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D. Documentation

MICRO-DEVICES ' ' UHF TRANSMITTER

DT1 : Circuit RF2512 13 pages
Typical Applications DT2 : Diodes SMV1231-SMV1237 4 pages
« Single- or Dual-Channel LO Source « 433/868/915MHz ISM Band Systems DT3 : Circuit RF2917 11 pages
« FM/FSK Transmitter « Wireless Security Systems DT4 : Circuit CS4215 37 pages

* Wireless Data Transmitters

Product Description

The RF2512 is a monolithic integrated circuit intended for
use as a low-cost frequency synthesizer and transmitter.
The device is provided in a 24 pin SSOP package and is
designed to provide a phased locked frequency source
for use in local oscillator or transmitter applications. The
chip can be used in FM or FSK applications in the U.S.
915MHz ISM band and European 433MHz or 868MHz
ISM band. The integrated VCO, dual-modulus/dual-divide
(128/129 or 64/65) prescaler, and reference oscillator
require only the addition of an external crystal to provide
a complete phase-locked oscillator. A second reference
oscillator is available to support two channel applications.

Optimum Technology Matching® Applied Package Style: SSOP-24
ErSi BJT [0 GaAs HBT [ GaAs MESFET
[ sisi-cMos  [] siGeHBT  [] SiCcMOS Features

« Fully Integrated PLL Circuit

+ 15mW Qutput Power at 433MHz

+ 2.7V to 5.0V Supply Voltage

+ Low Current and Power Down Capability
* 300MHz to 1000MHz Frequency Range
 Narrowband and Wideband FM

TRANSCEIVERS

Ordering Information

RF2512 UHF Transmitter

RF2512 PCBA-L Fully Assembled Evaluation Board, 433MHz
RF2512 PCBA-M Fully Assembled Evaluation Board, 868MHz
RF2512 PCBA-H Fully Assembled Evaluation Board, 915MHz.

Functional Block Diagram RF Micro Devices, Inc. Tel (336) 664 1233
7625 Thorndike Road Fax (336) 664 0454
Greensboro, NC 27409, USA hitp:/www.rfmd.com
Rev B9 010509 11-11
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Absolute Maximum Ratings Pin Function |Description Interface Schematic
This pin is connecled dreeu to the relerence oscillator transistor base,
Parameter Rating Unit Ac“ﬁml ESD sensitive device. 1 e The - A is a modified Colpitts. oscer oscez
Supply Voltage 0510+55 Ve An appropriate capaulor as chosen h;r the customer should be con- 0208
Power Down Voltage (Vpp) 0.5t0 Vee v RF Mk L SR nected between pin 1 and pin 2.
Operating Ambient Temp 40 to +85 °c at tho time of this printing. Howsver, RF Micro Dovices reserves the right to
b e make changes to its produscts without notics. RF Micro Devices does not
— L= -40 to +150 ¢ aanme Tor he usn of the descritud prducta), 2 OSCE This pin is connected duructly 1o the emitter of the reference oscillator | See pin 1.
or, An itor as chosen by the customer should
be o ted from this pdrltogmund
Specification 3 0SC B1 This pin is cannecled dlrsclly to the reference oscillater ransistor base. | See pin 1.
Parameter - Unit Condition The is @ modified Colpitts.
Min. Typ. Max. An appropriate capacitor as chosen by the customer should be con-
Overall T=25°C, Ve =3.6V, Freq=915MHz nected between pin 3 and pin 2.
Frequency Range 300 to 1000 MHz 4 PLL ENABL | This pin is used to power up or down the VCO and PLL. A logic high
Modulation EMIFSK (PLL ENABL>2.0V) powers up the VCO and PLL electronics. A logic | | eyas o S0
Modulation Frequency 2 MHz low (PLL ENABL<1.0V) powers down the PLL and VCO.
i FM Deviali 200 kHz Dependent upon Supply Voltage
PLL a"dDP'“:'t" (—— 5 GND1 Ground connection for the PA buffer amp. Keep traces physically short
Prescaler Divide ] or and to ground plane for best performance.
PLL Lock Time 4/PLL BW ms The PLL lock time, from power up, is set 6 VCC3 This pin is used to supply DC bias to the transmitter PA, A RF bypass
PLL Phase Noise -80 dBciHz ?;l:szag!;xLu:en::ﬂzdl:’:fplhh::‘:"‘:;:D . capac‘ljto:\s:ali.llibs connsc:.ed Jrecty stg ir;l;;‘l:wrnsd 4
ground, pl pacitor is ded for z app
-100 dBe/Hz 100kHz Offset, 10kHz loop bandwidth A 220pF capacitor is recommended for 433MHz applications.
Reference Frequency 17 MHz 7 LVL ADJ | This pin is used to vary the transmitter output power. An output level i
Max Crystal Rg TBD 100 o adjustment range greater than 12dB is provided through analog volt- LVL ADJ
Charge Pump Current A0 +40 pA age control of this pin. DC current of the transmitter power amp ia also
Transmit Section Ire:ur.egl with output power. This pin MUST be low when the transmitter
Maximum Power Level 7 +12 dBm | Freq=433MHz B lleatied -
+6 dBm Freq=915MHz
Power Control Range 15 dB
Power Control Sensitivity 10 dB/
i 8 TX OUT RF output pin for the transmitter eladmnbca TX OUT output impedance v
Antenna Port Impedance 50 o TX ENABL="1 Eicy
Antenna Port VSWR 1.5:1 TX Mode 8o Vpecance whine e anaitiofin TOuT e bih
Modulation Input Impedance 4 k02
Harmonics -23 dBc 2
Sp dBc Compliant to Part 15.249 and -ETS 300 220 TXOUT
Power Down Control g
Logic Controls “ON" 2.0 v ‘oltage supplied to the input; device is "ON"
Logic Controls “OFF" 1.0 v Voltage supplied to the input; device is “OFF* 9 GND2 | Ground connection for the Tx PA functions. Keep traces physically g
Control Input Impedance 25 k0 short and to ground plane for best p g
Turn On Time 5+4/PLL ms From Change in OSC SEL,7.075MHz XTAL 10 vcc1 This pin is used to supply DC bias to the PA buffer amp. A RF bypass =z
BW o 1hui:,:ul.ﬂdee o directly wamjiplg?;:‘:iumau to g
H ground. p s or z =
1:;;2:(;1::”)’ TBD ms From Change in OSC SEL,7.075MHz XTAL A 220pF capacitor s ded for 433MHz app
11 TX ENABL | Enables the transmitter circuits. TX ENABL>2.0V powers up all trans- J0k0
Voltage 5 ?‘::5 " 3 gﬂecm;aﬁﬁnslu miter functions. TX ENABL<1.0V turns off all transmitter functions TxENASL
perating limi except the PLL functions.
Current Gonsumption 28 mA [ TX Mode, LVL ADJ=3.6V I
10 mA TX Mode, LVL ADJ=0V
B mA PLL Only i
1 WA LVL ADJ=0V, PLL ENABL=0V,
TX ENABL=0V, OSC SEL=0V 12 PRESCL | Dual-modulus/Dual-divide ler output. The output can be inter-
ouTt faced to an external PLL IC for additional flexibility in frequency pro- —r: PRESEL
gramming. out
13 VREF P Bias voltage pin for bypassing the p ler and phase
detector. The bypass capacitor should be of appropriate size to provide
filtering of the reference crystal frequency and be connected directly to
this pin.
11-12 Rev B9 010509 Rev B9 010509 11-13
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Pin

