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The need for interfacing between 3V

and 5V systems

* Many reasons exist to introduce 3V systems, notably the
lower power consumption for mobile applications and the
introduction of parts that use technologies with such fine
geometries that 5V is simply not allowed any more.

 There is a gradual transition from 5V to 3V, since not always
are all required components available, or the system is
rather complex so that 3V is introduced in part of a system.

 Because many devices still are 5V devices, and most modern
sensors, displays, and flash cards are 3V-only, many makers
find that they need to perform level shifting/conversion.

 We obviously want a reliable signal transfer from the 5V
system to the 3V system and vice versa. This implies that the
output voltages should be such that the input levels are
satisfied.
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The need for interfacing...
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Interfaces Between a 3V Microcontroller and 5V Systems




Noise margins

TTLG.0vyLvTTLG3Y)  Important characteristics are:

— VDD
__________________ — Viymin Min value input recognized as a ‘1’
________________________________________ = Voumin Min value of output generated as a ‘1’
VH minz-ﬂ """ = V DH mim «
—12.04A . _ .
v A — V| maxy Max value of input recognized as a ‘0
swing ;ﬂ:;g """"""""" = Voimax Max value of output generated as a ‘0’
(min) & | : oni)
e 0.8
ViL max — 0. ' _
Gnn0'4 — VEL max & — Values outside the given range are not allowed.



e
TTL and CMOS Switching Levels

e Digital circuits normally come in two versions:
— TTL levels: V, =0.8V, V, = 2.0V
— CMOS levels: V= 0.3*V ., V,; = 0.7*V..

5V Vee 5V Vee  Is Vg, higher than V2 R |STTL | SCMOS | 3LVTTL | 2 5CMOS |1.8cMos
sV, lessthan V, ?

4.44 v

[N

3.3V Vee
2.4 v - 2.4 v
o o 23 Vor 1.8V Vee
H .I
1.5 Vi 1.5 v, . - 1.2 Von
1 4 4= H
0.8 """r||_ 0.8 l"“'rlL 07 VIL 0.7 lII||IIIIL
0 GND o GMND 0 GMND 0 GND o GND
5.V TTL 5.V CMOS 3.3-V LVTTL 2.5-V CMOS 1.8-V CMOS
Standard TTL: ABT, Rail-to-Rail 5 V LVT, LVC, AUC, AVC, AUC, AVC,
AHCT, HCT, ACT, Bipolar HC, AHC, AC, LV-A  ALVC. LV-A, ALVT ALVC, LVC, ALVT ALVC, LVC
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Level Shifting

e 5Vto3V

— All 5V families have an output voltage
swing that is large enough to drive 3V
reliably. Outputs may be as high as
3.5V for many TTL output stages, to
the full 5V for many CMOS outputs.
Therefore, as far as switching levels
are concerned, there are no problems

in interfacing from 5V to a 3V system. (SMOS. 2

e 3Vto5V e

— All 3V logic families deliver practically
the full output voltage swing of 3V, so
they can drive TTL switching levels

70%

without problems. 23V
] OUTPUT oV
— However, a 3V system cannot reliably
drive a 5V one that has CMOS input 30%
levels, even when using pull-up 0.8V
resistors. ~- GND --
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Voltage level conversion methods

e Discrete

— You can do voltage level conversion using discrete
bipolar transistors.

— The circuit shown converts from a voltage swing of
0-3V to a voltage swing of 0-5V.

— The resistor values may have to be modified
depending on the switching speed required. At the
same time, the resistor connected to the collector —
should be as large as possible in low power
applications, since static current will be drawn when
the output from the circuit is low.

— Also note that this circuit inverts, i.e. it will drive the
output low when the input is high and vice versa.

— You can use the same circuit with an NMOS, but in
this case you do not need a resistor in series with
the gate. Make sure that you select a transistor with
an appropriate threshold voltage.

10 kOhm

100 kOhm

http://www.daycounter.com/Circuits/Level-Translators/Level-Translators.phtml



Voltage level conversion methods

e Passive voltage divider

— If you are only concerned with avoiding
violation of the absolute maximum
ratings of the 3V circuit, you can use a
resistor voltage divider to divide down
the 5V signal to 3V. With an appropriate
choice of resistors, this will work fine, but 5\,—: 3V
it will draw static current all the time.

. . _ system RO system

— Typical resistor values for the figure

below can be R1=22kQ, R2=33kQ. If the

5V device has a low enough threshold p—

voltage that it will function with a 3V '

input voltage, this can be a good

approach for bi-directional signals, as the

voltage divider only divides down the

voltage in one direction.

— Note: Can work on bi-directional signals if
5V system has low enough threshold
voltage (V,ysy<Vonay)
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Voltage level conversion methods

U
e Dual VCC level shifters © VW%‘“TQE; - % 3‘3‘35 ggm

_ The 74LVC4245 and 74ALVC164245 ( 8 \ils  mieE
and 16 bits resp.) are CMOS transceivers A2[]4 21[] B1
fed from both 3V and 5V supplies. The A3[]5 20[] B2
level shifting is done internally and the A4[ls 19]] B3
parts have full output voltage swings at A5[]7 18[] B4
both sides, making them ideal for level A6[]8 17[] 85
shifting purposes, especially when A7[le 16[] B6
driving 5V CMOS levels. Ag[]10  15]] B7

— Dual VCC level shifters are superior GND[J11 14l B8
alternatives to the sometimes used input GND[J12  13[IGND

pull-up resistors, blocking diodes and
other circuits that normally degrade

, : FUNCTION TABLE
speed and/or noise margins.

