AMEL U2730B-N

Improved L-Band Down-Converter for DAB Receivers

Description

The U2730B-N is a monolithically integrated L-bandrequency syntheziser block consists of a reference oscil-
down-converter circuit fabricated in Atmel Wireless &lator/ buffer, a reference divider, a RF divider, a tristate

Microcontrollers’ advanced UHF5S technology. This I(phase detector, a loop filter amplifier, a lock detector, a

is an improved version of the U2730B-B and covers afirogrammable charge pump, a test interface and a control
functions of an L-band downconverter in a DAB receiveinterface.

The device includes a gain controlled amplifier, a gain

controlled mixer, an output buffer, a gain control blockg|ectrostatic sensitive device.

a power save function for the analog part, an L-band oschpserve precautions for handlinglip®\
lator and a complete frequency syntheziser unit. The

Features
® Supply voltage: 8.5V ® |[nternal VCO can be overdriven by an external LO
® RF frequency range: 1400 MHz to 1550 MHz e On-chip frequency synthesizer
e |F frequency range: 150 MHz to 250 MHz — Fixed LO divider factor: 2464
® Enhanced IM3 rejection — Nine reference divider factors selectable: 32, 33, 35, 36,
e Overall gain control range: typ. 30 dB 48,49, 63, 64, 6_5 _
e DSB noise figure: 9.5 dB éfrg:g;ir;c;gc;s;llllator (can be overdriven by an external
® Gain-controlled amplifier and L-band mixer — Tristate phase detector with programmable charge pump
e Power-down function for the analog part — De-activation of tuning output programmable
® On-chip gain-control circuitry — Lock-status indication
® On-chip VCO, typical frequency 1261.568 MHz — Testinterface
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Figure 1. Block diagram
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Ordering Information

Extended Type Number Package Remarks
U2730B-NFS SS028 Tube
U2730B-NFSG1 SS028 Taped and reeled according to IEC 286—
Pin Description
Pin Symbol Function
PSM VCC4
II Q Zsl 1 PSM | Power save mode
SI2 IZ Z7| st 2 S12 | Control input
3 VCC1 | Supply voltage VCO
VCC1 E ZSI RF 4 VREF | Reference pin of VCO
5 TANK | Tank pin of VCO
VREF [4] 25 NRF 6,7,8,21, GND |Ground
22, 23, 24
TANK 5] 24 GND 9 VCC2 | Supply voltage PLL
10 Cl Control input
GND E E’l GND 11 TI Test interface
GND E ?l GND 12 CD | Active filter output
13 PD | Tristate charge pump outpu
GND E zl GND 14 PLCK | Lock-indication output
(open collector)
VCC2 E E VCC3 15 OSCB | Input of internal oscillator/
buffer
16 OSCE | Output of internal oscillator/
Cl |1 19 IF
E E buffer
17 TH Threshold voltage of compal
TI (11 AGC
I: E rator
18 AGC | Charge-pump output of
D
c @ I7| ™ comparator, AGC input for
amplifier and mixer
PD IE E OSCE 19 IF Intermediate frequency out-
put
PLCK [14 19 OSCB 20 VCC3 | Supply voltage
25 NRF | RF input (inverted)
Figure 2. Pinning 26 RF | RF input
27 SI1 | Control input
28 VCC4 | Supply voltage

Functional Description

The U2730B-N is an L-band down-converter circuitircuit is to down-convert incoming L-band signals in the
covering a gain controlled amplifier, a gain controlledrequency range between 1452 MHz and 1492 MHz to an
mixer, an output buffer, a gain control circuitry,laband
oscillator and a frequency synthesizer block. Design&280 MHz which can be handled by a subsequent DAB
for applications in an DAB receiver the purpose of thituner. A block diagram of this circuit is shown in figure 1.

