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on : 1.0~ Vcc
off : 0~ 0.4

on : 1.6~ Vcc
off : 0~ 0.4

on : 1.6~ Vcc
off : 0~ 0.4

on : 2.2~ Vcc
off : 0~ 0.8

��� �
on : 2.2~ Vcc
off : 0~ 0.8

Power Save
Voltage [V]

3.43.03.86.0103.5Icc [mA]

0.900.950.800.851.31.3NF [dB]

19172018.52718.5Gain [dB]

202018101416R.L.out [dB]

8
( C:4, L:3, R:1 )

5
( C:4, L:1 )

9
( C:5, L:3, R:1 )

5
( C:4, L:1 )

6
( C:4, L:2 )

9
( C:5, L:3, R:1 )

External
Components

DS: Jan ‘07MPMPMPMPMPStatus

6pinL2MM
( 1.5*1.1*0.55 )

-10

10

1.7~2.7~3.3

Low Noise
High Gain
Low Current
1.8V VCC

High Return Loss 

SiGe:C

uPC8233TK

6pinL2MM
( 1.5*1.1*0.55 )

-12

7.5

2.7~3.0~3.3

Low Current

SiGe

uPC8211TK

8pinL2MM
( 2.0*2.0*0.5 )

-15

7

2.7~3.0~3.3

High Gain
High Integration

SiGe

uPC8215TU

8pinL2MM
( 2.0*2.0*0.5 )

-5

11

2.7~3.0~3.3

Low Noise
Low Distortion
High Return Loss
High Integration

SiGe:C

uPC8230TU

6pinL2MM
( 1.5*1.1*0.55 )

-10

10

2.7~3.0~3.3

Low Noise
High Gain
Low Current
High Return Loss
Frequency Tunable

SiGe:C

uPC8231TK

6pinTSON
( 1.5*1.5*0.37 )

-8

16

2.7~3.0~3.3

Low Noise
Low Current
High Return Loss
High Integration
Thin Package

SiGe:C

uPC8232T5N

Features

Process

Supply
Voltage [V]

IIP3 [dBm]

R.L.in [dB]

Package
(mm3)

P/N
New!!New!!
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(@ f=1.575GHz)

New!!New!!New!!New!! In Development
In Development
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Now in MP
Evaluation Boards 
Available

��������������	
���
���������������	
���
���������������	
���
�

��� ���� �

��� ���� �

��� ���� �

Process technology
���� SiGe:C HBT Process (UHS4)

Application
���� GPS LNA for Mobile Communications

Features
���� Low Noise, Low Current , High Return Loss

���� NF���� 0.95dB,  ���� Gain ���� 17.0dB,  ���� IIP3���� -8dBm 
���� Input Return Loss (S11) ���� 16dB
���� Output Return Loss (S22) ���� 18dB
���� Icc=3mA   (@Vcc=3V, f=1.575GHz)

���� Built-in Power Save function
(VPSon :1.6V ��� � Vcc , VPSoff :0 ��� � 0.4V)

���� Very robust Bandgap Regulator on chip
Minimal variation for Vcc = 2.7V – 3.3V                                           
Minimal temperature variation

���� Included output matching network 
���� Included protection circuits for ESD

Package:   1.5*1.5*0.37mm
6 pin TSON

Pin Connections and
Internal Block Diagram

1.5 mm

1.
5m

m

(Lead pitch 0.5mm)
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New!!New!!New!!
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Package: 6pin L2MM

(1.5*1.1*0.55mm 3)

Pin Connections and
Internal Block Diagram

Process technology
���� SiGe:C HBT Process (UHS4)

Application
���� GPS / Mobile Communications
���� Tunable to PCS 1900 and WiFi Bands

Features
���� Low Noise, Low Current, High Gain

���� NF���� 0.80dB,  ���� Gain ���� 20.0dB,  ���� IIP3���� -10dBm 
���� Input Return Loss (S11) ���� 10dB
���� Output Return Loss (S22) ���� 18dB
���� Icc=3.8mA  (@Vcc=3V, f=1.575GHz)

���� Built-in Power Save function
(VPSon :1.6V ��� � Vcc, VPSoff :0 ��� � 0.4V)

���� Very robust Bandgap Regulator on chip
(Small Vcc & Ta dependence)

Vcc: 2.7~3.0~3.3V
���� Included protection circuits for ESD
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uPC8231TK Reference Circuit for L-S band

