NJG1739K51

5GHz Band SPDT Switch + LNA GaAs MMIC

B GENERAL DESCRIPTION B PACKAGE OUTLINE
The NJG1739K51 is a 5GHz band SPDT switch + low noise amplifier
GaAs MMIC designed for wireless LAN front-end applications.
The NJG1739K51 features low current consumption, low insertion
loss of transmit path and low noise figure of RX LNA mode.
The NJG1739K51 has ESD protection devices to achieve excellent
ESD performances.

A small and ultra-thin package of QFN12-51 is adopted. NJG1739K51
Hl APPLICATIONS
5GHz Band WLAN front-end application
Bl FEATURES
® Operating voltage Vpp=3.6V typ.
@ Operating frequency freq=4900 to 5900MHz
[ RXLNA mode ]
@ Operating current 8mA typ. @Vpp=3.6V, Ve 1=V 3=3.3V, Ve 2=0V
@® Small signal gain 12.0dB typ.
@ Noise figure 2.5dB typ.
@ Input power 1dB compression 0dBm typ.
[ RX Bypass mode ]
@ Operating current 4uAtyp. @Vpp=3.6V, Vc11.1=3.3V, V2=V 3=0V
@ Insertion loss 8.5dB typ.
@ Input power 1dB compression +15dBm typ.
[ TX mode ]
@ Insertion loss 0.5dB typ.
@ Input power 0.1dB compression +29dBm typ.
@ Package QFN12-51 (Package size: 2.0mm x 2.0mm x 0.375mm typ.)
® RoHS compliant and Halogen Free, MSL1
H PIN CONFIGURATION
(TOP VIEW)
VCTL2 GND VDD
9 8 7
NG h
(GND) 10 Bypass SW 1 6 |LNAOUT
o F 1: ANT 7. VDD
X Qeorew i I 2:NC(GND) 8. GND
3: VCTL1 9. VCTL2
NG 4:VCTL3 10. NC(GND)
np)| 12 4 |vems 5: GND 11. TX
6: LNAOUT 12: NC(GND)
1 2 3 Exposed pad: GND
ANT NC VCTL1
(GND)

Note: Specifications and description listed in this datasheet are subject to change without notice.
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NJG1739K51

B TRUTH TABLE

"H'=Ver(H), L'=Ver (L)

ode VCTL1 | VCTL2 | VCTL3 STATE
(SWRX) | (SWTX) | (LNA) IDD LNA | Bypass | RXSW | TXSW
RX LNA H L H o1 ON OFF ON OFF
RX Bypass H L L 2 OFF ON ON OFF
TX L H L Iop2 OFF ON OFF ON
Sleep L L L I3 OFF OFF OFF OFF
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NJG1739K51

B ABSOLUTE MAXIMUM RATINGS

T,=+25°C
PARAMETERS SYMBOL CONDITIONS RATINGS UNITS
Supply voltage Vb 5.5 \Y
Control voltage Vet 5.5 \Y
Input power 1 Pt | Vi 1=V 3238V, Ve 220V 15 dBm
Input power 2 Pinz I/Z(TE?T\]/I::_%!O[@:\?/’C?YZ=33V +30 dBm
Power dissipation Po Zoou1rjl53)\();e1r4|.:5Rrﬁrrl:]’)’C$i;N1it5h0£rérough-hole 1190 mwW
Operation temperature Topr -40 to +85 °C
Storage temperature Tetg -55to +150 °C

B ELECTRICAL CHARACTERISTICS 1 (DC Characteristics)
VDD=3.6V, VCTL(H)=3.3V, VCTL(L)=OV, Ta=+250C, Z =Z|=5OQ

