dB(IN)=-4.0dBm-+——] 5
40 35 30 25 20 15 10 -5 0
Pin (dBm)
Gain, NF vs. frequency
(f=50~2500MHz)

16 4.0
15 3.5
/" Gain \

14 3.0

N
13 2.5
12 2.0
\ _J
\-.__________..-- ________ - .- -
1 s 1.5
NF
10 1.0
9 0.5
(Exclude PCB, Connector Losses)

8 | ! 0.0
0 500 1000 1500 2000 2500
frequency (MHz)

OIP3, lIP3 vs. frequency

30 (f1=50~2150MHz, £2=f1+100kHz, Pin=-26dBm)
25 OIP3
[ L
20
15
10 1IP3
5
0
0 500 1000 1500 2000 2500
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NJG1145UA2

Bl ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: V¢r.=1.8V, Ta=25°C, Z;=Z,=50 ohm, with application circuit

Gain (dB)

OIP3, IIP3 (dBm)

IM3 (dB)

Gain, NF vs. Voo

1 (f=620MHz) 40
/——
/‘
15 / 3.5
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13 2.5
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10 1.0
9 0.5
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8 ! L L 0.0
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OIP3, IIP3 vs. Voo
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25 e —
0|P3//
20 /’
1
15
10 o -
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5 S il
0
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1
i / ~
45 -
M3 /
40 //
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P-1dB(IN) vs. Voo
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5
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5 //
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-10
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15 2.0 25 3.0 35 4.0 45
Voo (V)
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L
/
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25 ,/
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3.0
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS (High Gain mode)

Conditions: V¢r.=1.8V, Ta=25°C, Z;=Z,=50 ohm, with application circuit

ISL (dB)

New Japan Radio Co. L2

ISL vs. Vob Iop vs. Vbp
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NJG1145UA2

H ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: Vpp=2.8V, Vc1.=1.8V, Z;=2=50 ohm, with application circuit

Gain (dB)

OIP3, IIP3 (dBm)

IM3 (dB)

Gain, NF vs. Temperature

f=620MH
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5
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P-1dB(IN) vs. Temperature
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: Vpp=2.8V, Vc1.=1.8V, Z;=2=50 ohm, with application circuit
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS (Hgih Gain mode)
Conditions: Vpp=2.8V, Vc1.=1.8V, T,=25°C, Z,=2,=50 ohm, with application circuit