LNA Performance Evaluation Board

= LNA for 1.5 to 2.4GHz == LNA for 1.5 to 2.4GHz =

23.032.230.021.0OutR.L.(dB)

10.510.210.210.4InR.L. (dB)

17.018.019.020.0Gain  (dB)

1.271.100.950.78NF (dB)

2.4GHz2.14GHz1.9GHz1.575GHz

470470470470R1 (ohm)

1000100010001000C5 (pF)

1000100010001000C4 (pF)

5.05.05.0120C3 (pF)

5.66.88.210L3 (nH)

6.88.21218L2 (nH)

0.30.50.71.3C2 (pF)

2.02.05.0120C1 (pF)

2.73.33.95.6L1 (nH)

2.4GHz2.14GHz1.9GHz1.575GHz

C1

C3

L1 C4

L3

C2

C5

R1L2

�
���������""#���$�
 ��
���������""#���$�
 ��
���������""#���$�
 ��
���������""#���$�
 ��
���������""#���$�
 ��
���������""#���$�
 ��
���������""#���$�
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���������""#���$�
 �

(Reference Only)
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Noise Figure
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uPC8231TK f=1.9GHz

����Value on Our Evaluation Board
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uPC8231TK f=2.4GHz
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uPC8231TK f=2.14GHz
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Noise Figure

Input Return Loss(S11)
Power Gain(Pin=-35dBm)

Output Return Loss(S22)

uPC8231TK f=1.575GHz
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Process technology
���� SiGe:C HBT Process (UHS4)

Application
���� GPS Mobil Devices / Cell Phones

Features
���� Low Noise, Low Distortion , High Return Loss

���� NF���� 0.9dB, ���� Gain ���� 18.5dB, ���� IIP3���� -5dBm
���� Input Return Loss (S11) ���� 14dB
���� Output Return Loss (S22) ���� 15dB
���� Icc=6mA         (@Vcc=3V, f=1.575GHz)

���� Built-in Power Save function
(VPSon : 2.2V ��� � Vcc, VPSoff :0��� � 0.8V)

���� Very robust Bandgap Regulator on chip
(Small Vcc & Ta dependence)

Vcc: 2.65~3.0~3.3V
���� Included output matching network 
���� Included protection circuits for ESD

Package: 8pin L2MM
(2.0*2.0*0.5mm 3)

Pin Connections and
Internal Block Diagram
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Noise Figure

Input Return Loss(S11)

Power Gain(Pin=-35dBm)

Output Return Loss(S22)

uPC8230TU
f=1.575GHz

:Value on Our Evaluation Board

��� � Optimization
for NF and Return Loss performance having Trade-off  Relation ��� �

��� � Tuning Parameter : L1
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Package: 6pin L2MM
(1.5*1.1*0.55mm 3)

Pin Connections and
Internal Block Diagram

Process technology
���� SiGe:C HBT Process (UHS4)

Application
���� GPS / Mobile communications

Features
���� Low Supply Voltage , Low Noise, Low Current

� Supply Voltage� 1.7V � 2.7V � 3.3V
� NF� 0.90dB,  � Gain� 19dB,  � IIP3� -10dBm 
� Input Return Loss(S11) � 10dB
� Output Return Loss(S22) � 18dB
� Icc=3.4mA (@Vcc=2.7V, f=1.575GHz)

���� Built-in Power Save function
(VPSon:1.0V� Vcc, VPSoff:0� 0.4V)

���� Very robust Bandgap Regulator on chip
(Small Vcc & Ta dependence)

���� Included protection circuits for ESD
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New!!New!!New!!
Under 

Development

DS : Jan ‘07DS : Jan ‘07

1.8V Operation



External 
ANTENNA Module

for GPS

NE3509M04 (HJ-FET)
NE3508M04 (Higher IP3)

NESG3032M14 (SiGe-Tr)

1st. 2nd.BPF

NE662M04 (2SC5508) (SiGe-Tr)
NESG3031M05  (SiGe-TR)

Feature : Low Noise High Gain

1st. 2nd.

