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 Parameter  Symbol  Min  Max Unit  Notes  

 Positive supply voltage Vsup -0.5 5.0 V Voltage on all supply Pins 
VCCPA,VCCPLL,VDD 

 Negative supply voltage 
GND, 
VSS 

0 0 V  

 Input current (latch-up immunity) ISCR -40 40 mA  Norm: Jedec 17 

ESDDHBM ±4  kV 
 Norm MIL 883 E method 3015 
 (Human Body Model) 

 ESD for digital pins 
ESDDMM ±200  V 

 Norm: EIJA IC-121 
 (Machine Model) 

ESDAHBM ±1.5  kV 
 Norm MIL 883 E method 3015 
 (Human Body Model) 

 ESD for analogue pins 
ESDAMM ±100  V 

 Norm: EIJA IC-121 
 (Machine Model) 

ESDRFHBM ±1.5  kV 
 Norm MIL 883 E method 3015 
 (Human Body Model) 

 ESD for RF pins 
ESDRFMM ±100  V 

 Norm: EIJA IC-121 
 (Machine Model) 

 Total power dissipation 
 (all supplies and outputs) 

PT  200 mW   

 Storage temperature TSTRG -55 125 °C  
 Package body temperature TBODY  260 °C  Norm: IPC/JEDEC J-STD-020C (1) 
 Humidity non-condensing  5 85 %  
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Output Frequency 
Range 

fOUT315 
fOUT434 
fOUT868 
fOUT915 

300 
425 
865 
902 

 

320 
450 
870 
928 

MHz  

Output Power POUT     depends on power setting 

FSK Data Rate fFSKdata 
1 

0.5 
 

100 
50 

kbit/s 
 
internal Manchester coding 

315MHz Frequency Band Section,  FCC part 15 is applicable 

FSK Deviation � FSK1 0  ±64 kHz 
programmable (8bit)  
Resolution of FSK Deviation 
see Table below 

Spurious Emissions 
(max. –19.6dBm 
radiated fundamental 
power) 

PSPE1   
-49 
-41 
-40 

dBm 
216-960MHz 
at frequencies > 960Mhz 
at harmonics 

Phase noise 
 @ 50 kHz 
 @ 250 kHz 
 @ 1 MHz  

  

 
-86 
-92 
-102 

 dBc/Hz 

Charge pump setting:  ICHP=50 A; 
VSUP=2.0..3.6V, 
TAMB=-40..85°C 
 

434MHz Frequency Band Section, EN 300 220 and/or ARIB STD-T67 are applicable 

FSK Deviation � FSK2 
±1.25 

0 
 

±4 
±64 

kHz 

Small deviation (ARIB), 
programmable (8bit) 
Resolution of FSK Deviation 
see Table below 

Phase noise 
 @ 50 kHz 
 @ 250 kHz 
 @ 1 MHz  

  

 
-86 
-94 
-102 

-83 
 

dBc/Hz 

Charge pump setting:  ICHP=50 A; 
VSUP=2.0..3.6V, 
TAMB=-40..85°C 
 

Adjacent Channel Power PACP2   -40 dBc ARIB, fREF=4MHz, ICHP=50 A 

Occupied Bandwidth OBW2 
 
 

8.5 
 

8.5 
 

16 
kHz 

Channel spacing 12.5 kHz, 
FSK data rate 4.8 kbit/s (ARIB) 
FSK Deviation ±1.8 KHz 
GF Setting see chapter: 
Gaussian Filter Clock Setting  

Channel spacing 25 kHz, 
FSK data rate 9.6 kbit/s (ARIB) 
FSK Deviation ±3.0 KHz 

Spurious Emissions 
excluding Harmonics 

PSPE2   -54 dBm 

47-74MHz 
87.5-118MHz 
174-230MHz 
470-862MHz (EN 300 220) 

   -36 
-30 

dBm 
dBm 

at other frequencies < 1GHz 
at  �  1GHz (EN 300 220) Spurious Emissions 

and Harmonics 
   -29 dBm ARIB 
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Parameter Symbol  Min Typ Max Unit Note/Condition 

