NJG1129MD7

UHF BAND LOW NOISE AMPLIFIER GaAs MMIC

B GENERAL DESCRIPTION B PACKAGE OUTLINE
The NJG1129MD7 is a low noise amplifier GaAs MMIC
designed for mobile digital TV application (470~770 MHz).
This IC has a LNA pass-through function to select high
gain mode or low gain mode by single bit control.
Also, the ESD protection circuit is integrated into the IC to
achieve high ESD tolerance.

NJG1129MD7
l APPLICATIONS
Wide band application from 470MHz to 770MHz
Mobile TV and Digital TV applications
Mobile phone and tablet PC applications
B FEATURES
® Low voltage operation +2.8V typ.
® Low voltage control +1.85V typ.
® Package EQFN14-D7 (Package size: 1.6mm x 1.6mm x 0.397mm typ.)
[High gain mode]
@® Low current consumption 5.0mA typ.
® High gain 15.0dB typ.
® Low noise figure 1.4dB typ.
® High input IP3 +1.0dBm typ.
[Low gain mode]
® Low current consumption 16uA typ.
® Gain -4.0dB typ.
® High input IP3 +20.0dBm typ.
l PIN CONFIGURATION
(Top Pin C i
onnection
nf o] [of [e] 1. GND 8. GND
12 | ”_o} iy . 2. GND 9. GND
{ o 3. VINV 10. GND
4. GND 11. GND
5.GND 12. RFIN
k3 6. GND 13. GND
14 |——|crem 5 7. RFOUT 14. VCTL
1 |T| " |T| Exposed PAD: GND

H TRUTH TABLE
“‘H*=Verumy, “L'=Veriw

Vet LNA Mode
H High Gain mode
L Low Gain mode

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

New Japan Radio Co. L2

Ver.2013-04-24 -1 -




NJG1129MD7

B ABSOLUTE MAXIMUM RATINGS

Ta=+25°C, ZS=Z|=5O ohm

PARAMETER SYMBOL CONDITIONS RATINGS UNITS
Drain voltage Vb 5.0 V
Inverter voltage Viny 5.0 V
Control voltage Vet 5.0 V
Input power Pin Vop=Vinv=2.8V +15 dBm
Power dissipation Po ?%f_éigzziq2():,81':,!}28?00“9h-hOIe 1300 mW
Operating temperature Topr -40~+85 °C
Storage temperature Tstg -55~+150 °C

B ELECTRICAL CHARACTERISTICS1 (DC CHARACTERISTICS)

General conditions: Vpp=Vnw=2.8V, T,=+25°C, Z,;=Z=50 ohm, with application circuit

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating voltage Vb 2.3 2.8 3.6 V
Inverter voltage Viny 2.3 2.8 3.6 \Y
Control voltage (High) Verim 1.5 1.85 3.6 \%
Control voltage (Low) Vet 0 0 0.3 \Y
Operating current1 Ibp1 RF OFF, Ve1.=1.85V - 50 8.0 mA
Operating current2 lbp2 RF OFF, Ve =0V - 1 5 LA
Inverter current1 Iiny1 RF OFF, V¢1.=1.85V - 90 180 A
Inverter current2 Iinv2 RF OFF, Ve =0V - 15 40 A
Control current leTl RF OFF, Vcr.=1.85V - 5 10 A
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NJG1129MD7

B ELECTRICAL CHARACTERISTICS2 (High Gain mode)
General conditions: Vpp=V\v=2.8V, Vc1.=1.85V, T,=+25°C, Z,=2,=50 ohm, with application circuit

PARAMETERS SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating frequency fre 470 620 770 MHz
Small signal gain1 Gain1 11.0 15.0 19.0 dB
Noise figure NF | pxolude PCB & connector | 14 | 19 | a8

osses*1
Input power at 1.dB gain P-1aan) 14.0 6.0 ) dBm
compression point1
Input 3rd order f1=fre, f2=fre+100kHz,
intercept point1 lIP3_1 Pn=-25dBm -6.0 +1.0 ) dBm
RF IN VSWR1 VSWRI1 - 1.5 4.5 -
RF OUT VSWR1 VSWRo1 - 1.5 2.8 -

