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GSM/DCS/PCS power amplifier

CGY2015

FEATURES

« 3.5V nominal supply voltage

« Efficiency: 55% in GSM band and 42% in DCS band
* Wide operating temperature range —20 to +85 °C

« HVQFN16 exposed die pad package.

APPLICATIONS

e Dual band system:

— Low Band (LB) from 880 to 915 MHz hand held
transceivers for Extended GSM (E-GSM)

— HighBand (HB) from 1710 to 1785 MHz for DCS and

from 1710 to 1910 MHz for DCS/PCS.

e Multi-mode systems: General Packet Radio Service
(GPRS) class 1 up to GPRS class 12.

ORDERING INFORMATION

GENERAL DESCRIPTION

The CGY2015 is a dual GaAs Monolithic Microwave
Integrated Circuit (MMIC) Power Amplifier (PA). On the
same die, one PA is intended for Global System for Mobile
communication (GSM), the second PA is intended for
Digital Cellular System (DCS) and for Personal
Communications Services (PCS).

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
CGY2015HN HVQFN16 plastic, thermal enhanced very thin quad flat package; no leads; SOT629-1
16 terminals; body 4 x 4 x 0.85 mm
BLOCK DIAGRAM
Vbb1(LB) VDD2(LB)
8 7
RFlLB ——>—|9 >—E B, RFONDD3(LB)
10
— Ro(LB)
= VGG(LB)
n.c. —=12 CGY2015HN
VGG(HB)
— RG(HB)
4 15, 16
RFipg —4>—E>—E — RFONpp3(HB)
S 6 FCA094
Vbb1(HB) VDD2(HB)
The die pad must be connected to ground.
Fig.1 Block diagram.
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GSM/DCS/PCS power amplifier CGY2015
PINNING
SYMBOL PIN DESCRIPTION
n.c. 1 not connected
Vee(HB) 2 DCS/PCS power amplifier gates
Ra(HB) 3 DCS/PCS power amplifier gates through a resistor
RFlqs 4 DCS/PCS power amplifier input
VbD1(HB) 5 DCS/PCS first stage supply voltage
Vbp2(HB) 6 DCS/PCS second stage supply voltage
Vbp2(LB) 7 GSM second stage supply voltage
Vbp1(LB) 8 GSM first stage supply voltage
RFl g 9 GSM power amplifier input
:)) 10 GSM power amplifier gates through a resistor
VGa(LB) 11 GSM power amplifier gates
n.c. 12 not connected
RFO/Vpp3(Lp) 13 GSM PA output and third stage supply voltage
RFO/Vpp3(Lg) 14 GSM PA output and third stage supply voltage
RFO/Vpp3(Hg) 15 DCS/PCS PA output and third stage supply voltage
RFO/Vpp3a(Hg) 16 DCS/PCS PA output and third stage supply voltage
die pad ground
[s2) [s2) [s2) [s2]
[a)] (&) [a] (&)
[a] [a)] o [a]
z 0z 0z 2
o o o ©
(TR L [T (TR
24 o o 24
R )
\_J \_J \_J \_J
nc. [10 {i2]nc.
VGG(HB) [ 22 (i1} Veoe)
CGY2015HN
Re(HB) 32 (10 Re(Lp)
RFlyg [42) (9| RFILg
IR ) ) IR
Il 1ol I~1 1ol
11 11 11 11 FCA325
m @ @ @
z £ g =
a 8 &8 2
£ £ £ 2
Fig.2 Pin configuration (top view).
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FUNCTIONAL DESCRIPTION Power amplifier

Operating conditions The GSM and DCS/PCS power amplifiers consist of three
cascaded gain stages with an open-drain configuration.
Each drain has to be DC supplied through an adequate

reactive circuit.