CH1l S5y log MAG 5 dB/ REF @ oB 1:-7.556 dB CH1l S5p log MAG 5 dB/ REF @ oB 1 14.833 dB
v EECR EERT R ra EECR EeR |
. B
PRm - | 4 PR L A
2 g 112 A e
Cor 3i-7.9d5 a8 cor 3| 14.d5 g8l
740 MHz ?%a MHz|
% 7T ooe £l IR AP
% x v,y m—S1-7. 687 d8 5| 14.785 g8
5 ] 3 S .15 GHz 2. Z|
Hlo Hld
CHZ S5p2  log MAG 5 dB/ REF @ oB 1 -12.16B dB CHZ 512 log MAG 5 dB/ REF @ oB 1:-22.938 dB
.05@ ¢or pdo GHz 090 PE PE@ GHz]
FRm Z[-14.178 48 PRm ZV-19.891 a9
49@ MHz 4792 MHz
Cor 3|-14.992 an Cor 1
7d@ MHz A A
[-T7-972 d8 2 =
1 8 GH.
v _e=TT§
2. 15 CGHz
[ I S
Hld d lé_i‘ Hld
START .0SE ©@P @U8 GHz STOP 3.800 ©8@ APP GHz START .50 P02 @U@ GHz STOP 3.002 89@ BPB CHz
CH1l 51 SWR 1 / REF 1 L 2.442 CHL 5y L UFS 1 89.8867 o -47.288 0 37.395 pF
L) . P50 @PA PYD GHz a3 ©US@ @@ PYd GHz
PRm FRn 41.324 o
-38.361 o
Cor Cor 478 MHz
-%3:8%9 2
778 MHz
38.455 o
37.701 o
I 1.68 GHz
A A :
Hld % % 2 5 Hlo
CHZ Spp  SWR 1/ REF 1 L. 1.6539 CHZ S L U FS 1. 67.426 q 23.832 o 42.144 nH
.50 @oE pde GHz 950 @2d P2 GHz
FRm T,4886 FRm : 56.516 a
4792 MHz *Q%aéBEHO
Cor L Jam Cor =
748 MHz 41.205 o
-13.865 o
12891 770 MHz
1 58.393 o
b: 1.7961 19.895 o
2.7 z 1.68 GHz
1 L — F3h4%3 8
Hld Hld 2.15 GHz
AN AN
START 24S@ GB@ BAG GHz 4sToP 3%0E@ 0od EOP GHz START .0dSE 082 ©U@ GHz STOP 3.000 ©0@ BOB GHz
CHL 51 log MAG 5 dB/ REF @ oB 1:-7.7280 dB CHL 531 log MAG 5 dB/ REF @ oB 1 15.881 dB
a3 1|.66@0 @08 P@3 GHz a3 N 1|.680 PP@ PHB GHz
. 3
FRm FRm
Cor Cor \
1 1 ——
N \
H1 H1 \ /
o o W J
CHzZ Sp2  log MAG 5 dB/ REF @ oB 1 -18.@32 dB CHZ 52 log MAG 5 dB/ REF @ dB 1:-2@.172 dB
1|.680 @97 BgB GHZ 1660 ¢PR BYD GHz
PRm PRm /\
Cor Cor 9 A~ 7
W 7
— N e A N s =
AL \V4
N
Hld Hld
START .@50 BE@ BAD GHz STOP 2B .00 ©0@ B@B GHz START .dS@ ©B2 BEB GHz STOP 28.070 8P@ B8P GHz
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NJG1145UA2

H ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: Vpp=2.8V, Vcr =0V, T,=25°C, Z,=Z,=50 ohm, with application circuit

Pout vs. Pin Gain, Ioo vs. Pin
(f=620MHz) (f=620MHz)
20 ‘ 0 T ‘ 10
A~ Gain !
10 r/ 3 1 Nk
st N !
- A : ] \ - -
E o Pout ,/ . o -2 \! 6 =
o : T : <
) : < ¥ E
D 48 ' )
=1 / I S o a
3 -0 / : S 3 14 2
a / : i
Pa & | Iop
20 £ ‘ -4 A 12
: P-1dB(IN)=+16.0dBm " ||
P-1dB(IN)=+16.0dBm | ' /
-30 | ‘ -5 = ‘ 0
20 -5 10 5 0 5 10 15 20 20 45 10 -5 0 5 10 15 20
Pin (dBm) Pin (dBm)
Pout, IM3 vs. Pin Gain vs. frequency
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1] i —_
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~ - j k)
™ i ~ \.,-
= 1 =}
o 40 ! S o
5 // 1 o -
© A i
o .60 1 ;
J |
/£ ; 8
80 IM3_<— ;
Y 1IP3=+30.3dBm i (Exclude PCB, Connector Losses)
-100 . ‘ 10 ' '
-20 -10 0 10 20 30 40 0 500 1000 1500 2000 2500
Pin (dBm) frequency (MHz)
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2 (f=50~2150MHz) s (1=90~2150MHz, 12=f1+100kHz, Pin=-6dBm)
\ 32
20 _ P3
[3 ——r .
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=h N— | 3 / S
Z 15 2 28 {
5 = OIP3
-] [
< & 2 ™
o
10 ©
24
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NJG1145UA2

H ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: V¢r =0V, T,=25°C, Z,=Z,=50 ohm, with application circuit

Gain (dB)

OIP3, IIP3 (dBm)

IM3 (dBm)