. INPUTS
— Only problem is that they are only good oF oR OPERATION
in one direction which can be a problem
. . g . L L B data to A bus
for some specialty bi-directional
. . . . L H A data to B bus
interfaces and also makes wiring a little ! y alation

hairy.

swra071.pdf 10
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Voltage level conversion methods

 Logic Level Converter BOB-08745

— |t safely steps down 5V signals to 3.3V
and steps up 3.3V to 5V. This level
converter also works with 2.8V and
1.8V devices. Each level converter has
the capability of converting 4 pins on
the high side to 4 pins on the low side.
Two inputs and two outputs are
provided for each side.

SPI, and any other digital signal. It does

— Can be used with normal serial, 12C, [
not work with an analog signal. l

[
neE 1= 24
- I_ — AN —— AN ——

https://www.sparkfun.com/products/8745
http://www.adafruit.com/datasheets/BSS138.pdf 1



Voltage level conversion methods

e 8-channel Bi-directional Logic
Level Converter - TXB0108

3V side 5V side

— This chip perform bidirectional

level shifting from pretty much
any voltage to any voltage and
will auto-detect the direction.
Only thing that doesn't work well
with this chip is i2c (because it
uses strong pullups which confuse
auto-direction sensor).

If you need to use pullups, you
can but they should be at least
50K ohm - the ones internal to
the STM32F3 are about 100K ohm
so those are OK!

http://www.adafruit.com/products/395

http://www.ti.com/lit/ds/symlink/txb0108.pdf

1.2-3.6ul 1.7-5,5U
@ucca | vccs@®
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®az
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Voltage level conversion methods

e ULN2003A are high-voltage

high -current Darlington (TOP VIEW) LoGICDIAGRAM
transistor arrays. It consists of e+~ refl1c RN U
seven NPN Darlington pairs et I | I SO .
that feature high-voltage sfls  1flac N Y e
outputs with common-cathode i D o I S S
clamp diodes for switching o FO R G i &
inductive loads. s
* The collector-current rating of LN P
a single Darlington pair is 500
maA. com

Output
c

 The Darlington pairs can be
paralleled for higher current
capability.

parasitic
diode




e
Voltage level conversion methods

e ULN2003A applications include relay drivers, hammer drivers, lamp
drivers, display drivers (LED and gas discharge), line drivers, and logic

buffers.
Common
Free Whesling
Diodes
v 12V
‘? 47 ULNZ0OD3A 5V
DVee CFWD
AV,
3 x cc
37 ULN20O3A Hp Output Output

Inputs 20 KHz

'] [_l [' Motor 1 (Fan)
0V-5V 0O >O— Input  Output >o @—o 12v
Relays Signal
/ Load TRIAC
0V-5V O >& Input Output >O— —AWA—D 5V

20 kHz

‘J{ ] R, [ ‘I l" Motor 2 (Pump)

=
ov . B o >C o—{ Input Output >C ®—O 12V
GND AV GND

l l .

Interfaces With High-Current Output Buffers ULN2003

14



Voltage level conversion methods

e Optocoupler

— |t can be used to control a
circuit that is completely
isolated from your uC.

— In this case, imagine that
the LED and battery pack
are a hacked toy which
you're turning on and off
with the uC.

t2v

— Mo @ Lo [2Volt

Digi tc?leogic = * N —K—

GND OUT

Microcontroller

http://www.siongboon.com/projects/2006-06-19 switch/ 15



STM32F3 PN| str|] PIN| str| PIN| str| PIN| str| PIN] str| PIN| str

PAO| TTa| PBO| TTa| PCO| TTa| PDO| FT| PEO| FT| PFO| FT
I / O Structu re PAL| TTa| PB1| TTa| PCL| TTa| PD1| FT| PEL| FT| PFL| FT

PA2| TTa| PB2| TTa| PC2| TTa| PD2| FT| PE2| FT| PF2| TTa
PA3| TTa| PB3| FT| PC3| TTa| PD3| FT| PE3| FT| PF3
PA4| TTa| PB4| FT| PC4| TTa| PD4| FT| PE4| FT| PF4| TTa
PA5| TTa| PB5| FT| PC5| TTa| PD5| FT| PE5| FT| PF5
PAG| TTa| PB6| FTf| PC6| FT| PD6| FT| PE6| FT| PF6| FTI
PA7| TTa| PB7| FTf| PC7| FT| PD7| FT| PE7| TTa| PF7
PA8| FT| PB8| FTf| PC8| FT| PD8|TTa| PES| TTa| PF8
PA9 | FTf| PBO| FTf| PC9| FT| PD9|TTa| PE9| TTa| PF9| FT
PAI0 | FTf| PB10| TTa| PC10| FT|PDI10|TTa| PEIO| TTa| PF10| FT
PAIL| FT| PBIL| TTa| PC11| FT| PDIl|TTa| PEIL| TTa| PF11
PAI2| FT|PB12| TTa| PC12| FT|PDI12|TTa| PE12 | TTa| PF12

E Free 1/O PA13|( FT | PB13| TTa|PC13| TC| PD13|TTa| PE13| TTa| PF13
E 5V tolerant |/O PA14 | FTf| PB14 | TTa| PC14| TC | PD14 | TTa | PE14 | TTa | PF14
PA15 | FTf| PB15| TTa| PC15| TC | PD15 | TTa | PE15 | TTa | PF15
Name Abbreviation Definition
FT 5V tolerant /O
Fast mode: up to 400 kHz
FTt 5 V tolerant IO, FM+ capable Fostmode plusup tod Miz
TTa 3.3 V tolerant I/O directly connected to ADC
IYO structure
TC Standard 3.3V /O
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor

Unless otherwise specified by a note, all I/Os are set as floating inputs during

Notes and after reset

16




I EEESESBD_EEE—=
STM32F3 Absolute maximum ratings

e Voltage Characteristics

Symbol Ratings Min Max Unit
Vpp-Vaes Er%e?Da;}main supply voltage (including Vppa, Vear 0.3 4.0
Voo—Vooa Allowed voltage difference for Vpp = Vippa 0.4
Input voltage on FT and FTf pins Vgg— 0.3 Vpp + 4.0 v
Vin Input voltage on TTa pins Vgg—0.3 4.0
Input voltage on any other pin Vgg —0.3 4.0

STM32F3DISCOVERY BOARD:
VSS : 0 volts
VDD: 3 volts

17



I EEESESBD_EEE—=
STM32F3 Absolute maximum ratings

e Current characteristics

Symbol Ratings Max. Unit
lvbp Total current into Vpp and VDDSDx power lines (source) @ TED
lyss Total current out of Vg and VSSSD ground lines (sink)'® TBD
I Output current sunk by any /O and control pin 25
1O(PIN) Output current source by any I/O and control pin -25
Total output current sunk by sum of all I0Os and control pins 5
Zhorn - mA
Total output current sourced by sum of all IOs and control pins 75
Injected current on FT, FTf and B pins® -5/40
eIy Injected current on TC and RST pin'®) +5
Injected current on TTa pins!®) +5
Zhngping Total injected current (sum of all I/O and control pins)(®) + 25




e
/O port characteristics

e General input/output characteristics

Symbol Parameter Conditions Min Typ Max Unit

Standard I/O input low
level voltage -0.3 - | 0.3Vpp+0.07
I;?;ég input low level 03 ] 0.8V 040,07

ViL
FT and FTfY /O input
low level voltage —0.3 - | 0.475Vpp-0.2
BOOTO input low level
Vﬂltﬂ.ge b 0 = GSHDD—'DS

v

Standard /O input high
level voltage P 0.445Vpp+0.398 | - Vpp+0.3
I;I}'Ietlalég input high level 0.445Vpps0.308 | - Vopr0.3

Vin
FT and FTf" 1/O input
high level voltage 0.5Vpp+0.2 - 5.5
Ec{itggg input high level 0 V5340.95 _ e




/O port characteristics

e Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
Output low level voltage for an I/O pin
(1) 2
Vo' |\when 8 pins are sunk at same time CIMOS go"f’ 6
= : jo=+oMm
@) | Output high level voltage foran /O pin  [27V <Vn < 3.6V _ i
Vor™ | when 8 pins are sourced at same time o0 VonrO:4
Output low level voltage for an I/O pin
(1) -
VoL when 8 pins are sunk at same time TTL port® 0.4
IlO =+ 8mA
Vo, (3) Output high level voltage for an /O pin |27y = Vpp < 3.6V 54 )
CH when 8 pins are sourced at same time '
V{}L'{“H}' Qutput Iot.n.r level voltage for an If-’D pin _ 13 vV
when 8 pins are sunk at same time lio = +20 MA
V...(@4) | Output high level voltage for an I/O pin 27V <Vpp<36V V13 )
CH when 8 pins are sourced at same time Dot
vE}L{“H} Qutput I-:}t.n.r level voltage for an If-’D pin ] 0.4
when 8 pins are sunk at same time o = +6 MA
v..(@(4) | Output high level voltage for an I/O pin 2V<Vpp<27V Ve 04 ]
CH when 8 pins are sourced at same time DD
vV Output low level voltage for an FTf VO lio = +20 mA ) 0.4
OLFM+ | pin in FM+ mode 27V<Vpp<36V '

20



——
/O Device Categories

* Input devices

— Sensors, User-input
e Qutput devices

— Actuators, Displays

e Complex I/O devices (printers, faxes,
coprocessors, etc.)

Analog 1/0 issues Digital I/O issues
— Voltage levels - Voltage levels
— Current draw - Synchronization
— Sampling frequency - Throughput

— Noise - Noise

21



S
Input Examples

* Sensors e Userinput
— light — keyboards
— force — joysticks
— sound — mouse
— po'sition- _ keypad
— orientation -

_ proximity — switches
— tactile — touchpad
— temperature — dial

— pressure — slider

— humidity

— speed

— acceleration
— displacement

22



e
Output Examples

e Actuators * Displays
— motors — LED displays
— solenoids — LCD displays
— relays — CRT displays
— heaters — indicator lights
— lights — indicator gauges

— piezoelectric materials
(buzzers, linear actuator)

— speakers

23



Interfacing with LED Devices

 The figure below suggests three methods for interfacing with
LEDs.

e Circuit (a) and (b) are recommended for LEDs that need only small
current to light.

e Circuit (c) is recommended for LEDs that need larger current to

light.
Ve Vee
Port R1
pin V¥ AV
SZ Port R2 %

weooopm T

— Port
(b) inverse direct it
drive (c) buffered drive

Vor. min = 0.15V

(a) postive direct drive

An LED connected to a CMOS inverter through a current-limiting resistor

24



* LED

Parameter Symbol | Condition | Min. Typ. Max. Unit
Luminous Intensity Iv I=20mA 20 45 med
Forward Voltage Vi | [=20mA 1.8 2.2 v ®
Peak Wavelength AP 1f=20mA 660 nm

http://www.farnell.com/datasheets/553533.pdf

e /4HCO4

Symbol Parameter Conditions 25°C —40 °C to +85 °C |40 °C to +125 *C |Unit
Min |Ty|:| | Max | Min | Max | Min | Max