The CGY2015 is designed to meet the European
Telecommunication Standards Institute (ETSI)
specification “ETS 300 577"

Control
VDD1(LB) RFONpp3(HB) RFO B
REACTIVE 8 15,16 RFO
circurT | VDD1(HB) RFONpp3(LB) HE power control
covaoisHn REACTIVE T T H
Vor RFl g 0 6 VDD2(HB) CIRCUIT |\, . |
| | battery
1st stage RFlHe 4 7 VDD2(LB) VD23 | I ;
Suppy_ o 11 2 | | I A
[ | VGG (LB) VGG(HB) I, L4
|
I | RGG(LB) H [] RGG(HB)
| I 220 Q 470 Q
| 28V
I T I VG(LB) VG(HB)
I Vi | [ T
L 1 | |
| |
band select I :
: Frr :
! Jﬁ L, ] J» !
I ’ I
I I
el [ L]
negative pulse e
generator | T+ |
| |
| Fcaze9
Fig.3 Control principle.
Table 1 Operating mode
VOLTAGE STANDBY GSM DCS/PCS
Vb1 oV 2.8V 2.8V
Vb23 oV 0V to Vgar 0V to Vpar
Vas) oV oV <-15V
Vo(HB) oV <15V oV

The output power is controlled by Vpos.

The band select switches off the non active PA.

The value of Rgg(e) and RggHe) have been optimized for the low power efficiency.

This principle can be implemented with the Philips companion chip UBA1711 or with a discrete control circuit (see

Fig.19).
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LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Vp supply voltage pins 5 to 8 and - 5.2 \%
13t0 16
Timax) maximum operating junction - 150 °C
temperature
Piot total continuous power dissipation - 2 W
P; input power note 1 - 10 dBm
Tstg storage temperature -55 +150 °C
Note

1. For GSM PA or for DCS/PCS PA.

HANDLING
Do not operate or store near strong electrostatic fields.

Mets class 0 ESD test requirements Human Body Model (HBM), in accordance with “EIA/JESD22-A114-A”
(October 1997) and class A ESD test requirements Machine Model (MM), in accordance with “EIA/JESD22-A115-A"
(October 1997).

THERMAL CHARACTERISTICS

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Ritn(-a) thermal resistance from junction to ambient note 1 30 K/W

Note
1. Infree air, under operating conditions, on Philips evaluation board (see Fig.16).
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DC CHARACTERISTICS
Vp1 = 2.8 V; Tamp = 25 °C; peak current value during burst; measured and guaranteed on Philips evaluation board (see
Fig.16); unless otherwise specified.

SYMBOL PARAMETER CONDITIONS TYP. MAX. UNIT
Ipp(LB) GSM positive peak supply Piwe) =5dBm; Vpp3 =35V, 1.6 - A
current VG(LB) =0V, VG(HB) <-15V
Ipp(HB) DCS/PCS positive peak supply | PiHg) =5 dBm; Vpo3 = 3.5V, 1.2 - A
current Veme) =0 V; Vg £-1.5V
IpD(Ip)(LB) GSM low power positive Piws) = 5 dBm; V3 adjusted for 200 300 mA
supply current Pows) = 15 dBm; Ve =0V,
VeHe) < -15V
IpD(Ip)(HB) DCS/PCS low power positive | Ping) = 5 dBm; Vpo3 adjusted for 200 300 mA
supply current Poe) = 15 dBm; Vgre) =0V,
Vg(LB) <-15V
lea(Lp) GSM negative gate current Pire) = 5 dBm; Vpaz = 2.8 V, 0.8 2 mA
Veme) =0 V; Vge) = -2.1V; note 1
lcGHB) DCS/PCS negative gate Piwe) =5 dBm; Vpp3 = 2.8V, 0.8 2 mA
current Vge) =0V, Vgne) = —2.1V; note 1
Note

1. See Section “Power control” for more details.

AC CHARACTERISTICS (LOW BAND PA)
Vp23 =3.5V,; Vp1 = 2.8V, Tamp = 25 °C; frr = 880 to 915 MHz (GSM operation); P g) =5 dBm; Vgug) =0V,
Vene) < —1.5 V; measured and guaranteed on Philips evaluation board (see Fig.16); unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Po(LB)(max) maximum output power 34.5 35 - dBm
NLe efficiency 50 55 - %
PowLB)(off) output power in standby | Vp1 =Vp23=0V; Vge) and - -30 - dBm

mode Vg(ng) in high-impedance
Po(LB)(min) minimum output power Vp2z =0V, - -5 - dBm
NRrx(LB) output noise in RX band | fgg =925 to 935 MHz - - -117 dBm/Hz
fre = 935 to 960 MHz - - -129 dBm/Hz
H2. g second harmonic level - -45 -40 dBc
H3.8 third harmonic level - -45 -40 dBc
Stab, g stability note 1 - - -60 dBc
ruggedness output VSWR = 10 : 1 for all - note2 |-
phases angles

Notes

1. The device is adjusted to provide nominal load power into a 50 Q load. The device is switched off and a 3 : 1 load
replaces the 50 Q load. The device is switched on and the phase of the 3 : 1 load is varied 360 electrical degrees
during a 60 seconds test period.

