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1. Typical Application

Figure 1.1 illustrates the typical application circuit, and Table 1.1 contains an example bill of materials (BOM) for
the off-chip components required by the EM341.

Note: The circuit shown in Figure 1.1 is for example purposes only, and the BOM is for budgetary quotes only. For a complete
reference design, please download one of the latest Ember Hardware Reference Designs from the Silicon Labs website
(www.silabs.com/zigbee-support).

The Balun provides an impedance transformation from the antenna to the EM341 for both TX and RX modes.

L1 tunes the impedance presented to the RF port for maximum transmit power and receive sensitivity.

The harmonic filter (L2, L3, C5, C6 and C9) provides additional suppression of the second harmonic, which
increases the margin over the FCC limit.

The 24 MHz crystal Y1 with loading capacitors is required and provides the high-frequency crystal oscillator source
for the EM341's main system clock. The 32.768 kHz crystal with loading capacitors generates a highly accurate
low-frequency crystal oscillator for use with peripherals, but it is not mandatory as the low-frequency internal RC
oscillator can be used.

Loading capacitance and ESR (C1 and R3) provides stability for the internal 1.8 V regulator.

Loading capacitance C2 provides stability for the internal 1.25V regulator, no ESR is required because it is
contained within the chip.

Resistor R1 reduces the operating voltage of the flash memory, this reduces current consumption and improves
sensitivity by 1 dB when compared to not using it.

Various decoupling capacitors are required, these should be placed as close to their corresponding pins as
possible. For values and locations see one of the latest reference designs.

An antenna matched to 50 Q is required.
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Figure 1.1. Typical Application Circuit
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Table 1.1 contains a typical Bill of Materials for the application circuit shown in Figure 1.1. The information within
this table should be used for a rough cost analysis. For a more detailed BOM, please refer to one of Ember EM357-

based reference designs at the Silicon Labs website (www.silabs.com/zigbee-support).

Table 1.1. Bill of Materials for Typical Application Circuit

Item | Qty Reference Description Manufacturer

1 1 C2 CAPACITOR, 1 yF, 6.3V, X5R, 10%, 0402 <not specified>

2 1 C1 CAPACITOR, 2.2 yF, 10 V, X5R, 10%, 0603 <not specified>

3 1 Cc7 CAPACITOR, 22 pF, 5%, 50 V, NPO, 0402 <not specified>

4 2 C3,C4 CAPACITOR, 18 pF, £5%, 50 V, NPO, 0402 <not specified>

5 1 Cc8 CAPACITOR, 33 pF, 5%, 50 V, NPO, 0402 <not specified>

6 2 C5, C9 CAPACITOR, 1 pF, £0.25 pF, 50 V, 0402, NPO <not specified>

7 1 C6 CAPACITOR, 1.8 pF, £0.25 pF, 50 V, 0402, NPO

8 1 L1 INDUCTOR, 5.1 nH, 0.3 nH, 0402 MULTILAYER Murata LQG15HS5N1

9 2 L2, L3 INDUCTOR, 2.7 nH, 0.3 nH, 0402, MULTILAYER Murata LQG15HS2N7

10 1 R1 RESISTOR, 10 Q, 5%, 0402 <not specified>

11 1 R3 RESISTOR, 1 Q, 5%, 0402 <not specified>

12 1 U1 EM341 SINGLE-CHIP RF4CE SOLUTION Ember EM341

13 1 Y1 CRYSTAL, 24.000 MHz, + 25 ppm STABILITY ILSI, Abracon, KDS,

OVER —40 to +85 °C, 18 pF Epson
14 1 Y2 (Optional) CRYSTAL, 32.768 kHz, +20 ppm INITIAL TOLER- Abracon, KDS, Epson
ANCE AT +25°C, 12.5 pF
15 1 BLN1 BALUN, CERAMIC 50/100 Q Wurth 748421245
Johanson
2450BL15B100E
Murata LDB212G4010C

16 1 ANT1 ANTENNA Johanson

2450AT18B100E
6 Rev 1.0
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2. Electrical Specifications

2.1. Absolute Maximum Ratings

Table 2.1 lists the absolute maximum ratings for the EM341.