Vel LOW-level Vi=VyorV),
outputveltage | - 50 \A Vee =20V - 0 0.1 - 0.1 . 01 vV
lo =20 uA; Vge = 4.5V - 0 041 - 0.1 . 01V
lo = 20 uA: Vee = 6.0V - 0 01 - 0.1 . 01 vV
lo=40mA; Vec =45V - 015 026 - 0.33 . 04 V
lo=52mA: Vec =60V - 016 026 - 0.33 . 04 V

http://www.farnell.com/datasheets/1645614.pdf

25



Example: Use PC[7:0] to drive eight LEDs using the circuit
shown in the Figure below. Light each LED for half a second in
turn and repeat assuming the GPIOC has a 72-MHz clock.

PC7 —AAAA b o
PC6 |—AAAA . g
PC5 —AAAA 2l -
i i }5' = .
PC4 AVAVAYS | '
PC3 | —AAAA ba = s
PC2 —HAAAA e !
PCT —AAAA ;'
PCO =AAAA
LUMINOUS INTENSITY| | WAVELENGTH | [FORWARDVOLTAGE| __
PART coLon MIN. [;'“:Pd.} MAX. mA) MIN '[rr:f“P} MAX. mA) MIN. T[:r}P. MAX. (ma) | TECHNOLOGY
TLLR4400 Red | 02 | 12 2 le2| - [es| 2| - [ 10 | 24 | 2 | GarsPonGap

To turn on one LED at a time for half a second in turn, one should output the
value $80, $40, $20, $10, $08,$04,$02, and $01 and stay for half a second in
each value. 26



The C language version of the program is as follows:
#include "'stm32f30x.h""
void delaybyms(unsigned int j);
int main(void) {
unsigned char led_tab[] = {0x80,0x40,0x20,0x10,0x08,0x04,0x02,0x01,
0x01,0x02,0x04,0x08,0x10,0x20,0x40,0x80};
char 1=0;

RCC->AHBENR |= RCC_AHBENR_GPIOCEN; // Enable GPIOC clock

// PC[7:0] configuration
GP10C->MODER GPIOC->MODER & OxFFFFO0O00 | 0x00005555; // 0b0Ol: Output

GP10C->0TYPER = GPIOC->0TYPER & OxFFFFFFOO; // 0b0O : PP (R)
GP10C->0SPEEDR = GPI10C->0SPEEDR & OxFFFFOOOO | OxOOOOFFFF; // Obll: 50MHz
GPI10C->PUPDR = GPI0OC->PUPDR & OxXFFFFOO00O; // 0b00: no PU/PD (R)

while (1) {
for (i = 0; 1 < 16; i++) {
GP10C->0DR = GPIOC->0DR & OxFFFFFFOO | led_tab[i];
msdelay(500);

}
}
}

void delaybyms(unsigned int j) {
unsigned int k,I;
for(k=0;k<j;k++)
for(1=0; 1<1427; 1++) ; gpio_test.c



STM32F3DISCOVERY BOARD: SCHEMATIC DETAIL

1D&

e Green /ff
PE15 1 2
PE1S AR =
3t o N
gys 24
PE14 1 2
< PEl4 e N <
620
1D10
R46 Red 4
PEL3 1 2
PE13 =
- 680
R47 Blue {f
PE12 7 1 2
PE12 A <
< 620 D7
i Green fff W
PELL 1 2
. PEll ARA =
- 510 N
Orangs o
< PEI0 PE10 Eiﬁ 1 N 2
680
D3
Red 4
<cpEs —PE9 BRI 1 ” 2
520
4
Blue 4",'#
PES PEZ Fﬂ 1 2
620 L

LEDs
http://homepage.cem.itesm.mx/carbajal/MicrocontrollerssRESOURCES/STM32F3DISCOVERY/stm32f3discovery sch/MB1035.pdf

28
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Driving a Single Seven-Segment

Display

e A common cathode seven-segment display is driven by the 74HC244 via resistors.
* The output high voltage of the 74HC244 is close to 3V with a 3V power supply.
e The segment patterns for O to 9 are shown in the table below.

V=18V
STM32 -390 I =2mA -
BCD Segments Corresponding
PCE _{_M_E_ g je— digt 3 b ¢ d e f g  HexNumber
PCS ——AW—H b . 0 1111110 $7E
PC4 4 —-—’%Mr—-—c o 1 01 10000 $30
PC3 S EWHd — 2 1101101 $6D
PC2 o ——AAM—— e . . 3 1111001 $79
el Homi $ oltesrt =
Pco bemnenne ¢ cathode 6 1011 111 $SF
7 1110000 $70
TDSL1150 J. 8 1111111 $7F
.. : : © 1111011 $7B
Driving a single seven-segment display

BCD to seven-segment decoder
LUMINQUS INTENSITY | gt WAVELENGTH at (FORWARDVOLTAGE| at

PART cOLOR (ped) Ig (nm) I V) I CIRCUITRY
MIN. | TYP. | MAX. (MA) [ MIN. [TYP. [MaX. | mA&) [ MiN. | TYR. | max. |imA)
TDSL1150 Red 180 | 280 - FESE - |eas | 2 - 1.8 | 24 | 2 | Commonanode 29

