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Main parts of the development board

= EFM32GG-STK3700

Debug Connector

8x20 Segment LCD

Simplicity Connector

QA 5V GNO DO Of D2 D3 D4 D5 DS D7 D8 D13 D14 D15 GNO 3V3

Debug USB ; 000000000000 000 ' ) . Light Sensor
Canthor 10 B11 NC €8 €9 E10 E11 E12 E13 €14 E15 GNO 3V3 & ‘ Z
e - EMN . pibadied  NAND Flash Memory
~ EFM32GG990 MCU
. EXP Header
— I — - - =) | EFM32 Reset Button
CR2032 ] N LA LLLLLLLE o EFM32GG990 |
Battery Holder Lo+ ™ @ Backup Battery

SILICON LABS

m . ____Inductive LC Sensor

User Push Buttons

,Capacitive Touch Sli der

\___EFMS32 USB Connector
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Main parts of the development board
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Controller ' '
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EXP Header
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1 Gbit NAND
Flash Memory & LEDs Capacitive Touch Slider
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Main parts of the development board
" Push buttons and LEDs

Avoidance of push

PE2 (GPIO) R button bounce effect Current limiting
PE3 (GPIO) SR (RC filter: R101+C100) protection

PB9 (GPIO) U BUTTONG User Buttons resistance if pin
PB10 (GPIO_EM4WU2) UIF_BUTTON? & LEDs ! is set as output

User pushbuttons

EFM32GG WMCU /
SW100 R100
MCU_PE15.0] 5 — Ri01 [102 100R

i i i 2 —
\ L1
8 FE | GMND
\ \\/__cmu_ | ciot SW10 iz
) T T m 1 i 2 100R
\ L g
~7 =7 N7
MU FBY o GMND GND GHND
N v e
LED shunt resistance: (3.3V-2V)/3kQ=0.4mA
~1mA...10mA current, and 1.5...2V voltage is expected as Fepg RT3
opening voltage of the LED B —
MCU_PENE.0 ¥ UIF_LED1 R1,ci,3K
MCU PED UARTD Tx#1 [P T
MLILTE LARTE AR /g EEFFrF1__BEE__1|—?:f y} ™ Lot ™ LEDOD
s UIF_LED 0] !\, YELLOW !\, YELLOW
MCU _PEZ UIF_LEDD J ] “u
WCU_PES UTF_LEDY U SE‘ r LE D S — —

GMND
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Some thoughts on bouncing

= Before de-bouncing:

Off/Open
SwWi1
On/Closed
A
+ve
NO I | ”” ‘
ov
bounce I
+ve
Bouncing signal
Jpemnanennnnd W : coming from switch
1P nO ¢ Microcontroller
Single pole, single throw (SPST) Switch bounce may be J Switch bounce may be J
toggle switch removed using hardware  or removed in software
— before being presented to after being presented to
the microcontroller the microcontroller

Source of the pictures on debouncing: https://www.eejournal.com/article/ultimate-guide-to-switch-debounce-part-3/
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Some thoughts on bouncing

= After de-bouncing (v01):

—— +Ve

R1
R1 U R2
. swi c1
{ 4 Switch Open I
| | R2 =
t1P NO !
O 1 + [ ] -L Ve
Single pole, single throw (SPST) as=s ‘: R2
toggle switch o o = l
— L T c1
- J witch Close I
Off/Open
SWi
On/Closed
noise
+yve /J\ /J\
o 1l L
ov
. bounce
Ve
Ve
ov
Discharging via R2 Charging via R1 + R2
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Some thoughts on bouncing
= After de-bouncing (v02):

+ve
R1 D1
R1
D1
___________ swi a J k c1
> i
: i R2 =
L1P NO ! —
' O f L » Ve
T : C1 == r— ‘
Single pole, single throw (SPST) i i R2
toggle switch o O l
= pp— P c1
= witch Close I
Off/Open
SWi
On/Closed
noise
+vea /J\ /J\
o |l L
ov
bounce
+ve
Ve
OV — —
Discharging via R2 Charging via R1
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Some thoughts on bouncing
= After de-bouncing (v03):