B ELECTRICAL CHARACTERISTICS3 (Low Gain mode)

General conditions: Vpp=V\v=2.8V, V1 =0V, T,=+25°C, Z;=2,=50 ohm, with application circuit.
PARAMETERS SYMBOL CONDITIONS MIN TYP MAX | UNITS
Operating frequency fre 470 620 770 MHz
Small signal gain2 Gaing | EXclude PCB & connector | ¢4 | 49 ; dB
losses*2

Input power at 1dB gain
compression point2 P-1a8n)2 5.0 | +12.0 - dBm
Input 3rd order f1=frf, f2=fre+100kHz,
intercept point2 IP3_2 Pin=-12dBm *14.0 1 +20.0 ) dBm
RF IN VSWR2 VSWRi2 - 1.5 3.0 -
RF OUT VSWR2 VSWRo02 - 1.5 2.8 -

*1 Input PCB and connector losses: 0.036dB(at 470MHz), 0.053dB(at 770MHz)
*2 Input & output PCB and connector losses: 0.072dB(at 470MHz), 0.105dB(at 770MHz)
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NJG1129MD7

B TERMINAL INFORMATION

No. SYMBOL DESCRIPTION
11 21 41 51 . .
Ground terminal. These terminals should be connected to the ground
6, 8,9, 10, GND :
11,13 plane as close as possible for excellent RF performance.
3 VINV Inverter voltage supply terminal.
RF Output terminal. RF signal comes out from this terminal, and goes
through an external matching circuit connected to this. Inductor L4 as
7 RFOUT . o L2 ) o
shown in the application circuit is a part of an external matching circuit,
and also provide DC power to LNA.
RF input terminal. The RF signal is input through external matching
12 RFIN circuit connected to this terminal.
Since this IC is integrated an input DC blocking capacitor.
14 VCTL Control voltage supply terminal.
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NJG1129MD7

B ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: T,=+25°C, Vpp= V\\v=2.8V, Vc1.=1.85V, Z,=2,=50 ohm, with application circuit

Pout vs. Pin Gain, IDD vs. Pin
(f=620MHz) (f=620MHz)
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101 ] Gain -q
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5 N Py : : 'l
: ; 15 7 8
of in ; L
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c% 5 F 74 : % | S <
T i 7 ' = 10 7 6 £
'§ _10: ’r’ H ‘s s IDD JLE g
o : Pout | #° ' o .’ ' =
s f——A : . :
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-20 // : :
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P-1dB(IN)=-6.0dBm ! P-1dB(IN)=-6.0dBm |
-30 l l | i ] 0 - 2
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NJG1129MD7

B ELECTRICAL CHARACTERISTICS (High Gain mode)

Conditions: T,=+25°C, Vpp= V\\v=2.8V, Vc1.=1.85V, Z,=2,=50 ohm, with application circuit
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P-1dB(IN) (dBm)

IDD (mA)

20 P~

15

10

-10

-15

15

10

K-factor vs. Frequency

5000 10000 15000 20000

Frequency (MHz)

P-1dB(IN) vs. VDD=VINV
(f=620MHz)

P-1dB(IN)

N——

1 2 3 4 5

VDD (V)

IDD vs. VDD=VINV

e

1 2 3 4 5

VDD (V)

Gain (dB)

IIP3, OIP3 (dBm)

VSWRi(max.), VSWRo(max)

Gain, NF vs. VDD=VINV

(f=620MHz)
20 ———— 4
T———— 35
- Gain | _ -— " s
15 -
| 7
r'd
/’ 2.5
\ ’
y
10 I 7 . 2
g . 15
5 NF—] 1
- 0.5
0 I 0
0 1 2 3 4 5
VDD (V)
1IP3, OIP3 vs. VDD=VINV
(f1=620MHz, f2=620.1MHz, Pin=-25dBm)
25 ——— e
- -’ ——— -——  —
20 [ l../
- "
[ 7
15 | ’
i oprs 7/
10 | ./
-/
5 -
0 1 2 3 4 5
VDD (V)
VSWR vs. VDD=VINV
8 —
7
o N
s \VSWRi(max.)
5F \
| ‘\
3 -~ Ty
) E e — -h&_
VSWRo(max.)
1f
o: ot
0 1 2 3 4 5
VDD (V)