InGaP HBT MMIC

Current (Discrete Solution) Alternate (MMIC Solution)

Total Solution with GaAs, Si devices High Gain, Low Noise
(Ga=37dB, NF=1.2dB)

Integration

(Size: 3.0x3.0x0.75(t) mm)

�����	
����$����� $�  ��
= for GPS Remote Antenna =

uPG2311T5F

BPF

In MP
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2V,10mA
3V,30mA     *20mA

25.0
29.0*

24.0
34.0

OIP3 (dBm)

2V,10mA
3V,30mA      *20mA

7.5
11.0*

10.0
17.5

IIP3  (dBm)

2V,10mA
3V,30mA     *20mA

11.0
14.0*

14.0
17.5

P1dB  (dBm)

2V,10mA16.314.0Ga  (dB)

2V,10mA0.350.41NFmin. (dB)

Bias Conditions
(non-RF)NE3509M04NE3508M04freq.=2.4GHz*

LNA Devices for GPS and Satellite Radio

NE3508M04  NFmin & Ga (VDS=2V)                           NE3509M04  NFmin. & Ga (VDS=2V)    

Low Height PKG !    (t=0.6mm)

NE3508M04 :  In M.P.
NE3509M04 :  In M.P.

* Slightly improved performance available when tuned for 1.575GHz.



PackagePackage
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Lowest Noise Figure with High Gain
NF= 0.4dB TYP.  @ f=2GHz
Ga= 17.5dB TYP.   Vds=2V, ID=10mA

- NE3509M04 supercedes NE34018

0.
59

0.
11

32
1 4

0.
40

1.25

2.05

0.
30

2.
0

1.
30

1.
25

0.
65

0.
65

Pin LayoutPin Layout

1: Source  2: Drain
3: Source  4: Gate

- L-band low distortion and  low noise device

- Front-End LNA for L-band Applications

��$�������%���&�����	��'�#( ��$�������%���&�����	��'��$�������%���&�����	��' �� #( #( 

NF=0.4 dB, Ga=19dB @f=1.5GHz
<Reference>

- Low dispersion of IDSS

Concept��� ���� �

Features

Applications��� ���� �

��� ���� �

In MPIn MP



PackagePackage
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-NE3508M04 supercedes NE38018
-L-band low distortion and  low noise device
-Low dispersion of IDSS

0.
59
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32
1 4
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40

1.25
2.05
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30

2.
0

1.
30

1.
25
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65

0.
65

Pin LayoutPin Layout

1: Source  2: Drain
3: Source  4: Gate

-Input LNA for L-band Applications
-Output Stage Following NE3509M04

��$�)��������	�%���$��������'�#( ��$�)��������	�%���$��������'��$�)��������	�%���$��������' �� #( #( 

OIP3 = +34dBm TYP. @ VDS=3V,ID=30mA
<Reference>

In MPIn MP
Concept��� ���� �

Features

Applications��� ���� �

��� ���� �
Higher Linearity
NF= 0.45dB TYP.  @ f=2GHz  VDS=2V, ID=10mA
Ga= 17dB TYP.   Vds=3V, ID=30mA
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Block Diagram

GND

GND

IN1

GND

GND

Vcc1

IN2

Vcc2

OUT1

OUT2

filter

Package : 12pinQFN

GND

GND

Top View

1

Ext. BPF

��� ���� �

��� ���� �

��� ���� �

Concept
- Low Noise, High Gain, 2 Stage Amplifier
- Smaller Package : 3.0x3.0x0.75mm
Application 
- Car Navigation Systems, Automotive GPS, etc. 
RF Performance
- Supply Voltage : Vcc 1=Vcc2 = +3.0V
- Supply Current : Icc = 17mA TYP./ 20mA MAX.
- Noise Figure : 

NF = 1.2dB TYP./ 1.5dB MAX.  @ f=1.575GHz  
- Total Gain : 

Ga = 37dB TYP./ 34dB MIN.  @ f=1.575GHz

In Mass ProductionIn Mass ProductionIn Mass Production

Bottom View

1

IN2

GND

GND

Vc2 OUT2
GND

IN1

Vc1

GND

GND
OUT1

GND

1

IN2

GND

GND

Vc2OUT2 GND

IN1

Vc1

GND

GNDOUT1GND
Top View

Size: 3.0x3.0x0.75(t) mm



Vcc1,2 = +3V 
RF None

mA17.6IccCircuit Current

dBm9.3 Po(1dB)