Informaciés Rendszerek

R1
D1
____________ . B a D k
| ' R2 v v .
L 1P O N0¢ — ¢ SH Microcontroller
e : C1 ==
Single pole, single throw (SPST)
toggle switch
Off/Open
SWi1
On/Closed --
noise
+ve /L )\
o H H“|H
ov
N bounce
ve
Discharging wia R2 Charging via R1
+ve
Vay
ov
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LCD display

= LCD display

o Controller has integrated driver for the LCD as a
dedicated peripheral

o Alphanumerical and special characters and symbols

PA[11:7] LCD_SEG[39:35]
PB[2:0] LCD_SEG[34:32]
PD[12:9] LCD_SEG[31:28] 4'5 i | "é
PA[6:0] LCD_SEG[19:13] LCD_SEG f EFM®3Z@ I

PA[15] LCD_SEG[12]

PB[6:3] LCD_COMI[7:4] le '“" l“" VL W VIR

PE[7:4] LCD_COMI[3:0] LCD_COM M\' 'm' "M lll\l "A”’A' "A'
8x20 Segment LCD

PA[13:12] LCD_BCAPIN, P] 22 nF

PA14 LCD_BEXT

EFM32GG <
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< LES_LIGHT_EXCITE

= Implemented by a
phototransistor

[4p]
~a K Q100
TEMT6200FX01
o
[ 2

>> LES_LIGHT_SENSE

PN

o Light: , basis current” R199
22K
= Luminance in an office: i Photo
approx. 400 lux = GND Iransistor
O.lmA 9 - Pq
, . -
U.opee =22 kQ * 0.1 mA = U Do i
=2.2V: E . ‘/_/’ Yezot
Ok, for the ADC? -

10 100 1000 10 000
E, - llluminance (Ix)
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LC metal sensor — operation principle

External LC circuit is excited
Oscillation time is measured FE .
[

The larger the decay time,
the larger the quality factor

B2z

wmum_c-m

R193

(Q) of LC resonant circuit, BT S
i.e., the smaller the energy ;. paraltel Lc: L;:;;j
loss of the inductor Q- R/z o 3R
. L
If a metal objectisin the B e
vicinity of the inductor its
energy loss gets |arger, i_e.’ \| A l}/letalobject is nearby \~ "\| (ﬁ Iﬁ\/letal o:)Ject is away
the decay time of the L L -ty Jhveshold
lation: W'\('“/H\f'w.’\,\ RiEiiinin il L N orose
oscillation is reduced IRRTRIAAN vav \‘ il / | TATAvY \/ U detection
The effective range is a few \/ \u' I \/ \f \/ B [HIRRSE
'|U|_|F|F||'||'| ||Ukh

millimeters

Less #oscillation detected More #oscillation detected
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= Touch slider

Touch sensor

UIF_TOUCHO
PC8 (ACMP1 CHO) UIF_TOUCHT1
PCO (ACMP1 CH1) UIF TOUCH?
PC10 (ACMP1 CH2) UIF_TOUCH3

PC11 (ACMP1 CH3)

EFM32GG

< UIF_TOUCHR2.0I e toucH:2 0 <4

Capacitive Touch Slider

MCU_PCE UIF_TOUCHD UIF TOUCHD
W _FCY UMF_TOUCHT OF_TOUCHT
WCU_FCTO F_TOUCHZ UIF_TOUCHZ
WC_FCTT UF_TOUCHS UTF_TOUCH3

Sensor segments on the PCB.
GND layer is not allowed to be placed underneath.