PARAMETERS SYMBOL CONDITIONS MIN | TYP | MAX | UNITS
Supply voltage Vb 3.0 3.6 5.0 \%
Control voltage 1(High) Ver 1(H) 2.8 3.3 5.0 V
Control voltage 2(High) Ver2(H) 2.8 3.3 5.0 V
Control voltage 3(High) Ver 3(H) 2.8 3.3 5.0 V
Control voltage 1(Low) Ver 1(L) 0.0 - 0.4 \%
Control voltage 2(Low) Ver2(L) 0.0 - 04 V
Control voltage 3(Low) Ver 3(L) 0.0 - 04 V
LNA operating current 1 oo RF OFF, ) 8 13 mA

(RX LNA mode)

VCTL1 :VCTL3:3- 3V, VCTLZ:OV

LNA operating current 2

RF OFF,

(RX Bypass mode) bo2 [\ 1233V, Ver2=Ver 3=0V - a1 12| A

LNA operating current 3 RF OFF, )

(Sleep mOde) IDD3 VCTL1 =VCTL2=VCTL3=0-4V 4 12 HA

LNA operating current 4 I 4 RF OFF, ) 4 12 A

(VCTL OPEN) oo Ve 1=Ver2=Ver 3=open H
RF OFF,

Control current 1 let1 Ver 1=3.3V, Ve 2=V er 320V - 5 20 uA
RF OFF,

Control current 2 let 2 Ver, 2=3.3V, Ver 1=V er 320V - 5 20 uA

Control current 3 let3 RF OFF, - 5 20 uA

VCTL3=3 . 3\/, VCTL1 =VCTL2=0V
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NJG1739K51

B ELECTRICAL CHARACTERISTICS 2 (RF Characteristics: RX LNA mode, LNA+SPDT SW)
VDD=3.6V, VCTL1 =VCT|_3=3.3V, VCTL2=0V= freq=4900 to 5900MHz,
T.=+25°C, Z,=Z,=50Q), with application circuit

PARAMETERS SYMBOL CONDITIONS MIN | TYP | MAX | UNITS

Small signal gain 1 Gain1 Exclude PCB and connector losses™1 9.0 12.0 | 14.0 dB
f=4900 to 4980MHz,

Gain flatness 1 Gflat1 f=5400 to 5480MHz, - - 0.3 dB
f=5820 to 5900MHz

Isolation 1 ISL1 - 30 - dB

Noise figure 1 NF1 Exclude PCB and connector losses*2 - 2.5 3.0 dB

Input power at 1dB

compression 1 P-tgaon! ) 0 ) dBm

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

Intercept point 1 IP3_1 Pn=-18dBm ) 9 ) dBm

Outband input 3rd order f1=2450MHz, f2=f1+100kHz,

Intercept point 1 lIP3_OB1 Pn=-18dBm ) +2 ) dBm

ANT port RLi1 - dB

return loss 1

LNAOUT port RLo1 ) 90 ) dB

return loss 1

LNA switching time Tsw1_1 10% Vet to 90% RF - 250 400 ns

Other switching time Tsw2_1 10% Vet to 90% RF - 200 500 ns

*1) 0.64dB(4900MHz), 0.71dB(5400MHz), 0.79dB(5900MHz)
*2) 0.32dB(4900MHz), 0.35dB(5400MHz), 0.39dB(5900MHz)

B ELECTRICAL CHARACTERISTICS 3 (RF Characteristics: RX Bypass mode, Bypass SW+SPDT SW)
VDD=3.6V, VCTL1 =3.3V, VCTL2=VCTL3=0Vy freq=4900 to 5900MHz,
T.=+25°C, Z,=7,=50Q2, with application circuit

PARAMETERS SYMBOL CONDITIONS MIN | TYP | MAX | UNITS
Insertion loss 2 LOSS2 Exclude PCB and connector losses*3 6.0 8.5 10.5 dB
Input power at 1dB
compression 2 P-1ds0n2 ) +15 ) dBm
Input 3rd order f1=freq, f2=freq+100kHz,

Intercept point 2 IP3_2 Pn=-10dBm ) +14 ) dBm
ANT port RLi2 70| - dB
return loss 2