Description

Interface Schematic

14

MOD CTRL

This pin is used to select the prescaler modulus. A logic “high” selects
64 or 128 for the prescaler divisor. A logic “low” selects 65 or 129 for
the prescaler divisor.

MODCTL

15

DIV CTRL

This pin is used to select the desired prescaler divisor. A logic “high”
selects the 64/65 divisor. A logic low selects the 128/129 divisor,

oV CTL

16

MOD IN

FM analog or digital modulation can be imparted to the VCO through
this pin. The VCO varies in accordance to the voltage level presented
to this pin. To set the deviation to a desired level, a voltage divider refer-
enced to Vee is the ded. B the modulati b

are part of the tor tank, the deviati
the components used in the external tank,

is slightly dependent upon

See pin 18.

17

VCcCc2

This pin is used to is supply DC bias to the VCO, prescaler, and PLL.

18

RESNTR-

The RESNTR pins are used to supply DC voltage to the VCO, as well
as to tune the center frequency of the VCO. Equal value inductors
should be connected to this pin and pin 20,

RESNTR+ RESNTR.

MOD N

19

NC

Mot internally connected,

20

RESNTR+

See pin 18.

See pin 18.

21

GND3

GND is the ground shared on chip by the VCO, prescaler, and PLL
electronics. Keep traces physically short and i jiately to
ground plane for best performance.

NC

Not internally connected.

23

LOOP FLT

Qutput of the charge pump. An RC network from this pin to ground is
used to establish the PLL bandwidth.

v,
:g—dl.oﬂ’ﬂ.r

24

0SC SEL

A logic high (OSC SEL=2.0V) applied to this pin powers on reference
oscillator 2 and powers down reference oscillator 1. A logic low (OSC
SEL<1.0V) applied to this pin powers on reference oscillator 1 and
powers down reference oscillator 2.

ESD

This diode structure is used to provide electrostatic discharge protec-
tion to 3kV using the Human body model. The following pins are pro-
tected: 1-3, 9, 10, 12-15, 17, 21, 23.

W,

11-14
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RF2512 Theory of Operation

Introduction

The RF2512 is a low cost FM/FSK UHF transmitter
designed for applications operating within the fre-
quency range of 300MHz to 1000MHz. In particular, it
is intended for 315/433/868 MHz band systems, remote
keyless entry systems, and FCC Part 15.231 periodic
transmitters, It can also be used as a single- or dual-
channel local oscillator signal source. The integrated
VCO, phase detector, prescaler, and reference oscilla-
tor require only the addition of an external crystal to
provide a complete phase-locked loop.

The RF2512 is provided in a 24-pin SSOP-24 package
and is designed to operate from a supply voltage rang-
ing from 2.2V to 5.0V, accommodating designs using
three NICd battery cells, two AAA flashlight cells, or a
lithium button battery. The device is capable of provid-
ing up to 15mW output power into a 50Q load
(+11.8dBm) and is intended to comply with FCC
requirements for unlicensed remote control transmit-
ters.

RF2512 Functional Blocks

A PLL consists of a reference oscillator, a phase detec-
tor, a loop filter, a voltage controlled oscillator (VCO),
and a programmable divider in the feedback path. The
RF2512 includes all of these internally except for the
loop filter and the reference oscillator's crystal and two
feedback capacitors.

