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High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

General Description Benefits and Features

The MAX7049 high-performance, single-chip, ultra-
low-power ASK/FSK UHF transmitter operates in the
industrial, scientific, medical (ISM) band at 288MHz to
945MHz carrier frequencies. The IC also includes a low
phase noise fractional-N synthesizer for precise tuning,
fast frequency agility, and low out-of-band power. To
support narrow-band applications, the IC has both
amplitude-shaping and frequency-shaping functions that
enable the user to optimize spectral efficiency. The IC
offers Tx power up to +15dBm. These features make the
transmitter ideally suited for long-range applications.

Additional system-level features of the IC include a digital
temperature sensor and a number of flexible GPOs for
monitoring radio status and for the control of external
functions. A complete transmitter system can be built
using a low-end microprocessor control unit (MCU), the
IC, a crystal, and a small number of passive components.

The IC is available in a small, 5mm x 5mm, 28-pin TQFN
package with an exposed pad. It is specified to operate
in the -40°C to +125°C automotive temperature range.

Applications

Automatic Meter Reading (AMR)

RF Modules

Long-Range, One-Way Remote Keyless Entry (RKE)
Wireless Sensor Networks

TPMS

Home Security

Home Automation

RFID

Remote Controls

SPI is a trademark of Motorola, Inc.

¢ Transmitter (Tx)
< Provides Long Transmit Range Up to +15dBm
<> 21mA Tx Current for +10dBm Tx Power*
<> 41mA Tx Current for +15dBm Tx Power*
< Modulation Shaping, ASK, FSK

4 General
< Delivers Long Battery Life
< 50nA Shutdown Current
< 350nA Sleep Current
<- Minimizes the Number of I/Os Required
Between the IC and the MCU Serial Peripheral
Interface (SPI™)
<- Regulatory Compliant
FCC Part 15 Frequency Hopping
ETSI EN300-220 Compatible
<> On-Chip Temperature Sensor
<~ Fast Fractional-N Synthesizer with a
User-Defined External Loop Filter

*Vpp = 3.0V. Includes losses for the matching network and
regulatory-compliant harmonic filter.

Ordering Information appears at end of data sheet.

For related parts and recommended products to use with this part,
refer to www.maximintegrated.com/MAX7049.related.

For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.
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MAX7049

High-Performance, 288MHz to 945MHz

ABSOLUTE MAXIMUM RATINGS

PAVDD, LOVDD, VCOVDD, CPVDD, PLLVDD,

XOVDD, DVDD, and AVDD to EP .................... -0.3V to +3.6V
ENABLE, DATAIN, SDI, SDO, CS, SCLK,

GPO1, GPO2, HOP, and SHDN to EP . -0.3V to (Vpp + 0.3V)
All Other Pins to EP ..o, -0.3V to (Vpp + 0.3V)

ASK/FSK ISM Transmitter

Continuous Power Dissipation (Tp = +70°C)

TQFN (single-layer board)

(derate 21.3mW/°C above +70°C).........ccccceuven.. 1702.1mW
Operating Temperature Range................cc...... -40°C to +125°C
Storage Temperature Range.................. ...-65°C to +150°C
Lead Temperature (soldering, 10s) +300°C
Soldering Temperature (reflow) .........ccccoovviiiiiiiiiiii, +260°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional opera-
tion of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect device reliability.

CAUTION! ESD SENSITIVE DEVICE

DC ELECTRICAL CHARACTERISTICS

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, fgg = 868MHz, Tp = -40°C to +125°C, unless otherwise noted. Typical
values are at Vpp = +3.0V, Ta = +25°C, unless otherwise noted. All min and max values are 100% tested at Tp = +125°C and are

guaranteed by design and characterization over temperature, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
PAVDD, LOVDD, VCOVDD, CPVDD,
Supply Voltage Vpp PLLVDD, XOVDD, DVDD, and AVDD 2.1 3.0 3.6 \Y
connected to power supply
frr = 316MHz 1.2
PA off fRF = 434MHz 104
fRE = 863MHz to 945MHz 10.2
PA off, frF = 315MHz 13.2
PA predriverat T = s uMHz 12.4
. high current
Operating Current IpD setting fRF = 863MHz to 945MHz 12.2 mA
868MHz +15dBm
Pout = +15dBm | matching network with 41
harmonic filter
868MHz +10dBm
Pout = +10dBm | matching network with 21
harmonic filter
Ta = +25°C, Sleep mode 350
Ta = +85°C, Sleep mode 600
Ta = +125°C, Sleep mode 1700 4000
Shutdown Current Tp = +25°C, Shutdown mode (registers reset) 50 nA
Ta = +85°C, Shutdown mode (registers reset) 200
Ta = +125°C, Shutdown mode 1300 3500
(registers reset)
Input Low Voltage ViU 0.2 x Vpp v
Input High Voltage VIH 0.8 x Vpp