2. No circuit damage or performance degradation.
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FCA270 FCA273
36 60
Po(LB)(max) LB - )
(dBm) (%) |_— (2)
355 — | — 55 — 1
' | ©)
6)
35 50
345 45
34 40
880 890 900 910 920 880 890 900 910 920
fRF (MHZ) fRF (MHZ)

(1) Tamp = 85 °C.
(2) Tamp = 25 °C.
(3) Tamp =20 °C.

Fig.4 Maximum output power as a function of

(1) Tamp =85 °C.
(2) Tamb =25 °C.
(3) Tamp = -20 °C.

frequency. Fig.5 Efficiency as a function of frequency.
FCA271 FCA274
-35 -35
H2 g H3 g
(dBe) (dBc)
-45 / -45
|~ — Q| @
@ | @ / R ¥
55 % 55
®
-65 -65
880 890 900 910 920 880 890 900 910 920
fRF (MHZ) fRF (MHZ)

(1) Tamp = 85 °C.
(2) Tamp = 25 °C.
(3) Tamp =20 °C.

Fig.6 Second harmonic level as a function of
frequency.

(1) Tamp = 85 °C.
(2) Tamp = 25 °C.
(3) Tamp =20 °C.

Fig.7 Third harmonic level as a function of

frequency.
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2000 Feazrz 5 FCA275
IDD(LB) Po(LB)
™ / (@Bm) @)
1600 5 35 - ) e
i =T Y
,
@ |
1200 25
()
/
800 15 //
400 "4 5 I
.——&/
0 ~
0 10 20 30 40 s 0 1 2 3 4
PO(LB) (dBm) Vp23 )
(1) Tamp = 85 °C. (1) Tamp=85°C.
(2) Tamp=25°C. (2) Tamp=25°C.
(3) Tamp=-20°C. () Tamp=-20°C.
Fig.8 Positive peak supply current as a function of Fig.9 Output power as a function of supply
output power. voltage.
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AC CHARACTERISTICS (HIGH BAND PA)
Vp2o3=3.5V;Vp1 =28V, Tamp =25 °C; Pi(HB) =5dBm; Vgug =0V, Vg g <-1.5V; frgg =1710 to 1785 MHz (for DCS
operation) or frr = 1710 to 1910 MHz (for DCS/PCS operation); measured and guaranteed on Philips evaluation board
(see Fig.16); unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Po(HB)(max) maximum output power fre =1710to 1785 MHz 32 325 - dBm
fre=1710t0 1910 MHz |- 32 - dBm
NHB) efficiency fre=1710to 1785 MHz 38 42 - %
fre=1710t0 1910 MHz |- 38 - %
Po(HB)(off) output power in standby Vp1 =Vpp3 =0V; Vg gand | - -30 - dBm
mode Vsus in high impedance
P o(HB)(min) minimum output power Vp3 =0V - -5 - dBm
NRx(HB) output noise in RX band - - -121 dBm/Hz
OHB HB isolation when LB is note 1 - 5 - dBm
operating
H2ug second harmonic level fre =1710to 1785 MHz - -45 -40 dBc
fre=1710t0 1910 MHz |- - =35 dBc
H3us third harmonic level fre=1710to 1785 MHz - -45 -40 dBc
fre=1710t0 1910 MHz |- - =35 dBc
Stabpg stability note 2 - - -60 dBc
ruggedness frp = 1710 to 1910 MHz; |- note3 |-
output VSWR = 10: 1 for
all phases angles
Notes

1. Isolation can be improved to —15 dBm (typical value) with a pin diode switched in the HB output matching.

2. The device is adjusted to provide nominal load power into a 50 Q load. The device is switched off and a 3 : 1 load
replaces the 50 Q load. The device is switched on and the phase of the 3 : 1 load is varied 360 electrical degrees
during a 60 seconds test period.