Gain vs. Voo
0 (f=620MHz)
- Gain
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: Vcr =0V, T,=25°C, Z,=Z,=50 ohm, with application circuit

Iop vs. Vbp
(RF OFF)
30
25
-
20 /’
<
= 15 lop
[=]
2 /
10
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5
0
1.5 2.0 25 3.0 3.5 4.0 4.5
Voo (V)
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NJG1145UA2

H ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: Vpp=2.8V, Vc1.=0V, Z:=2Z,=50 ohm, with application circuit

Gain (dB)

OIP3, IIP3 (dBm)

IM3 (dBm)

Gain vs. Temperature

o (f=620MHz)
- Gain I ——
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OIP3, lIP3 vs. Temperature
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Temperature (°C)
IM3 vs. Temperature
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Temperature (°C)

P-1dB(IN) (dBm)

IM2 (dBm)

VSWR
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P-1dB(IN) vs. Temperature
(f=620MHz)
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: Vpp=2.8V, Vc1.=0V, Z:=2Z,=50 ohm, with application circuit

loo vs. Temperature K factor vs. frequency
(RF OFF) (f=50MHz~20GHz)
25 20 T e
== .40°C +25°C
—=—.20°cC"""" +60°C
20
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/
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NJG1145UA2

B ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: Vpp=2.8V, Vcr =0V, T,=25°C, Z,=Z,=50 ohm, with application circuit

CHL Sy log MAG 5 g8/ REF @ oB 1:-6.679 dB CHL Sp log MAG 5 g8/ REF @ oB 1 -1.867 dB
[ .o5e ton pde GHz [ .P90 @UE PYD GHz
*
FRm FRm =
Cor Cor 2
‘l’ 4
X I 3 :
\ —" 4 B ¢
S~ a
4] 3
2
Hlo Hlo
CHZ Spp  log MAG 5 dB/ REF @ doB 1 -7.031 dB CHZ 512  log MAG S dB/ REF @ dB 1:-1.884 dA
050 @oE pde GHz .090 @0H PUD GHz
PRm = PRm Zt-. 76 CE]
4792 MHz
cor ; cor B
1
W
1 E iy A —— Z 748
[ AN < 2 3 2 N ¢
N— 1 a By
[A) 3
2
Hld Hld
START .d5@ OB3 BEG GHz STOP 3.0W0 0Bd AGB GHz START .d5@ OB3 BEG GHz STOP 3.00M0 ©@@ BBB GHz
GHL 557  EWR 1 / REF 1 1: 2.7278 GHL S5y 1 UFs 1 42.42 o -47.58 a0  37.167 gF
ra .0S0 @Un YUY GHz| LZ] DSP UP@ PUB GHz
FRn ; FRn 39183 o
-172 a
Cor Cor 4are aHz
-78.3%3 8
: 778 MHz
24.341 o
: 23,353 a
1.68 GHz
C — 8,28
Hld [N 2 3 Hlo 271 Hz
2 3
CHZ 5z  SWR 1 7/ REF 1 1 2.6041 CHZ Spp 1 UFS 1. 101.73 o -4B.48 o  36.476 pF
. 050 @ad BP0 GHz 052 @e@ PR3 GHz
PRm FRm
D
298 28
Cor 1.4=97 Cor z
792 MHZzZ| S a
1o
?. MHz
S o
3.3999 g o
1 715 cHz)| GHz
=
— 4 213
Hld ~— = a Hld Hz
START 7458 BB BEB GHz STOP 3.00Q@ 228d @@R GHz START .dSHd QB2 BEA GHz STOP 3.00Q@ Q0@ AP GHz
CHL Sy log MAG S 0B/ REF @ oB 1:-7.833 dB GH1 53 log MAG 5 dB/ REF @ doB 1 -2.718 dB
[ .680 §PR PYD GHz 2 1| 680 (U@ PYD GHz
*
PRm FRm
Cor Cor
L
=N — —
NS [\ ~_1— N/
v A\
Hld Hld \ A
~N_/
CHZ 5pp  log MAG 5 dB/ REF @ oB 1 -6.389 dB CHZ 51  log MAG 5 dB/ REF @ dB 1:-2.715 dA
.6B0 @0RA BYY GH= 1|.680 @0d PO GHz
PRm PRm
Cor Cor
&
v —
\ YT
1/ T~ N\
s \/ \/ s N ~—
v N/
START .d5@ ©P3 BE8 GHz STOP 28.0WP ©Pd ABB GHz START .d5@ ©P8 BA8 GHz STOP 2P .0N0 ©2@ BBB GHz
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NJG1145UA2