Maxim Integrated




MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

DC ELECTRICAL CHARACTERISTICS (continued)

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, fgp = 868MHz, Tp = -40°C to +125°C, unless otherwise noted. Typical
values are at Vpp = +3.0V, Ta = +25°C, unless otherwise noted. All min and max values are 100% tested at Tp = +125°C and are
guaranteed by design and characterization over temperature, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Pulldown Sink Current 12.5 A
Pullup Source Current 125 H

In buffer mode, GPO1 250pA sink current,
Output Low Voltage VoL SDO 1mA sink current, and GPO2 4mA 0.225
sink current
\Y
In buffer mode, GPO1 250pA source current,
Output High Voltage VoH SDO 1mA source current, and GPO2 4mA Vpp - 0.225
source current

AC ELECTRICAL CHARACTERISTICS

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, frg = 868MHz, Tp = -40°C to +125°C, unless otherwise noted. Typical
values are at Vpp = +3.0V, Ta = +25°C, unless otherwise noted. All min and max values are 100% tested at Tp = +125°C and are
guaranteed by design and characterization over temperature, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
GENERAL CHARACTERISTICS
Divide-by-1 LO divider setting 863 945
Operating Frequency Divide-by-2 LO divider setting 431.5 472.5 MHz
Divide-by-3 LO divider setting 287.7 315
Manchester encoded 100
Maximum Data Rate kbps
NRZ encoded 200
Maximum Frequency Deviation 100kHz synthesizer loop bandwidth +150 kHz
From Enable low-to-high transition to LO
within 5kHz of final value, 100kHz synthesizer 330
loop bandwidth
Frequency Settling Time toN ys
From Enable low-to-high transition to LO
within 1kHz of final value, 100kHz synthesizer 400
loop bandwidth
POWER AMPLIFIER
Maximum Output Power Pmax | Match to 50Q, including harmonic filter +15 dBm
Programmable PA Bias Current With £1% 56.2kQ external PA reference
: ) 0.5 mA
Step current setting resistor
Programmable PA Power Power range from decimal 1 to decimal 63
. - ) 36 dB
Dynamic Range on digital PA bias current
Modulation Depth With respect to +10dBm output power 57 dB
Maximum Carrier Harmonics With output matching network -50 dBc
Maxim Integrated 6




MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

AC ELECTRICAL CHARACTERISTICS (continued)

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, fgp = 868MHz, Tp = -40°C to +125°C, unless otherwise noted. Typical
values are at Vpp = +3.0V, Ta = +25°C, unless otherwise noted. All min and max values are 100% tested at Tp = +125°C and are
guaranteed by design and characterization over temperature, unless otherwise noted.)

PARAMETER | SYMBOL | CONDITIONS TYP MAX | UNITS
FRACTIONAL-N SYNTHESIZER
VCO Gain Kyco | Referenced to 863MHz to 945MHz LO 108 MHz/V
Close-In Phase Noise 10kHz offset, 100kHz loop BW -101 dBc/Hz
VCO Phase Noise 1MHz offset, 863MHz to 945MHz -126 dBc/Hz
Charge-Pump Current op Vout = VepvpD/2, low setting (icont bit = 0) 204 HA
Vout = Vcpyvpp/2, high setting (icont bit = 1) 407 HA
1
LO Divider Settings
3
Minimum Synthesizer Frequency Referenced to 863MHz to 945MHz LO or
Step carrier frequency band fxTaL/2™® Hz
Reference Spur -71 dBc
Frequency Switching Time ig\qﬂ; 21ggsﬁjnsi%tshtgsi,zzf)?o'\ggzb?ncgji?gtlrz 48 ks
Reference Frequency Input ’ Vpp
Level
ADC
Resolution 7 Bits
LSB Bit Width 7.25 mV
CRYSTAL OSCILLATOR
Crystal Frequency fxTAL 16t022.4 MHz
Frequency Pulling by Vpp 0.5 ppm/V
Recommended Crystal Load 10
Capacitance o
Maximum Crystal Load
Capacitance 20
TEMPERATURE SENSOR
Range -40 to +125 °C
Digital Code Slope 2 °C/LSB
SPI TIMING CHARACTERISTICS (Figure 1)
Minimum’SCLK Lowl to Falling tse 20 ns
Edge of CS Setup Time
. -
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MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

AC ELECTRICAL CHARACTERISTICS (continued)