TDSL1180 Red 180 2e0 - 2 | &2 - B25 | 2 - 1.8 24 2 | Common cathode




Driving Multiple Seven-Segment Displays

=3 =4 =0

e Time multiplexing EML : . i

technique is often used j j

to drive multiple ey K T g g

displays in order to save - B 7

/0 pins. e Yeme e
e One parallel port is used i E

to drive the segment ) N e i =

pattern and the other STM32 P4 T "l _____ E

port turns on one j = —

display at a time. Each PDO W

display is turned on and
then off many times
within a second. The

Port C and Port D together drive six seven-segment display

perS|Stence Of VvVIiSIiON Symbol Parameter T est Conditions Min. | Typ. | Max. | Unit
YWeE gat” | Collectoremitter Saturation | le =150 mA lg =15 mA 0.4 W
make us feel that all yiohas S A I
1 WeE paty | Base-emitter Saturation le =150 mA lg =15 mA 1.3 W
d.lsplays are turned on o [ e oS 1o L= 10 13y
SlmU|taneOUS|y. for 2N2219 and 2N 2222
le =01 /A Wegp=10Y 35
Y Vg = 10 50
le =10 mA Ve =10 Fila]
le =140 mA Ve = 10Y 100 300
le =800 mA Wep =10 3o
le =140 mA Vep=1VW ad
fr Transition Frequency le =20 mA _ 30
S mh Wep =20V 250 MHz




Example: Write a sequence of instructions to display 4 on the seven-segment
display #4 in the figure above.

Solution: To display the digit 4 on the display #4, we need to:
e Output the hex value $33 to port C
e Set the PD4 pinto 1
e Clear pins PD5 and PD3...PDOto O

In C language:

// Configure PC[6:0] & PD[5:0] as GP output + PP
GPI10C->0DR = GPIOD->0DR & OxFFFFFF80 | 0x33;
GPIOD->0DR = GPIOD->0DR & OxFFFFFFCO | 0x10;

31



Example: Write a program to display 123456 on the six
seven-segment displays shown in the figure below.

Solution: Display 123456 on display #5, #4, #3, #2, #1,
and #0, respectively.
* The values to be output to Port C and Port D to display

one digit at a time is shown in the table below.
seven-segment | displayed
displa}' BCD aigi'[ PortB PortkK
5 1 $30 $20
4 2 $6D $10
#3 3 $79 $08
72 4 $33 $04
71 5 $5B $02
#0 6 $5F $01

Table of display patterns for this example

32



(s )

>
X <« address of display table
»

Qutput the byte at [X] to port C
Qutput the byte at [X]+1 to Port D

Increment X by 2
Wait for 1 ms

X = display + 127

ves

Time-multiplexed seven-segment display algorithm

33



int main (void)
{
char disp_tab[6][2] = {{0x30,0x20},{0x6D,0x10},{0x79,0x08%,
{0x33,0x04},{0x5B,0x02},{0x5F,0x01}};
char i;
// configure PC[6:0] for output
// configure PD[5:0] for output
while (1) {
for (i = 0; i < 6; i++) {
// output the segment pattern
GPI10C->0DR = GPI0OC->0DR & OXFFFFFF80 | disp _tab[1]]O0O];
// turn on the display
GPI10D->0DR = GPI10OD->0DR & OXFFFFFFCO | disp _tab[i][1];
delaybyms(1);

34



T —
Stepper Motor Control (107

e [tis digital in nature and provides high degree of
control.

e |nits simplest form, a stepper motor has a permanent
magnet rotor and a stator consisting of two coils. The
rotor aligns with the stator coil that is energized.

e By changing the coil that is energized, the rotor is
turned.

e Next four figures illustrate how the rotor rotates
clockwise in full step.

http://homepage.cem.itesm.mx/carbajal/Microcontrollers/ASSIGNMENTS/labs/pas.swi

35



Stepper Motor Control (2 of 7)

N
4 ! 0= !
current [ [ G - e
i T <
lst lst
— A =1 —_—) e N =1
Sl T TS N S Nl T VA !
| N Ry Wy — e hd L | NNy Ny = S | I W -
o & o a
N
t 1 G e t bl g
2nd 1 2nd
«— S
Stepper motor full step 1 Stepper motor full step 2

Stepper motor clockwise rotation in full step (1 of 2)
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Stepper Motor Control (3 of 7)

2
] 1
0
current |_ -|C-1 |_ —> 1':—1
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5
t U —=
1 i 1
"\ruj L "\ruj L +
2 = . ™

Stepper motor full step 3 Stepper motor full step 4

Stepper motor clockwise rotation in full step (2 of 2)
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Stepper Motor Control (4 of 7)

* Next figure illustrates how the rotor rotates
counter-clockwise in full step.

g G rotor : G4 rotor
N / . /
a . N s [Wes| N s
2 S Cl1 ; 2 Cl
N
a 3
Step 1 g Step 2
S rd
N Gt rotor C4jtnr
bt
& g N § a4 N 5 0N
o« N - & i
S ]
C3 . a
Step 3 N . Step 4

Full-step counter-clockwise operation of step motor 38



T —
Stepper Motor Control (sof7)

* In a four-pole stepper motor shown before, a full step is 90
degrees.

e The stepper motor may also operate with half step. A half
step occurs when the rotor (in a four-pole step) is moved to
eight discrete positions (459).

