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Preliminary

EFNVI'32 ...the world's most energy friendly microcontrollers

1 Ordering Information

Table 1.1 (p. 2) shows the available EFM32HG350 devices.
Table 1.1. Ordering Information

Ordering Code Flash (kB) RAM (kB) Supply Temperature @ Package
Voltage (°C)

V)
EFM32HG350F32G-A-CSP36 32 8 25 198-3.8 |-40-85 CSP36

EFM32HG350F64G-A-CSP36 64 8 25 198-3.8 |-40-85 CSP36

Adding the suffix 'R' to the part number (e.g. EFM32HG350F32G-A-CSP36R) denotes tape and reel.

Visit www.silabs.com for information on global distributors and representatives.
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LEUARTO Full configuration LEUO_TX, LEUO_RX

TIMERO Full configuration with DTI TIMO_CCJ2:0], TIMO_CDTI[2:0]

TIMER1 Full configuration TIM1_CCJ2:0]

TIMER2 Full configuration TIM2_CCJ[2:0]

RTC Full configuration NA

PCNTO Full configuration, 16-bit count register | PCNTO_S[1:0]

ACMPO Full configuration ACMPO_CH][1:0], ACMP0O_O

VCMP Full configuration NA

ADCO Full configuration ADCO_CH[7:5]

IDACO Full configuration IDACO_OUT

AES Full configuration NA

GPIO 22 pins Available pins are shown in
Table 4.3 (p. 56)

2.3 Memory Map

The EFM32HG350 memory map is shown in Figure 2.2 (p. 7), with RAM and Flash sizes for the
largest memory configuration.

Figure 2.2. EFM32HG350 Memory Map with largest RAM and Flash sizes
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3 Electrical Characteristics

3.1 Test Conditions
3.1.1 Typical Values

The typical data are based on Taug=25°C and Vpp=3.0 V, as defined in Table 3.2 (p. 8), by simu-
lation and/or technology characterisation unless otherwise specified.

3.1.2 Minimum and Maximum Values

The minimum and maximum values represent the worst conditions of ambient temperature, supply volt-
age and frequencies, as defined in Table 3.2 (p. 8), by simulation and/or technology characterisa-
tion unless otherwise specified.

3.2 Absolute Maximum Ratings

The absolute maximum ratings are stress ratings, and functional operation under such conditions are
not guaranteed. Stress beyond the limits specified in Table 3.1 (p. 8) may affect the device reliability
or cause permanent damage to the device. Functional operating conditions are given in Table 3.2 (p.
8).

Table 3.1. Absolute Maximum Ratings

Tste Storage tempera- -40 150! | °C
ture range

Ts Maximum soldering | Latest IPC/JEDEC J-STD-020 260 | °C
temperature Standard

VDDMAX External main sup- 0 38|V
ply voltage

ViorPIN V'oltage on any I/O -0.3 Vpp+0.3 | V
pin

'Based on programmed devices tested for 10000 hours at 150°C. Storage temperature affects retention of preprogrammed cal-
ibration values stored in flash. Please refer to the Flash section in the Electrical Characteristics for information on flash data re-
tention for different temperatures.

3.3 General Operating Conditions

3.3.1 General Operating Conditions

Table 3.2. General Operating Conditions

TamB Ambient temperature range -40 85| °C
Vbpop Operating supply voltage 1.98 38|V
fapB Internal APB clock frequency 25 | MHz
fAHB Internal AHB clock frequency 25 | MHz

3.3.2 Environmental

WLCSP devices can be handled and soldered using industry standard surface mount assembly tech-
niques. However, because WLCSP devices are essentially a piece of silicon and are not encapsulated
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in plastic, they are susceptible to mechanical damage and may be sensitive to light. When WLCSPs
must be used in an environment exposed to light, it may be necessary to cover the top and sides with
an opague material.