Table 2.1. Absolute Maximum Ratings

Parameter Test Condition Min Max Unit
Regulator input voltage (VDD_PADS) -0.3 +3.6 \Y
Analog, Memory and Core voltage (VDD_24MHZ, -0.3 +2.0 \Y,
VDD_VCO, VDD_RF, VDD_IF, VDD_PADSA,
VDD_MEM, VDD_PRE, VDD_SYNTH, VDD_CORE)
Voltage on RF_P,N; RF_TX_ALT_P,N -0.3 +3.6 \Y,
RF Input Power RX signal into a lossless | — +15 dBm
(for max level for correct packet reception see balun
Table 2.7)
Voltage on any GPIO (PA[7:0], PB[7:0], PC[7:0]), -0.3 | VDD_PADS V
SWCLK, nRESET, VREG_OUT +0.3
Voltage on any GPIO pin (PA4, PA5, PB5, PB6, PB7, -0.3 2.0 \
PC1), when used as an input to the general purpose
ADC
Voltage on OSCA, OSCB, NC -0.3 |VDD_PADSA| V

+0.3

Storage temperature -40 +140 °C
Note: Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

2.2. Recommended Operating Conditions
Table 2.2 lists the rated operating conditions of the EM341.

Table 2.2. Operating Conditions

Parameter Test Condition Min Typ | Max Unit
Regulator input voltage (VDD_PADS) 21 — 3.6 Vv
Analog and memory input voltage 1.7 1.8 1.9 \%

(VDD_24MHZ, VDD_VCO, VDD_RF, VDD _|F,
VDD_PADSA, VDD_MEM, VDD_PRE,

VDD_SYNTH)

Core input voltage when supplied from internal 118 | 1.25 | 1.32 Vv
regulator (VDD_CORE)

Core input voltage when supplied externally 1.18 — 1.9 \%
(vDD_CORE)

Operating temperature range, Ty —40 — +85 °C

Note: Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
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2.3. Environmental Characteristics

Table 2.3 lists the rated environmental characteristics of the EM341.

Table 2.3. Environmental Characteristics

Parameter Symbol Test Condition Min Typ Max Unit
ESD (human body model) On any pin — — 12 kV
ESD (charged device model) Non-RF pins — — +400 \%
ESD (charged device model) RF pins — — 1225 \%
Package Thermal Resistance® 0,a 271 °C/W
*Note: Thermal resistance assumes multi-layer PCB with exposed pad soldered to a PCB board.

2.4. DC Electrical Characteristics
Table 2.4 lists the dc electrical characteristics of the EM341.

Table 2.4. DC Characteristics
Measured on Silicon Labs’ EM357 reference design with Ty =25 °C and Vpp = 3 V, unless otherwise noted.

Parameter Test Condition Min Typ Max Unit

Regulator input voltage 21 — 3.6 V

(VDD_PADS)

Power supply range (VDD_MEM) Regulator output or external input 1.7 1.8 1.9 V

Power supply range (VDD_CORE) Regulator output 1.18 1.25 1.32 V

Deep Sleep Current

Quiescent current, internal RC —40 °C, VDD_PADS=3.6 V — 0.4 — pA

oscillator disabled +25 °C. VDD PADS=3.6 V _ 0.4 _ uA
+85 °C, VDD_PADS=3.6 V — 0.7 — pA

Quiescent current, including —40 °C, VDD_PADS=3.6 V — 0.7 — A

internal RC oscillator +25°C. VDD PADS=3.6 V _ 0.7 _ uA
+85°C, VDD_PADS=3.6 V — 1.1 — uA

Quiescent current, including —40 °C, VDD_PADS=3.6 V — 0.8 — pA

32.768 kHz oscillator +25 °C, VDD_PADS=3.6 V _ 10 _ WA
+85 °C, VDD_PADS=3.6 V — 1.5 — pA

Quiescent current, including —40 °C, VDD_PADS=3.6 V — 1.1 — A

internal RC oscillator and ° — _ _

32.768 kHz oscillator +25°C, VDD_PADS=3.6 V 13 HA
+85 °C, VDD_PADS=3.6 V — 1.8 — pA

Simulated deep sleep (debug With no debugger activity — 300 — A

mode) current
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Table 2.4. DC Characteristics (Continued)

Measured on Silicon Labs’ EM357 reference design with Ty =25 °C and Vpp = 3V, unless otherwise noted.

memory )