 To operate the stepper motor in half steps, sometimes both
coils may have to be on at the same time. When two coils in
close proximity are energized, there is a resultant magnetic
field whose center will depend on the relative strengths of the
two magnetic fields.

 The next figure illustrates the half-stepping sequence.
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Stepper Motor Control (6 of 7)
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Stepper Motor Control (7 of 7)

The actual stator of a real motor has more segments than
previously indicated. One example is shown in the next
figure. The step sizes of the stepper motors may vary from
approximately 0.722 to 902. The most common step sizes
are 1.89, 7.5¢, and 152, cI

C8 C2
S
_ rotor
N /
C7 N % g C3
S|
0 :
C C4

C5
Actual internal construction of stepper motor 41




Stepper Motor Drivers (10f4)

 Driving a step motor involves applying a series of voltages to the coils of the motor.

A subset of coils is energized at a time to cause the motor to rotate one step. The
pattern of coils energized must be followed exactly for the motor to work correctly.

e A microcontroller can easily time the duration that the coil is energized, and
control the speed of the stepper motor in a precise manner.

e The circuit in the figure below shows how the transistors are used to switch the
current to each of the four coils of the stepper motor.

* The diodes in figure below are called fly back diodes and are used to protect the
transistors from reverse bias.

 The transistor loads are the windings in the stepper motor. The windings are
inductors, storing energy in a magnetic field.

e When the current is cut off, the inductor dispenses its stored energy in the form of
an electric current.

* This current attempts to flow through the transistor, reversely biasing its collector-
emitter pair. The diodes are placed to prevent this current from going through the
transistors.
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Stepper Motor Drivers (2 of 4)

PP3
PP2 Step Motor
PP1 Vee
PPO
Vee

Driving the stepper motor 43
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Stepper Motor Drivers (3 of 4)

e The normal full-step sequence

should be used for high-torque Full-step sequence for clockwise rotation

applications. a1 @ % Q4
. . 5 ral
e For lower-torque applications Tp R0 P’; EPJ Pi; ‘m?;
H o1 u] on o

the half-step mode is used. , o e o on 1001

e The microcontroller outputs the 3 off  on off ~ on 0101

. 4 off ofl on off 0110

voltage pattern in the sequence 1 on off on  off 1010

shown in these tables.

 The tables are circular. The Half-step sequence for clockwise rotation
values may be output in the PR % o

Ord-er aS.Shown in the table, Step PPO PP1 PP2 PP3 value

which will rotate the motor 1 on off on  off 1010

clockwise; or in the reverse ; on Df{f{ Dg off igg?

order, which will rotate the PR IS A 0001

motor counterclockwise. 5 off om off om 0101

. i) off on off off 0100

e Adelay of about 5to 15ms is ; o om n off 0110

required between two steps to 8 off  off on off 0010

prevent motor from missing 1 on off on  off 1010

steps.
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Stepper Motor Drivers (aof4)

Example: Assuming that pins PP3...PPO are used to drive the four transistor in the
figure above, write a subroutine to rotate the stepper motor clockwise one cycle using
the half-step sequence.

#include <stm32F30x.h>
const unsigned char sequence[] = {0x05,0x01,0x09,0x08,0x0A,0x02,0x04,0x06};

int main( void ) {
unsigned Int 1,j;

// Configure GPIOC[3:0] as output, PP, high speed, no pullup/pulldown

RCC->AHBENR |= 0x00080000; // Activating GPIOC clock source
GPI10C->MODER |= O0x00000055; // Configuring GPIOC[3:0] as outputs
GPIOC->0SPEEDR &= OxXFFFFFFAA; // Selecting low-speed on GPIOC[3:0]
while (1) {

for (1=0;1<8;1++) {
GPIOC->0DR = sequence[1]; // Sequence number output
for ( j=0;j<10000;j++ ); // Delay loop
+
+
>
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Interfacing with DIP Switches (1 of 2)

* Switches are often grouped together. It is most
common to have four or eight switches in a DIP
package.

 DIP switches are often used to provide setup
information to the microcontroller. After power is
turned on, the microcontroller reads the settings of the
DIP switches and performs accordingly.

i STM32F3
RpyrL ur=Rpurr pown=40kQ

Connecting a set of eight DIP switches to port D of the MCU 46



Interfacing with DIP Switches (2 of 2)

 Example Write a sequence of instructions to read the value
from an eight-switch DIP connected to GPIOD of the STM32
into accumulator A.

e Solution

In C language

void main O {
char XxX;
RCC->AHBENR |= 1 << 20; // Enable GPIOD clock
GP10D->MODER &= OxFFFFO0O0O; // PD[7:0] as i1nput (reset value)
GPIOD->PUPDR |= 0x00005555; // Pull-up resistors
xX = GPIOD->IDR & OxO00000FF; // clean value
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Hardware L{ —
Debouncing Techniques i N I

R
0? Reset Reset Set
R

(a) Set-reset latch

e SR latches Ve "

* Non-inverting CMOQOS L.N,—o Va

gates L

(b) CMOS gate debouncer

e Integrating debouncer R%_
v, ]

Threshold level
~C
L L{L/l_
Switch closed

(¢) Integrating RC circuit debouncer

Figure 7.42 Hardware debouncing techniques
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Software Debouncing Technique

 The most popular and simple one has been
the wait and see method.

— In this method, the program simply waits for
about 10 ms and reexamines the same key again
to see if it is still pressed.