IF frequency in the range between about 190 MHz and
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A main difference to the U2730B is an enhanced IM3 ré/oltage-Controlled Oscillator

jection. By varying the value of resistoriRa power ) , ,
threshold between about —33 dBm and —20 dBm at I Voltage-controlled oscillator supplies an LO signal to

port can be selected. .the'mixer. An equivaleqt circuit Qf this o.scillator is shown
in figure 7. In the application circuits figures 7 and 8, a
Gain-Controlled Amplifier ceramic coaxial resonator is applied to the oscillator’s

Pins TANK and VREF. It should be noted that the
RF signals applied to the input Pin ‘RF’ are amplified byin REF has to be blocked carefully. Figure 8 shows a
a gain-controlled amplifier. The complementarydifferent application where the oscillator is overdriven by
Pin NRF is not internally blocked, it is recommended tan external oscillator. In any case, a DC path at a low
block this pin carefully by an external capacitor. Thémpedance must be established between the Pins TANK
gain-control voltage is generated by an internal gain-coand VREF. The output signal of the oscillator is fed to the
trol circuitry. The output signal of this amplifier is fed toLO divider block of the frequency synthesizer unit which

a gain-controlled mixer. locks the VCO's frequency on the frequency of a refer-
] ] ence oscillator. Figure 12 shows the typical phase-noise
Gain-Controlled Mixer and Output Buffer performance of the oscillator in locked state.

The purpose of this mixer is to down-convert the L-bandyerall Properties of the Signal Path
signal in the frequency range of 1452 MHz to 1492 MHz

to an IF frequency in the range of about 190 MHz tdhe overall gain of this circuit amounts 24 dB, the gain-
230 MHz. Like the amplifier, the gain of the mixer iscontrol range is about 30 dB. With a new AGC-concept
controlled by the gain-control circuitry. The IF signal isn the amplifier and mixer the U2730B-N reach better in-
buffered and filtered by a one-pole lowpass filter at &rmodulation distance (DIM3) at higher IF output power
3-dB frequency ofbout 500 MHz and then it is fed to thelevels.

single-ended output Pin IF.
Power Save Mode

in-Contr ircui : :
Gain-Control Circuitry In different to the U2730B-B the new version offers a
The purpose of the gain-control circuitry is to measure thgower save function. Forpgy > 2 V (Pin 1) the power
signal power, to compare it with a certain power level angbnsumption irthe analog part (gain-controlled amplifier
to generate control voltages for the gain-controllegnd mixer and gain-controlled circuitry) is reduced by
amplifier and mixer. An equivalent circuit of thisgpo,. The VCO and the PLL is not influenced by the pow-
functional block is shown in figure 6. er-down mode.
In order to meet this functionality, the output signal of th .
buffer amplifier is weakly bandpass filtered (transitior%requency Synthesizer
range about 60 MHz to 550 MHz), rectified, lowpasshe frequency synthesizer block consists of reference os-
filtered and fed to a comparator whose threshold can Bgiator, a reference divider, an LO divider in order to
defined by an external resistormiR at Pin TH. By  gjide the frequency of the internal oscillator, a tri-state
varying the value of this resistor, a power threshold qj} <o detector, a lock detector, a programmable charge
about —33 dBm to —20 dBm can be selected. In order glmp, a loop filter amplifier, a control interface and a test
achieve a good intermodulation ratio, it is recommend lerface. The control interface is acc d by th i
in . essed by three con

to keep the power threshold below —-25 dBm. A Sy e o . .
appropriate application is shown in figure 3. Dependinfj©! Pins ‘CI', ‘SI1” and 'SI2'. The test interface provides
t signals which represent output signals of the refer-

on the selection made by the comparator, a charge pu o
charges or discharges a capacitor which is applied to thace and the LO divider.

