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Eudyna

P0120009P

2W GaAs Power FET (Pb-FreeType)

" Features . : , (2

-Upto 2.7 GHz frequency band Functional Diagram

- Beyond +31 dBm output power Pin No. Function l%

- Up to +48dBm Output 1P3 1 Input/Gate

-High Drain Efficiency 2,4 Ground Il-l I_I lj

-11dB Gana 2.1GHz 3 | OupuDran 2

+S0T-89 SMT Package " Ordering I nformation

-Low Noiss Figure . Number :

" Applications Part No Description of devices Container

- Wireless communication sysem P0120009P | GaAsPower FET | 1000 7’ Red

- Cdlular, PCS, PHS, W-CDMA, WLAN KP029J 211-217GHz 1 Anti-gatic
Application Circuit Bag

" Description
P0120009P isahigh performance GaAsMESFET housed in

“ Absolute Maximum Ratings(@Tc=25°C)

a low-cos SOT-89 package. Our origindly developed Parameter Symbol Value Units
"pulse-doped" channd sructure has redized low digtortion, Drain-Source Voltage Vds 10 Vv
which leadsto high IP3. The channd sructure dso achieved Gate-Source Voltage Vgs -4 \%
an extremdy low noisefigure. The details about pulse-doped Drain Current Ids ldss
FET channd ae desoribed in our products cetdog. RF Input Power Bin 730 dBm
Utilizetion of AuSn die atach has redized alow and steble (continuous)

therma resstance. The lead frame is plated with Sh-Bi to Power Dissipation Pt 543 W
makethe device Pb-free. Junction Temperature Tj 150 °C
Eudynd's long higtory of manufacturing has cultivated high Sorage Temperaure Tdg | -40to+150 °C

device rdigbility. The esimated MTTF of the FET islonger
than 15years & Tj of 150°C. You can see the detals in
Reiability and Quality Assurance.

" Electrical Spedifications (@Tc=25°C)

Tc: Case Temperature. Operating the device beyond any of these
vaues may cause permanent damage.

(*) Messured & 2.1GHz with our test fixture matched to |P3.
(**) Recommended Tj under operation isbelow 125°C.

- Values .
Parameter Symboal Tegt Conditions Min. | Typ. | Max Units
DC | saurated Drain Current dss Vds=3V, Vg=0V — | 1400 | mA
Transconductance gm Vds=3V, [ds=400mA 450 msS
Pinchoff Valtage Vp Vds=8V, |ds=50mA -30 -15 \Y
Gate-Source Breskdown Voltage Va0 Igso=- 50mA 30 V
Therma Resigtance Rth Channd-Case 22 °CW
RF Fregquency f 2.7 GHz
Output Power
@ 1dB Gain Compression P1dB 33 — | dBm
Smdl Signd Gain G Vds=8v n | — | dB
[ds=400mA
Output 1P3 IP3 f=21GHz - 48 - dBm
Power Added Efficiency N g 57 %
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" Typical Characterigics
Power Derating Curve Transfer Curve
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" Load-pull Characterigics(Typical Data)
Tc=25°C, Vds=8V, | ds=400mA, Common Source, Zo=50w (Cdlibrated to deviceleads)

6.0

Scale for [S12]

Scale for |S21)
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P0120009P

2W GaAs Power FET (Pb-FreeType)

"

Technical Note

Tc=25°C, Vds=8V, 1ds=350mA, Common Source, Zo=50w (Cdibrated to device leeds)
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1ds=400mA |Freq(GHz) S11Mag S11Ang S21Mag S21Ang Sl2Mag Sl12Ang S22Mag S22Ang
12 0.807 176.1 4.225 66.1 0.042 319 0.380 176.7
14 0.812 167.5 3.630 58.4 0.045 30.5 0.387 173.2
16 0.815 159.8 3.179 51.2 0.048 29.2 0.394 170.0
18 0.819 152.8 2.826 443 0.050 275 0.399 166.9
2.0 0.822 146.1 2.545 374 0.053 251 0.403 163.4
2.2 0.823 139.6 2.316 30.7 0.056 22.6 0.406 159.8
24 0.827 1334 2124 24.0 0.060 195 0.408 155.7
1ds=350mA |Freq(GHz) S11Mag S11Ang S21Mag S21Ang Sl2Mag Sl12Ang S2Mag S22 Ang
12 0.808 176.0 4.203 66.2 0.044 310 0.400 175.6
14 0.812 167.2 3.612 58.5 0.047 29.6 0.407 171.8
16 0.818 159.5 3.162 514 0.049 28.3 0.414 168.6
18 0.821 152.5 2.811 44.4 0.052 26.5 0.417 165.3
2.0 0.823 145.8 2,533 37.6 0.055 24.0 0.422 161.6
2.2 0.824 139.2 2.303 30.9 0.058 214 0.423 157.9
24 0.828 133.0 2113 242 0.061 18.2 0.427 153.3
[Note] Y ou can download the S-parameter list from our web site: www.eudyna.com
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N .l
Technical Note

| ds=400mA
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Device: P0120009P