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, fgp = 868MHz, Tp = -40°C to +125°C, unless otherwise noted. Typical
values are at Vpp = +3.0V, Ta = +25°C, unless otherwise noted. All min and max values are 100% tested at Tp = +125°C and are
guaranteed by design and characterization over temperature, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Minimum SCLK Low to Rising ¢ 30 ns
Edge of CS Setup Time HCS
Minimum SCLK Low after Rising ¢ 20 ns
Edge of CS Hold Time HS
Minimum Data Valid to SCLK " 15 ns
Rising-Edge Setup Time DS
Minimum Data Valid to SCLK ¢ 10 ns
Rising-Edge Hold Time DH
Minimum SCLK High Pulse
Width toH 30 ns
Minimum SCLK Low Pulse Width toL 30 ns
Minimum CS High Pulse Width tcsH 30 ns
Maximum Transition Time from i C| = 10pF load capacitance from 20 ns
Falling Edge of CS to Valid SDO | ©SG | SDO to GND
Maximum Transition Time from .

Falling Edge of SCLK to tcg g[L)(S t1OO(pa|’:\l:§ad capacitance from 20 ns
Valid SDO
cs (« <— sy —P
— t 34_ )) I | -
oo B tHos—  r—
tgg— P ! !
SCLK | g
‘ — o [
>l g —P -
ps — P b
/
tCSG_>§ 14— —Pi §<_tCG

Figure 1. SPI Timing Diagram
Maxim Integrated 8



MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

Typical Operating Characteristics

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, frp = 288MHz to 945MHz, Tp = -40°C to +125°C, unless otherwise noted.
Typical values are at Vpp = +3.0V, Tp = +25°C, unless otherwise noted.)

SHUTDOWN MODE CURRENT SLEEP MODE CURRENT TEMPERATURE SENSOR CODE
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
20 . 24 5 120 2
18 g 22 : S §
= 3 20 § =2 0 / 5
':1/ 16 = 1'8 = E /, =
14 = Vop =36V = /
= / = 16 bp=3 & 80 v
3 12 = 14 | i 8
e I 3 ) s
=R R 3 60
e - / [ =T Vpp=3.0V // 2 /
= Vop =36V S 10 i &
= ‘ ‘ I/ a 08 VDD=2.7V /// % 40 /
8 06 Vpp=3.0V = . /// 2 "
g - | A 06 Vop =21V / = 7
5 04 Vop=2.7V 4 04 —— 4~ -
02 Vpp = 2.1V /4 i = =
: 2 02 =
0 0 0
50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125 50 25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
CHARGE-PUMP CURRENT
VCO TUNING CHARACTERISTIC FREQUENCY SETTLING vs. CONTROL VOLTAGE
(IN 900MHz BAND) vs. CONTROL VOLTAGE AFTER POWER-UP (LOW CURRENT SETTING, 2.1V SUPPLY)
1000 T s 868.62MH: - 5 20— — e
980 Ta=-40°C A ; E g -40°C 40°C |5
= %0 r7an \ N U —— :
< 9 Ta=+25C 4 = - 425°C —
5 = \\ 85°C ]
g 90 /,/// £ 150 | Pt | i
= N +125° N
2 900 ///,4 Ta=485C 868.60MHz \‘;v'"“ iy = \l )
=
= y 297, \ : ] DOWN /
P27/ | : 30 P
%’ 860 G Th=+125C } %
=840 /,//, S 50
820 |
800 868.58MHz 0
SI3SS832-HRZ2E=E 0.00s 500.0p1s 1.000ms 0 020406081012 14 16 1.8 2.0
CONTROL VOLTAGE WITH RESPECT TO SUPPLY (V) 100.0us/div CONTROL VOLTAGE WITH RESPECT TO GROUND (V)
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MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

Typical Operating Characteristics (continued)

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, frp = 288MHz to 945MHz, Tp = -40°C to +125°C, unless otherwise noted.
Typical values are at Vpp = +3.0V, Tp = +25°C, unless otherwise noted.)

PHASE NOISE (VGO DOMINATED)

