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modulation function including differential amplifiers for the
baseband inputs, a 90° hybrid phase splitiar, hmiting LO
anﬁm.mbﬁumdnﬁmmnmmmmm
and an output HFmpIiﬁarwhlmmlﬂmansunbad.
Component matching, which can only ba accomplished
with monalithic construction, is used to full advantage fo
obtain excelient ampitude balance and high phase accu-
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adjusiment free operation I"L-' e

_'I'_ypln::al Applications
. Digital and Spread Spectrum Systems  * AM, SSB, DSB Modulation
. GMSK, QPSK, DQPSK, QAM Modulation = Image-Reject Upconver e
« GSM and D-AMPS Cellular Systems

product Description

The RF24(2 s a manalithic integrated universal medula-
tion system capable of generating modulated AM, PM, or
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with no external parts required to operata the parl as =

specified.
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Absolute Maximum Ratings

Paramater Rating Unit =
Bupely Vollage (Vo) 0.5 10 +7.5 Ve & ! .
Power Down Voflage -0.510 Vpg+ 0.4 Vi Ceutiont ESD sensiive device.
Input LO and AF Levals +6 dBm . oL i
Oparating Ambsant Tomparature -40 1o +85 *C :'fmu T pering ;m#m .
Storaga Tempersture -40 1o +150 1 S e e o o P ~
[ [E Specification ;
r -
Paramele in. Tvp. Max Unit
Carrier input
Frequancy Range E00 Lo 1000 MHz
ﬂ Power Lovel 310 46 dBm
Input VSWR 12:1
-1 Input Impadance 200-§200 i
= 1
s E Modulation Inpurt
2w Frequency Ranga DC 10 100 MHz
; z Relerence Vohags (Vigr) 201030 v
EE Modulation (IA0) Vaerpz2 v | & O signals jor OdBm outpul pomwss.
:3 Maximum Modutation (140 Vacp225 v In-pnass and guadrature signals.
—— Input Resistance 3000 0 oAl
OC Offsst 50 150 mv lsig-Ireer @nd Ogag-Orer o DC balance |
Ampluds Error Q) 0.2 d8 .l
Cuadrature Przse Emos =3 = From BODMHz ko TODOMHE. i
RF Output Voo =5V, LO Power=0dBm, LD )
Freq=200MHz, 858
Ot Power 0 dBm
Ouipadt Impedance 50 0
Output VSWR 1.5:1
Broadband Noise Floor -155 dBm/Hz
Sideband Supprassion 25 dB
Carrier Supnression 40 d8
Power Down
Tarm OOl Tima: <100 ns
PD Input Resistanca >1 ML
Powar Down “ON° Voo v
Powar Down "OFF 0 v
Power Supply
Voltags [ v
Jw55 v
05 2 mA
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The TD91428 is 2 highly efficient 3-slage power amplifier developed for handsets and
portzhie terminals operating in the AMPS cellular band (B24-849 MHz). The part is-
gesagned 1o require minimal external circuitry for maiching or bias, simplifying
gesign and keeping board space and cost 10 2 minimum. Access to each stage’s gale
and deain voltages is provided for maximym flexibility in selection of oulput power
control method, making outpul power vs. efficiency lradeolts, of fof implementing
| alteative biasing schemes. The amglifier is packaged in a space-efficient SOIC-16
plastic package with specially modified ceniral thermal tabs. These tabs provide
relianie oparation for the 1.4 Wall power outpul.

5 Electrical Specifications
Test Conditions: Voo = +4.8 V, Vg =~3.5 ¥, Ty= 25*C, Pre = 0 08m

Farameler (1] Min
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T091428 a3
-1
Opsrating Range v ‘35. .
Frequency Range Matched for cellular band B24 My |
Supply Voitage (Vo) | Oulput power varies 27 5.0 .0 5 e
wfsupply vollage PYs
Temperalure Measured at case -40 25 10 '““"‘*'
Eleclrical Characleristics
Test Conditions: Vop = +4.8 ¥, Veg==3.5 V, Py =0 dBm, B.W. = 30 KHz
Output Power 30.0 310
Efficiency 55 60 &
2nd Harmonic -35 i
3rd Harmionic -45 v
input Retum Loss 10 B
Power Control flange 25 =
SpuriousLevelsand | Pyy=-40t0+0 dBm -80 _
Stability () = i%
Rx Band Noise &1 -8
Gain (small signal) Py = -10 dBm 40 1
Negative Supply Current 2 5e :.: il
Ruggedness ! No Degradstion =
o ,?
i 1_