Fregquency: f1=2.1GHz f2=2.101GHz
Bias: Vds=8V, |ds=400mA

Source Matching: Mag 0.74 Ang -156.6°
Load Matching: Mag 0.554 Ang -171.5°

[Note] Py and h 44 are measured by onesignd.
Thedaafor the figures above were measured with the load impedance matched to | P3.
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Pin (dBm)

Device: P0120009P

Frequency: f1=2.1GHz f2=2.101GHz
Bias: Vds=8V, |ds=350mA

Source Matching: Mag 0.74 Ang —156.6°
Load Matching: Mag 0.49 Ang —172.9°

| d=400mA Fin Pout Gan IM3 IM 3/Pout IP3 Id ?add
(dBm) (dBm) (dB) (dBm) (dBc) (dBm) (mA) (%)
-10.0 28 12.8 -72.9 -75.7 40.6 401.3 01
-5.0 7.8 12.8 -68.6 -76.3 457 397.0 0.2
0.0 12.7 12.7 -57.7 -70.3 478 387.4 0.6
50 17.7 12.7 -42.7 -60.3 478 370.0 19
100 29 12.9 -25.1 -48.0 46.6 3437 6.7
150 27.7 12.7 2.7 -25.0 393 3233 21.3
20.0 317 117 17.7 -14.0 352 367.9 46.9
|d=350mA Fin Pout Gan IM3 IM 3/Pout IP3 Id ?add
(dBm) (dBm) (dB) (dBm) (dBc) (dBm) (mA) (%)
-10.0 22 12.2 =721 -74.3 394 346.7 01
-5.0 75 125 -67.7 -75.2 452 3425 0.2
0.0 125 125 -57.6 -70.0 471 3335 0.6
50 175 125 427 -60.2 473 317.3 21
100 27 12.7 -239 -46.7 458 298.0 75
150 275 125 34 -24.2 385 2895 231
20.0 316 116 209 -10.7 332 3521 473
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Technical Note

P0120009P

2W GaAs Power FET (Pb-FreeType)

Tc= 25°C, Vds=8V, 1ds=400mA, Pin=5dBm

[1P3-Lstate]

[Pout-Lstate]

:0.74D -156.6

ps 055D -1715

G
Source
IP3 max : 50.7dBm

f1=21GHz
f2 =2.101GHz

o - 054D 169.9
0.81b -155.1
out max : 17.65dBm

Tc=25°C, Vds=8V, 1ds=350mA, Pin=5dBm

[1P3-Lstate]

[Pout-Lstate]

:0.74D -156.6

bs 1 0.49D -172.9

G
Source
IP3 max : 50.55dBm

fl1=21GHz
f2 =2.101GHz

:0.81b -155.1

o - 0.54D 169.9
out max : 17.7dBm

2006-11
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2W GaAs Power FET (Pb-FreeType)

" NF Characterigtics

[Note] Thedatafor Smith chartswere measured at frequency of 2GHz and Tc of 25°C.

Vds=8V  1ds=400mA Vds=8V  1ds=300mA

Freg. NFmin Gopt RI/50 Asspciated Freg. NFmin Gopt RI/50 Asspciated
(GHz) (dB) Mag  Ang(deg) Gain(dB) (GH2) (dB) Mag  Ang(deg) Gain(dB)

0.4 0.23 0.34 -64.4 0.08 21.8 04 0.15 0.33 -77.9 0.06 211
0.6 0.34 0.28 -6.2 0.11 19.4 0.6 0.26 0.26 -17.4 0.09 19.0
0.8 0.57 0.26 48.8 0.14 17.7 0.8 0.48 0.19 39.7 0.12 17.1
10 0.71 0.35 92.7 0.13 16.6 10 0.62 0.30 86.8 0.11 16.1
12 0.95 0.41 128.6 0.10 15.6 12 0.84 0.34 126.2 0.10 151
14 0.95 0.51 153.6 0.06 14.9 14 0.84 0.45 151.0 0.06 144
16 110 0.55 -178.1 0.04 141 16 0.95 0.50 179.4 0.04 13.7
18 124 0.58 -152.3 0.08 134 18 1.08 0.54 -154.0 0.06 131
20 143 0.61 -124.6 0.20 12.9 20 134 0.55 -123.9 0.17 125