LNAOUT port RLo2 - | 120 - dB
return loss 2

*3) 0.64dB(4900MHz), 0.71dB(5400MHz), 0.79dB(5900MHz)
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NJG1739K51

B ELECTRICAL CHARACTERISTICS 4 (RF Characteristics: TX mode, SPDT SW)
VDD=3.6V, VCTL1 =VCT|_3=0V, VCTL2=3-3V= freq=4900 to 5900MHz,
T.=+25°C, Z,=Z,=50Q), with application circuit

PARAMETERS SYMBOL CONDITIONS MIN | TYP | MAX | UNITS
. P|N:+23dBm,
Insertion loss 3 LOSS3 Exclude PCB and connector losses*4 ) 0.5 0.8 dB
Input power at 0.1dB
compression 3 P-o.1080m3 ) 29 ) dBm
ANT port RLI3 ; 16 | - dB
return loss 3
TX port RLo3 | 20 | - dB
return loss 3

*4) 0.65dB(4900MHz), 0.73dB(5400MHz), 0.81dB(5900MHz)
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NJG1739K51

B TERMINAL INFORMATION

Pin No. SYMBOL DESCRIPTION
1 ANT RF transmitting/receiving terminal. No DC blocking capacitor is required for this port
because of internal capacitor.
No connected terminal. This terminal is not connected with internal circuit. Please
2 NC(GND)
connect to the PCB ground plane.
3 VCTLA Control signal input terminal. This terminal is set to High-Level (+2.8 to +5.0V) or
Low-Level (0 to +0.4V).
4 VCTL3 Control signal input terminal. This terminal is set to High-Level (+2.8 to +5.0V) or
Low-Level (0 to +0.4V).
Ground terminal. Please connect this terminal with ground plane as close as
5 GND X
possible for excellent RF performance.
RF receiving signal output terminal. No DC blocking capacitor is required for this
6 LNAOUT 4 . L . : :
port because of internal output matching circuit including DC blocking capacitor.
Positive voltage supply terminal. The positive voltage (+3.0 to +5.0V) has to be
7 VDD supplied. Please connect a bypass capacitor with GND terminal for excellent RF
performance.
Ground terminal. Please connect this terminal with ground plane as close as
8 GND .
possible for excellent RF performance.
9 VCTL2 Control signal input terminal. This terminal is set to High-Level (+2.8 to +5.0V) or
Low-Level (0 to +0.4V).
No connected terminal. This terminal is not connected with internal circuit. Please
10 NC(GND)
connect to the PCB ground plane.
1 TX RF transmitting signal input terminal. DC blocking capacitor is required for this port.
No connected terminal. This terminal is not connected with internal circuit. Please
12 NC(GND)
connect to the PCB ground plane.
Exposed Ground terminal. Please connect this terminal with ground plane as close as
Sad GND possible for excellent RF performance, and through holes for GND should be
placed near by the pin connection
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NJG1739K51

Bl ELECTRICAL CHARACTERISTICS (RX LNA mode)
VDD=3.6V, VCTL1 =VCT|_3=3.3V, VCTL2=0V= Ta=+250C, ZS=Z|=5OQ
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NJG1739K51

B ELECTRICAL CHARACTERISTICS (RX LNA mode)

VDD=3.6V, VCTL1 =VCT|_3=3.3V, VCTL2=OV, Ta=+25oC, ZS=Z|=SOQ

CcH1 811 LOG S dB/ REF @ oB ©-7.699@ dB S 400 203 2AA CH=x CH1 821  LOG S dB/ REF @ dB 2+11.8a1 48 S 420 @23 2EA CH=
[ b
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NJG1739K51

W ELECTRICAL CHARACTERISTICS (RX LNA mode)
VDD=3.6V, VCTL1 =VCT|_3=3.3V, VCTL2=OV, Ta=+25OC, ZS=Z|=SOQ
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B ELECTRICAL CHARACTERISTICS (RX LNA mode)
VCTL1 =VCT|_3=3.3V, VCTL2=0V, ZS=Z|=5OQ
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NJG1739K51