3. No circuit damage or performance degradation.
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FCA276 FCA279
335 50
Po(HB)(max) NHB
(dem) & (%) — g
— ™~ 45
T
— —@ | @
325 [~ 1
40
— @
a0 Tl
\\
35
315
31 30
1710 1725 1740 1755 1770 1785 1710 1725 1740 1755 1770 1785
frRE (MH2) frRE (MH2)

(1) Tamp =85 °C.
(2) Tamb =25 °C.
(3) Tamp =20 °C.

Fig.10 Maximum output power as a function of

(1) Tamp = 85 °C.
(2) Tamp = 25 °C.
(3) Tamp =20 °C.

frequency. Fig.11 Efficiency as a function of frequency.
FCA277 FCA280
-35 -35
H2hB H3pp
(dBc) (dBc)
(1) /’—
-45 -45
10 —
3 @
o] T @ |1
// |
-55 -55 @ | —
—
//
/
-65 -65
1710 1725 1740 1755 1770 1785 1710 1725 1740 1755 1770 1785
fRF (MHZ) fRF (MHZ)

(1) Tamp =85 °C.
(2) Tamb = 25 °C.
(3) Tamp =20 °C.

Fig.12 Second harmonic level as a function of
frequency.

(1) Tamp = 85 °C.
(2) Tamb = 25 °C.
(3) Tamp =20 °C.

Fig.13 Third harmonic level as a function of
frequency.
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1600 Feazrs 35 FCA281
'DD(HE) Po(HB) @ | @ =
(mA) (dBm)
J (1)
1200 25
800 / 15 /
@ © l
400
0 ° I
L !
0 _
0 10 20 30 40 50 1 3 4
Po(HB) (dBm) Vp23 V)

(1) Tamp =85 °C.
(2) Tamb =25 °C.
(3) Tamp =20 °C.

Fig.14 Positive peak supply current as a function of

output power.

(1) Tamp =85 °C.
(2) Tamb =25 °C.
(3) Tamp =-20 °C.

Fig.15 Output power as a function of supply

voltage.
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Component type: R are 0402 Philips, C are 0402 Philips.

Transmission lines; see Table 2.

(1) C=2.2pF for DCS/PCS; C = 2.7 pF for DCS only.

(2) Not to be connected.

TRL4 TRL5 é
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Fig.16 Schematic of Philips evaluation board (RF part).
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Table 2 Transmission lines (substrate thickness is 400 pum)

TRANSMISSION LINE WIDTH (um) LENGTH (mm)
TRL1 400 1.6
TRL2 400 16.5
TRL3 400 17
TRL4 700 1.9
TRL5 700 11
TRL6 800 0.8
TRL7 400 16.5
TRL8 400 1.6
TRL9 400 2.0
TRL10 400 1.6
TRL11 150 6.4
TRL12 200 3.2
TRL13 300 1.9
TRL14 150 10.8
TRL15 150 3.5
TRL16 150 3.8

2002 Mar 12
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To|be removed

To be removed

@) ¢ = 2.2 pF for DCS/PCS
C = 2.7 pF for DCS

FCA283

Fig.17 PCB layout of Philips evaluation board (RF part).
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Power control

One solution for power control of the CGY2015
implements the Philips companion chip UBA1711. This
device is designed to operate with dual band GaAs
FET PA, especially when 50% duty cycle is applied
because of:

« Its optimal thermal resistance (typical 30 K/W)

« lIts optimized negative voltage generator which ensures
4 TX operation. The maximum value for Ig
(see Chapter “DC characteristics”) is low enough to
guarantee a negative voltage (<-1.5 V) in these
conditions.

Another solution for power control of the CGY2015 uses
discrete components (see Fig.19). This solution has been
designed to meet 1 TX operation.

These solutions need external signals:
* Vgat: power supply voltage (3.6 V)

* DCS/GSM: selects the band: DCS operation if the level
is HIGH and GSM operation if the level is LOW (TLL
levels)

* Vet 2.8 V reference voltage (only needed for the
solution with discrete components)

* Vonioff: €nables PA supply (TTL levels)

* Vyi: controls the voltage on second and third stages and
then the output power.