The reference oscillators are Colpitts type oscillators.
Pin 1 (OSC B2), pin 2 (OSC E), and pin 3 (OSC B1)
provide connections to the internal transistors that are
used as the reference oscillators. The Colpitts configu-
ration is a low parts count topology with reliable perfor-
mance and reasonable phase noise. Alternatively, an
external signal could be injected into the base of either
transistor. The drive level should, in either case, be
around 500mVpp This level prevents overdriving the
device and keeps the phase noise and reference spurs
to a minimum.

The user sets which oscillator is operational by setting
pin 24 (OSC SEL) either high or low. This allows the
implementation of two channel systems.

The prescaler divides the Voltage Controlled Oscilla-
tor (VCO) frequency down by either 64/85 or 128/129,
using a series of flip-flops, depending upon the logic
level present at pin 15 (DIV CTRL). A high logic level
will select the B4/65 divisor. A low logic level will select
the 128/129 divisor. This divided signal is then fed into

Rev B9 010509

the phase detector where it is compared with the refer-
ence frequency.

In addition to the DIV CTRL setting, one also sets the
prescaler modulus by setting pin 14 (MOD CTRL)
either high or low. A high logic level will select the 64/
128 divisor. A low logic level will select the 65/129 divi-
S0Or.

Pin 12 (PRESCL OUT) provides access to the pres-
caler output. This is used for interfacing to an external
PLLIC.

The RF2512 contains an onboard phase detector and
charge pump. The phase detector compares the
phase of the reference oscillator to the phase of the
VCO. The phase detector is implemented using flip-
flops in a topology referred to as either "digital phase/
frequency detector” or "digital tri-state comparator”.
The circuit consists of two D flip-flops whose outputs
are combined with a NAND gate which is then tied to
the reset on each flip-flop. The outputs of the flip-flops
are also connected to the charge pump. Each flip-flop
output signal is a series of pulses whose frequency is
related to the flip-flop input frequency.

When both inputs of the flip-flops are identical, the sig-
nals are both frequency and phase locked. If they are
different, they will provide signals to the charge pump
which will either charge or discharge the loop filter or
enter into a high impedance state. This is where the
name "tri-state comparator” comes from.

The main benefit of this type of detector it's ability to
correct for errors in both phase and frequency. When
locked, the detector uses phase error for correction.
When unlocked, it will use the frequency error for cor-
rection. This type of detector will lock under all condi-
tions.

The prescaler and the phase detector bias voltage is
brought out through pin 13 (VREF P). This allows
bypassing of the of these two circuits to filter the refer-

ence crystal frequency.

The charge pump consists of two transistors, one for
charging the loop filter and the other for discharging
the loop filter. It's inputs are the outputs of the phase
detector flip-flops. Since there are two flip-flops, there
are four possible states. If both amplifier inputs are low,
then the amplifier pair goes into a high impedance
state, maintaining the charge on the loop filter. The

11-15
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state where both inputs are high will not occur. The
other states are either charging or discharging the loop
filter. The loop filter integrates the pulses coming from
the charge pump to create a control voltage for the
voltage controlled oscillator.

The voltage controlled oscillator (VCO) is a tuned
differential amplifier with the bases and collectors
cross coupled to provide positive feedback and a 360°
phase shift. The tuned circuit is located in the collec-
tors. It is comprised an external varactor, a capacitor
and external inductors. The designer selects the induc-
tors for the desired frequency of operation. These
inductors also provide DC bias for the VCO. The output
of the VCO is buffered and applied to the prescaler cir-
cult, where it is divided down and compared to the ref-
erence oscillator frequency.

The PLL and VCO circuitry can be enabled by setting
applying a "high" logic level to pin 4 (PLL ENABL).
Conversely, the PLL and VCO circuitry will be turned
off if the level is tied "low™.

The transmit amplifier is a two stage amplifier con-
sisting of a driver and an open collector final stage. It is
capable of providing 12dBm of output power into a
501 load while operating from a 3.6V power supply.

The output power is adjustable by the setting of pin 7
(LVL ADJ). This analog input allows the designer a
12dB range of output power. As the LVL ADJ voltage is
reduced, the output power and current consumption
are reduced. LVL ADJ must be low when the transmit-
ter is disabled.

Additionally, the transmitter circuitry can be disabled
entirely by applying a "low" logic level to pin 11 (TX
ENABL). During transmission, this pin should be tied
"high". This pin controls all circuitry except for the PLL
circuitry.

During transmission the transmitter is enabled and the
impedance of the output pin, pin 8 (TX OUT), is low.
When the transmitter is not enabled, the impedance
becomes high.

The RF2512 contains onboard band gap reference
voltage circuitry which provides a stable DC bias over
varying temperature and supply voltages.

Designing with the RF2512

The reference oscillator is built around the onboard
transistor at pins 1, 2 and 3. The intended topology is
of a Colpitts oscillator. The Colpitts oscillator is quite
common and requires few external components, mak-

11-16

ing it ideal for low cost solutions. The topology of this
type of oscillator is as seen in the following figure.

W,

This type of oscillator is a parallel resonant circuit fora
fundamental mode crystal. The transistor amplifier is
an emitter follower and the voltage gain is developed
by the tapped capacitor impedance transformer. The
series combination of C1 and C2 act in parallel with the
input capacitance of the transistor to capacitively load
the crystal.

The nominal capacitor values can be calculated with
the following equations.

The load capacitance is usually 32pF. The variable freg
is the oscillator frequency in MHz. The frequency can
be adjusted by either changing C; or by placing a vari-
able capacitor in series with the crystal. As an exam-
ple, assume a desired frequency of 14MHz and a load
capacitance of 32pF. Cy=137.1pF and C,=41.7pF.