Output Frequency Error fERROR   ±1 ppm 
With ideal crystal, 
VSUP=2.0..3.6V, 
TAMB=-40..85°C 

868MHz Frequency Band Section,  EN 300 220 is applicable 

FSK Deviation � FSK3 0  ±64 kHz 
programmable (8bit)  
Resolution of FSK Deviation 
see Table below 

Spurious Emissions 
excluding Harmonics 

PSPE3   -54 dBm 

47-74MHz 
87.5-118MHz 
174-230MHz 
470-862MHz (@-10dBm 
radiated power) 

Spurious Emissions 
and Harmonics 

   
-36 
-30 

dBm 
dBm 

at other frequencies < 1GHz 
at frequencies �  1GHz 

Phase noise 
 @ 50 kHz 
 @ 250 kHz 
 @ 1 MHz  

  

 
-78 
-85 
-89 

 
 

dBc/Hz 

Charge pump setting:  ICHP=50 A; 
VSUP=2.0..3.6V, 
TAMB=-40..85°C 
 

915MHz Frequency Band Section,  FCC part 15 is applicable 

FSK Deviation � FSK4 0  ±64 kHz 
programmable (8bit) 
Resolution of FSK Deviation 
see Table below 

Spurious Emissions 
(max. –1dBm radiated 
fundamental power) 

PSPE4   
-49 
-41 

 
dBm 

216-960MHz 
at frequencies > 960MHz and 
harmonics 

�
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Parameter  Symbol  Equation for MIN 
resolution 

Unit  Note/Condition  

315MHz and 434MHz Frequency Band Section  

Resolution of FSK 
Deviation 

� FSKres1 162
)18INT( REFf

f ×+><=D  Hz 

more detailed information can 
be found in chapter  
FSK Deviation Setting and 
Frequency Trimming 1) 

868MHz and 915MHz Frequency Band Section 

Resolution of FSK 
Deviation 

� FSKres2 152
)18INT( REFf

f ×+><=D  Hz 

more detailed information can 
be found in chapter 
FSK Deviation Setting and 
Frequency Trimming 1) 

�
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Crystal Oscillator 
Frequency 

fXOSC 12 16 20 MHz  

Crystal Oscillator Start 
up time 

tXOSC   1.5 ms 
VSUP=2.0..3.6V, 
TAMB=-40..85°C 
crystal series resistance! 100"  

Crystal Oscillator 
Oscillation Margin Level 

RXOSC 1500   "  fXOSC=13.56MHz, CL=12pF 

Frequency Stability vs. 
Temperature (1) 

� f/f0   ±1 ppm AS3977 only 

3���I�
��"�,���"���!�+����%� ������ ��"������",������!�"�,���"����%����������.�������%� �
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Clock output frequency fMCCLK   4 MHz depending on configuration 
register settings and crystal 

Low level output voltage VMCL   0.1*VSUP V 
VSUP=3V, at nominal high level 
output current 

High level output voltage VMCH 0.9*VSUP   V 
VSUP=3V, at nominal high level 
output current 

Capacitive load CLMCC   20 pF  
Rise time tRMCC   62.5 ns  
Fall time tFMCC   62.5 ns  
High level output current IMCH   1 mA  
Low level output current IMCL   1 mA  
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Comparison Frequency fREF 3.0 4.0 5.0 MHz depending on fXOSC  
(reference divider division ratio = 4) 

Output Frequency 
Resolution 

� fO 
46 
92 

61 
122 

77 
153 

Hz 
fOUT315 / fOUT434 
fOUT868 / fOUT915 

Synthesizer Start up 
Time 

tSYNTH  500   s  

Synthesizer Lock Time tLOCK  50 200  s 
� f=600kHz, 
fERROR @ tLOCK=10kHz 

�

9���	�
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Filter Bandwidth at 
315 MHz 
Charge pump setting:  ICHP 

 @ 12.5 µA 
 @ 25 µA 
 @ 37.5µA 
 @ 50 µA 

fBW  

 
 