Bl ELECTRICAL CHARACTERISTICS (RX LNA mode)
VCTL1=VCTL3=3-3V1 VCTL2=OV, ZS=Z|=5OQ
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NJG1739K51

Bl ELECTRICAL CHARACTERISTICS (RX LNA mode)
VCTL1=VCTL3=3-3V1 VCTL2=OV, ZS=Z|=5OQ
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NJG1739K51

W ELECTRICAL CHARACTERISTICS (RX Bypass mode)
VDD=3.6V, VCTL1=3-3V1 VCTL2=VCTL3=OV= Ta=+25OC, ZS=Z|=SOQ
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NJG1739K51

B ELECTRICAL CHARACTERISTICS (RX Bypass mode)
VDD=3.6V, VCTL1 =3.3V, VCTL2=VCTL3=OVa Ta=+250C, ZS=Z|=5OQ
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NJG1739K51

B ELECTRICAL CHARACTERISTICS (RX Bypass mode)
VCTL1=3-3V1 VCTL2=VCTL3=OV= ZS=Z|=50Q
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lIP3 vs. Ambient Temperature
(VeTL1=3.3V, VerLe=VeTLz=0V, f1=5400MHz, f2=f1+100kHz, Pin=-10dBm)
\‘_“_‘_‘
— — — \VDD=3.0V
VDD=3.6V
————— \VDD=4.3V
- VDD=5.0V
i
-20 0 50 100
Ambient Temperature (°C)
ANT Port Return Loss vs. Ambient Temperature LNAOUT Port Return Loss vs. Ambient Temperature
(VeTu=3.3V, VeTz=Verz=0V, 1=5400MHz) (VeTu=3.3V, Vetz=Verz=0V, 1=5400MHZ)
0 I
[ — — — VDD=3.0V
VDD=3.6V
e e T VDD=4.3V
= 5 i = VDD=5.0V [H
=]
»
7]
-]
= 10
c
T
=
- B
] [
— — — Vop=3.0V o [ —
VDD=3.6V [] 15
————— VDD=4.3V
- VDD=5.0V
1 » .
-50 0 50 100 -50 0 50 100

Ambient Temperature (°C)
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NJG1739K51

Bl ELECTRICAL CHARACTERISTICS (TX mode)
VDD=3.6V, VCTL1=VCTL3=0V1 VCTL2=3-3V= Ta=+25OC, ZS=Z|=SOQ

Loss vs. frequency Loss vs.Pin
(Voo=3.6V, VetLi=VetLa=0V, Veri2=3.3V) (Voo=3.6V, VerLr=Veria=0V, Veriz=3.3V)
00 T . 0.0
3 ] |
L ] |
L : : ————— f=4900MHz
02 ] i 02 f=5400MHz |
[ 1 | - —-- - f=5800MHz
[ I |
—_ F I | —
m 04 : ' Q04
E 3 o~ W\Aﬁ — .
pre P : : "-\f\.-. $ ‘5\-.__*
[7:] L
] | L= 15 ey [l I
Sose T . 06
3 ] |
3 ] |
L ] |
08 ' ! 08
[ I 1
: : : P-0.1dB({IN)=+30dBm
P AP S SN PP S P . e
4000 4500 5000 5500 6000 6500 7000 10 15 20 25 30
frequency (MHz) Input Power (dBm)
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NJG1739K51