Vds=8V 1ds=350mA

Freg. NFmin CGopt Ryso  Assodaed 20
(GHz) (dB) Mag  Ang(deg) Gain(dB) 18
04 022 0.33 -738 0.06 213 16 | G=A00TA
06 033 025  -11.0 010 19.2 14 A%g (=TS0
08 052 021 46.0 0.12 17.4 12 e300
1.0 0.67 0.33 89.9 0.12 16.4 g, {//5/ >
12 09 036 1292 0.0 153 5 P 2o
14 0.90 0.48 153.1 0.06 14.7 : %%
1.6 1.04 0.52 -179.2 0.04 13.9 06 %
1.8 1.17 0.57 -153.2 0.07 133 0.4 =7
2.0 1.36 0.58 -124.8 0.18 12.7 02 ]
0.0
0 05 10 15 20 25
Frequency (GHz)
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2W GaAs Power FET (Pb-FreeType)

" Application Circuit : 2110-2170MHz

C4 R2

c7 RF out (RL=500)
z4 z5 HH zs

C2

RFin(Rs=500) Cl1
o—

C3 L2 L3

Q
Vg vd
Ref. Des.  Vdue Part Number
R1 820 SUSUMU
R2 8200 RR0816 series
C1 3pF
Cc2 1pF
) C3 0.5pF
RFin RF out ca F | site
C5 1uF
C6 1uF
C7 2pF
L1 22nH
TOKO LL1
L2 22nH OKO . 608
series
L3 4.7nH
20
21 Ref. Electrical length
W Designator @ 2.1GHz (deg)
) Z1 31.76
g ° o Z2 408
E L 2 Z3 1361
o Z4 8.62
h
20 S12 Z5 6.38
Z6 454
-30 All microstrip lines have aline impedance of 50W.
19 20 21 22 23
Frequency (GHz)
Specifications and information are subject to change without notice. 2006-11
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[Typical Performance]

KP029JApplication Circuit

Vds=8V, 1ds=400mA, Tc=25°C

Frequency characterigtics were measured with Pout a 17dBm.

Pout, Gain, IP3, Ids s Pin IM3, IM5 vs Pout
450 -40
45 1P3
-45 Y]
40 400 /
=3 ~ -50 /
) ~~l.lds & s / /
=2 30 ~ 303 =55 7
S50 [ ™ML /
S . > 52 |Me/ /
a -0 )
20 o
15 Gt [
e .—44—-’"
10 250 -70
-4 -2 0 2 4 6 8 10 12 14 16 18 20 22
Pin (dBm) Pout (dBm)
1P3 vs Frequency 1P3 vs Frequency
48 48
Vds=8\
46 47
Vds=7V| 3
a4 ] . 1ds=400mA
g g
S 42 S
3 £ 4 de=360mA | L[ _
40 -
_ Vds=6\
38 B et LR S . 44
° | ASE32GMA-{ - frenat oo
36 43
2100 2120 2140 2160 2180 2100 2120 2140 2160 2180
Frequency (MHz) Frequency (MHz)
Gain vsFrequen Gain vs Frequen
134 duendy 133 queney
Iy UL
133 Vds=7\ nsm*\ 400mA
) 132 A
132 V'ERV \ ds=3 2011/-\\:\;
B 131) | vdsaf ] N g 131 Id=340
= " . S
8 130 - \\ 3 \
s N 8 130 \
12.9 -
12.9
128
127 128
2100 2120 2140 2160 2180 2100 2120 2140 2160 2180
Frequency (MHz) Frequency (MHz)
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2W GaAs Power FET (Pb-Free Type)

" Caution: Power Supply Sequence

For ssfe operation, dectric power should be supplied in
following sequence. Firg, the negative voltage should be
goplied on the gate, and the voltage should be more negative
than the pinch-off voltage when you turn on the power
upply. Then, drain bias can be gpplied. Findly, you canturn
ontheRFsgnd.

When turning off the power supply, the sequence should be
(DRFsgnd (2)Drain (JGete.

Gate ov on
Voltage Bias Voltage Off,

Bias Voltage

Drain ov

Voltage —‘_’l x)n Off/l

MoreThan 1ImS

MoreThan 1mS

" BiasCircuit

[PassveBiasing]

If you use afixed bias circuit, you sometimes need to control
the gate biasto get the same I ds, sincethe devices have some
margin of pinch-off voltage (Vp) variation depending on the
wafer lots. If you employ a fixed Vgs biasng for your
sydem, you should dosdy monitor the drain current,
particularly when new wafer lots areintroduced.