vs. OFFSET FREQUENCY UNMODULATED CLOSE-IN SPECTRUM UNMODULATED CLOSE-IN SPECTRUM
(CL=0.1pF, CS = 0.01pF, (100Hz RBW, 100 SAMPLE AVERAGE, (100Hz RBW, 100 SAMPLE AVERAGE,
R =200Q, RP=CP =0) 22.4MHz CRYSTAL, ihsel = 0, icont = 0) 22.4MHz CRYSTAL, ihsel = 0, icont = 0)
70 . 0 5 0 2
80 : 0 : o :
= = =
P, 20 20
= -9
5 WBGSMHL ibsel =0 30 o 30
= , g g
5 -100 \&;’ 927MHz, ibsel = 0 = 40 = 4
o juw) juw)
o -110 i < S 50 = 50
n o a
= 0 /N_ -60 -60
120 [ 907MHy, ibsel = 1
927MHz, ibse % 70 . 70
-130 uw 80 -80 41l ¥ Mﬂ
'140 _90 I 1 1 1 1 1 1 1 1 1 _90 I 1 1 1
10 100 1000 10,000 868.590 868.594 868598 868.602 868.606 868.610 926.990 926.994 926.998 927.002 927.006 927.010
OFFSET FREQUENCY (kH2) 868.502 868.596 868.600 868.604 868.608 926.992 926.996 927.000 927.004 927.008
FREQUENCY (MHz) FREQUENCY (MHz)
UNMODULATED SPECTRUM ASK MODULATION SPECTRUM
UNMODULATED CLOSE-IN SPECTRUM (palopwr = 0, 100% DUTY CYCLE, (3kHz RBW, 4kHz SQUARE-WAVE MODULATION,
(100Hz RBW, 100 SAMPLE AVERAGE, +10dBm, 868MHz, +10dBm OUTPUT POWER, WITH
16MHz CRYSTAL, ibsel = 0, icont = 0) WITH +10dBm AT 3V MATCH) +10dBm AT 3V MATCH)
0 - 0 - 0 o
-10 2 10 RT) l 2
= -20 = M z
-20 20 UNSHAPED
" 30
& & 50 & 40
= 5 % 3
S S %0 =
-60 0 \
l' -60 ™y
70 -80 \
J GAUSSIAN
80 hed ' o W -90 -0 ‘ ‘
-90 T T T T -100 - T T T T T 1
926.090 926994 926.998 927.002 927.006 927.010 648 853 858 863 868 873 878 883 888 86775 867.85 86795 86805 86815 868.25
926992 926.096 927.000 927.004 927.008 FREQUENCY (MHz) 86780 867.90 86800 86810 868.20
FREQUENCY (MHz) FREQUENCY (MH2)
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MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

Typical Operating Characteristics (continued)

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, frp = 288MHz to 945MHz, Tp = -40°C to +125°C, unless otherwise noted.
Typical values are at Vpp = +3.0V, Tp = +25°C, unless otherwise noted.)

ASK MODULATION SPECTRUM

(3kHz RBW, 4kHz SQUARE-WAVE MODULATION,

+9dBm OUTPUT POWER, WITH
+10dBm AT 3V MATCH)

MAX7049 toc13

POWER (dBc)
=

| UNSHAPED| |

|
GAUSSIAN

-80 *

POWER (dBc)

867.75 867.85 867.95 868.05 868.15 868.25
867.80 86790 868.00 868.10 868.20
FREQUENCY (MHz)

POWER (dBc)

FSK MODULATION SPECTRUM
(3kHz RBW, 4kHz SQUARE-WAVE MODULATION,

0

-10
-20
-30
-40
-50
-60
-70
-80

FSK MODULATION SPECTRUM (1kHz RBW,

4kHz SQUARE-WAVE MODULATION,
+4kHz DEVIATION, +10dBm OUTPUT

POWER, WITH +10dBm AT 3V MATCH)

0

— GAUSSIAN

MAX7049 toc14
LN
o

867.95 867.97 867.99 868.01
867.96 867.98 868.00 868.02 868.04

+100kHz DEVIATION, +10dBm OUTPUT

POWER, WITH +10dBm AT 3V MATCH)

[~ GAUSSIAN

MAX7049 toc16

867.4 8676 867.8 868.0 868.2 8684 868.6

Maxim Integrated

FREQUENCY (MHz)

FREQUENCY (MHz)

868.03  868.05

POWER (dBc)

-80

FSK MODULATION SPECTRUM

(1kHz RBW, 4kHz SQUARE-WAVEMODULATION,
+4kHz DEVIATION, +10dBm OUTPUT POWER,

WITH +10dBm AT 3V MATCH)

—UNSHAPED

MAX7049 toc15

W

867.95 867.97 867.99 868.01
FREQUENCY (MHz)

FSK MODULATION SPECTRUM
(3kHz RBW, 4kHz SQUARE-WAVE MODULATION,
+100kHz DEVIATION, +10dBm OUTPUT
POWER, WITH +10dBm AT 3V MATCH)

[~ UNSHAPED

MAX7049 toc17

867.4 8676 867.8 868.0 868.2 868.4 868.6

FREQUENCY (MHz)

868.03  868.05
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MAX7049

High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

Typical Operating Characteristics (continued)

(Figure 2, 50Q system impedance, Vpp = +2.1V to +3.6V, frp = 288MHz to 945MHz, Tp = -40°C to +125°C, unless otherwise noted.
Typical values are at Vpp = +3.0V, Tp = +25°C, unless otherwise noted.)