Ml ELECTRICAL CHARACTERISTICS (TX mode)
VDD=3.6V, VCTL1 =VCT|_3=OV, VCTL2=3-3Va Ta=+250C, ZS=Z|=5OQ

CHD s11  Loc 5 dB/ REF @ dB ~-168.118 d8 5 420 GGA REA GH=
car
fiva
16 =
AL L —]
Hia ! 5
CH2 s22 LOG & dB/ REF B dB 1-24.796 dB £.40p aaa bAad GHz
Car
Avg
16
]
H1d =
CENTER & @25 OO@ BER CHz L3 é SPAN 9.952 PER BEE CHz
S11, S22 (f=50MHz to 10GHz)
[CHI] 911 SWR 1 s REF 1 2+1.2836 S 422 A3 REA GH=
o \
|
\
|
\
fvg
18
Hld yn 6 —c
s Ay
cH2 :za_\an 1/ REE 1 Z211.1001 £.40p 60a PAG GHz
|
\
car l
\
e
\
Hld 6
CENTER S @25 PR BA@ GHz [AY [A SPAN 9.550 BER 8RR CHz

VSWRI, VSWRo (f=50MHz to 10GHz)

CH1 Markars

1:-17.231 dB
< 9pR2a GHz

3:-18.996 B
£.99p@4 GHz

CH2 Markars

1:-23.829 dB
49DREA GHz

3:-24.936 dB
5.9208@ GHz

CH1 Markars

1:1.3189
49DREA CHz

3:1.2529
£.9228a GHz

CHZ Markars

1:1.1376
< 92222 GHz

3:1.1201
5.99084 GHz

CH1

‘

New Japan Radio Co. L2

g21  Loc S dB/ REF @ dB ©-1.177@ dB 5 402 @@A REA GHz

CH1 Markers

1:-1.1288 dB
4 9p22a GHz

3:-1.2588 0B

5.99P8@ GHz

12 LOG & dB/ REF B dB i-1.176@ dB £.40D @aa @A GHz

CH2 Markars

1:-1.4948 dB
49PR03a GHz

o

3:-1.2458 dB

5.99P84@ GHz

START .2SQ PER ARE CHz STOP 12.200 2E7 BRR CHz

S21, S12 (f=50MHz to 10GHz)

811 1 UFs 2-12049mU  -3@ 121 mU S 402 @@A REA GHz

CH1 Markers
1:-123.89 my

-59,738 mU
490208 GHz
2:-111.29mU

-lae3amu
5.99BBA GHz

s22 1 UFS 2:63.9a9mU 2a.286 mU 5.40D @aa pEa GHz

START .2SQ PER B@E CHz STOF 12.200 @7 BRE CHz

Zin, Zout (f=50MHz to 10GHz)

CHZ Markars
1:29 R48 mU
&3 713 mu
4.99B8@ GHz
3:37.657 mU
-42 324 mU

S 92228 oHz

-16 -



NJG1739K51

Bl ELECTRICAL CHARACTERISTICS (TX mode)
VDD=3.6V, VCTL1 =VCT|_3=0V, VCTL2=3-3V= ZS=Z|=50Q

Loss vs. Ambient Temperature
(Vop=3.6V, VeTui=VeTa=0V, VeTLz=3.3V, 1=5400MHz)
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10 - -

-50 0 50 100
Ambient Temperature (°C)
ANT Port Return Loss vs. Ambient Temperature LNAOUT Port Return Loss vs. Ambient Temperature
(Vop=3.6V, VeTui=VeTa=0V, VeTLz=3.3V, 1=5400MHz) (Voo=3.6V, VetLr=VerLz=0V, Veriz=3.3V, f=5400MHz)
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= T
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el et
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"4 [+

15 25

20 — . - 10

-50 0 50 100 -50 0 50 100
Ambient Temperature (°C) Ambient Temperature (°C)

New Japan Radio Co. L2

-17 -



NJG1739K51

B APPLICATION CIRCUIT

(TOP

VIEW)

v T2 v D
h(ﬁ ’1 ; C1
9 8 7
VCTL2 GNI:’)47 VDD LNAOUT
’g 10 Bypass SW 1 6 4©
LNAOUT
et
GND
vCTI.3
4 _l—o
NC(GND VCTL1 VCTL3 C5
2 3 ;
/ ;CZ
1PIN INDEX
ANT Ve
B PARTS LIST
ID No. Value Notes
C1 0.1uF
C2,C3,C5 10pF Murata MFG (GRMO3 series)
C4 27pF
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NJG1739K51