3.4 Current Consumption

Table 3.3. Current Consumption

24 MHz HFXO, all peripheral 148 158 | pA/
clocks disabled, Vpp= 3.0 V, MHz
TAMBZZSOC
24 MHz HFXO, all peripheral 153 163 | pA/
clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
21 MHz HFRCO, all peripher- 132 140 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
21 MHz HFRCO, all peripher- 134 143 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
14 MHz HFRCO, all peripher- 134 143 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
14 MHz HFRCO, all peripher- 137 145 | pA/
EMO current. No al clocks disabled, Vpp=3.0V, MHz
prescaling. Running | T,g=85°C
lEmo prime number cal-
culation code from | 11 MHz HFRCO, all peripher- 136 144 | pA/
Flash. al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
11 MHz HFRCO, all peripher- 139 148 | pA/
al clocks disabled, Vpp=3.0V, MHz
TAMB:85°C
6.6 MHz HFRCO, all peripher- 142 150 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
6.6 MHz HFRCO, all peripher- 146 154 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
1.2 MHz HFRCO, all peripher- 184 196 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:250C
1.2 MHz HFRCO, all peripher- 194 208 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
24 MHz HFXO, all peripheral 64 68 | pA/
clocks disabled, Vpp= 3.0 V, MHz
TAMBZZSOC
24 MHz HFXO, all peripheral 67 71 | pA/
lemt EML1 current clocks disabled, Vpp= 3.0V, MHz
TAMB:85°C
21 MHz HFRCO, all peripher- 53 57 | pA/
al clocks disabled, Vpp= 3.0V, MHz
TAMB:25°C
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Figure 3.5. EMO Current consumption while executing prime number calculation code from flash
with HFRCO running at 6.6 MHz
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3.4.2 EM1 Current Consumption

Figure 3.6. EM1 Current consumption with all peripheral clocks disabled and HFRCO running
at 24 MHz
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3.4.5 EM4 Current Consumption

Figure 3.13. EM4 current consumption.

0.5

-40.0°C

0.5

vdd=2.0V

— -15.0°C — vdd=2.2V
o0all vdd=2.4v | b
— Vvdd=2.6V
— Vdd=2.8V
vdd=3.0V
031 — vdd=3.2v | T
— Vdd=3.4V
< < — Vdd=3.6V
E) E)
B ] S B e S 02— Vdd=3.8V i
T 3 :
Lo T R T
0.0 == 0.0 [m—————
o1 ; ; ; ; ; ; ; ; o1 ; ; ; ;
20 22 24 26 28 30 32 34 36 38 =40 5 5 25 65 85

vdd [V]

3.5 Transition between Energy Modes

The transition times are measured from the trigger to the first clock edge in the CPU.

Table 3.4. Energy Modes Transitions

Temperature [°C]

tem10 Transition time from EM1 to EMO 0 HF-
CORE-
CLK
cycles
tem20 Transition time from EM2 to EMO 2 us
teEm30 Transition time from EM3 to EMO 2 ps
tema0 Transition time from EM4 to EMO 163 ps

3.6 Power Management

The EFM32HG requires the AVDD_x, VDD_DREG and I0VDD_x pins to be connected together (with
optional filter) at the PCB level. For practical schematic recommendations, please see the application
note, "AN0002 EFM32 Hardware Design Considerations".

www.silabs.com
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Figure 3.14. Typical Low-Level Output Current, 2V Supply Voltage
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Figure 3.17. Typical High-Level Output Current, 3V Supply Voltage

High- Level Output Current [mA]

0.0

0.1

5

s
w

0.4

GPIO_Px_CTRL DRIVEMODE = LOWEST

0.5

i
1.0 1.5 2.0 2.5 3.0
High- Level Output Voltage [V]

High- Level Output Voltagé \Y|

-1

i

High- Level Output Current [mA]
A b

0.0 0.5

1.0

i
1.5 2.0 25 3.0

High- Level Output Voltage [V]

GPIO_Px_CTRL DRIVEMODE = LOW

0 0 ‘
-40°C
— 25°C
85°C

-10 L0 [
< <
E E
g g
820 Dm0 [
5 5
O O
E] 5
j=3 j=3
E E
o e}
° °
3 -30 B B0 [
— —
< <
=g =
I I