NJG1129MD7

B ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: T,=+25°C, Vpp=2.8V, Z;=2,=50 ohm, with application circuit

IDD vs. VCTL

IDD (mA)

1 |
|

0 0.5 1 1.5 2

VCTL (V)
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NJG1129MD7

H ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: Vpp= V\\w=2.8V, Vc1.=1.85V, Z;=Z,=50 ohm, with application circuit

P-1dB(IN) vs. Temp.
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NJG1129MD7

H ELECTRICAL CHARACTERISTICS (High Gain mode)
Conditions: T,=+25°C, Vpp= V\\v=2.8V, Vc1.=1.85V, Z,=2,=50 ohm, with application circuit

CH1 S;; 1og MAG 5 oB- REF @ oB 2:-16.953 dB CH1 Sp;  1og MAG 5 OB, REF @ oB 2 15.924 dB
) 620 ¢A@ ©d@ GHz, ) ] (620 $ue oHdo GHz
*
PRm PRm
1}-6.147 g8 T T 1] 16,417 48
Car 3}-9.436 dB Car 3 3 13;15 dB
=98 MHz / 7@ MHz
Avg Avg /
4 / 4 /
\g 4 //
Hld Hig [
CHZ Spp  1og MAG 5 oB/ REF @ oB 2 CHZ 51p 1og MAG 5 OB/ REF @ oB 2:-23.412 d8
620 4 620 Gue 2@ GHz
PRm I PRm T
Car 3 Car 2 3
Avg 4 Avo /Q A
’ VAR : RN
3
A ; ~
Hld Hld L\A l'
START .PSP 00@ QW@ GHz STOP 3.00P 002 0@@ GHz CENTER 1.525 ©@d@ @M@ GHz SPAN 2.95B 008 8@@ GHz
S’l’la 822 SZ‘la S12
CH1 511 SWR 1, REF 1 2: 1.3311 CH1 §4; 1t UFS 2: 41.835 o 1B.874 @ 2.5861 nH
ZI / 620 ¢A@ ©d@ GHz, va 620 OH@ BW® GHz
PRm / T2,9447 PRm 31.16 o
4 -39:5%4 &
Car | [ : z.gﬁ Car 478 MHz
| ] 748 MAz 98.277 o
-13:841 &
fvg I / fvg 778 MHz
a \ a
\ /
[NE
Hld A Hld
=
CHZ Spp  SWR 1 s REF 1 2 2.@443 CHZ Spp 1 U FS 2 29.85 o -18.354 o 13.987 pF
/ 622 hoo oda cHz 620 QU@ QEE GHz
/
PRm l / 1,8857 PRm 31.377 o
296 MHz -3,45%8 &
cor l / 2.4451 Car 478 MHz
| / 7 MHz 814685, 8
fvg | Avg 7E MHz
a I 7 a
Hld \ A Hld
M5
START IPSP 002 OAB GHz STOP 3.0M0P 092 B@8 GHz START .DSP 002 OAB GHz STOP 3.0M0P 00D OA@ GHz
VSWR Zin, Zout
CH1 51, 1og MAG 5 oB- REF @ oB 1:-16.383 dB CH1 Sp;  lbog MAG 5 oB- REF @ oB 1: 15.917 dB
va 620 ¢ne odo GHz va 620 ¢uo odo GHz
*
PRm PRm ’\
Car Car ' \
Avg [ N — Avg [ 1
4 [ \ S 4 ]
B ] v ]
\ 7~
Hld Hld I |
CHZ Spp  1bg MAG 5 OB/ REF @ oB 1 -9.434 dB CcH2 S1o  1og MAG 5 oB/ REF @ oB 1 -23.45 dB
622 hoo oda cHz 622 hoa oda GHz
PRm PRm
Car Car 1 Va /
X /_N_/ A\
Ave ||, /7 ave [\ /\
T \/ ) l' \\ / \\ ll
\/ [ 1 1
Hld v Hid [ / U
" N
START .BSP 002 OAB GHz STOP 20.0M0P 002 B@8 GHz START .PS5P 002 OU® GHz STOP 20 .N@P 0@2 Bd@ GHz