Voltage
)
V
on/off
HIGH |- — —
V
28V|m——t bt
Vetrl
LOW I
0
-1.5V
_/—
—] typical Vg on PA off
time (t)

1to 4 slots TX (with UBA1711)
1 slot TX (with discrete components)

FCA284

Fig.18 Timing diagram.
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470 kQ 1
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2.2k ; 100 nF
v 2.2kQ _r\( 220
ref «—L_F— :l BC847BPN = pF
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10kQ 47 J-10 nF
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PUMH4 f] 2.2kQ [I] 2.2kQ
= 470 Q
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== 224F ; 10nF
H 2.2kQ I J,,_ —=22yF 2
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ez d
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Fig.19 Power control part for Philips evaluation board.
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PACKAGE OUTLINE
HVQFN16: plastic thermal enhanced very thin quad flat package; no leads;
16 terminals; body 4 x 4 x 0.85 mm SOT629-1
«————p—————»p{B]
|
|
terminal 1 —— ! T
index area A
| o
L N L 0o
| ¥ ¥
i
|
|
- [
~| [e] = b $lv@lcla[B]  [/Pafcl~ [EEd
|
* 5 | T 8 @ w M| C
1 U U
U
* |
A ; e
( ) | =
B et
D ‘ (-
1/2
\ |
| —
L | (=
|
terminal 1 —
index area W ﬂ ‘ ﬂ r
16 ‘ 13
‘<7Dh4>‘
0 2.5 5mm
| | I | J
scale
DIMENSIONS (mm are the original dimensions)
AD)
UNIT| | AL b c | o®| b, | E®| Ep e e1 | e L v | w y y1
0.05 | 0.40 405 | 2.25| 4.05| 2.25 0.75
mM 1000 | 0.23] 92 | 395 1.95| 395 | 1.05 | %65 | 1.95| 1.95| 535 | 01 10.05 1005 | 0.1
Note
1. Plastic or metal protrusions of 0.075 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC JEITA PROJECTION
SOT629-1 MO-220 --- = @ PO
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SOLDERING
Introduction to soldering surface mount packages

This text gives a very brief insight to a complex technology.
A more in-depth account of soldering ICs can be found in
our “Data Handbook IC26; Integrated Circuit Packages”
(document order number 9398 652 90011).

There is no soldering method that is ideal for all surface
mount IC packages. Wave soldering can still be used for
certain surface mount ICs, but it is not suitable for fine pitch
SMDs. In these situations reflow soldering is
recommended.

Reflow soldering

Reflow soldering requires solder paste (a suspension of
fine solder particles, flux and binding agent) to be applied
to the printed-circuit board by screen printing, stencilling or
pressure-syringe dispensing before package placement.

Several methods exist for reflowing; for example,
convection or convection/infrared heating in a conveyor
type oven. Throughput times (preheating, soldering and
cooling) vary between 100 and 200 seconds depending
on heating method.

Typical reflow peak temperatures range from

215 to 250 °C. The top-surface temperature of the
packages should preferable be kept below 220 °C for
thick/large packages, and below 235 °C for small/thin
packages.

Wave soldering

Conventional single wave soldering is not recommended
for surface mount devices (SMDs) or printed-circuit boards
with a high component density, as solder bridging and
non-wetting can present major problems.

To overcome these problems the double-wave soldering
method was specifically developed.

If wave soldering is used the following conditions must be
observed for optimal results:

2002 Mar 12
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« Use a double-wave soldering method comprising a
turbulent wave with high upward pressure followed by a
smooth laminar wave.

« For packages with leads on two sides and a pitch (e):

larger than or equal to 1.27 mm, the footprint
longitudinal axis is preferred to be parallel to the
transport direction of the printed-circuit board,;

smaller than 1.27 mm, the footprint longitudinal axis
must be parallel to the transport direction of the
printed-circuit board.

The footprint must incorporate solder thieves at the
downstream end.

« For packages with leads on four sides, the footprint must
be placed at a 45° angle to the transport direction of the
printed-circuit board. The footprint must incorporate
solder thieves downstream and at the side corners.

During placement and before soldering, the package must
be fixed with a droplet of adhesive. The adhesive can be
applied by screen printing, pin transfer or syringe
dispensing. The package can be soldered after the
adhesive is cured.

Typical dwell time is 4 seconds at 250 °C.
A mildly-activated flux will eliminate the need for removal
of corrosive residues in most applications.

Manual soldering

Fix the component by first soldering two
diagonally-opposite end leads. Use a low voltage (24 V or
less) soldering iron applied to the flat part of the lead.
Contact time must be limited to 10 seconds at up to

300 °C.