Pin AGC. By varying this capacitor,' different timeTpe purpose of this unit is to lock the frequengyd of
constants of the AGC loop can be realized. The voltagge internal VCO on the frequencfof the reference

arising at the Pin AGC is used to control the gain setti | l ; ; _lotben
of the gain-controlled amplifier and mixer. The voltage giggoard?npgp Lgdﬂgz th)EI’I(;r\:\ﬁ#éF;g}a(t)iESB a phase-lo

Pin AGC is in the range of 5.75 V for maximum gain an
0.3 V for minimum gain. This voltage can be use to con = SFx fraf/ S

trol a dual-gate GaAs-FET in front of the U2730B-N tq%%g_ éle;f_ ngi
archieve an extended AGC-range. By applying an exter- ' - '

nal voltage to the Pin AGC, the internal AGC loop can be SHef scaling factor of reference divider
overdriven. according to table 1
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Preliminary Information



U2730B-N AMEL

Table 1 Scaling factors of the reference frequency

Voltage at Pin SI1 Voltage at Pin SI2 SFref Reference Oscillator Frequency
GND OPEN 36 18.432 MHz
GND VCC 33
GND GND 48 24.576 MHz
OPEN OPEN 65
OPEN VCC 63
OPEN GND 64 32.768 MHz
VCC OPEN 35 17.920 MHZ
VCC VCC 32 16.384 MHz
VCC GND 49
Reference Oscillator Phase Comparator,

Charge Pump and Loop Filter

An on-chip crystal oscillator generates the reference sighe tristate phase detector causes the charge pump to
nal which is fed to the reference divider. By connectingg,rce or to sink current at the output Pin PD depending
a quartz crystal to the Pins OSCE, OSCB according to figpy the phase relation of its input signals which are
ure 10, this oscillator generates a highly stable referengg,yiged by the reference and the RF divider respectively.
signal. The U2731B (Atmel Wireless & MicrocontrollersBy means of the control Pin Cl, two different values of

one-chip front-end IC) offers the reference signal at Pifijs current can be selected, and furthermore the charge-
FREF. This reference signal (LC-filtered to suppress thg,mp current can be switched off.

harmonics) can be used to overdrive the oscillator. In thi , ¢ the high-gai lf .
application (see figure 11) the reference signal has to ba€ inPut of the high-gain amplifier (output Pin CD)

applied to the Pins OSCB and the Pin OSCE must be 14 ich is implemented in order to construct a loop filter,
as shown in the application circuit, can be switched to

open.

P GND by means of the control Pin CI (see table 2). In the
. application circuit figure 3, the loop filter is completed by

Reference Divider connecting the Pins PD and CD by an appropriate RC

network.

Nine different scaling factors of the reference divider cangck Detector

be selected by different voltage settings at the input Pins . _
SI1, SI2: 32, 33*, 35, 48, 49*, 65*, 64, 63*. The referencén internal lock detector checks if the phase difference of

divider factors resulting in reference oscillator frequerth® input signals of the phase detector is smaller than
cies shown in table 1. approximately 250 ns in seven subsequent comparisons.

If a phase lock is detected, the open collector output

N . . Pin PLCK is set to HIGH. It should be noted that the
) These scaling factors result in an output frequency of C "

2 i utput current of this pin must be limited by external
the reference divider of 512 kHz. If harmonics of the BOgircuitr as it is not limited internally. If the voltage at the
3 VCO are falling in the L-band reception band, this spu: Y - 9

. . control Pin Cl is chosen to be half the supply voltage, or
rious can influence the AGC .Of U2.73OB'N' Thgt COUld. b.ﬁ this control pin is left open, the lock-detector function
a problem for small incomming signals. In this case it '3 de-activated and the logical value of the PLCK output
possible to switch the reference divider fromsno

is undefined.
Nreft1. )
Testinterface
LO Divider If the input control Pin Cl is left open (high impedance

state), a test signal which monitors the output frequency

The LO divider is operated at the fixed division ratidf the reference divider appears at the output Pin TI.

2464. Assuming the settings described in the sectidm analogy to the reference divider a test signal which
‘Reference divider’, the oscillator's frequency ismonitors the output frequency of the RF divider appears
controlled to be 1261.568 MHz in locked state and that the test interface output Pin Tl if the input control Pin
output frequency of the RF divider is 512 kHz. Cl is connect to VCC/2.