S11, Sy (50MHZz~20GHz2) Sa1, S12 (50MHZ~20GHz)
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NJG1129MD7

B ELECTRICAL CHARACTERISTICS (Low Gain mode)

Conditions: T,=+25°C, Vpp= V\\w=2.8V, Ve =0V, Zg

Pout vs. Pin
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=Z,=50 ohm, with application circuit

Gain, IDD vs. Pin

(f=620MHz)
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NJG1129MD7

B ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: T,=+25°C, Vpp= V\\v=2.8V, V1 =0V, Z;=2=50 ohm, with application circuit

K-factor vs. Frequency

Gain vs. Temp.
(fRF=620MHz)
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NJG1129MD7

H ELECTRICAL CHARACTERISTICS (Low Gain mode)
Conditions: T,=+25°C, Vpp= V\\v=2.8V, V1 =0V, Z;=2=50 ohm, with application circuit

CH1 S;; 1og MAG S oB- REF B oB 2:-7.938 dB CH1 Sp;  1og MAG S oB- REF B oB 2:-3.954 dB
[ 620 $r2 BB GHZ ) 620 dEe e GHz
*
PRm — PRm —
D 11739
Car 3}-15.977 d@ Car 3}-2.483 daB
748 MHz E 748 MHz
Avg e Avg )
B
4 Y 4 A 3
VT \A // /
Hid 3 Hld /
CH2 Spn  1og MAG 5 OB/ REF @ oB 2 -S.e7@ d8 CH2 S;p  1og MAG 5 OB/ REF @ oB 2
622 dua oda GHz| 620 g
PRm PRm
-8.24 1
I :
Car 3|-13.977 dB Car 3
74@ FHz 2
Avg i Avg TR
4 N a A =
JAY
T
il i
Hld H1d ]
START .DSP Q02 QH@ GHz STOP 3.U0P 802 248 GHz START .PSP 0P@ @H@ GHz STOP 3.00D 098 @d8 GHz
811, 822 SZ‘la S12
CH1 Sq; SWR 1 - REF 1 2: 2.3386 CH1 S;;y 1 UFS 2: 36.93% o -35.283 0 7.2755 pF
ZH [ 620 ¢mo ede GHz 7] T X\522 080 eme GHz
PRm 1 ] T2,4972 PRm 1: 114.84 o
4 1,418 o
Gar | / : 1.3778 Car v mnz
| i 74a MAz B: 36.316 o
- -98d.47 ma
fve | ] fve 708 MHz
4 ] 4
2
Hld VRN H1d
5
CHZ Spp  SWR 1 7/ REF 1 2 1.9782 CH2 Spp 1 U FS 2 26.841 o -7.4736 0  34.348 pF
[ 620 GEA Qda GHz QU@ AER GHz
PRm / =, 3572 PRm 29.419 o
498 HHz 241828 o
Car / 1 .daeo Car z
/ e MHz 33s2%9 2
Avo / fAve vem MHz
a ] a
Hld \’E\v Hld —_
- j/ —
START .BSP CBO OHAB GHz STOP 3.¢0B 202 @8 GHz START .PSB @@ @8 GHz STOP 3.00D 008 @d8 GHz
VSWR Zin, Zout
CH1 S;; 1log MAG 5 oB- REF B oB 1:-7.986 dB CH1 Spy  1bg MAG 5 oB- REF B oB 1:-3.952 dB
va .620 6ue odo GHz va .620 6ue oda GHz
*
PRm PRm
Car Car
L
Ave N1/ /N 1 Avg | A
4 [N Vo \f S
| | J [
| [ N /
Hig [T Hig [ | N /T Y
CHZ2 Spn  1og MAG S oB/ REF B oB 1 -9.724 d8 CcHZ S;p 1pg MAG 5 0B/ REF B oB 1 -3.945 d8
620 GU@ 2da GHz 620 GU@ 2da GHz
PRm PRm
Car Car
1
ave [,/ ~ Aave [ A
a a
W \ — [\
v \ [
[ 1 n [
Hld Hid [T \ \ AV
START .DSP Q02 OH@ GHz STOP 20.0PP 802 248 GHz START .PSP Q0@ QU@ GHz STOP 20.M0B 000 BE® GHz