 

55 
85 
115 
170 

 kHz 

Reference Frequency = 4MHz 

Vsup = 3.0 V;  
TAMB = 25°C 
 

Filter Bandwidth at 
433 MHz 
Charge pump setting:  ICHP 

 @ 12.5 µA 
 @ 25 µA 
 @ 37.5µA 
 @ 50 µA 

fBW  

 
 
 

50 
70 
90 
120 

 kHz 
Reference Frequency = 4MHz 

Vsup = 3.0 V;  
TAMB = 25°C 

Filter Bandwidth at 
868 MHz 
Charge pump setting:  ICHP 

 @ 12.5 µA 
 @ 25 µA 
 @ 37.5µA 
 @ 50 µA 

fBW  

 
 
 

50 
70 
90 
120 

 kHz 
Reference Frequency = 4MHz 
Vsup = 3.0 V;  
TAMB = 25°C 

�
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Min Output Power @ 
50"  

POUT  -20  dBm 

VSUP=3V, @ 25°C, 
Power depending on power 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included 

Max Output Power @ 
50"  

POUT  8  dBm 

VSUP=3V, @ 25°C, 
Power depending on power 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included 

Output Power 
Variation@ 50" 3 

(300 – 320MHz) 
POUT - 2.5  + 2.5 dBm 

VSUP=3V, @ 25°C, 
Power depending on register 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included, 
strong AB operation mode2 

Output Power 
Variation@ 50" 3 

(425 – 450MHz) 
POUT - 2.0  + 2.0 dBm 

VSUP=3V, @ 25°C, 
Power depending on register 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included, 
strong AB operation mode2 

Output Power Variation 
vs VDD and 
Temperature  @ 50"  

POUT -2.8 +0.6/     
-1.5 

1.0 dB 

VSUP=2.2..3.6V, TAMB=-
40..85°C, 
with the use of the internal 
voltage regulator, external 
matching network included, 
strong AB operation mode2 

Output Power Variation 
vs Temperature  @ 50"  

POUT  +1.5/     
-2.0 

 dB 

VSUP=3V, TAMB=-40..85°C, 
without the use of the internal 
voltage regulator, external 
matching network included, 
strong AB operation mode2 

Max Output Power @ 
50"  

POUT  10  dBm 

VSUP=3.6V, @ 25°C, 
Power depending on power 
setting 
without the use of the internal 
voltage regulator, external 
matching network included2 
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Min Output Power  
@ 50"  

POUT  -20  dBm 

VSUP=3V, @ 25°C, 
Power depending on power 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included 

Max Output Power  
@ 50"  

POUT  4  dBm 

VSUP=3V, @ 25°C, 
Power depending on power 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included 

Output Power Variation 
@ 50" 3 
 

POUT - 3.5  + 3.5 dBm 

VSUP=3V, @ 25°C, 
Power depending on register 
setting 
with or without the use of the 
internal voltage regulator, 
external matching network 
included, 

strong AB operation mode2 

Output Power Variation 
vs VDD and 
Temperature  @ 50"  

POUT  +2.0 /     
-3.0 

 dB 

VSUP=2.2..3.6V, TAMB= -
40..85°C, 
with the use of the internal 
voltage regulator, external 
matching network included, 
strong AB operation mode2 

Output Power Variation 
vs Temperature  @ 50"  

POUT  +2.0/     
-3.0 

 dB 

VSUP=3V, TAMB=-40..85°C, 
without the use of the internal 
voltage regulator, external 
matching network included, 
strong AB operation mode2 
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

minimum Antenna tuning 
Capacitor 

CAtmin  0.11  pF ATCPH <3:0> = 0000  

maximum Antenna 
tuning Capacitor 

CAtmax  1.51  pF ATCPH <3:0> = 1111  

 

9� 	*� ��	0����	1'
�	9#2	

Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Low Power Detection 
Threshold Voltage 

VLPR 1.85 1.95 2.05 V Decreasing Supply Voltage 

Low Power Release 
Threshold Voltage 

VLPR  2.05  V Rising Supply Voltage 
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Low Supply Detection 
Threshold Voltage 