When using a dedicated tool, all other leads can be
soldered in one operation within 2 to 5 seconds between
270 and 320 °C.



Philips Semiconductors Preliminary specification

GSM/DCS/PCS power amplifier CGY2015

Suitability of surface mount IC packages for wave and reflow soldering methods

SOLDERING METHOD
PACKAGE
WAVE REFLOW@

BGA, HBGA, LFBGA, SQFP, TFBGA not suitable suitable

HBCC, HLQFP, HSQFP, HSOP, HTQFP, HTSSOP, HVQFN, SMS not suitable(? suitable

PLCC®), SO, SOJ suitable suitable

LQFP, QFP, TQFP not recommended®®) | suitable

SSOP, TSSOP, VSO not recommended® | suitable

Notes

1. All surface mount (SMD) packages are moisture sensitive. Depending upon the moisture content, the maximum

temperature (with respect to time) and body size of the package, there is a risk that internal or external package
cracks may occur due to vaporization of the moisture in them (the so called popcorn effect). For details, refer to the
Drypack information in the “Data Handbook IC26; Integrated Circuit Packages,; Section: Packing Methods”.

These packages are not suitable for wave soldering. On versions with the heatsink on the bottom side, the solder
cannot penetrate between the printed-circuit board and the heatsink. On versions with the heatsink on the top side,
the solder might be deposited on the heatsink surface.

If wave soldering is considered, then the package must be placed at a 45° angle to the solder wave direction.
The package footprint must incorporate solder thieves downstream and at the side corners.

Wave soldering is only suitable for LQFP, TQFP and QFP packages with a pitch (e) equal to or larger than 0.8 mm;
it is definitely not suitable for packages with a pitch (e) equal to or smaller than 0.65 mm.

Wave soldering is only suitable for SSOP and TSSOP packages with a pitch (e) equal to or larger than 0.65 mm; it is
definitely not suitable for packages with a pitch (e) equal to or smaller than 0.5 mm.
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DATA SHEET STATUS

PRODUCT

1)
DATA SHEET STATUS STATUS®)

DEFINITIONS

Objective data Development

This data sheet contains data from the objective specification for product
development. Philips Semiconductors reserves the right to change the
specification in any manner without notice.

Preliminary data Qualification

product.

This data sheet contains data from the preliminary specification.
Supplementary data will be published at a later date. Philips
Semiconductors reserves the right to change the specification without
notice, in order to improve the design and supply the best possible

Product data Production

This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at any time in order
to improve the design, manufacturing and supply. Changes will be
communicated according to the Customer Product/Process Change
Notification (CPCN) procedure SNW-SQ-650A.

Notes

1. Please consult the most recently issued data sheet before initiating or completing a design.

2. The product status of the device(s) described in this data sheet may have changed since this data sheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

DEFINITIONS

Short-form specification [0 The data in a short-form
specification is extracted from a full data sheet with the
same type number and title. For detailed information see
the relevant data sheet or data handbook.

Limiting values definition [ Limiting values given are in
accordance with the Absolute Maximum Rating System
(IEC 60134). Stress above one or more of the limiting
values may cause permanent damage to the device.
These are stress ratings only and operation of the device
at these or at any other conditions above those given in the
Characteristics sections of the specification is not implied.
Exposure to limiting values for extended periods may
affect device reliability.

Application information [0 Applications that are
described herein for any of these products are for
illustrative purposes only. Philips Semiconductors make
no representation or warranty that such applications will be
suitable for the specified use without further testing or
modification.
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DISCLAIMERS

Life support applications O These products are not
designed for use in life support appliances, devices, or
systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips
Semiconductors customers using or selling these products
for use in such applications do so at their own risk and
agree to fully indemnify Philips Semiconductors for any
damages resulting from such application.

Right to make changes [ Philips Semiconductors
reserves the right to make changes, without notice, in the
products, including circuits, standard cells, and/or
software, described or contained herein in order to
improve design and/or performance. Philips
Semiconductors assumes no responsibility or liability for
the use of any of these products, conveys no licence or title
under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that
these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified.
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Philips Semiconductors — a worldwide company

Contact information

For additional information please visit http://www.semiconductors.philips.com . Fax: +31 40 27 24825
For sales offices addresses send e-mail to: sales.addresses@www.semiconductors.philips.com
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