[Active Biasng]

We recommend usng an active bias circuit, which can
diminae the influence of Vp variaion. An example of an
active bias drcuit cdled “current mirror ” is shown below.
Here, two PNP trangstors having the minimum variation of
Ibe characteridics are used. These trangdtors adjust Vgs by
changing Vds automaticdly. It will redize the condtant
current characterigtics, regardiess of the temperature.

The circuit should be connected directly in line with where
the voltage supplies would be normaly connected with the
gpplication circuit. Of course a matching circuit is required,
but it isnot shown inthisfigure.

[Note]

In the measurements of RF performance (Pout vs Pin, etc)
using the application circuit described before, the active bias
circuit herein was not utilized. The gpplication dircuits were
biasad directly from two power supplies.

+8v
o
§ R1 ; R3 Vds
Qla j——K Q1b
R4
= PO110009P
§ R2 ' P0120009P
l H Application
§ R5 Vgs Circuit
. S GND
= GND BV
Vds +7.9V
lds 400mA
Q1 UMTIN (Rohm)
R1 200 1/10W
R2 2.4kO 1/10W
R3 0.150 RL series (SUSUMU)
R4 1kO /10w
R5 1.3kO /10w

If you used Ids other than 400mA, you cen ceculate the
resgancevauesasfollows

R4 st to be kw
lilcofQla  Iylcof Qlb

RI=(+8V-V0SHV o Vi)l i=(+8V-V ) I,
R2=(Vds Vie)l1

R3=(+8V-Vds)/(Idst,)

R5=}5V-Vgd/l,

" Attention to Heat Radiation

In the layout design of the printed drcuit board (PCB) on
which the power FETs are atached, the heat radidtion to
minimize the device junction temperature should be teken
into account, since it Sgnificantly affects the MTTF and RF
performance. In any environment, the junction temperature
should be lower than the absolute maximum rating during
the device operaion and it is recommended thet the therma
design hasenough margin.

Specifications and information are subject to change without notice.
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The junction temperature can be cdculated by the following
formula

Tima=(V ds*1dS-Pog) (Rei+RiereRid) + T

Po: Output power

Ri: Thermd resi slance between channd and case
Rucad: Therma resstance of PCB

Ris Thermd ressance of heat Snk

Ta Ambient temperature

Timac Maximum junction temperature

Generdly, there are two ways of heat radigion. One is the
plated thru hole and the other isthe heet sink. Key pointswill
be illugrated in eech case bedow. Note that no messure
againg ogcillation is adopted in the figures. In the design of
circuit and layout, you should teke stabilizing into account if
NecesAY.

[Usng ThruHolgl

?Multiple plated thru holes are required directly below the
device

?The PCB is screwed on the mounting plate or the heat sink
to lower thetherma resigtance of the PCB.

?Lay out alarge ground pad area with multiple plated thru
holesaround pin 4 of thedevice

?The reguired matching and feedback circuit described in
the gpplication circuit examples should be connected to the
device, dthoughitisnot shown in thefigure beow.

f 3Plated Thru Hole
for 2.5 M achine Screws

f 5 Soldermask Keepout
f 0.3Plated Thru Holes
?/{/f 0.4 Plated Thru Holes

Grand Plane

Package Outlin

00 POoO0OQ0

@ asjo o

f 5 Soldermask

Kegou f 3Plated Thru Hole

for 2.5 M achine Screws

Technical Note
[UsngHeat Snk]

If you cannot get the junction temperature lower than the
absolute maximum rating only with the plated thru holes,
then you need to employ the heat Snk. Attaching the heet
snk directly under pin 4 of the device improves the thermal
resistance between junction and ambient.

f 3Plated Thru Hole
for 2.5 M achine Screws

f 5 Soldermask Keepout

; a f 0.4Plated Thru Holes
Heatsink 1 1/_

19285

(4-R0.3)
Grand Plane
Package Outline
Grand Plan f 3Plated Thru Hole
for 2.5 M achine Screws
f 5 Soldermask Keepout
[Note]

?Groundithermd vias are ariticd for the proper device
performance. Drills of the recommended diameters should
be usad in thefabrication of vies

?Add as much copper a s possible to inner and outer layers
near the part to ensure optimd thermal performance.
?Mounting screws can be added near the part to fagten the
board to heat Snk. Ensure thet the ground/thermal viaregion
contactsthe heet sink.