4 (14) Rev. A2, 06-Oct-00
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Table 2 Control -interface (CI) settings

Cl PD PLCK TI
GND 200 pA ok -
Vs 300pA ok -
VCC/2 O pA Undefined RF divider
Open Connected to GND Undefined Reference divider
Absolute Maximum Ratings
Parameters Symbol Value Unit
Supply voltage Pins 3, 9, 20 and 28 Vce -0.3t0 +9.5 \%
RF input voltage Pins 25 and 26 VRE 750 mVpp
\oltage at Pin AGC Pin 18 VaGe 0.5to 6 \%
\oltage at Pin TH Pin 17 VTH —-0.3to +4.0 \%
Input voltage at Pin TANK VTANK 1 Vop
(internal oscillator overdriven)  Pin5
Current at IF output Pin 19 IE 4.0 mA
Reference input voltage (diff.) Pin 15 OSsCB 1 Vop
Control input voltage Pins 1, 2, 10 and 27| CI, SI1, -0.3t0 +9.5 \%
SI2, PD
PLCK output current Pin 14 IpLCK 0.5 mA
PLCK output voltage Pin 14 VpLck -0.3to +5.5 \Y
Junction temperature T 125 °C
Storage temperature Tstg —40 to +125 °C
Operating Range
Parameter Symbol Value Unit
Supply voltage Pins 3, 9, 20 and 28 Vce 8.00 t0 9.35 \%
Ambient temperature Tamb —-40 to +85 °C
Thermal Resistance
Parameter Symbol Value Unit
Junction ambient SS028 (mod.) Rihaa t.b.d. K/w
Rev. A2, 06-Oct-00 5 (14)
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Electrical Characteristics
Operating conditions: ¥c = 8.5V, Timp= 25°C, application circuit see figure 3, unless otherwise specified

Parameter Test Conditions / Pins Symbol Min. Typ. Max. Unit
Supply current (max. gain) prp = —60 dBm, Is,MAX 40 48 mA
Vpsu< 0.5V
Supply current (min. gain)| prr = —10 dBm IsMIN 41 50 mA
Vpsu< 0.5V
Supply current prr = —10 dBm Is,PD 20 24 mA
(power save mode) Vpsm> 2V
Amplifier mixer  Pin 26 - 19
Maximum conversion gain prr = —60 dBm Oc,max 20 24 dB
Minimum conversion gain | prr = =15 dBm Jc,min -8 dB
AGC range AQc 28 32 dB
Third order 2 tone PrF1 + PrF2= —10 dBm dim3 30 35 dB
intermodulation ratio PrF1+ PrE2 = —15 dBm 35 40 dB
DSB noise figure Maximum gain NF 10 dB
(50-Q system) Minimum gain 30 dB
RF input Pin 26
Frequency range fin,RF 1400 1550 MHz
Maximum input power dim3 =20 dB Pin,max,RF —6 dBm
Input impedance ZinRF 200(| 1 Q|| pF
IF output Pin 19
Frequency range foutIF 150 250 MHz
Output impedance Zout,IF 50 Q
\oltage standing wave ratio VSWRE 2.0
Gain control
Threshold adjustment External resistor Pin 17 RtH 100 kQ
Charge pump current prF = —10 dBm Pin 18 lcpp 75 100 125 MA
Vage= 3.5V
prr = —60 dBm lcpN -125 -100 —75 HA
Vage= 3.5V
Minimum gain control PrE = —10 dBm Pin 18 | Vaccmin 0.1 0.6 \%
voltage
Maximum gain control PrE = —60 dBm Pin 18 | Vagcmax 5.5 5.75 \%
voltage
VCO Pin 5
Frequency fLo 1000 | 1261.568| 1500 MHz
Phase noise 1 kHz distance L 1kHz -75 dBc/Hz
Minimum input power VCO overdriven, appli- PLO,MIN -11 dBm
Maximum input power cation circuit seé figure 6 PLOMAX 5 dBm
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U2730B-N