S11, S22 (50MHz~20GHz) Sy, S12 (50MHz~20GHz)
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NJG1129MD7

B APPLICATION CIRCUIT

11 10 9 8
L2 L3 C2
27nH l Bypass circuit 22nH 5pF
RF IN 12 1 o~o— | 7 ———O RF OUT
L1 C1 L4
22nH I 3pF " LNA circuit 15nH
13 ) 6 C3 VoD
Bias
7J!77 circuit —7]77 I 1000pF
L— Logic
VCTLC 14 circuit S —r|77
1 2 3 4
VINV
B TEST PCB LAYOUT
o o o o o
ﬂﬂ@ @:@ o o Parts List
o °o  © O O
o
o o © o o o ||VDD o Parts ID Notes
MURATA
o o o fo OSrofllee o o L1, L3, L4 | | Qp03T series
L150C1 Lt L4 TAIYO-YUDEN
RF IN || s NS S RF OUT L2 et
L2F2r L3 C2 HK1005 series
2 A g,
o0 0 _/¢3“c~ oo oo 0 C1~C3 MURATA
o o o 2 0 o o o GRMO03 series
v e L0 PCB (FR-4):
o 2 VCTL o o VINV| |2 < t=0.2mm
Q MICROSTRIP LINE
g z z . . z g g WIDTH=0.4mm (Z,=50 ohm)
PCB SIZE=16.8mmx16.8mm

PRECAUTIONS
[1] L1-L4, C1 and C2 formed the external matching circuit.
[2] C3 is a bypass capacitor.
[3] Ground terminals should be connected with ground plane as close as possible in order to avoid
parasitic inductance.
[4] Please place the ground trace between RFIN(12pin) and RFOUT(7pin) on the top PCB layout to

have better isolation between input and output RF ports.
[5] Please place all external parts around the IC as close as possible.

New Japan Radio Co. L2
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NJG1129MD7

B MEASUREMENT BLOCK DIAGRAM

VCTL=1 .85V or 0.0V

l V|NV=2.8V

)

RF Input

—

o

l VDD=2.8V

o——

Network
Analyzer

o

RF Output

S parameter Measurement Block Diagram

VCTL=1 .85V or 0.0V

l V|NV=2.8V

)

RF Input

o

l VDD=2.8V

: Noise Source |—( )

RF Output

o——

NF
Analyzer

o

Noise Figure Measurement Block Diagram

Ve =1.85V or 0.0V
|

i

RF Input

2dB
freq.1 Attenuator
Signal
Generator Wr
Signal Power
Generator Wv Comb.
freq.2 2dB
Attenuator

Input IP3 Measurement Block Diagram
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NJG1129MD7

B PACKAGE OUTLINE (EQFN14-D7)

1.620.00
2 0.075
Y
3t S = ®
2 0,075
+ L
% © © 5 E
/ s o
¥ = ::'
UJ
E D el
—
\ Details of “A” part (x 2)
— —
/)
/ 3
.| Tl N0 m>,
UNIT : mm
0.21£0.1
SUBSTRATE MATERIAL : Copper
018 +g. 82 TERMINAL FINISH : Sn-Bi plating
100 (] ¢o0s ([s[m | MOLD MATERIAL : Epoxy resin
MASS (TYP.) :0.0034 (g)
Cautions on using this product [CAUTION] )
This product contains Gallium-Arsenide (GaAs) which is a harmful material. ;R,Z:‘;gf'lfr'ﬁg:'rz;‘:o?twlfh‘litfgg;gjgfaﬂ&
e Do NOT eat or put into mouth. as regar(lis elitherlmisltakles or omissions.
« Do NOT dispose in fire or break up this product. ngecfi‘;‘;'gcggf’y”tg"s%‘gt; ;gggz;ﬁtﬁ‘i’fe"k are
e Do NOT chemically make gas or powder with this product. usages of the product and not intended for
« To waste this product, please obey the relating law of your country. the guarantee or permission of any right
including the industrial rights.
This product may be damaged with electric static discharge (ESD) or spike voltage. Please
handle with care to avoid these damages.
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