VLS 2.0 2.1 2.2 V Decreasing Supply Voltage 

Low Supply Release 
Threshold Voltage 

VLS  2.17  V Rising Supply Voltage 
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

Absolute Error  ERRTS -5  +5 °C  T AMB = -40..85°C 
Absolute Error (limited 
temperature range) 

ERRTSL  +/-2  °C  T AMB = -20..65°C 

Conversion Factor   0.19  °C/bit T AMB = -40..85°C 
Output Resolution ORTS  10  bit  

Conversion Rate CRTS   fTS/1354 samples/s 
 fTS = fCRYSTAL/12  
after startup time of 256/fTS 
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  
Output Voltage for 
supply Power Amplifier 

VREGRF 1.7  2.0 V Adjustable, nominal value 

Regulator Tolerance D_VREGRF -0.15  0.1 V  

8�����
�)	����
�
���	

 

 Parameter  Symbol  Min  Max Unit  Notes  

Positive supply voltage analog Vsup 2.0 3.6 V Voltage on all supply 
VCCPA,VCCPLL,VDD 

 Negative supply voltage analog GND 0 0 V  
 Negative supply voltage digital VSS 0 0 V  
 Difference of supplies A-D -0.1 0.1 V VCC-VDD, GND-VSS 
 Ambient Temperature TAMB -40 85 °C  

�

�
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 Parameter  Symbol  Min  Typ Max Unit  Conditions / Notes  

 
100 250 nA  VSUP=3V @ 25°C 

 Power Down Mode IPDWN 
 

1000 5000 nA 
 VSUP=2.0..3.6V, 
 TAMB=-40..85°C 

 
1 1.25 mA 

 VSUP=3V @ 25°C, C load! 20pF, 
 fCLK! 20MHz 

 Clock Enable Mode ICLKEN 
 

1.25 1.6 mA 
 VSUP=2.0..3.6V, 
 TAMB=-40..85°C, C load! 20pF, 
 fCLK! 20MHz 

Temperature sensor 
Current 

ITemp_sens  
0.25  mA 

VSUP=2.0..3.6V, 
 TAMB=-40..85°C 

 PLL Enable Mode IPLLEN  5.6  mA 
 VSUP=2.0..3.6V, 
 TAMB=-40..85°C 

 13.5 16.5 mA  VSUP=3V @ 25°C 

 15.5 19 mA 
 VSUP=2.0..3.6V, 
 TAMB=-40..85°C 

without the 
use of the 
internal 
regulator3 

 14.0 17.0 mA  VSUP=3V @ 25°C 

 Transmit Mode @ 8dBm 
 output power, 315 MHz  
 band @ 50"  including 
matching network , 
strong AB operation 

ITX8dBm315 

 16.0 19.5 mA 
 VSUP=2.2..3.6V, 
 TAMB=-40..85°C 

with the use 
of the internal 
regulator3 

 12.5 15.5 mA  VSUP=3V @ 25°C 

 14.5 18 mA 
 VSUP=2.0..3.6V, 
 TAMB=-40..85°C 

without the 
use of the 
internal 
regulator3 

 13.0 16.0 mA  VSUP=3V @ 25°C 

 Transmit Mode @ 8dBm 
 output power, 433 MHz  
 band @ 50"  including 
matching network , 
strong AB operation 

ITX8dBm433 

 15 18.5 mA 
 VSUP=2.2..3.6V, 
 TAMB=-40..85°C 

with the use 
of the internal 
regulator3 

 14.5 17.5 mA  VSUP=3V @ 25°C 

 16.5 19.0 mA 
 VSUP=2.0..3.6V, 
 TAMB=-40..85°C 

without the 
use of the 
internal 
regulator3 

 15.0 18.0 mA  VSUP=3V @ 25°C 

 Transmit Mode @ 4dBm 
 output power, 868 MHz  
 and 906MHz band @ 
50"  including matching 
network , 
strong AB operation 