PA POWER vs. PA CODE PA POWER vs. PA CODE
Tx CURRENT vs. TEMPERATURE (palopwr = 0, 100% DUTY CYCLE, 915MHz, (palopwr = 0, 100% DUTY CYCLE, 868MHz,
(PA OFF, 900MHz BAND, palopwr = 1) WITH +15dBm AT 3V MATCH) WITH +15dBm AT 3V MATCH)
10.60 o 20 ‘ o 20 | g
g 36V g 36V g
1050 g g g
- 2 15 S 15 S
= 1040 Vop =36V Vpp =30V Ve [y — P |
E - At 30V - 3 30V
= 1030 & &
g ] g / 2.1V g / 2.1V
S 1020 3 / 3 /
= —t 0 0
10.10 / /
Vop =21V "y oy / /
10.00 5 / 5 /
—1 I
9.90 10 10
50 25 0 25 50 75 100 125 0 8 16 24 32 40 48 56 64 0 8 16 24 32 40 48 5 64
TEMPERATURE (°C) PA CODE (DECIMAL) PA CODE (DECIMAL)
PA POWER vs. PA CODE PA POWER vs. PA CODE
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Pin Configuration

TOP VIEW S _ X % % =)
S8 833 &8 35 8
2120 10} 1a 117 116 s
ovoo |22¢ ] 1
Hop |23t - 3] xae
apotf24} L 12 xae
SHON 25 MAX7049 11 XOVDD
woo[z51 T
Pac |27t N e 19 |pvon
S 1 "8 | ceour
tiieiisiiaiisiiedin)
o < 5 0 o 24 o
(=) o (=) o oc (=)
=z X =33 0° &
(a1 o — g (&b
TQFN
(5mm x 5mm)
Pin Description
PIN NAME FUNCTION
1 PAVDD | Power Amplifier Supply Voltage Input. Bypass to ground with 33pF capacitor as close as possible to the pin.
External PA Bias Current Setting Resistor Connection. Couple to ground through a +1% tolerance low-
2 REXTPA |temperature coefficient resistor. A resistor of 56.2kQ is recommended for a 0.5mA nominal PA bias
current DAC LSB value.
3, 10, .
14 N.C. No Connection. Leave unconnected.
Local Oscillator (LO) Supply Voltage Input. Bypass to ground with 33pF capacitor as close as possible
4 LOVDD :
to the pin.
Voltage-Controlled Oscillator (VCO) Supply Voltage. Bypass to ground with 1uF capacitor as close as
5 VCOVDD . .
possible to the pin.
Control (Tuning) Voltage for VCO Input. Referenced to VCOVDD pin. Connect through passive loop filter to
6 CTRL
CPOUT.
7 CPVDD | Charge-Pump Supply Voltage Input. Bypass to ground with 0.01uF capacitor as close as possible to the pin.
8 CPOUT | Charge-Pump Output. Connect through passive loop filter to CTRL.
9 PLLVDD | Synthesizer Supply Voltage Input. Bypass to ground with 33pF capacitor as close as possible to the pin.
11 XOVDD Crystal Oscillator Supply Voltage Input. Bypass to ground with 0.1uF capacitor as close as possible to

the pin.

Maxim Integrated
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High-Performance, 288MHz to 945MHz
ASK/FSK ISM Transmitter

Pin Description (continued)

PIN NAME FUNCTION
Collector Crystal Input. Connect to crystal either directly or through an AC-coupling capacitor. A shunt

12 YTALC capacitance to ground might be needed depending on the specified load capacitance of the crystal and
PCB stray capacitances. Can be driven by an AC-coupled external reference with a signal swing of
0.8Vp_pto 1.2Vp_p.
Base Crystal Input. Connect to crystal either directly or through an AC-coupling capacitor. A shunt

13 XTALB |capacitance to ground might be needed depending on the specified load capacitance of the crystal and
PCB stray capacitances. Must be DC shorted to ground if XTALC is driven by external reference.

15 SDO Serial Peripheral Interface (SPI) Data Output. It can also be configured as a general-purpose digital output.

16 DATAIN | Transmitter Data Input. The Datain function can also be controlled by SPI. Internally pulled to ground.

17 ENABLE Enable. Drive high for active operation. Drive low or leave unconnected to put the device into Sleep mode.
The enable function can also be controlled by SPI. Internally pulled to ground.

18 SCLK [ SPI Clock. Internally pulled to ground.

19 SDI SPI Data Input. Internally pulled to ground.

20 CS SPI Active-Low Chip Select. Internally pulled to supply.

21 GPO2 | General-Purpose Output 2. High drive strength digital general-purpose output.

22 DVDD | Digital Supply Voltage Input. Bypass to ground with 0.1uF capacitor as close as possible to the pin.

23 HOP Frequency Hop Pin. Transfers the base[20:0] bits to the fractional-N divider. See the Fractional-N Synthesizer
section. The hop function can also be controlled by SPI. Internally pulled to ground.