Electrical Characteristics (continued)
Operating conditions: ¥c = 8.5V, Timp= 25°C, application circuit see figure 3, unless otherwise specified

Parameter ‘ Test Conditions / Pins ‘ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Frequency synthesizer
RF divide factor SF 2464
Reference divide factor | SI1 = GND, SI2 = GND SHFet 48
SI1 = GND, SI2 =VCC 33
SI1 = GND, SI2 = open 36
SI1 = VCC, SI2 = GND 49
SI1 =VCC, SI2 =VCC 32
SI1 =VCC, SI2 = open 35
SI1 = open, SI2 = GND 64
SI1 = open, SI2 =VCC 63
SI1 = open, SI2 = open 62
Input frequency range fret 5 50 MHz
Input sensitivity Pin 15 Viefs 30 MVims
Maximum input signal Pin 15 Vyefmax 300 MVims
Input impedance Single-ended Zref 2.7k kQ
| 2.5 l pF
Phase detector
Charge-pump current Pin CI connected to GND IpD2 160 200 240 MA
Pin 13
Charge-pump current Pin CI connected to VCC IpD1 240 300 360 MA
Charge-pump current Pin CI connected to /2 IPD1 tri 100 nA
Output voltage PD Pin Cl open Pin 13 VpDp 0.3 \%
Internal reference frD 512 kHz
frequency
Typical tuning voltage Pin 12 Viune 0.3 5 \%
range
Lock indication PLCK Pin 14
Leakage current VpLck =55V IpLck 10 MA
Saturation voltage IpLck = 0.25 mA VpLCK,sat 0.5 \Y
Control inputs Sl Pins 2 and 27
Input voltage Pin connected to GND Vi 0 0.1 \%
Input voltage Pin open VM open
Input voltage Pin connected to &c VH 0.9 1 \Y,
Control input CI Pin 10
Input voltage Pin connected to GND Vi 0 0.1 \%
Pin connected to §o/2 VM 0.5 \%
Pin open Vopen open
Pin connected to &c VH 0.9 1 \%
Rev. A2, 06-Oct-00 7 (14)
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Electrical Characteristics (continued)
Operating conditions: ¥c = 8.5V, Timp= 25°C, application circuit see figure 3, unless otherwise specified

Parameter ‘ Test Conditions / Pins ‘ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
Test interface TI Pin 11
Reference test frequency | Pin Cl open ftest ref 512 kHz
LO test frequency Pin Cl = VCC/2 ftest,LO 512 kHz
\oltage swing Rioad= 1 MQ, Gag< Vsw 400 mVpp
15 pF, Pin Cl open or
VCC/2
Power-save mode PSM Pin 1
PSM not active Vpswm 0.6 \Y
PSM active Vpswm 2.0 \%

Example: reference divider factor

= 3Regf = 17.92 MHz, charge-pump current = 208

Gain Control Charateristics

Operating conditions: ¥c= 8.5V, Tamp= 27C, frp = 1490 MHz, o = 1261.568 MHz

-10 6
s / |
/ \ Rip=100 K2
= =20 ~ 4
é / Z \\
0] Ty
%._ Rth=100 K2 / § ~\
-30 2
/ \
-35 / 1 \
-40 0
-60 -50 40 -30 -20 -10 0 -60 -50 40 -30 -20 -10 0
14851 pRF (dBm) 14852 pRF (dBm)
Figure 3. IF output power (Pin 19) Figure 4. Gain control voltage (Pin 11)
8 (14) Rev. A2, 06-Oct-00

Preliminary Information



AlMEL U2730B-N

WIRELESS & uC

Phase-Noise Performance

Measurement conditions
Values aquired at Pin 19 with HP 70000 spectrum analyzer. RF input (Pin 26) is blocked with 100 pF to GND.

A low phase-noise signal generator (Marconi 2042) was taken as PLL reference.