-40 40 [

50 i i i i i 50 i i i i i

0.0 0.5 1.0 1.5 2.0 25 3.0 0.0 0.5 1.0 1.5 2.0 25 3.0

High- Level Output Voltagé \Y|

GPIO_Px_CTRL DRIVEMODE = STANDARD GPIO_Px_CTRL DRIVEMODE = HIGH

www.silabs.com

2015-05-06 - EFM32HG350FXX - _Rev0.91




...the world's most energy friendly microcontrollers

Figure 3.22. Calibrated HFRCO 7 MHz Band Frequency vs Supply Voltage and Temperature
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Figure 3.23. Calibrated HFRCO 11 MHz Band Frequency vs Supply Voltage and Temperature
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3.9.7 ULFRCO

Table 3.14. ULFRCO

Symbol Parameter Condition Max Unit ‘

fuLErCO Oscillation frequen- | 25°C, 3V 0.70 1.75 | kHz
cy

TCuLFrRcO Temperature coeffi- 0.05 %/°C
cient

VCyLFRCO Supply voltage co- -18.2 %IV
efficient

3.10 Analog Digital Converter (ADC)

Table 3.15. ADC

Symbol Parameter Condition
Single ended 0 VRee | V
VADCIN Input voltage range
Differential -VRee/2 Vree/2 | V
V ADCREFIN Input range of exter- 1.25 Vpp | V
nal reference volt-
age, single ended
and differential
VapcReFIN_cH7 | Input range of ex- See VApcREFIN 0 Vop-11|V
ternal negative ref-
erence voltage on
channel 7
VADCREFIN_cHs | Input range of ex- See VapcREFIN 0.625 Vpp | V
ternal positive ref-
erence voltage on
channel 6
VapceMmiN Common mode in- 0 Vop | V
put range
laDCIN Input current 2pF sampling capacitors <100 nA
CMRRapc Analog input com- 65 dB
mon mode rejection
ratio
1 MSamples/s, 12 bit, external 392 510 | pA
reference
10 kSamples/s 12 bit, internal 67
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b00
10 kSamples/s 12 bit, internal 63 HA
| Average active cur- | 1.25 V reference, WARMUP-
ADC rent MODE in ADCn_CTRL set to
0b01
10 kSamples/s 12 bit, internal 64 HA
1.25 V reference, WARMUP-
MODE in ADCn_CTRL set to
0b10
10 kSamples/s 12 bit, internal 244 A
1.25 V reference, WARMUP-

2015-05-06 - EFM32HG350FXX - _Rev0.91
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3.10.1 Typical performance

Figure 3.28. ADC Frequency Spectrum, Vdd = 3V, Temp = 25°C
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Figure 3.30. ADC Differential Linearity Error vs Code, Vdd = 3V, Temp = 25°C
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Symbol Parameter Condition Min Typ Max Unit ‘

lox10 Nominal IDAC out- 8.5 HA
put current with
STEPSEL=0x10

IsTEP Step size 0.5 HA

Ip Current drop at high | Vipac_out = 200 mV 0.62 %
impedance load

TCipac Temperature coeffi- | Vpp = 3.0 V, STEPSEL=0x10 2.8 nA/°C
cient

VCipac Voltage coefficient | T =25 °C, STEPSEL=0x10 94.4 nA/NV

Table 3.22. IDAC Range 3 Source

Symbol Parameter Condition Min Typ Max Unit ‘

| Active current with EMO, default settings 18.7 HA

IDAC -
STEPSEL=0x10 Duty-cycled 10 nA

lox10 Nominal IDAC out- 33.9 HA
put current with
STEPSEL=0x10

IsTEP Step size 2.0 HA

Ip Current drop at high | Vipac_out = Vpp - 100 mV 3.54 %
impedance load

TCipac Temperature coeffi- | Vpp =3.0 V, STEPSEL=0x10 10.9 nA/°C
cient

VCipac Voltage coefficient | T =25 °C, STEPSEL=0x10 159.5 nA/N

Table 3.23. IDAC Range 3 Sink

Symbol Parameter Condition Min Typ Max Unit ‘

libac Active current with | EMO, default settings 62.5 HA
STEPSEL=0x10

lox10 Nominal IDAC out- 34.1 HA
put current with
STEPSEL=0x10

IsTEP Step size 2.0 HA

Ip Current drop at high | Vipac_out = 200 mV 1.75 %
impedance load

TCipac Temperature coeffi- | Vpp =3.0 V, STEPSEL=0x10 10.9 nA/°C
cient

VCipac Voltage coefficient | T =25 °C, STEPSEL=0x10 148.6 nA/NV

Table 3.24. IDAC

Parameter

tpACSTART

Start-up time, from

enabled to output settled

40

us

2015-05-06 - EFM32HG350FXX - _Rev0.91
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3.13 Voltage Comparator (VCMP)