These capacitor values provide a starting point. The
drive level of the oscillator should be checked by look-
ing at the signal at pin 2 (OSC E). It has been found
that the level at this pin should generally be around
500mVpp or less. This will reduce the reference spur
levels and reduce noise from distortion. If this level is
higher than 500mVpp then decrease the value of Cy.
The values of these capacitors are usually tweaked
during design to meet performance goals, such as
minimizing the start-up time.

Additionally, by placing a variable capacitor in series
with the crystal, one is able to adjust the frequency.
This will also alter the drive level, so it should be
checked again.

An important part of the overall design is the voltage
controlled oscillator. The VCO is configured as a dif-
ferential amplifier. The VCO is tuned via the external
inductors, capacitor, and varactor. The varactor capaci-

Rev B9 010509

RF2512

tance is set by the loop filter output voltage through a
4k resistor.

RESNTR+ RESNTR-

L L

LOOP

FLT: 4KD H -

To tune the VCO the designer only needs to calculate
the value of the inductors connected to pins 18 and 20
(RESNTR- and RESNTR+). The inductor value is
determined by the following equation.

L“(E'-*::-Tr]z'l'l

In this equation, f is the desired operating frequency
and L is the value of the inductor required. The value C
is the amount of capacitance presented by the varac-
tor, capacitor and parasitics. The factor of one-half is
due to the inductors being in each leg.

The setup of the VCO can be summarized as follows.
First, open the loop. Next, get the VCO to run on the
desired frequency by selecting the proper inductor and
capacitor values. The capacitor value will need to
include the varactor and circuit parasitics. After the
VCO is running at the desired frequency, then set the
VCO sensitivity.

The sensitivity is determined by connecting the control
voltage input point to ground and noting the frequency.
Then connect the same point to the supply and again
note the frequency. The difference between these two
frequencies divided by the supply voltage is the VCO
sensitivity expressed in Hz/V. Increasing the inductor
value while decreasing the capacitor value will
increase the sensitivity. Decreasing the inductor value
while increasing the capacitor value will lower the sen-
sitivity.

When increasing or decreasing component values,
make sure that the center frequency remains constant.
Finally, close the loop.

Rev B9 010509

External to the part, the designer needs to implement a
loop filter to complete the PLL. The loop filter converts
the output of the charge pump into a voltage that is
used to control the VCO. Internally, the VCO is con-
nected to the charge pump output through a 4k resis-
tor. The loop filter is then connected in parallel to this
point at pin 23 (LOOP FLT). This limits the loop filter
topology to a second order filter usually consisting of a
shunt capacitor and a shunt series RC. A passive filter
is most common, as it is a low cost and low noise
design. An additional pole could be used for reducing
the reference spurs, however there is not a way to add
the series resistor. This should not be a reason for con-
cern however.

The schematic of the loop filter is

Loap Filter veo

1147
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The control lines provide an interface for connecting
the device to @ microcontroller or other signal generat-
ing mechanism. The designer can treat pin 16 (MOD
IN}, pin 15 (DIV CTRL), pin 14 (MOD CTRL) and pin 7
(LVL ADJ) as control pins whose voltage level can be
set.

G | RF byr ing techniques must be observed
to get the best performance. Choose capacitors such
that they are series resonant near the frequency of
operation.

Board layout is always an area in which great care
must be taken. The board material and thickness are
used in calculating the RF line widths. The use of vias
for connection to the ground plane allows one to con-
nect to ground as close as possible to ground pins.
When laying out the traces around the VCO, it is desir-
able to keep the parasitics equal between the two legs.
This will allow equal valued inductors to be used.

11-18

Pre-compliance testing should be performed during
the design process. This can be done with a GTEM cell
or at a compliance testing laboratory. It is recom-
mended that pre-compliance testing be performed so
that there are no surprises during final compliance
testing. This will help keep the product development
and release on schedule.

Working with a laboratory offers the benefit of years of
compliance testing experience and familiarity with the
regulatory issues. Also, the laboratory can often pro-
vide feedback that will help the designer make the
product compliant.

On the other hand, having a GTEM cell or an open air
test site locally offers the designer the ability to rapidly
determine whether or not design changes impact the
product's compliance. Set-up of an open air test site
and the associated calibration is not trivial. An alterna-
tive is to use a GTEM test cell.

After the design has been completed and passes com-
pliance testing, application will need to be made with
the respective regulatory bodies for the geographic
region in which the product will be operated to obtain
final certifications.

Conclusions

The RF2512 is an FM/FSK UHF transmitter that fea-
tures a phase-locked output. This device is suitable for
use in a CFR Part 15.231 compliant product as well as
a local oscillator signal source. Further, the RF2512 is
packaged in a low cost SSOP-24 plastic package and
requires few external parts, thus making it suitable for
low cost designs.
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Pin Out

[24] oscseL
[23] LoopFLT
l2z] wc

[21] enp3
[20] ResNTRe
18] we

[ie] RESNTR-
7] veez
[i6] moom
[i5] owerre

[1a] mooeTAL

PRESCLOUT [12] [3] vrerp
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Evaluation Board Schematic
H (915MHz) and M (868 MHz) Boards
(Download Bill of Materials from www.rfmd.com.)