RL—29‘.29 dBm
— ATTEN 10 dB

10.00 dB/DIV

}\ < —75 dBc/Hz
. WWWM b oty

, n LMAMMW M f\
s A A PR
Center 1.261 568 GHz Span 50.00 kHz
RB 100 Hz VB 100 Hz ST 15.00 sec

Figure 5. Phase noise performanceoperating conditions:
fREF: 17.92 MHz, —10dB,|:iD: ZOQ,lA
Rev. A2, 06-Oct-00 9 (14)
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Equivalent Circuits

Gain— Gain—
controlled controlled
mixer amplifier

LTl

550MHz |§: |::
IE =] "X
™~
output ~ '_I H

60MHz
VRefZ
AGC
TH ZS
R I
15001
Figure 6. AGC contol circuit
BBY51 Vee
VTune 47k i I—»—i |
— 1 <N— 1
L-Sp
15p TANK
|—| |— Resonator
1p
VREF

1

100p I

Resonator: Ceramic coaxial resonator
Murata 3 x 3 mm, 1.6 GHz
DRR030 KE1R600TC

Figure 7. VCO circuit
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Application Circuit

8.5V RF 8.5V IF
o

100pF 100pF InF 100K
I ®  oopr I *
- 18pF Quartz
T rystal
o | e J crysta

33pF

il H T

28 27 26 25 24 23 22 21 20 19 18 17 16 15
VCC4 SI1 RF NRF GND GND GND GND VCC3 IF AGC TH OSCEOSCB

U2730B-N
@)
PSM si2 VCClVREFTANKGND GND GND VCC2 ¢ T CD  PD PLCK
6 7 8 12 13 14
Sower save INRIN IR
5V
100pF 1pF Lock

l__‘-l I'. wni_. oo indication

10nF
I ® 100pF
o

100pF 85V 1nF

“II f i

Figure 8. Application circuit

*100pF

o
85V 1.8pF
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Application Circuit for External LO Signal

With an external LO signal it is possible to overdrive the VCO. In this case, the internal VCO acts as an LO buffer.

ext. LO signal TANK
(50Q signal gen.)
P o =-10dBm 100p
50 470nH
VREF
1n I

Figure 9. Application circuit for external LO signal

68pF 0SCcB | Reference devider
I .
1 ~ |

J‘ 33pF
N T OSCE
Quartz crystg™——] O
T L
__|_ 18pF

Figure 10. Reference oscillator operation

0SCB | Reference devider
Reference signab—] F—o |
L1 C1

OSCE
o—

Figure 11. Reference oscillator overdriven
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Package Information

Package SSO28 5.7

Dimensions in mm

9.10 | 45 ‘
9.01 4.3
,,,,, i R
/iiiiHHHiiH\“" |
0.25 — 1015 1 0.15

0.05
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Ozone Depleting Substances Policy Statement

It is the policy ofAtmel Germany GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating systems
with respect to their impact on the health and safety of our employees and the public, as well as their impact on
the environment.

It is particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSSs).

The Montreal Protocoll@87)and its London Amendments990)intend to severely restrict the use of ODSs and forbid
their use within the next ten years. Various national and international initiatives are pressing for an earlier ban on these
substances.

Atmel Germany GmbH has been able to use its policy of continuous improvements to eliminate the use of ODSs listed
in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Atmel Germany GmbH can certify that our semiconductors are not manufactured with ozone depleting substances
and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice
Parameters can vary in different applications. All operating parameters must be validated for each customer
application by the customer. Should the buyer use Atmel Wireless & Microcontrollers products for any unintended

or unauthorized application, the buyer shall indemnify Atmel Wireless & Microcontrollers against all claims,
costs, damages, and expenses, arising out of, directly or indirectly, any claim of personal damage, injury or death
associated with such unintended or unauthorized use.

Data sheets can also be retrieved from the Internet: http://www.atmel-wm.com

Atmel Germany GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2594, Fax number: 49 (0)7131 67 2423
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