ITX4dBm868 

 17.0 19.5 mA 
 VSUP=2.2..3.6V, 
 TAMB=-40..85°C 

with the use 
of the internal 
regulator3 
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 Parameter  Symbol  Min  Max Unit  Note 

High Level Input Voltage VIH 0.7 * VSUP VSUP+0.1 V  
Low Level Input Voltage VIL VGND-0.1 0.3 * VSUP V  
Low Level Input Leakage 
Current 

IIL  ±1 mA no internal pull up/down 

High Level Input Leakage 
Current 

IIH  ±1 mA no internal pull up/down 

High Level Input Leakage 
Current with internal pull down 

IIHPD 15 60 mA VSUP=3.6V, VIN=3.6V 

�
)/9���#�!#���
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Parameter  Symbol  Min  Max Unit  Note 

 High level output voltage VOH VSUP-0.5  V VSUP=3V, at nominal high 
level output current 

 Low level output voltage VOL  VSS+0.4 V VSUP=3V, at nominal low 
level output current 

 Capacitive load CL  20 pF  
 Rise time tR  50 ns  
 Fall time tF  50 ns  
 High level output current IOH  1 mA  
 Low level output current IOL  1 mA  
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Parameter  Symbol  Min  Typ Max Unit  Note/Condition  

General 

Bit rate BRSDI   2 Mbps  
Clock high time tCH 250   ns  
Clock low time tCL 250   ns  

Write timing 

Data in setup time tDIS 20   ns  
Data in hold time tDIH 10   ns  
Enable hold time tEH 20   ns  

Read timing 

Data in to high 
impedance delay 

tDIHZ   45 ns time for the  C to release the 
DATAIO bus 

Data out setup time tDOS 130   ns  
Data out hold time tDOH 135   ns  
Data out delay tDOD   80 ns  
Data out to high 
impedance delay 

tDOHZ   80 ns 
time for the SDI to release the 
DATAIO bus 

Timing parameters when leaving the power down mode (for determination of CLK polarity and MCCLK 
behaviour) 

Clock setup time 
(CLK polarity) 

tCS 20   ns 
Setup time of CLK with respect 
to ENABLE rising edge 

Clock hold time 
(CLK polarity) 

tCHD 20   ns 
Hold time of CLK with respect 
to ENABLE rising edge 

Data in setup time 
(MCCLK behaviour) 

tMS 20   ns 
DATAIO setup time with 
respect to ENABLE rising edge 

Data in hold time 
(MCCLK behaviour) 

tMH 20   ns 
DATAIO hold time with respect 
to ENABLE rising edge 

�
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State LT A4 A5 ENABLE Description 

all states 1 X X X PAON low 

Transmit 0 X X 1 

PAON high on the subsequent sampling 

edge of CLK after receiving the 

command byte  

Transmit 0 0 0 ¯  PAON low at the falling edge of ENABLE 

Transmit 0 0 1 ¯  

PAON low at the falling edge of ENABLE 

but synchronized with baud rate, 

DATAIO is latched 

Transmit 0 1 X ¯  PAON stays high, DATAIO is latched 

�
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State ENABLE CLK DATAIO Description 

X X 
resets the SDI and state machine 
activates the crystal oscillator (PD is set to low) 
sets the lock transmit bit 

0 X 
indicates data are sampled at the falling edge of 
CLK 

1 X 
indicates data are sampled at the rising edge of 
CLK 

X 0 activates MCCLK, fMCCLK=fXOSC/16 

Power Down ­  

X 1 MCCLK configuration is unchanged 

All ­  X X 
resets the Power Down Timer 
resets the SDI Interface 
(re-)enters the Active state 

Active, Transmit  ¯  X X 
activates the Power Down Timer; after 216 crystal 
clock cycles the IC reaches the Power Down Mode 

Active, Transmit  
 

X X 
indicates the end of Read/Write  
(duration: min > 1 SDI CLK cycle, max: < 1/fcrystal * 2

16)  