[

¥ ?E‘.‘; f&‘;

L4 Ir.u Icm Icu
St Tiow Tap TaIw
50 61 patrip 2
MOD™
PRESE GUT AN &it T s
Ry oamF
L
Boan 1 uHz) [ 2 gz | Rr gy | L2ieny | L3y
[mmosiny | vasrrae [ 12| 12 [T [T
|Himtheiz) | 715508 | 7OTS48 | 22 ar a7

TRANSCEIVERS

11-20 Rev B9 010509

Evaluation Board Schematic
L (433MHz) Board
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Evaluation Board Layout 433 MHz
Board Size 1.5” x 1.5”
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Evaluation Board Layout 868 MHz
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DATA SHEET

>3

SKYWORKS’

SMV1231-SMV1237: Hyperabrupt Tuning Varactors

Features

* High capacitance ratio

= Low series resistance for low phase noise

* Multiple packages S0T-23, S00-323, SC-70 and SC-79

* Designed for high-volume commercial applications

* Full characterization with SPICE models

* Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description

The SMV1231-SMV1237 series of silicon hyperabrupt junction
varactor diodes is designed for use in VCOs with low tuning voltage
operation. The low resistance of these varactors makes them
appropriate for high O resonators in wireless system VCOs

to frequencies beyond 2.5 GHz. The SMV1231-SMV1237 series is
fully characterized for capacitance and resistance over tempera-
ture. SPICE model is provided.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
@ Hazardous Substances)-compliant packaging.

=

Absolute Maximum Ratings

isti Value
Reversa voltage (V) 15V
Forward current {ig) 20 mA
Pawer dissipation (Pg) 250 mW
Storage (Tsn) -55 °C to 4150 °C
Operat (Tow) -55 °Cto +125 °C
ESD human body model Class 18

Performance is guaranteed only under the conditions listed in the specifications table and is
nat guaranteed under the full range{s) described by the Absolute Maximum specifications,
Exceeding any of the abscluts may result in

damage to the device and will void the wamanty.

CAUTION: Although this device is designed fo be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be profected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Solutions, Inc. © Phane [781] 376-3000 » Fax [781] 376-3100 » com com
200058 Rev. J » Skyworks Propristary Information = Products and Product Information are Subject to Change Without Notice. » Deoemhe( 28, 2007

DATA SHEET = SMV1231-SMV1237

Single Single Single Common Cathode Common Anode Commaon Cathode
SMV1231-079 SMv1231-011 SMV1231-074
Marking: Cathode Marking: JA Marking: JA3
SMV1231-079LF SMV1231-D11LF SMV1231-074LF
Marking: Cathode Marking: KA Marking: KA3
SMV1232-079 sMviaaz-011 SMV1232-074
Marking: Cathode Marking: CC Marking: CC3
SMV1232-079LF SMV1232-011LF SMV1232-074LF
Marking: Cathode Marking: HC Marking: HC3
SMV1233-079 #5MV1233-011 SMV1233-001 5MV1233-004 SMV1233-074
Marking: Cathode Marking: VP Marking: VP1 Marking: VP2 Marking: VP3
SMV1233-079LF #5MV1233-011LF SMV1233-001LF SMV1233-004LF SMV1233-074LF
Marking: Cathode Marking: DP Marking: DP1 Marking: DP3 Marking: DP3
SMV1234-079 #5MV1234-011 SMV1234-001 SMV1234-004 SMV1234-073
Marking: Cathode Marking: VO Marking: Va1 Marking: VO3 Marking; V09
SMV1234-079LF #SMV1234-011LF SMV1234-001LF SMV1234-004LF SMV1234-073LF
Marking: Cathode Marking: DO Marking: DO1 Marking: D3 Marking: D09
SMV1235-079 SMV1235-011 SMV1235-001 SMV1235-004 SMV1235-074
Marking: Cathode Marking: VR Marking: VR1 Marking: VR3 Marking: VR3
SMV1235-079LF SMV1235-011LF SMV1235-001LF SMV1235-004LF SMV1235-074LF
Marking: Cathode Marking: DR Marking: DR1 Marking: DR3 Marking: DR3
#5MV1236-079 SMV1236-011 SMV1238-001 SMV1236-004 SMV1236-074
Marking: Cathode Marking: AQ Marking: AG1 Marking: AD3 Marking: AQ3
#SMV1236-079LF SMV1236-011LF SMV1236-001LF SMV1236-004LF SMV1236-074LF
Marking: Cathode Marking: EQ Marking: EQ1 Marking: EQ3 Marking: E03
SMV1237-001
Marking: VT1
SMV1237-001LF
Marking: DT1
lg=0.7H lg=15nH lg=1.50H ls=15nH lg=14nH Lg=1.4nH
LF denates lead (Ph)-frae. RoHS-compliant packaging option as an atermative
i our standard tinflead (Sn/PL) packaging.
Innavation to Go™
Select Linear Products {indicated by #) now available for purchase onling,
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DATA SHEET = SMV1231-SMV1237 DATA SHEET » SMV1231-SMV1237