Output Power at 1dB
Gain Compression

f = 1.575GHzdB13.0 RLoutOutput Return Loss

Vcc1,2 = +3V dB6.9   *RLinInput Return Loss

dB1.17 NFNoise Figure

dB36.1 GpPower Gain

ConditionUnitDataSymbolItem

Ta=25�LNA MMIC for GPS Equivalent Circuit

Package:12pin QFN
Size:3mmx3mmx0.75mm(t)

components list on evaluation board
(External Parts: 9pcs ��� � B.P.F.)
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LNA MMIC Device ���� uPG2311T5F

1.575GHz B.P.F

L1

L2
L3

L4 L5

C1 C2

C3 C4

BPF1

µPG2311T5F

IN OUT

Vcc 1 Vcc 2

1,000pF3.3nH

3.3nH

4.7nH

1pF

3.9nH 39nH

10,000pF 10,000pF

+3.0V +3.0V

Parts

Chip Capacitance
GRM155B11H102KA01B

Model No. Value Maker Symbol

Chip Inductance

B.P.F

PC Terminal

RF Connector
Substrate

GRM1554C1H1R0CZ01B

GRM155B11E103KA01B

LL1005-FH3N3S

LL1005-FH4N7S
LL1005-FH3N9S

LL1005-FH39NJ

TDFM2A-1575A-10A

A2-3PA-2.54DSA

WK72475

FR4 (t=0.2mm) / TOP Layer

Fo = 1575.4MHz

1,000pF

1pF

10,000pF

3.3nH

4.7nH

3.9nH

39nH

-
-
- -

-
-

Murata

Murata

Murata

Toko

Toko

Toko

Toko

Toko

Hirose

Waka
Sumitomo

C2

C1

C3,C4

L1,L2

L3

L4

L5

BPF1

* :  NF optimize matching



�����*��#���+��������������*��#��������*��#��� ++������������������

CEL is the leader in supplying custom 
RF ICs for GPS and other applications



�(����
������������������(����
������������������(����
�����������������



� Features:
– Integrated On-chip GPS Receiver

– Single 3V Supply, 65 mW consumption
– On-Chip Synthesizer, LNA and XO cell

� 4th Generation GPS Receiver System Application

mmmmPB1007K
/��
���%����������//��
���%����������/

– 16 MHz CXO with CMOS output for CPU

– 4 MHz baseband output
– 36 Pin QFN Package

Standby
control

Voltage
regulator

/8

/25

Loop
Filter

TANK

Crystal
16MHz /2

In MPIn MP



� Key Specifications:

– Vcc= 3.0 V, Icc =22 ma typ @ 3V
– LNA: Noise Figure: 3 dB typ
– On-board LNA Gain: 15 dB
– Input P1dB = -25 dBm
– Input Frequency = 1.575 GHz
– Dual down-conversion to 4 MHz
– IF Frequency = 61.38 MHz
– LO leakage to RF Input: - 45 dBm max
– Output Voltage: 1 Vp-p typical
– Temperature range: -40°C to +85°C
– Separate CXO and receiver power down 

control

� Functional Block Diagram

mmmmPB1007K
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Compatible architecture with the SiRF Baseband solu tion

Enabled lower cost and smaller handheld GPS Receive rs
Compatible architecture with the SiRF Baseband solu tion

Enabled lower cost and smaller handheld GPS Receive rs
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Feature:
1.  Consumption current: 28mA

2.  On-chip resonator for VCO

3.  2nd IF LPF inside

4.  4bit ADC and DSP interface

5.  Fractional PLL for several TCXO

6.  Small size: 44pin QFN

uPB1009K

(6.2mm� 6.2mm)

MP

ReleasedMPMP

Released
Released



- High Integration GPS Receiver IC -
1st IF=

62.98MHz

LNA

4Bit
ADC

RF SAW

IF SAW

Tank

����

Pre.
Amp

1st
Mix

AGC LPF

� N

IF Amp

2nd
MIX

� 25

� R

���� TCXO

IF

RF

PLLCont.

R
egulator

MS1 MS2

PD1

PD2

DC trim

Samp Clk

AGC cont

Para Data

2nd IF=
2.556MHz

Compatible with four TCXO frequency:
WCDMA:19.2MHz    GSM :26MHz
PDC:       14.4MHz    GPS:  16.384MHz

On chip 4bit ADC
Full integrated VCO

�
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Tel:  (408) 919-2500

Fax: (408) 988-0279

www.cel.com