Table 3.26. VCMP

Vvempin Input voltage range Vb \Y,
VvempeMm VCMP Common Vbb \%
Mode voltage range
BIASPROG=0b0000 and 0.2 HA
HALFBIAS=1 in VCMPn_CTRL
register
lvemp Active current
BIASPROG=0b1111 and 22 35| pA
HALFBIAS=0 in VCMPn_CTRL
register. LPREF=0.
tvcMPREF Startup time refer- NORMAL 10 us
ence generator
Single ended 10 mV
Vvemporeser | Offset voltage
Differential 10 mV
VVCMPHYST VCMP hysteresis 17 mV
tvCMPSTART Startup time 10 | ps

The Vpp trigger level can be configured by setting the TRIGLEVEL field of the VCMP_CTRL register in
accordance with the following equation:

VCMP Trigger Level as a Function of Level Setting
VDD Trigger Level=1.667V+0.034 xTRIGLEVEL (3.2)

3.14 12C

Table 3.27. 12C Standard-mode (Sm)

fscL SCL clock frequency 0 100" | kHz
tLow SCL clock low time 4.7 us
tHiGH SCL clock high time 4.0 us
tsu.paT SDA set-up time 250 ns
tHp, DAT SDA hold time 8 34502 | ns
tsu,sta Repeated START condition set-up time 4.7 us
tHp,STA (Repeated) START condition hold time 4.0 Us
tsu,sto STOP condition set-up time 4.0 us
teur Bus free time between a STOP and START condition 4.7 us

For the minimum HFPERCLK frequency required in Standard-mode, see the 12C chapter in the EFM32HG Reference Manual.
2The maximum SDA hold time (tnp,paT) Needs to be met only when the device does not stretch the low time of SCL (t_ow).
3When transmitting data, this number is guaranteed only when 12Cn_CLKDIV < ((3450*10'9 [s] * fuepERCLK [HZ]) - 5).
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Table 3.28. 12C Fast-mode (Fm)

fscL SCL clock frequency 0 400" | kHz
tLow SCL clock low time 1.3 us
tHIGH SCL clock high time 0.6 ps
tsu,pAT SDA set-up time 100 ns
thp, DAT SDA hold time 8 90022 | ns
tsu,stA Repeated START condition set-up time 0.6 us
tHp,STA (Repeated) START condition hold time 0.6 Us
tsu,sTo STOP condition set-up time 0.6 us
teur Bus free time between a STOP and START condition 1.3 us

For the minimum HFPERCLK frequency required in Fast-mode, see the 12C chapter in the EFM32HG Reference Manual.
2The maximum SDA hold time (tnp,paT) Needs to be met only when the device does not stretch the low time of SCL (t_ ow).
3When transmitting data, this number is guaranteed only when 12Cn_CLKDIV < ((900*10'9 [s] * fuepERCLK [HZ]) - 5).

Table 3.29. 12C Fast-mode Plus (Fm+)

fscL SCL clock frequency 0 1000" | kHz
tLow SCL clock low time 0.5 Us
tHiGH SCL clock high time 0.26 us
tsu,paT SDA set-up time 50 ns
tHD,DAT SDA hold time 8 ns
tsu,sta Repeated START condition set-up time 0.26 us
tHp,STA (Repeated) START condition hold time 0.26 us
tsu.sTo STOP condition set-up time 0.26 ps
tsur Bus free time between a STOP and START condition 0.5 Us

For the minimum HFPERCLK frequency required in Fast-mode Plus, see the 12C chapter in the EFM32HG Reference Manual.

3.15 USB

The USB hardware in the EFM32HG350 passes all tests for USB 2.0 Full Speed certification. The test
report will be distributed with application note "AN0046 - USB Hardware Design Guide" when ready.