‘d°A’S 93ed e[ Zouano],

Electrical Specifications at 25 °C Typical Capacitance Values
. ecfw :’r“ _EL“G, 2 1 : _91'_01 : ; : "53:“3"“ eos g SMV1231 SMV1232 ShV1233 SMV1234 SMV1235 SMV1236 SMV1237
Part Cr@1v 3 6 3 2
e h oo | bh ) et 8 _{ s a T T = T % T % T 3 | =
Wi, Wax, Tvn. e, Min, Wax, Win, Wax, Max, . g 28 : L . : = .
Sizat 143 172 0.97 061 15 18 25 28 2 1500 83 187 32 Ak i 112 il : 'a'
s1232 234 286 15 094 15 19 26 33 5 1400 ! 1.58 . b e 162 1202 L]
SMV1233 3 6 18 Kl 15 19 26 33 12 1200 15 4 28 28 539 i 30 4033
SMV1234 5.85 7.18 36 2 6 2 28 34 03 7000 2 122 Rl 24 A58 ang 1228 3ty
SMV1235 1035 1265 5.4 6 6 2 28 34 05 750 25 LE L2t 219 09 738 10.56 .1
SMV1236 155 185 92 53 16 2 3 35 05 700 3 il ot 182 i 84 L) 2687
SMV1237 45 54 2.9 144 16 2 3 35 025 500 L AER 135 1L 213 562 4 257
Testod 1 079 package, 4 0.794 122 1.45 281 499 7.19 2083
Raects Wt V. = A0 (N A5 ¥ T 45 0.732 113 133 254 45 653 1862
Reversa Current Iy (Vi = 12 V) 20 nA maximum.
5 0.683 1.05 1.24 2.32 4amn B0 16.87
55 0,648 .89 116 215 R 561 1548
Typical Performance Data 6 0,613 0.94 11 202 3.55 5,28 14,36
1000 = 3 I 65 058 08 105 19 334 502 13.46
= e — SMvI231 7 0.567 0.86 101 18 a7 481 1272
SMV1236 e S— — 75 0.551 0.84 0.98 172 303 454 1211
— SMV1235 - ==
& i il 2 8 0534 0.81 0.96 165 201 443 1161
g —— — s wzsz | sulizsd 9 0512 0.78 0.92 155 273 4.28 1087
5 == = 7 A gw‘ﬁwm 10 0497 0.78 0.9 147 261 413 1038
El 7 — s < ] 3 1 0492 0.75 0.38 142 253 402 1006
& O igmieme = ~1_1 1 12 0.487 0.74 0.87 1.38 247 395 984
SMV1234 ——— — S i — 13 0.48 0.73 0.86 135 2.43 389 956
S e vioss— SMv1232 —] ETTET —
]I i T i i o 1 0.472 0.73 0.85 133 24 384 956
0.1 0 15 0.466 072 0.84 132 238 38 947
0 20 40 6.0 80 o 1 2 3 4 §
Reverse Voltage (V) Reverse Voltage (V)
Capacitance vs. Reverse Voltage Series Resistance vs. Reverse Voltage Part Cu v [ Rg
@ 500 MHz Number |  (pF) W M (0F) ()
[>| SMV1231 - 15 0.8 0 25
DHODEM MVizaz | 42 17 0.9 0 15
3 10 o V123
i H ) \i = 106-14 sMVi23s | 412 17 08 0.7 12
= 3 E > i 2 @ / s SMV1234 | 875 23 1.1 12 08
£ A £ A =0 SMN1235 | 1613 8 4 2 06
S 2T w=iv 2~ 2 4 7 e SNV1236 | 21.63 ) a2z 32 05
& p o
5 ! 5 2 V=Y SMV1237 | 66.16 10 53 9 025
Py y P / Eg=1.11
0 — E 0 Ap=3 Vi fram
.g ! = £ . -~ Ke =0 For package Inductance (Lg) refer to package type,
pé’ / /’ Al For more details refer to the “Varactor SPICE Modeks for RF VOO Applications™
2 == ~ § -4 — Fo=05 Applicatian Note.
By=0
3 ﬁ/ H"“'fa o -8 ,/ ey = 163
= In=0
= L -8 prgu
40 20 0 20 40 60 80 40 20 0 2 40 60 & el llmmnw_nded Solder Reflow Pruﬂlgs»
Temperature (€) Temperaturs (C) Mgy = 1 Refer to the “Recommended Solder Refiow Profile
T . ; o Application Note.
Relative Capacitance Change Relative Series Resistance Change -
vs. Temperature vs. Temperature @ 500 MHz ;:-1 i
- Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation" Application Note.
Skyworks Solutions, Inc. * Phone [781) 376-3000  Fax [781] 376-3100 com * www.skyworksinc.com Skyworks Solutions, Inc. © Phone [781] 376-3000 « Fax [781] 376-3100 » com « www.sky com
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MICRO-DEVICES

' RF2917 |
433/868/915MHZ
FM/FSK RECEIVER

Typical Applications

* Wireless Meter Reading
* Keyless Entry Systems
*» 433/868/915MHz ISM Band Systems

Product Description

The RF2917 is a monolithic integrated circuit intended for
use as a low cost FM or FSK receiver. The device is pro-
vided in 32-lead plastic packaging and is designed to pro-
vide a fully functional FM receiver. The chip is intended
for analog or digital applications in the Morth American
915MHz ISM band and European 433MHz and 868 MHz
ISM bands. The integrated VCO, +64 prescaler, and ref-
erence oscillator require only the addition of an external
crystal to provide a complete phase-locked oscillator for
single channel applications. The selection of linear FM
output or digital FSK output is done with the mute pin.