Motes: 1, Load VSWR set 1o 71 and e angle & varied 3607, ummﬂumm-ﬂmlﬂnﬂ

2. Nolse powar is mexsured in 30 KHz bandwicth al the ramsmil frequency plies 45

X, Burnout feshiog. Load sef 1 50 ohm, Ww;:mnwmmw
over B0 seconds. Load sef [0 50 ohms, mmsmwawmmp

from first measurEmant.
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Bias Circuit Description

The TOS1428 is tested with the bias stabilization circuit shown
ifi the test circuit schemalic above, This circuit accuralely sets
{he bias poin! for Ihe power amplifier and provides low
quiescent current and excellent efficiency at all operating
voitages and output powers. Output power may be controlled
by varying the supply voltage marked VeonroL- TriChuinl
recommends {his circit b2 incorporaled into designs 1o
provide the most prediclable periprmance and the most robus
performance in high-volume applications. The PNP Iransistor
may be a 2N3906 or equivaient. A small lootprint, dual PNP
transistor such a5 tne Rohm UMT 1N, may also be used. The
sacond PNP can be connecled as a diode 1o temperature
compensaie the bias circuil.

Typical Performance — Tuned for Vpp (nom) = 4.8V

Oulput Power & Efficiency vs.
Vpp vs. Frequency
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Typical Performance — Tuned for Vyp (nom) = 4.8V

$11 vs. Frequency
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Typical Performance — Tuned for Vpp (nom) = 5.8V

Output Power & Efficiency vs.
Vg vs. Frequency
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Typical Performance — Tuned for Vpp (nom) = 5.8 ¥

Power Oulput & Efficiency vs.

Vpa vs. Frequency
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pin Descriptions

Note: 1. GNOPws are: 2 4, 5.7, 10, 12,13, 15

1031428 Pinoul

1051428 — Simplified Schemallc

pPid Name L Pin # DE.‘:rr.""J'."rrjr.-
RF OUT 1,16 | Powsr amplifier output. Criica, un'sirr'rnh.
Ve 3 | Oulput-stage gate vollage. Requies 51 series e
Local bypass cap required.
HF IN 6 mmrumrmmummmmlnmum
Vor 8 First-stage gale voltage. Set Vg, = -1.5 V/of use bias stabilization
Vor g Input-stage supply voltage. Local bypass cap recommended. R
Use same voltage as Vps Of use bias stabilization circull.
Vez 11| Second-stage gale voltage. Local bypass cap required.
Vo 14 Second-stage drain voliage. Local bypass cap required. Use
GND (n Ground connection. It is very important lo place multiple via he
lo the pins. Provides thermal path for heat dissipalion and RF

RFOUT {1 e 16510
GND [1—)2 1510
VG3 13 i immn}

4 13
i 5 12| |
REIN I8 1HEo v
GND [T]7 10D €
Vel [1—8 g [ !




General Description

The TO91428 is a pallium arsenide (GaAs) pawer FET
amplifier, It has thres stages of gain and features 1 Wail outpul
power al 60% drain efficiency. It can opefale al supply voltapes
froen 4.8 (o 6.0 V. The device is optimized lor operation at
irequencies Irom B24 (o B49 MHz. The inpul is matched fo 50
ohms and a simple output match and bypassing completes the
mirima! exiarnal circuitry required lor normal operation. The
putput match and all gale and drain voltages are accessible,
allowing the device 1o be optimized for Vpg, oulput power and
eliciency.