3.16 Digital Peripherals

Table 3.30. Digital Peripherals

lUSART USART current USART idle current, clock en- 7.5 MA/
abled MHz
I LEUART LEUART current LEUART idle current, clock en- 150 nA
abled
lioc 12C current I2C idle current, clock enabled 6.25 PA/
MHz
ITIMER TIMER current TIMER_O idle current, clock 8.75 pA/
enabled MHz
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Figure 5.3. CSP36 PCB Stencil Design
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Table 5.3. CSP36 PCB Stencil Design Dimensions (Dimensions in mm)

X 0.20
C1 2.00
c2 2.00
El 0.40
E2 0.40

. The drawings are not to scale.

. All dimensions are in millimeters.

. All drawings are subject to change without notice.

. The PCB Land Pattern drawing is in compliance with IPC-7351B.
. Stencil thickness 0.075 mm (3 mils).

. For detailed pin-positioning, see Figure 4.2 (p. 57) .

O WNPE

5.2 Soldering Information

The latest IPC/JEDEC J-STD-020 recommendations for Pb-Free reflow soldering should be followed.
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7 Revision History
7.1 Revision 0.91

May 6th, 2015

Updated current consumption table for energy modes.
Updated GPIO max leakage current.

Updated startup time for HFXO and LFXO.

Updated current consumption for HFRCO and LFRCO.
Updated ADC current consumption.

Updated IDAC characteristics tables.

Updated ACMP internal resistance.

Updated VCMP current consumption.

7.2 Revision 0.90

March 16th, 2015

Note
This datasheet revision applies to a product under development. It's characteristics and
specifications are subject to change without notice.

Corrected EM2 current consumption condition in Electrical Characteristics section.
Updated GPIO electrical characteristics.

Updated Max ESRpgxo value for Crystal Frequency of 25 MHz.

Updated LFRCO plots.

Updated HFRCO table and plots.

Updated ADC table and temp sensor plot.

Added DMA current in Digital Peripherals section.

Updated block diagram.

Corrected leadframe type to matte-Sn.

7.3 Revision 0.20

December 11th, 2014

Preliminary Release.
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A Disclaimer and Trademarks

A.1 Disclaimer

Silicon Laboratories intends to provide customers with the latest, accurate, and in-depth documentation
of all peripherals and modules available for system and software implementers using or intending to use
the Silicon Laboratories products. Characterization data, available modules and peripherals, memory
sizes and memory addresses refer to each specific device, and "Typical" parameters provided can and
do vary in different applications. Application examples described herein are for illustrative purposes only.
Silicon Laboratories reserves the right to make changes without further notice and limitation to product
information, specifications, and descriptions herein, and does not give warranties as to the accuracy
or completeness of the included information. Silicon Laboratories shall have no liability for the conse-
guences of use of the information supplied herein. This document does not imply or express copyright
licenses granted hereunder to design or fabricate any integrated circuits. The products must not be
used within any Life Support System without the specific written consent of Silicon Laboratories. A "Life
Support System" is any product or system intended to support or sustain life and/or health, which, if it
fails, can be reasonably expected to result in significant personal injury or death. Silicon Laboratories
products are generally not intended for military applications. Silicon Laboratories products shall under no
circumstances be used in weapons of mass destruction including (but not limited to) nuclear, biological
or chemical weapons, or missiles capable of delivering such weapons.

A.2 Trademark Information

Silicon Laboratories Inc., Silicon Laboratories, Silicon Labs, SiLabs and the Silicon Labs logo, CMEMS®,
EFM, EFM32, EFR, Energy Micro, Energy Micro logo and combinations thereof, "the world’s most ener-
gy friendly microcontrollers", Ember®, EZLink®, EZMac®, EZRadio®, EZRadioPRO®, DSPLL®, ISO-
modem®, Precision32®, ProSLIC®, SIPHY®, USBXpress® and others are trademarks or registered
trademarks of Silicon Laboratories Inc. ARM, CORTEX, Cortex-M3 and THUMB are trademarks or reg-
istered trademarks of ARM Holdings. Keil is a registered trademark of ARM Limited. All other products
or brand names mentioned herein are trademarks of their respective holders.
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