24 GPO1 | General-Purpose Output 1. Low drive strength digital general-purpose output.
Shutdown Digital Input. Turns off internal power-on-reset (POR) circuit when driven high. Register contents

25 SHDN | are set to the initial state when driven high. Must be driven low for normal operation. Not internally pulled to
supply or ground.

26 AVDD | Analog Supply Voltage Input. Bypass to ground with a 1uF capacitor as close as possible to the pin.

o7 PAL Power Amplifier (PA) Positive Output. Requires DC current path to supply voltage through an inductive path.
The DC current path can be part of the output impedance matching and harmonic filter network.

o8 PA- Power Amplifier (PA) Negative Output. Requires DC current path to supply voltage through an inductive path.
The DC current path can be part of the output impedance matching and harmonic filter network.

o Ep Exposed Pad. This is the only ground connection. Solder evenly to the PCB ground plane for proper

operation. Multiple vias from the solder pad to the PCB ground plane are recommended.

Maxim Integrated
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High-Performance, 288MHz to 945MHz

ASK/FSK ISM Transmitter

Functional Diagram
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Detailed Description

Architectural Overview and
Applications Circuit
The MAX7049 includes a single precision local oscillator
fractional-N synthesizer with an integrated VCO, fraction-
al-N divider, phase/frequency detector, charge pump,
LO divider, and lock detector. The loop filter is located
off-chip to allow the user to optimize the synthesizer noise
and transient characteristics for a particular application.
In FSK transmit mode, the synthesizer transitions between
the mark and the space frequency based on the state
of the DATAIN pin or datain bit (Datain register, 0x3D,
bit 8). A user-programmable frequency-shaping function
enables the user to precisely define the transition from the
mark frequency to the space frequency and vice versa to
minimize spectral width of the modulated Tx waveform.

The IC utilizes a differential emitter-coupled, dual-open-
collector power amplifier for the transmitter output.

Maxim Integrated

The bias current of the output stage is set with a combi-
nation of an external resistor and an internal amplitude-
shaping function. The programmable shaping func-
tion enables the user to precisely define the transition
between carrier on and carrier off and vice versa based
on the state of the DATAIN pin or datain bit so as to
minimize the spectral width of the modulated Tx signal.
Linear amplitude ramping is used in FSK mode as the PA
is enabled at the beginning of a data burst and disabled
at the end of a data burst for spectral control.

A complete transmitter system can be built using a
low-end MCU, the IC, a crystal, and a small number of
passive components for power-supply bypassing and for
RF matching, as illustrated in Figure 2.

Communication between the MCU and the IC is accom-
plished through a 4-pin SPI bus and a number of optional
digital inputs and outputs.

15
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Figure 2. Typical Operating Circuit
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Digital Inputs and Outputs
Digital Inputs
The IC'’s SPI inputs are the CS, SCLK, and SDI pins. The
CS pin is active low, so this pin has an internal pullup.
The SCLK and SDI pins have internal pulldowns. In addi-
tion to the SPI inputs, there are also a number of optional
digital inputs to the IC. These inputs are DATAIN,
ENABLE, and HOP. These optional inputs, which have
internal pulldowns, give the user the option to control an
internal signal by either driving the pin to the appropriate
logic level or by setting a control bit to the appropriate
state. This is illustrated in Figure 3.

SPI control minimizes the number of 1/Os required
between the IC and the MCU, whereas the pin control
eliminates the configuration overhead associated with
SPI communication.

ASK/FSK ISM Transmitter

Digital Outputs
The IC has two dedicated general-purpose outputs
(GPO1 and GPO2), one SPI output (SDO) that can also
serve as a general-purpose output when CS is high. The
GPO1, GPO2, and SDO pins can be configured to output
various internal status signals and clocks, as illustrated
in Figure 4.
The outputs (GPO1 and GPO2) offer a feature where the
pin can operate either as a digital buffer or as a current-
limited source/sink output, as illustrated in Figure 5.

ﬁ DVDD 22| DVDD E DVDD
2l es INTERNAL INPUT INTERNAL
=2 s — NPUT NTERNA
SIGNAL SIGNAL SIGNAL
= PROGRAMMABLE :
GROUNDED CONTROLBIT !
PAD (EP) = I
GROUNDED GROUNDED
PAD (EP) PAD (EP)
INPUT = SCLK AND SDI INPUT = DATAIN, ENABLE, AND HOP
- J
SPIINPUTS
Figure 3. Digital Inputs
Table 1. Optional Digital Input Controls
REGISTER REGISTER BIT LOCATION
PIN BIT NAME NAME ADDRESS (hex) (7:0) FUNCTION
DATAIN datain Datain 0x3D 6 Data input to transmitter.
ENABLE enable EnableReg Ox3E 0 Enable input for transmitter.
Initiates the transition to the next
HOP hop Fload 0x0B 0 frequency as defined by base[20:0].