Tha T021428 1s packaged ina low-cost SOIC-16 package wilh
thermal tzbs. I is oplimized for use as Lhe lransmil amplilisr in
analog cellular (AMPS) phones and for Cellular Digital Packet
Data (COPD) wide-area network (WAN) applications, 115 high
glficiency, high output power and ease of use maka Lhe
091428 an excellent solution for RF sysiem designers with
light time-to-marke{ and cosl iequirements,

Gale Biasing

Anegative vollage is required 1o bias the TO91428 Power
Amptifier properly. This is usually generated from the batiery
voltage with a commercially available charge pump IC, such 2
the Hartis T660 or one of the Maxim 850 series Negalive
Supply Generalor ICs. A simple resislive voltage divider can be
medllnmom.m the gate voltages for each slage, but the most
cons:sianl operation of the amplifier will be obtained by using
the active bias cifcuil shown in the Test Circuil Schematic. The
Iollowing table pives the approximale values of gale voltage for
e 1031423 al 4.8 Volis and 5.8 Volts. The specific values
Fequired lor optimum perlormance vary slightly due to
bricalion Ioferances in FET pinch-oif vollage. The active bias
Gioui ovefcomes these small varialions and provides the
edremely tepeatavle performance and opefation needed for
bigh-volume odoction :

L]
i)

Tostazp

Fﬂfﬂﬁﬂmw‘ i, __.__._.r.
monotonically but grnsgrig .

positive. Efficiency tends to riss
with more posilive gala voltage. Ses the Paur
Vga plois al each supply ww et

Quiescent current, the total drain current
orive, also lends fo increase with more
and mu.. be considered when selecting ‘oplimum” g
scheimalic does an excellent job of coniralling

currenl wilh variations in FET pinch-ofl voltage.

As with all GaAs power FETs, it is imperalive fo en
gale bias is presen before applying the drain
the galz control, the drain current will riss
which is polentialfy destructive to power F !
designed to operate at 20% Lo 50% of lnss, This is usua
more of a problem In a lab lest environment, bul it s 2 pox
idea lo provide saleguards in the circuil design fo mit
risk Inat Vpg i appled for any significant fength ol |
without Vgg applied. PR

Ouvlput Match
For maximum output power and efficiency,
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Pin Dascriplions
3 S Descriplion
RF OUT 116 | Power amplifier output. Critical, bul simple, matching circuit req
Yes 3 numu:mnammmmmmmsmmnwﬁ”
Local bypass cap required.
REM 5| Power ampiier input, Malched lo 50 ohms. Inierral OC block.
Ve 8 Firsi-stage gale vollage, Sel Var = -1.5 Y of Use bias stabilization i
Vi g Input-slage supply voltage. Local bypass cap recommendad.
Use same voltage as Yoy O use bias stabilization circuit.
Vi 1 Secony-stage gale voltage. Local bypass cap required.
Vo 14 Serond-stage drain voltage. Local bypass cap required. Uise same y
GND I Ground connection. It is very important o place multiple via holes im
o the pins. Provides thermal path for heat dissipation and R groundin

Nowe. 1.GRI s are: 24, 5 7, 10,12, 13, 15,

TQ9142B Pinout

1031428 — Simplified Schemalic

RFOUT OT—|1 e 16[=11 RFOUT
GND [1—]2 1511 GND
V63 |3 1M Vb2
GND 4 it GHD

5 12
RFIN [T—|6 1[0 ve?
GND [T17 1011 GND
ve1 08 9 [T VD1




General Description

The 091428 is a galliurm arsenide (GaAS) power FET
amplifer I has thvee stages of gain and fealures 1 Walt ouiput
power al 0% drain efficiency. It can operate al supply vollages
hom 4.8 10 6.0 V. The device IS optimized lor operalion al
Irequencies from 24 {0 849 MHz. The input is malched to 50
ghms and 2 simple output maich and bypassing compleles the
minimal external circullry required for normal operation. The
putput match and all gaie and drain voltapes are accessible,
allowing ihe device 1o be optimized 0 Vpp. output power and

efficiency.