RC oscillator on the PCB.
Approaching finger towards

copper foil increases its
capacity that detunes

frequency. The larger the
touched area the larger the
capacity—> frequency
decreased

) BME-MIT

=

[hil

T

GND Iayer would make the field
strength between the finger and
conductive layer disappear
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Touch sensor

UIF_TOUCHO

u TO u C h S I i d e r e8 (ACMP1 CHO) UIF_TOUCH1
e wr oo T

PC10 (ACMP1 CH2) UIF_TOUCHS3 Capacitive Touch Slider

PC11 (ACMP1 CH3)

EFM32GG

Excited by reference voltage the output of the comparator is Low = output of inverter
is High, i.e., capacitor is being charged

Exceeding the reference voltage output of the comparator gets High—=>output of
inverter is Low, i.e., capacitor is being discharged until lower hysteresis level is

R
-

~

reached. N

Reference voltage n\ / Reference voltage
! T ~ " High Hysteresis level
L =2 gh Hy

Reference voltage
Low Hysteresis level

\%
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Backup power

= Backup power

EFM32

o Dedicated power supply oo } ~ ML Bu_STAT
Main power BOD —E
o When normal power is
off some units are et N
powered by backup { S | [eoeommm ]
K BU_VIN
power VDD_DREG . ] N Baskun-nawas = QBBCKU[J
png:igr gﬁ : K T gupplv
suppl
__%_ - - Main domain [BUBODVDDDREG | — SI'RONG
o BU_VOUT
:_CZOO Capac! _\MI\E.DIUM }»@
= Power
N 30mF L e
5\% o Backup domain PWRCONF VOUTxxx
BURTC
BURTG 512 byte
Wake- Up T retention
PCT)R EIT L ﬁ';i’;:’;gr 1—Majn. power OK
50D WDOG ‘ Bv4 p|nIWake- Up
Ez RESETn
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Measurement of current consumption

" \oltage of a small value resistance is measured
(see 4.7Q) resistance)

= AEM: Advanced Energy Monitor

"

L

3.3V

YMCU

¢
¢

Sense Resistor Power Select

Current Sense
Amplifier

Switch ¥ ¥

Dual Gain
Stage
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Measurement of current consumption

= \oltage of a small value resistance is measured

(see 4.7Q) resistance)

MZU power Ie&ulator
5y TRJTO2 WMCUR  WMCU_S
Iy TRJ70 i &
C
i e p—

o
1 ROl
= ouTt —" AT
R700 ouT2 I ¢ 4RT
10K s=T k2 R02 Sen’se FResistor
cr0z C703 i p— == N
-1 1 =HON ’
1T T - /
100N 10U \ T A /
GND & /
GMD_HEAT CC ,'
v o | e
GND GHD GHD LP23E2LL-ADS  popg 10K
3N K
GND cAD
’
’
/
/
’
/
/
/
’
/
/
’
/
/
/
/
/
/
’
/!
(2
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Measurement of current consum

ADAB5E
R1002 ] 3y TRJT0E
| S
a2 R100Z T
C1om T ! — AEM_SENSE_CURRENT_RANGE2
N 2R
2| _ cax
VMCU_R 100M
A A LHO0DA
vCs BHD =40
& 2700 . RTID Jatiite) b
o ] 1KE U703 LTCH102C0D 1Ka e P
i c710 1 & |
L700 100N 7 m% Ne | De b ugger
CBFI02WE -
— Il 71005 1om 88
2 ’W‘\l_: ’ I - 160R
RTIT 21y,
1R | 74 CT28 oy ] i
10U 1008 = V- (HEAT) GHE
R718 C720
AD@858
5 107 ) 5 [ TRITO7
-
B2 R100S T
c1o T T — AEM_SENSE_CURRENT_RANGE1
N 2R
B _ T
100
L1000
GHD
1008 o
51K ci004
|
y—TE AS CLOSE TO Ry AS POSSIBLE I
1010 1P
51K
GMD MCU power current sense
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Debug interface

=  Connection between:
Development environment

and uC I ™\

= Debugger has access to
internal registers and
memory of uC via its debug J ‘
port

= A debuggeris a separated
circuitry, an other
uC-based unit connected
to the dedicated interface EFM32 Giant Gecko
. . Microcontroller
of the main uC

LESENSE

LESENSE

= UART communication is
possible

>

ACM

GRO )
1
Device/ Host >
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Block

diagram of the uC

Core and Memory

ARM Cortex™ M3 processor

Flash Debug
Program Interface
Memaory wi ETM

'Serial Interfaces "1/ O Ports
USART UART Ext. Bus
Interface
I;w External
ergy Int ts
UART nterrup
USB