?Do not put solder mask on the backside of the PCB in the
region where the board contactsthe heet sink.

?RF trace width depends upon the PCB maerid and
condruction.

?Use 1 oz. Copper minimum.

Specifications and information are subject to change without notice.
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. . [Note]

Package Drawing The reflow prdfile is different from the one for Sh-Pb
45£01 plating.
16+0.15 If you use a soldering iron to dtach the devices plesse
0.2 beware of thefollowings
(1) Thetip of the iron should be grounded. Or you should
useanironthat isdectrodatic discharge proof.
(2) The temperature of the iron tip should be lower then

4 o 240°C and the soldering should be completed within 10

; X seconds

> |

042+006' +|; 0p 042006 142—:‘_%‘1_ -0.02 Generdly, GaAs devices are vary senstive to dectrogatic
T e discharge (ESD). To reduce the ESD damege, please pay
1 2 3 dtention to the followings The devices should be stored
th h h with the eectrodes short-circuited by conductive materias
1545008 1542008 The workgtation and tools should be grounded for sife
dissipation of the ddic charges in the environment. The
workpeople are to wear anti-datic dothing and wrigt strgps.
For safety reasons, resstance of 10Mw or o should exist

between workpeople and ground.

1;65MA2< " Attention to Moigture

—»Ble— A:067+0-0.1 The moisture sengtivity level (MSL) of PO120009P is 3,
! B: 045 which means that the “floor lif€’ is 168 hours below 30°C
' yY with rdlative humidity (Rh) of 60%.

 — T| 3| Ia The devices are uslly shipped in moistreresistant

(0.65) [ aduminalaminated packeges. After bresking the packages,
—%tE=—] l—--- (13401 they are to be stored under norma temperature and humidiity

T -0 (5-35°C, 45-75%), with no corrosve gases or dudt in the
— IEI environmertt. Assemble the devices within 168 hours after

A
A

40+ 025

" Las Marking

1,2,3: Lot No. bresking the package, or you have to bake them a 85°C for
* * P: Product Type 24 hours before assambling.

_ _ " Rdiability and Environmental | ssues
Convection Reflow Profile (Recommended) The detailed reliability information can be seen in Reliability

and Quality Assurance, which you can download from our

260+ 5°C website.

Cematiax \’ " Eudynds Yokohama Works where the devices are

- i manufactured, has been accredited 1S0-14001 since 1999.

P We control the toxic materias in our products in accordance
& with PRTR regulation.

o et e P " Lead and Fluoride

< <45 sec To redize Po-free products, Sn-Bi is used for the leed frame
Preheat:160°C plating. Any fluoride that has been determined by the
90 sec Montred agreement isnot used in the products.

300

N
3

;

8

Temperature (°C)

0 60 120 180 240
Time (sec)
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“ Caution burning, bresking or chemicd trestments
(3) In case you abandon the products, you should obey the
GaAsFET chips are used in PO120009P. For safety reasons, relaied laws and reguldions.
you should attend to the following metters
(1) Do not put the productsin your mouse.
(2) Do not make the products into gases or powders, by

Specifications and information are subject to change without notice. 2006-11
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» The information in this document is subject to change without notice. Please refer for the most
up-to-date information before you start design using Eudyna’s devices.

» Any part of this document may not be reproduced or copied.

» Eudyna does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from the use of Eudyna's products described in this
documents. No license, express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of Eudynaor others.

» Descriptions of circuits and other related information in this document are for illustrative purpose in the
examples of the device operation and application. Eudyna does not assume any responsibility for any
losses incurred by customers or third parties arising from the use of the circuits and other related
information in this document.

» Eudyna's semi-conductor device products are designed and manufactured for use in the standard
communication equipment. Customers that wish to use these products in applications not intended by
Eudyna must contact Eudyna’ sales representatives in advance.

» Generdly, it isimpossible to eliminate completely the defects in semi-conductor products, while Eudyna
has been continually improving the quality and reliability of the products. Eudyna does not assume any
responsibility for any lossesincurred by customers or third parties by or arising from the use of Eudyna's
semi-conductor products. Customers are to incorporate sufficient safety measures in the design such as
redundancy, fire-containment and anti-failure features.

Specifications and information are subject to change without notice. 2006-11

EudynaDevicesInc. 1,Kanai-cho, Sakae-ku, Yokohama, 244-0845 Japan
Phone: +81-45-853-8150 Fax : +81-45-853-8170 e-mail : www-sales-s@eudyna.com Web Site : www.eudyna.com
-13-