B APPLICATION CIRCUIT
(Top View)

5

RFIN 5 |ceND VCTL

RFING—| 6 |HI— il | 4 O Vet

Logic
v circuit
——o——

Bypass circuit

LNA circuit

1PIN INDEX Bias

— circuit |

> ‘ 330pF
1

b e

eno| 2 RFOUT 270nH

3 —© RF OUT

Vob

1000pF
i

B TEST PCB LAYOUT

J172A

(Top View)

B PARTS LIST

Parts ID.

Manufacturer

L1

TAIYO-YUDEN
HK1005 Series

C1, C2

MURATA
GRMO3 Series

PCB (FR-4):
t=0.2mm

=0.40m

PRECAUTIONS

MICROSTRIP LINE WIDTH

m (Zo=50 ohm)

PCB SIZE=14.0mm x 14.0mm

® C1 is a coupling and DC blocking capacitor at the output, and C2 is a bypass capacitor.

® L1 is an RF choke. (DC feed inductor)

@ In order not to couple with terminal RFIN and RFOUT, please layout ground pattern under the IC.

@ All external parts are placed as close as possible to the IC.
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NJG1145UA2

B MEASUREMENT BLOCK DIAGRAM

Measuring instruments
NF Analyzer : Agilent 8973A
Noise Source : Agilent 346A

Setting the NF analyzer

Measurement mode form
Device under test : Amplifier
System downconverter : off
Mode setup form

Sideband :LSB
Averages 116
Average mode : Point
Bandwidth : 4MHz
Loss comp . off
Tcold : setting the temperature of noise source (300.0K)
NF Analyzer

(Agilent 8973A)

Noise Source
(Agilent 346A) * Noise source and NF analyzer

Noise S i
—El:n] |np9(509) ONoise Source are connected directly.

Drive Output

Calibration Setup

NF Analyzer
(Agilent 8973A)

Noise Source
(Agllent 346A) * Noise source and DUT, DUT and

DUT Noise S .
m out InpUT(500) ONoise Source NF analyzer are connected directly.

Drive Output

Measurement Setup
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NJG1145UA2

B PACKAGE OUTLINE (EPFFP6-A2)

1.0+0.05

{010 s [ 8]

1.0+0.05

(@lo0@ls[4]
5 VAR

0.37=+0.02

0.025

(]
S |
H ! Min 0.15
2| 2 |
™ o | 0.2+0.10
[= [= |
B = ;
| ~
| =
@
- A - NG
|
|
o f Unit ‘mm
e ' 0. 240.05 Substrate ‘FR-4
- 210 BT 0.05 )] s [ 48] Terminal Treat  :Au
o 0.4 Molding Material :Epoxy Resin
: Weight :0.855mg
Cautions on using this product [CAUTION]

This product contains Gallium-Arsenide (GaAs) which is a harmful material.
e Do NOT eat or put into mouth.

e Do NOT dispose in fire or break up this product.

e Do NOT chemically make gas or powder with this product.

e To waste this product, please obey the relating law of your country.

The specifications on this databook are only
given for information , without any guarantee
as regards either mistakes or omissions.
The application circuits in this databook are
described only to show representative
usages of the product and not intended for
the guarantee or permission of any right
including the industrial rights.

handle with care to avoid these damages.

This product may be damaged with electric static discharge (ESD) or spike voltage. Please
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