' Clock Management ' Energy Management
Memory Crystal RC Regulator Comparator
Protection Oscillator Oscillator
Unit
Aux High Freg. L-:i'-".-' Freq. Brown- out Power- on
RC RC ) Detector Reset
Oszcillator Oscillator T
DA
ow Fre Ultra Low Freq. Back- up
Controller Low Freq. ratowrreq P

RC
Oscillator

Power
Domain

Crystal
Oscillator

Peripheral Reflex System
= |

Timers and Triggers | [ Analog Interfaces | 'Security

TET Timer! | ESENSE LCD

Driver Counter ADC Controller Hardware

_ AES
Low Energy Real Time
General Timer Counter

Purpose

Operational
DAC i
I/ O Pulse Watchdog - Amplifier
Counter Timer

Fin
Wakeup

Analog

Back-up

Comparator

RTC
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Block diagram of the uC

= Core: ARM Cortex-M3

= 32-bit bus is used to
connect peripherals:

o Clock management

o Energy management

o Serial comm lines
o GPIO lines
o Timer

o Analog units (ADC, DAC, comparator, op. amplifier)

o HW-based security features (Advanced Encryption
Standard (AES))

- Méré hnika é .
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Blocks of uC - core

= Core: ARM Cortex-M3
= Maximum 48 MHz clock frequency

o Internal oscillator:
* Max. 28 MHz,
* Autonomous operation, even without external clock source

* Implemented by RC oscillator: inaccurate, where accuracy is needed
external crystal oscillator as clock source is better

" |nternal peripherals
o Interrupt control (Nested Vector Interrupt: NVIC)
o State controller (System Control Block: SCB)
o System timer: SysTick timer (24 bit) (safe timer for op. system)

o Memory Protection Unit (MPU): to protect certain memory
blocks (i.e. operation system)
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Blocks of uC - core

EFM32 Cortex-M3
processor
_____________ 1
. Processor I Embedded Trace
A : Can be used for debugging WO WIC [ core [ *¥ A macrocen >
Debug {___; ______ t “ 71| Serial
- - Memory I . .
<+ # Access| | - L ire >
Arert | L e | Mhewer
ry f f Fy
Flash Data
patch watchpoints
Y t v
Bus matrix
Code SRAM and
interface peripheral interface
Y Y
= |nternal blocks ' '

o Interrupt control (Nested Vector Interrupt: NVIC)
* WIC: wakeup interrupt controller: to save energy

State Control (System Control Block: SCB)
System timer: SysTick timer (24 bit)
Memory Protection Unit (MPU): to protect certain memory blocks (i.e. operation
system)
o Serial Wire Viewer, DAP: debug ports

" |nstruction set: 32-bit, but 16-bit (Thumb) mode is also possible

- Méré hnika é .
e |'|-|_|j- e asrerek 22.5lide

Tanszék




Memory map

= 4 GB addressable memory
(since 32-bit uC, but that
amount of memory is not
present = use of external
memory is possible

= Main memory blocks:
o Code memory: Flash
o Data memory: SRAM

o Registers for peripherals
(registers nested into the
memory)

* Used to configure peripherals

0x43FFFFFF

32MB

Bit band alias

0x42000000

0x400FFFFF

1MB
0x40000000

Bit band region

e Bit band: certain bits of the 0x23FFFFFF
registers are mapped into 32MB  Bit band alias
other registers for simpler 0x22000000
access
0x200FFFFF i _
0x20000000| Bit band region
© BME-MIT

Tanszék

0xFFFFFFFF
Reserved 511MB
_ 0xE0Q100000
Private OxEOOFFFFF
peripheral 1.0MB
bus 0xEQ000000
0xDFFFFFFF
External device 1.0GB
0xA0000000
0x9FFFFFFF
External RAM 1 .0GB
0x60000000
0x5FFFFFFF
Peripheral 0.5GB
— 0x40000000
0x3FFFFFFF
SRAM 0.5GB
0x20000000
0x1FFFFFFF
Code 0.5GB
0x00000000
Méréstechnika és .
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Registers