Maxim Integrated
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sdos[3:0]
' SPI READ-ONLY REGISTERS L ol v L] spo | 15
i TestBusO AND TestBus1 (x40 AND Ox41) ™ >
tmux(3:0] gp1s[3:0]  gp1md(1:0]
o : thus[15:0] \ GPO
' i us(19:
' INTERNALSIGNALS ~ oep| MUX | MUX — S
gp2s(3:0]
gplisht
[15:4]
MAX7049 plllock . »-
ckdiv[1:0] gp2md[2:0]
xtal 1,12, o
/4,0R/8 o GPO2 | 21
+ MUX
1,12, o
116 /4,0R /8 -
+ gp2isht
L[ /5.6 | mek [ 71,72, _
clksht— /7,0R/8 /4,0R /8 >
XTALC | | XTALB tal[1:0}
2| |13
Figure 4. Digital Outputs
BUFFER MODE CURRENT MODE o2
DVDD | 22
ISOURCE
INTERNAL OUTPUT | INTERNAL ouTPUT
SIGNAL SIGNAL
GROUNDED |
PAD (EP) SINK
GROUNDED
PAD (EP)

Figure 5. Digital Output Options
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The current mode of operation can reduce digital noise
associated with large supply current spikes. The GPO1
pin has a relatively small current drive capability (80pA
or 160pA). The 10Conf2 register (0x05) (gp1md[1:0] bits)
control the current settings:

gp1md[1:0] Mode

Ox Buffer mode

10 80pA sink/source capability
11 160pA sink/source capability

GPO2 has a much larger current drive capability (up to
4mA), as this GPO can be the source of output clock
signals. The I0Conf2 register (0x05) (gp2md[2:0] bits)
control the current settings:

gp2md[2:0] Mode

Oxx Buffer mode

100 1.0mA sink/source capability
101 2.0mA sink/source capability
110 3.0mA sink/source capability
111 4.0mA sink/source capability

Two other bits also control the operation of GPO1 and
GPO2. The I0Conf0 register (0x03) (gplisht and gp2isht
bits) allows the current mode operation to continue even
if the IC is disabled (Sleep mode).

The GPO2 pin is designated as the primary output for
driving a clock, as it has the strongest buffer and highest
current output capabilities.

The GPO2 clock signal can be selected by the gp2s[3:0]
and ckdiv[1:0] bits (IOConf0 register, 0x03).

gp2s[3:0] GPO2 Output

0000 plllock

0001 mclk /(ckdiv divider)
0010 xtal/(ckdiv divider)
0011 xtal/16/(ckdiv divider)
where the ckdiv divider is given by:
ckdiv[1:0] Divide by

00 1

01 2

10 4

11 8

Maxim Integrated
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and xtal is the crystal frequency, and mclk is the master
digital clock. The master digital clock is the divided crystal
frequency given by the xtal[1:0] bits (ConfO register, 0x01),
according to:

xtal[1:0] Divide by
00 5
01 6
10 7
11 8

If a clock output on GPO2 is required even when the IC
is in Sleep mode (ENABLE pin and enable bit reset to 0),
the SHDN pin is reset to 0, and the clksht bit (I0Conf2
register, 0x05, bit 3) must be set to 1.

A very useful function of the GPOs is to output status
signals that reflect the state of the transmitter at any
particular instance in time. See the Register Details
section for an in-depth description of the status signals
available for the TestBusO and TestBus1 registers.

Serial Peripheral Interface (SPI)
The IC utilizes a 4-wire SPI protocol for programming its
registers, configuring and controlling the operation of the
whole transmitter.

The following digital pins control the operation of the SPI:

CS: Active-low SPI chip select

SDI: SPI data input

SCLK: SPI serial clock

SDO:  SPI data output

The SPI operates on a byte format, as shown in Figure 6.

Any number of 8-bit data bursts (Data 1, Data 2, ... Data
N) can be sent within one low cycle of CS, to allow for
burst-write or burst-read operations. The SDO pin acts
as another general-purpose output (GPO) when the CS
pin is high.
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SCLK
NG O000000Y sn0ona000n
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Figure 6. SPI Format

SPI Commands
The following commands are implemented in the IC:

Write: Within the same CS cycle, a write command is implemented as follows:
SDI: <0x01> <lInitial Address> <Data 1> <Data 2> ... <Data N>

With this command, Data 1 is written to the address given by <Initial Address>, Data 2 is written to <Initial Address +
1>, and so on.