The TO9142B is packaned in a low-cosl SOIC-16 package wilh
tnermal tabs, I is optimized lor use as the ransmit amplifier in
analog cellular (AMPS) phones and for Cellular Digital Packe!
Data (COPD) wide-area neiwork (WAN) applications. lls high
effiziency, high outpul powar and e2se of use maks the
1091428 an excellent solution for RF system gesigners wilh
tight lime-to-market and cost requirements

Gaie Biasing

A negalive voltage s required to bias the T091428 Power
Asnplifier property. This is usually generaled fiom the balisry
voitage with a commercially available charge pump IC, such as
the Harris 7660 of one of the Maxim B850 series Negative
Supply Generalor 1Cs. A simple resistive voltape divider can be
used 1o produce the pate voltages for each stage, but the most
consistent operation of the amplifier will be oblained by using
ihe active bias circuit shown in the Test Circuit Schematic. The
Ioliowing table gives the approximate vatues of gale vollage for
he TO31428 af 4 8 Violts and 5.8 Volis. Tne specilic values
required for optimum performance vary slightly dueto
tabricafion folerances in FET pinch-ofi vollage. The aclive bias
circul overcomes hess small variations and provides the
extremely repeatable perlormance and operation needed for

Vo |13V 1

T4

For a fixed output maiching netwo
monotonically bulgracually as
posilive. Efficiency tends la rise e
wilh mote positive gate voltage. See the
Vg2 plots at each supply voltage.

Quiescent current, the total drain current
drive, also lends o increase with more
and must be considered when selecting ‘o
voltages. The bias stabilization circuil used
schemalic does an excellent job of controlling
current with variations in FET pinch-off vo

As with all GaAs power FETs, it is imperative o
gale bias is presenl belore applying the drain vo
the gate control, the drain current will r I
which is potentially destructive 1o powes FETS which
designed to operale al 20% to 50% of Ipss. This
more of a problem in a lab test environment,

icea to provide saleguarcs in the circuit design
risk thal Vg is applied fo any significant let
I’l’imvﬁmlﬁi
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Tne basic output network for the TD91428, (and for mos| GaAs
FET power ampliliers). consists ol a series inductor loliowed
by a shunt capacilor. An RF choke for bringing the oulput slage
supply voltage and a DC blocking capacilor are also necded.

The series inductance can be realized using a series
transmission ling o 3 combination ol a series lransmission
line with a lumped elemant inductor. The ransmission line
characierislic impedance should be keptat 50 £

The preferred topology for the outpul match is shown in the

faliowing figures far bolh the transmission line approach and
the combination transmission line/lumped induclor approach,

Output Mateh Topalogy - Transmission Line

s 4.6V 858V
Lina Length 355 mils
Cowr | 82pF | 68pF

Output Match Topology - Lumped Induetance

......

Please note that the value shown in the
includes the equivalent inductance ol
connecling the power amplifier to the induck
transmission line connecting the inductor 1o the s
capacitor. Since these lines vary significantly fn
layout, no attempt has been made here to estin
approximate value of the physical lumped inductor, !
standard values of lumped inductors that are lower tanthe
required values are 22 nH and 1.8 nH, The connesting.
transmission lines must be kept fairly short since lumped
inductors with values of less than 1.2 nH are not availablein
msm. L R (AU

Power Control )
The best melhod of power control for the TO31428 i lo vary
V. I i5 2150 possible to vary any of the gate vollagesto.
achieve Ihe same resull, but the bias stabilization cifcuit shown
in the Test Schematic works best if VD2 s the control vd

Power Down Function
To achieve minimum cument le2kage in stan |
silicon PMOS switching FET (PFET), suchas
Si2947, can be used in series with the supg
Vsruma (active high) is applied to
switch is turned off and onlya few
will flow. When Vstauoay = [, the swi et
is applied to the puwnrumllﬂu,T ically,

the supply voltage by 0.1 o 02V,

are 3 ps and 13 ps, respectively. :




Typical Application Circuit

Absoluie Maximum Ralings

Farameler
DC Power Supply
DC Gale Voliage
'RF Input Power 3
Stovage Tmﬁﬂ&
Operating Temperalure (g