The processor core registers are:
— —,

RO
R1
R2
R3
R4
RS
RE > General-purpose registers
R7
R8
RS
High registers ¢ R10
R11
R12
g — —

Stack Pointer SP (R13) PSF* MSP *Banked version of SP
Link Register LR (R14)

Program Counter PC (R15)

Low registers ¢

—.
PSR Program status register

PRIMASK

FAULTMASK Exception mask registers » Special registers
BASEPRI

CONTROL CONTROL register
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Energy friendly operation

EFM32: Energy Friendly Microcontroller, 32 bit

EMO: CPU and all peripherals are in operation =2 219 uA/MHz
EM1: CPU in sleep mode and all peripherals are in operation 2
80 uA/MHz

EM?2: only those peripherals are in operation that run on low
frequency oscillator = approx. 1 uA

EM3: low frequency oscillator is off; only some kind of interrupt
can wake up the uC = approx. 0.8 uA

EMA4: pins are in reset state; only some kind of interrupt can wake
up the uC - approx. 20 nA

System level consideration: the appropriate EMx mode has to be
chosen during system design phase:

o What peripherals can be used in that EMx mode?

o How the uC be waken up from that EMx mode?

- Méréstechnika és .
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Clock management

CMU: Clock Management Unit

Current consumption is proportional to the clock frequency

o In CMOS technology static current consumption is negligible, only dynamic behavior
(when switching) consumes current

o CMOS input can be well described by its capacity
o Charge stored in a capacitor: Q=C*U

If clock frequency is f, then the maximum number of switching in one second is f, i.e.,
charge flown -> current consumption: |=f*Q=f*C*U

Current consumption depends on the voltage

o In general voltage is a design constraint, but when consumption matters the lower
voltage is the better (e.g. in modern processors the core and the peripherals are
operated at different voltage levels)

Clock for non used peripherals can be disabled not to consume energy

Actual frequency is set by division of source clock frequency
o Remark: in case of certain processors clock frequency can be scaled up (multiplied) by a PLL

Internal RC oscillator is also available but its frequency is inaccurate
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Clock management

= Different peripherals can be operated at different
clock frequencies

—='WDOG clock

—| ETIMER clock

sl
—wcocos || L] L] LT L L)L)

Oscillators—=  CMU

—=Peripheral A clock
—=Peripheral B clock
—Feripheral C clock

—=Peripheral D clock [
= CPU clock
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Clock management

" Configuration: . e

o The clock source to be used has to be
enabled (NOTE: enabling must be first
and initialize second, otherwise the

processor will stop the operation since
no clock will appear)

o The clock source has to be set
* High frequency CLK
— Internal RC osc. (1MHz...28MHz)
— External crystal osc. (max. 48 MHz)
* Low frequency CLK
— Internal RC osc.(~32.768 kHz)
— External crystal osc. (generally 32.768 kHz)
e Some units are supported by
supplementary internal RC oscillator

o Division ratio has to be set

o Clock has to be enabled at the
certain peripheral

© BME-MIT BURTE




Current consumption

= GPIO: 0.1 mA, 1 mA, 6 mA, 20 mA max current
( p rog ramma b | e) DRIVEMODE 0x0 RW Drive Mode Select

Select drive mode for all pins on port configured with alternate drive strength.

Value Mode Description

0 STANDARD 6 mA drive current

1 LOWEST 0.1 mA drive current
2 HIGH 20 mA drive current
3 LOW 1 mA drive current

= ER14505: 3.6V, 2700 mAh

= 1 mA current consumption _ |
- 2700 h (~100day) operation | = ~— —

3. CAPACITY VS. CURRENT

53 1] ~ S 55°C

=, T SN N

= 0.1 mAcurrentcons.:~3years |, ———— Wz

L_?)(—1.?’ // \\‘\ \ El)nc

= 10 mA current cons. : ~10days | o) TR |
= See temperature dependence | L ] .

1
CURRENT[mMA)
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