Optimum Technology Matching® Applied
E’SI BJT [0 GaAsHBT [ GaAs MESFET
O siBi-cMOS [ siGe HBT [ sicmos

R 2

Lot [4

[T

smxour [

Functional Block Diagram

RevB2010118

* Remote Data Transfers
* Wireless Security Systems

Package Style: LQFP-32_5x5

Features

« Fully Monolithic Integrated Receiver

« 2.7V to 5.0V Supply Voltage

« Narrowband and Wideband FSK

* 300MHz to 1000MHz Frequency Range
« Power Down Capability

+ Analog or Digital Output

Ordering Information

RF2817 433/868/915MHz FMIFSK Recaiver

RF2917 PCBA-L  Fully Assembled Evaluation Board, 433MHz
RF2817 PCBA-M Fully Assembled Evaluation Board, B68MHz
RF2917 PCBA-H Fully Assembled Evaluation Board, 915MHz

RF Micro Devices, Inc. Tel (338) 664 1233

7625 Thorndike Road Fax (336) 664 0454

Greensboro, NC 27400, USA hitp:iiwww.rfmd.com
11129

TRANSCEIVERS

TRANSCEIVERS

Absolute Maximum Ratings

Parameter Ratings Unit
Supply Voltage -0.5to +5.5 Vpe
Control Voltages 0510 +5.0 Ve ACautionl ESD sensitive device.
Input RF Level +10 dBm
Qutput Load VSWR 50:1 RF Micro D ” fumished s comect
R at the time of this printing. However, RF Micro Devices reserves the right to
0 P -40to +85 “c make changes 1o its products without notice. RF Micro Devices does not
Storage Temperat -40 to +150 & assume for the use of tho described product(s),
Parameter s lieation Unit Condition
Min. Typ. Max.
Overall T=25°C, Voo =3.6V, Freg=915MHz
RF Frequency Range 300 to 1000 MHz
VCO and PLL Section
VCO Frequency Range 300 to 1000 MHz
PLL Lock Time 10 ms The PLL lock time is set externally by the
bandwidth of the loop filter and start up of
the crystal.
PLL Phase Noise =74 dBefHz | 915MHz, 5kHz loop BW, 10kHz offset
-98 dBe/Hz | 915MHz, 5kHz loop BW, 100kHz offset
Reference Fraquency 0.5 17 MHz
Crystal Rg 50 100 [+
Charge Pump Current -40 +40 pA
Overall Receive Section
Frequency Range 300 to 1000 MHz
RX Sensitivity -98 =101 dBm IF BW=180kHz, Freq=915MHz, SIN=8dB
LO Leakage -55 dBm
RS5I DC Output Range 081015 v MUTE = 0; R = 51k
RSSI Sensitivity 13 mv/dB MUTE=0
RSS! Dynamic Range 60 dB MUTE=0
LNA
Power Gain 18 dB 433MHz, Matched to 500
16 dB 915MHz, Malched to 500
Noise Figure 3.6 dB 433MHz
38 d8 915MHz
Input 1P -8 dBm 915MHz
Input Pygg -15 dBm 915MHz
RX IN Impedance 82-j86 e 433MHz (see Plots)
T7-j43 915MHz (see Plots)
Quiput | d. Open Collector Q
Mixer Single-ended configuration
Conversion Power Gain 15 dB 433MHz, Matched to 500
8 dB 915MHz, Matched to 500
Moise Figure (SSB) 17 dB 433MHz, S5B Measurement
17 dB 915MHz, SSB Measurement
Input IP3 -20 dBm 433MHz
Input IP3 -15.5 dBm 215MHz
Input Pygg -30 dBm 433MHz
Input Pygg -26 dBm | 915MHz
First IF Section
IF Frequency Range 0.1 10.7 25 MHz
Violtage Gain 34 dB IF=10.7MHz, Z =3300
Noise Figure 13 dB
IF1 Input Impedance 330 0
IF1 Qutput | d: 330 0
11-130 Rev B2 010118
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RF2917 |

Parameter bpadiician Unit Condition
Min. Typ. Max.
Second IF Section
IF Frequency Range 01 10.7 25 MHz
Voltage Gain &0 dB IF=10.7MHz
Moise Figure 13 dB
IF2 Input Impedance 330 o
IF2 Outpul Impedance 1 k@ At IF2 OUT- pin 23
Demod Input Impedance 10 k2 Pin 24
Data Output Impedance 6.3-j257 k2
Data Output Bandwidth 500 kHz Z oap=1M12 || 3pF; 3dB dependent on IF
and discriminator BW
Data Output Level 0.3 Vge-0.3 W Z oap=1M2 || 3pF; Output voltage is pro-
portional with the instantaneous frequency
deviation,
FM Qutput DC Level 26 A
FM Output AC Level 200 mVpp
Power Down Control
Logical Controls "ON" 2.0 v Voltage supplied to the input
Logical Controls "OFF" 1.0 v Voltage supplied to the input
Control Input Impedance 25 ke
Turn On Time 10.2 ms From PD=1 to valid data out, current eval
board
Power Supply
Vollage 3.6 v Specifications
2.7 5.0 A Operating limits
24 W Temp>0°"C
Current Consumption 5 9 123 mA RX Mode, MUTE="1"
1 PA Power Down Mode
Rev B2 010118 11-131
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['RF2917 |

Pin Function

Description

Interface Schematic

1 vcei

This pin s used to supply DC bias to the receiver RF electronics. A RF
bypass should be d directly to this pin and returned
to ground. A 22pF itor is ded for 915MHz

A 100pF ftor is | ded for 433MHz

2 RXIN

RF input pin for the receiver electronics. RX IN input impedance is a
low impedance when enabled, RX IN is a high impedance when the
receiver is disabled.

3 GND1

Ground ion for RF iver functi Keep traces phy y

short and connect i diately to ground plane for best p

4 LNA OUT

Qutput pin for the receiver RF low noise amplifier. This pin is an open

li oulput and requires an | pull up coil to provide bias and
tune the LNA output. A capacitor in series with this output can be used
to match the LNA to 500 i d; image filters.