Read: Within the same CS cycle, a read command is implemented as follows:

SDI: <0x02> <Address 1> <Address 2> <Address 3> ... <Address N> <0x00>

SDO:  <OxXX>  <OxXX> <Data 1> <Data2> ... <DataN- 1> <Data N>

With this command, all the registers can be read within the same cycle of CS. The addresses can be given in any order.
Read All: With two CS cycles, the Read All command is implemented as follows:

CS Cycle 1 CS Cycle 2
SDI: <0x03> <Address N> <0x00> <0x00> <0x00> ... <0Ox00>
SDO: <Data N> <Data N + 1> <Data N + 2> ... <Data N + n>
Reset: A SPI reset command is implemented as follows:
SDI: <0x04>

An internal active-low master resetb signal is generated, from the falling edge of the last SCLK signal to the falling edge
of the following CS signal (tHcs + tcsH)-

|<«— WRITE COMMAND (0x01) —~{<a— INITIAL ADDRESS (A[7:0]) —#~}¢————— DATA1—————»{  |& DATAN |

Figure 7. SPI Write Command Format
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READ COMMAND (0x02) ADDRESS 1

ADDRESS N 0x00

ADDRESS 2

-~
$00 (07){oe){s) p4) s} o2) o) oo} o7}y oo o7} oo}
DATA1 DATA2 DATAN |
Figure 8. SPI Read Command Format
ﬁ ,_l ()() ()() ,_
SCLK q L
)

|«-READ-ALL COMMAND (0x03)-#~}<¢——— ADDRESSN ———»|

SDO

(07)oe)oe)(o4)3)p2)or) oo)or) SooXor e

DATAN DATAN+1 DATAN+n

e

Figure 9. SPI Read-All Command Format
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|<«—— RESET COMMAND (0x04) ——»]
reseth

INITIAL
SHUTDOWN

SLEEP
SLEEP
XTAL ON

SPI
CONFIGURATION

TEMPERATURE
SENSOR

Figure 10. SPI Reset Command Format

Operating Mode Overview
The IC offers several modes of operation that allow the
user to optimize the transmitter’s power consumption for
a particular application. The primary operating modes
are Initial, Sleep, Temperature Sensor, and Tx, as illus-

trated in Figure 11.

Maxim Integrated

Figure 11. Operating Modes

When the SHDN pin is high, the IC is in Shutdown mode.
In Shutdown mode, the POR circuit internal to the IC is
disabled and draws virtually no current. In Shutdown
mode, all internal data registers are reset to the initial
states and must be rewritten for desired transmitter
operation after the SHDN pin is driven low.
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When the SHDN pin is low, the POR circuit is active and
holds the internal data registers in the initial state until the
power supply is above 2.1V and the IC enters the Initial
mode. From the Initial mode, the IC can be configured
for operation in Sleep mode, Temperature Sensor mode,
or Tx mode. In Sleep mode, there are two options avail-
able: Sleep and XTAL ON. In Sleep mode, the current
drain is typically 350nA. All register states are retained in
Sleep mode. In XTAL ON mode, controlled by the clksht
bit (I0Conf2 register, 0x05, bit 3), the crystal oscillator is
enabled and the divided output of the crystal oscillator
(/1,/2, /4, 8, as set by the ckdiv[1:0] bits (I0Conf0 regis-
ter, 0x03, bits [5:4]) can be directed to GPO2. The XTAL
ON mode is designed so an accurate high-speed clock
is always available to the MCU.

In Temperature Sensor mode, the internal temperature
sensor function can be executed.

In Tx mode, the transmitter can be configured to transmit
ASK data or FSK data.

Table 2. Mode Control Logic

ASK/FSK ISM Transmitter

The Tx mode is determined by the logic states of the
SHDN pin, ENABLE pin, and the enable bit (EnableReg
register, Ox3E, bit 0). The transmitter is enabled if the
SHDN pin is driven low and the ENABLE pin is driven
high, or the enable bit is set. This logic is summarized
in Table 2.

The mode options are selected by the mode SPI bit
(ConfO register, 0x01, bit 4) and these options are
summarized in Table 3.

Sleep Mode
From the Initial mode, the transmitter directly enters
Sleep mode. In XTAL ON mode, the crystal oscillator is
enabled and the divided output of the crystal oscillator
can be directed to GPO2. This mode is enabled when
the RF functions are disabled and the clksht bit is set.
The current drain in this mode is highly dependent on the
frequency of the output signal and the load capacitance
on the GPO2 pin. The current drain is typically 750uA
when the out