H APPLIED CIRCUIT BOARD EXAMPLE
LNAOUT

Grey1738| |ouT [|
() o ()

PCB Information
Substrate: FR-4
Thickness: 0.2mm
Microstrip line width:
0.37mm (Z,=50Q2)
Size: 26.0mm x 26.0mm

el e ANT

<PCB LAYOUT GUIDELINE>

g U
|: _ | @ [ ] PcB

PKG Terminal

D PKG Outline

@ GND Via Hole
Diameter: ¢= 0.2/ 0.3 mm

PRECAUTIONS
[1] All external parts should be placed as close as possible to the IC.

[2] For avoiding the degradation of RF performance, the bypass capacitor (C1) should be placed
as close as possible to VDD terminal.

[3] For good RF performance, the ground terminals must be placed possibly close to ground plane
of substrate, and through holes for GND should be placed near by the pin connection.

New Japan Radio Co. L2
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NJG1739K51

B RECOMMENDED FOOTPRINT PATTERN (QFN12-51 PACKAGE Reference)

PKG: 2.0mm x 2.0mm V/): Land
Pin pitch: 0.5mm .
38 : Mask (Open area) *Metal mask thickness: 100um

[]: Resist (Open area)

Unit: mm
2.3
2.c
‘ 2.0(PKG Line>
102
0.92
07/2
| i
257
) )
C .
3 Detail A
| cu o |l o™
Nl o | o oy 2
o V/// vay .~ | V// \
S5 S
<l & 5555 s
c| o s f// %
S5 45505
$Lols2%s’, e {
£
)
@ | 0.5 - ‘o
S
023 023
0.28 0.28
0.33 0.33
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NJG1739K51

B NOISE FIGURE MEASUREMENT BLOCK DIAGRAM

Measuring instruments
NF Analyzer
Noise Source

: Agilent N8975A
: 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

NF Analyzer
(Agilent 8975A)

Preamplifier
_ (Gain=14dB,
Noise Source NF=2.0dB)
(Agilent 346A)

Input (50Q2)

O Noise Source
Drive Output

Calibration setup

NF Analyzer
(Agilent 8975A)

Preamplifier
(Gain=14dB,
Noise Source NF=2.0dB)

(Agilent 346A)

— =

DUT

ouT

—O

Input (50Q2)

O Noise Source
Drive Output

Measurement Setup

New Japan Radio Co. L2

: setting the temperature of noise source (303K)

* Preamplifier is used to improve NF
measurement accuracy.
* Noise source, preamplifier and NF

analyzer are connected directly.

* Noise source, DUT, preamplifier
and NF analyzer are connected

directly.
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Bl PACKAGE OUTLINE (QFN12-51)

NJG1739K51

200= 006
| ? T
|
10 i &
11—-——————!— ————— —5 §
12 i L
|
w1
1 2 3
= Flrdl 1RDEX
= & Unit :mm
2 8 (/05 3] Board : Copper _
I Terminal Treat : Ni/Pd/Au plating
_ i _ Molding Material : Epoxy resin
N I I l Weight : 4.7mg

Exposed PAD

i
i
=

o
>%p ’
Im ‘
>
| 021005

——]
—

[~ ]
(min0:2)

|
typ0a

Ground connection is required.

Details of “A” part

033x008
Lij
I
|
I

____ K
3-F0z
10 \\__ b | g
T
ol | ] m [ 1]
1= [
%E q g o
099 = 006 typld 295
(min02)

Cautions on using this product
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.
o To waste this product, please obey the relating law of your country.

This product may be damaged with electric static discharge (ESD) or spike voltage. Please handle
with care to avoid these damages.

[CAUTION]

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.

New Japan Radio Co. L2
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