Bounce Bou nce
Off On Off
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Interfacing the MCU to a Keypad

e A keypad usually consists of 12 to 24 keys and is adequate for many applications.
e Like a keyboard, a keypad also needs debouncing.
A 16-key keypad can be easily interfaced to one of the MCU parallel ports.

e Adcircuit that interfaces a 16-key keypad is shown in the figure below (left). Note:
pins PC[7:4] each control four keys.

MCU
PC7
PC6 PC7 PC6 PC5 PC4 Selected keys
PC5 1 1 1 0 |Q 1 2 and3
PCa | 1 1 0 1 (4 5 6 and7
PC3 ® 3|7 |B|F . ° : ] 2 A mdB
0 1 1 1 |[C D E andF
PC2 ® 26 |a|E
PC1 5 : :
T 2 I L Sixteen-key keypad row selections
PCO o|4]s8|c
% % g %101{5

v

Sixteen-key keypad connected to the MCU
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#define keypad GPIOC->IDR /{ keypad port

#ilefine keypad_dir GPIOC->MODER // keypad port direction register

f.f’.r Aok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ook ok ok ok ok ok ok ke ok sk o ok ok ok ok ok o o ok ok o ok ok ook ok ok o ok o ok ok ok ok ok ok ok ok ok ook o ok o ook ok ok o o
// rmask is row mask, cmask is column mask, row is the row being scanned, col is the

/7 column being scanned

!.f’.r ok ok ok o ok ke ok ok ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok ok o ok ke ok ok o ok ok ok ke ok ok o ok ok ok ok ok o ook ok ok o ok o ok ok ok ok ok ok ok ok ok ok ok ok ok ok o ook ok ok o o

char getkey (void)
{
char rmask, cmask, row, col;
chartemp, keycode;
keypad_dir = (keypad_dir &0xFFFF0000) | 0x00005500; // Configure lower bits[3:0] as input, bits[7:4] as output
while (1) {
rmask = OxEF;
for (row = 0; row =< 4; row+4 )]
cmask = 0x01;
GPIOC->0ODR &= rmask; // select the current row
for (col = 0; col = 4; col4+4+)
if [1{keypad & cmask)) /1 key switch detected pressed
delayby10ms(1);
if(!(keypad & cmask)){ // check the same key again
keycode = row * 4 4+ col;
if (keycode << 10)
return {0x30 + keycode);

else
return (Ox37 + keycode);
}
}
cmask = cmask == 1;
}
rmask = (rmask <<= 1) | OxOF;
}
}
} A

Adapted from “The HCS12/9S12: An Introduction to Software and Hardware Interfacing”, HUANG (2010) 51



Example: Write a C program to read a character from the keypad shown in the figure

above.
This program will perform keypad scanning, debouncing, and ASCII code lookup.

Solution:

void delaybyms (unsigned int); // prototype

char get key (void) {
RCC->AHBENR |= 1 << 19; //Enable GPIOC clock
GPIOC->MODER |= 0x5500; /I configure PC[7:4] for output and PC[3:0] for input

while (L) {

GPI10C->0DR = OxEO; Il prepare to scan the row controlled by PC4

it (1(GPIOC->IDR & 0x01)) {
delaybyms (10);
iT (1(GPI0OC->IDR & 0x01))
return 0x30; //return ASCIl code of 0
}
if (1(GPIOC->IDR & 0x02)) {
delaybyms (10):
it (1(GPIOC->IDR & 0x02))
return 0x31; //return ASCIl code of 1
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iIT (V(GPI0OC->IDR & 0x04)) {
delaytbyms (10);
iIf (V(PORTC & 0x04))
return 0x32; //return ASCII code of 2
}
it (V(GPI0OC->IDR & 0x08)) {
delaybyms (10);
if (1(GPI0OC->IDR & 0x08))
return 0x33; //return ASCII code of 3

}

GP10C->0DR = 0OxDO; /I setPC5 to low to scan second row

it (V(GPI0OC->IDR & 0x01)) {
delaybyOms (10);
it (1(GPIOC->IDR & 0x01))
return 0x34; //return ASCII code of 4
}
it (V(GPI0OC->IDR & 0x02)) {
delaybyms (10);
it (}(GPIOC->IDR & 0x02))
return 0x35; //return ASCII code of 5

33



iIT (V(GPI0OC->IDR & 0x04)) {
delaybyms (10);
ifT (1(GPIOC->IDR & 0x04))
return 0x36; //return ASCII code of 6
}
it (V(GPI0OC->IDR & 0x08)) {
delaybyms (10);
if (1(GPI0OC->IDR & 0x08))
return 0x37; //return ASCII code of 7

}

GPI10C->0DR = 0OxBO; /Il setPC6 to low to scan the third row

it (V(GPI0OC->IDR & 0x01)) {
delaybyms (10);
it (1(GPI0OC->IDR & 0x01))
return 0x38; //return ASCII code of 8
}
it (V(GPIOC->IDR & 0x02)) {
delaybyms (10);
it (}(GPIOC->IDR & 0x02))
return 0x39; //return ASCII code of 8
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iIT (V(GPI0OC->IDR & 0x04)) {
wait_10ms ( );
ifT (1(GPIOC->IDR & 0x04))
return 0x41; //return ASCII code of A
}
it (V(GPI0OC->IDR & 0x08)) {
delaybyms (10);
if (1(GPI0OC->IDR & 0x08))
return 0x42; [/ return ASCII code of B