ARM® Cortex™-M3 running at 24 MHz

Parameter Test Condition Min Typ Max Unit
Reset Current
Quiescent current, nRESET Typ at 25 °C/3.0V — 1.2 2.0 mA
asserted Max at 85 °C/3.6 V
Processor and Peripheral Currents
ARM® Cortex™-M3, RAM, and 25 °C, 1.8 V. memory and — 6.5 — mA
flash memory 1.25V core
ARM® Cortex™-M3 running at 12 MHz
from crystal oscillator
Radio and all peripherals off
ARM® Cortex™-M3, RAM, and 25 °C, 1.8 V memory and — 7.5 — mA
flash memory 1.25V core
ARM® Cortex™-M3 running at 24 MHz
from crystal oscillator
Radio and all peripherals off
ARM® Cortex™-M3, RAM, and 25 °C, 1.8 V memory and — 3.0 — mA
flash memory sleep current 1.25V core
ARM® Cortex™-M3 sleeping, CPU
clock set to 12 MHz from the crystal
oscillator
Radio and all peripherals off
ARM® Cortex™-M3, RAM, and 25 °C, 1.8 V memory and — 2.0 — mA
flash memory sleep current 1.25V core
ARM® Cortex™-M3 sleeping, CPU
clock set to 6 MHz from the high fre-
quency RC oscillator
Radio and all peripherals off
Serial controller current For each controller at maximum data — 0.2 — mA
rate
General purpose timer current For each timer at maximum clock rate — 0.25 — mA
General purpose ADC current At maximum sample rate, DMA enabled| — 1.1 — mA
RX Current
Radio receiver, MAC, and base- ARM® Cortex™-M3 sleeping, CPU — 22.0 — mA
band clock set to 12 MHz
Total RX current ( = Igaqio receiver, 25°C, vDD_PADS=3.0 V — 255 — mA
MAC and baseband, CPU + IRAM, | ARM® Cortex™-M3 running at 12 MHz
and Flash memory ) 25°C, VDD_PADS=3.0 V — | 265 | — mA
ARM® Cortex™-M3 running at 24 MHz
Boost mode total RX current ( = 25 °C, VDD _PADS=3.0V — 27.5 — mA
IRadio receiver, MAC and base- ARM® Cortex™-M3 running at 12 MHz
band, CPU+IRAM, and flash 25°C, VDD_PADS=3.0 V — | 285 | — mA
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Table 2.4. DC Characteristics (Continued)

Measured on Silicon Labs’ EM357 reference design with Ty =25 °C and Vpp = 3V, unless otherwise noted.

Parameter

Test Condition

Min

Typ

Max Unit

TX Current

Radio transmitter, MAC, and base-
band

25 °C and 1.8 V core; max. power out
(+3 dBm typical)
ARM® Cortex™-M3 sleeping, CPU
clock setto 12 MHz

26.0

Total TX current ( = Iragio transmit-
ter, MAC and baseband, CPU +
IRAM, and flash memory)

25 °C, VDD_PADS=3.0 V; maximum
power setting (+8 dBm); ARM®
Cortex"™M-M3 running at 12 MHz

42.5

25 °C, vVDD_PADS=3.0 V; +3 dBm
power setting; ARM® Cortex™-M3
running at 12 MHz

30.0

25°C, VDD_PADS=3.0V; 0 dBm power
setting; ARM® Cortex™-M3 running at
12 MHz

27.5

25 °C, VDD_PADS=3.0 V; minimum
power setting; ARM® Cortex™-M3
running at 12 MHz

21.5

25 °C, VDD_PADS=3.0 V; maximum
power setting (+8 dBm); ARM® Cor-
tex™-M3 running at 24 MHz

43.5

25 °C, VDD_PADS=3.0V; +3 dBm
power setting; ARM® Cortex™-M3
running at 24 MHz

31.0

25°C,VDD_PADS=3.0V; 0 dBm power
setting; ARM® Cortex™-M3 running at
24 MHz

28.5

25 °C, VDD_PADS=3.0 V; minimum
power setting; ARM® Cortex™-M3
running at 24 MHz

22.5

10

Rev 1.0

SILICON LABS


jcc
Sticky Note
None set by jcc

jcc
Sticky Note
MigrationNone set by jcc

jcc
Sticky Note
Unmarked set by jcc


EM341

Figure 2.1 shows the variation of current in transmit mode (with the ARM® Cortex™-M3 running at 12 MHz).

Typical Trangmit Cument ve Power Setting at 25C with CPU at 12MHz
45 T T T T T

8
1

Transmit Currert [mé)

]
1

20 i 1 1 1 1
-50 -40 =30 -20 -10 L] 10

Faower Setting (dBmj)

Figure 2.1. Transmit Power Consumption
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Figure 2.2 shows typical output power against power setting on the Silicon Labs reference design.

Typscal Trangmat Power at 244900Hz vs Power Setting at 25C
1':' T T T T T T T

Transmit Power (dBm)

75 1 1 1 i 1 1 1
-30 -£5 -£0 <15 =10 -5 ] 5 10

Power Setting (dBm)

Figure 2.2. Transmit Output Power
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