5 GND2

GND2 is connection for the 40 dB IF limiting amplifier. Keep traces
physically short and connect immedialely to ground plane for best per-

6 MIX IN

RF input to the RF Mixer. An LC matching network between LNA OUT
and MIX IN can be used to connect the LNA output to the RF mixer
input in applications where an image filter is not needed or desired,

7 GND3

GMD3 is the ground connection for the receiver RF mixer.

8 MIX OUT

IF output from the RF mixer. Interfaces directly to 10.7 MHz ceramic IF
filters as shown in the applicati hematic, A pull-up inductor and
series matching capacitor should be used to present a 33041 termina-
tion impedance to the ceramic filter. Allernately, an IF tank can be used
to tailor the IF frequency and bandwidth to meet the needs of a given
application. In addition to the matching components, a 15pF capacitor
should be placed from this pin to ground,

MIX OUT+

9 IF1 IN-

Balanced IF input to the 40dB limiting amplifier strip. A 10nF DC block-
ing capacitor is required on this input.

F18P+ IF18P-
60 kil 60 kit

IF1 Ik IF1IN-

10 IF1 IN+

Functionally the same as pin 9 except non-inverting node amplifier
input. In single-ended applications, this input should be bypassed
directly to ground through a 10nF i

See pin 9.

" IF1 BP+

DC feedback node for the 40dB limiting amplifier strip. A 100nF bypass
itor from this pin to ground is ired

See pin 9.

12 IF2 BP-

See pin 11.

See pin 9.

13 IF1 OUT

IF output from the 40dB limiting amplifier. The IF1 OUT output presents
& nominal 3304 output resistance and interfaces directly to 10.7 MHz
ceramic filters.

IF10UT

14 VREF IF

DC voltage reference for the IF limiting amplifiers (typically 1.1V). A
0.1uF capacitor from this pin to ground is ired

15 GND5

Ground connection for 80dB IF limiting amplifier. Keep traces physically

short and connect immediately to ground plane for best perf

11-132
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Pin

Function

Description

Interface Schematic

IF2 IN

Inverting input to the 60dB limiting amplifier strip. A 10 nF DC blocking
capacitor is required on this input. The IF2 IN input presents a nominal
33042 input resistance and interfaces directly to 10.7 MHz ceramic fil-
ters.

IF2BP+ IF2BP-

B0 kb 60k
30 33
IF2IN

17

IF2 BP+

DC feedback node for the 60dB limiting amplifier strip. A 100nF bypass
from this pin to ground is reqg

See pin 16.

18

IF2 BP-

See pin 17.

See pin 16.

vces

This pin is used to supply DC bias to the 60dB IF limiting amplifier. An
IF bypass should be i directly to this pin and
returned to ground. A 10nF capacitor is recommended for 10.7 MHz IF

20

MUTE

This pin is used to select FM, FSK, or mute at the FM OUT pin.
MUTE=>Vee - 0.4V turns the FM OUT signal off. MUTE<0.4V turns the
FM QUT signal on for FSK digital data. When MUTE is left floating, the
FM QUT signal is linear FM.

21

RSSI

th is output from

A DC voltage prop to the
g signal gl

d signal
this pin. The output voltage i i

22

FM OUT

Demodulated output from the discriminator/demodulator, Output levels
on this are CMOS compatible in FSK mode (see pin 20). In linear FM
mode, the demodulated signal level is approximately 240mVpp on a
DC voltage offset. The itude of the load imped: is i ded to
be 1M or greater.

23

IF2 OUT

IF cutput from the 60dB limiting amplifier strip. This pin is intended to
be connected to pin 24 through a 5pF capacitor (for 10.7MHz IF appli-
cations). This capacitor in conjunction with a tank resonant at the IF fre-
quency connected from pin 24 to ground is used to form an FM
discriminator.

DEMOD IN

This pin is the input to the FM demodulsml This pin is NOT AC cou-
pled. Tt .aDC it quired on this pin o avoid
aDC path to gruund A DC blocked LC Iank resonant at the IF or

tor should be d to this pin.

RESNTR-

This port is used to supply DC voltage to the VCO as well as to tune the
center frequency of the VCO. Equal value inductors should be con-
nected to this pin and pin 26.

z
2
%q.m
=
=l

26

RESNTR+

See pin 25.

See pin 25,

27

vcez

This pin is used to supply DC bias to Ihe VCO, prescaler, and PLL. An
IF bypass itor should be directly to this pin and
returned to ground, A 10nF capacitor is recommended for 10.7MHz IF

applications.

28

GND4

GND4 is the ground shared on chip by the VCO, prescaler, and PLL

Rev B2 010118
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RF2917

Pin Function

Description

Interface Schematic

29 | LOOPFLT

Qutput of the charge pump, and input to the VCO control. An RC net-
work from this pin to ground is used to establish the PLL bandwidth.

V.

LOOP FLT

30 0sCB

This pin is uonnaclad dnrecuy to the rerarance oscillator transistor base.
The intend iguration is a modified Colpitts. A
100pF | pin 30 and pin 31.

should be

OSCB
OSCE

3 OSCE

This pin is connecled directly to the emitter of the reference oscillator
00pF should be cted from this pin to

ground.

See pin 30.

32 PD

This pin is used lo power up or down the RF2917. A logic high (FWR
DWN >2.0 V) powers up the receiver and PLL. A logic low (PWR DWN
<1.0V) powers down circuit to standby mede.

ESD

This diode structure is used to provide electrostatic discharge protec-
tion to 3kV using the Human body model. The following pins are pro-
tected: 1, 3, 5, 7-19, 21-24, 27-31.

v,

11-134
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