All 0 X X 
disables CLK and DATAIO 
sets DATAIO to high impedance 

Transmit ¯  X X 
switches off the PA (if enabled) 
latches DATAIO (if enabled) 
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Predivider division ratio P and pre scaler modulus M  
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Frequency Band  P M BSEL<1:0>  Note 

315 MHz  1 4 0 (00) 300 – 320 MHz

433 MHz  1 5 1 (01) 425 – 450 MHz

868 MHz  2 5 2 (10) 865 – 870 MHz

915 MHz  2 5 3 (11) 902 – 928 MHz
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MAC = �

1-= NN �

�
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100:3INT ->=< N �
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Reference frequency fREF (DIVR<2:0>)  
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M-counter and Value of INT<9> 
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N-counter and value of INT<3:0> 
�
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100:3INT ->< = N �

 A- Counter and value of INT<7:4> 

3)18INT(14:7INTAC ´+><++><=  
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��#�����'3�B�EN��������++�#����� ���
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Fractional part and values of FRAC<15:0> 
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FSK Deviation Setting 
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DF<7:6> DM 

0 (00) 1 
1 (01) 2 
2 (10) 4 
3 (11) 16 
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Frequency Trimming 
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Supply voltage 2V regulated 
Source is VREGRF (pin 16) 

Supply voltage 3V 
Source is Power Supply 

315 MHz      315 MHz      

Component Value Type Component Value Type 

L4  47 nH Murata-LQW18AN47NG00 L4  43 nH Murata-LQW18AN43NG00 

L2  62 nH Murata-LQW18AN62NG00 L2  62 nH Murata-LQW18AN62NG00 

C3 10 pF Murata-GRM1885C1H100JA01 C3 100 pF Murata-GRM1885C1H101JA01 

C2 2.7 pF Murata-GRM1885C1H2R7CZ01 C2 3.3 pF Murata-GRM1885C1H3R3CZ01 

L1 56 nH Murata-LQW18AN56NG00 L1 82 nH Murata-LQW18AN82NG00 

C1 0.5 pF Murata-GRM1885C1HR50CZ01 C1 4.7 pF Murata-GRM1885C1H4R7CZ01 

�
�

�



�������������	
���

�� 
� �� � �� 	� � �� � �� � �� � �� � � �� �� � �@��� �� 	�

Supply voltage 2V regulated 
Source is VREGRF (pin 16) 

Supply voltage 3V 
Source is Power Supply 

433 MHz      433 MHz      

Component Value Type Component Value Type 

L4 24 nH Murata-LQW18AN24NG00 L4  24 nH Murata-LQW18AN24NG00 

L2  33 nH Murata-LQW18AN33NG00 L2  33 nH Murata-LQW18AN33NG00 

C3 10 pF Murata-GRM1885C1H100JA01 C3 100 pF Murata-GRM1885C1H101JA01 

C2 2.2 pF Murata-GRM1885C1H2R2CZ01 C2 3.9 pF Murata-GRM1885C1H3R9CZ01 

L1 43 nH Murata-LQW18AN43NG00 L1 43 nH Murata-LQW18AN43NG00 

C1 2.7 pF Murata-GRM1885C1H2R7CZ01 C1 6.8 pF Murata-GRM1885C1H6R8CZ01 

         

868/915 MHz      868/915 MHz     

Component Value Type Component Value Type 

L4 8.2 nH Toko-LL1608-FS L4 8.2 nH Toko-LL1608-FS 

L2 8.2 nH Toko-LL1608-FS L2  8.2 nH Toko-LL1608-FS 

C3 10 pF Murata-GRM1885C1H100JA01 C3 10 pF Murata-GRM1885C1H100JA01 

C2 1.0 pF Murata-GRM1885C1H1R0CZ01 C2 1.0 pF Murata-GRM1885C1H1R0CZ01 

L1 10 nH Murata-LQW18AN10NG00 L1 10 nH Murata-LQW18AN10NG00 

C1 2.2 pF Murata-GRM1885C1H2R2CZ01 C1 2.2 pF Murata-GRM1885C1H2R2CZ01 
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