}

GPI0OC->0DR = 0x70; /lsetPC7 tolow to scan the fourth row

it (V(GPI0OC->IDR & 0x01)) {
delaybyms (10);
it (1(GPIOC->IDR & 0x01))
return 0x43; //return ASCII code of C
}
it (V(GPI0OC->IDR & 0x02)) {
delaybyms (10);
it (}(GPIOC->IDR & 0x02))
return 0x44; |/l return ASCIl code of D
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iIT (V(GPI0OC->IDR & 0x04)) {
wait_10ms ( );
ifT (1(GPIOC->IDR & 0x04))
return 0x45; //return ASCII code of E
}
it (V(GPI0OC->IDR & 0x08)) {
delaybyms (10);
if (1(GPI0OC->IDR & 0x08))
return 0x46; //return ASCII code of F
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Liquid Crystal Display (LCD)

e The most common type of LCD allows the light to pass through
when activated.

e An LCD segment is activated when a low frequency bipolar signal in
the range of 30 Hz to 1KHz is applied to it.

e LCD can display characters and graphics.

e LCDs are often sold in a module with LCDs and controller unit built
in.

. :[I'hde Hitachi HD44780 is the most popular LCD controller being used
oday.

Field Effect of LCD

Polarizer

iiiiii

iqui alignmen
OFF ON os seen from fop

Basic construction of an LCD

58
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A HD44780-Based LCD Kit

* Display capability: 4 x 20

=)

c

3

% =B

* Uses the HD44780 as the controller 5 $0
as shown in the figure below. 354 28

: 2 52 25

e Pins DB7~DBO0O (data port) are used 55882 z3
to exchange data with the CPU. 038200 camvnon 2B

: NOSHIRITT LT OTES

e E input should be connected to one QoupEoctTooTT oD a
of the address decoder output or caotnonoa2TNIRE
1/0 pin. ddsls okl okl "]

* The RS signal selects instruction
register (0) or data register (1).

e The VEE signal allows the user to
adjust the LCD contrast.

 The HD44780 can be configured to
display 1-line, 2-line, and 4-line
information.

HD44780-based LCD kit
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HD44780 Commands (1 of3)

Instruction _Code Description Execution
R5|R/W|B7 B6 B5 B4 B3 B2 B1BO time
Clear display o o (0 0 0 00 0 0 1 |Clearsdisplay and retums cursor to the 184 ms
home position (address 0).
Cursor home o o 0 0 0 00 0 1 * |Returnscursortohome position (address 1.64 ms
0). Also retums display being shifted to the
orginal position. DDRAM contents remain
unchangsd.
Entry mode set 0 0 |0 00 0 0 1L/D 5 |Setcursormove divection (/D) specifies 40 ps
to shift the display (5). These operations
are pedformed during data read/write.
Display on/off 1] 1] 0 0 0 01 D C B |Setson/off of al display (D), cursor on/ 40 ps
control off (C)and blink of cursor positicn
character (B).
Cursor /display | 0 0 [0 0 0 1S5/CR/L* * |Setscumsormoveordisplay-(5/C), shift 40 ps
shift direction (B/L). DDEALI contents remains
unchangsd.
Furnction set 1] 1] 0 0 1 DL F * * [Setsinterface datalength (DL), number of 40 s
dizplay line (N} and character font (F).
Sets the DDRAM address. DDEAM data is
address sent and received after this setting

Write CGRAM 1 write data Writes data to OGRAM or DDEAM.
or DDEAM

60
HD4478U instruction set



HD44780 Commands (2 of 3)

Bit name Settings

I/D 0 = decrement cursor position. 1 = increment cursor position
5 0 = no display shift. 1 = display shift
D 0 = display off 1 =display on
C 0 = cursor off 1 = cursor on
B 0 = cursor blink off 1 = cursor blink on

5/C 0 = move cursor 1 = shift display

R/L 0 = shift left 1 = shift right

DL 0 = 4-bit interface 1 = &-bit interface
N 0=1/8 or1/11 duty (1 line) 1=1/16 duty (2lines)
F 0 = 5x8 dots 1=5x10dots

BF 0 = can accept instruction 1 = internal operation in progress

LCD instruction bit names
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HD44780 Commands (3 of3)

e The HD44780 has a display data RAM (DDRAM) to store data to be
displayed on the LCD.

DDRAM address usage for a 2-line LCD

OO0 01 02 03 04 O5 06 07 08 09 OA OB OC OD OE  OF
40 41 A4 43 44 45 46 47 48 49 4A 4B 4C AD 4E __4F

DDRAM address usage for a 1-line LCD

0001 02 03 04 05 06 07 40 41 42 43 44 45 46 47

# ' BAORPABEERNAREF A"

RECDEFGHA! 234567 |
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Interfacing the HD44780 with the MCU

other /O pins as control signals.

The interface can be 4 bits or 8 bits.
To read or write the LCD successfully, one must satisfy the timing

requirements of the LCD. The timing diagrams for read and write are
shown in the next two figures.

HD44780U-based

MCU LD Module
f"||r."
PC6 N N
PC5 o [{'}'W Ver J
PC4 RS 5V
lIII"'-I'.I'. _'i
PD[7:0] { 1 DB7..DBO L
NPT

LCD interface example (8-bit bus)

MCU

PD5
PD4

PD[3:0]

HD4 750U -based
LCD Module

One can treat the LCD kit as an 1/O device and use an |I/O port and several

ES
E Ve
R l,"l W
VEE
DE7.DB4
GNDY

LCD interface example (4-bit bus)
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ES

tgg—l-

. PW,_, et
¥ f
E -"f A

DBOI-DB7 Valid data

DDE +§IDHR

i
]

CYCLE

L J

HD4478U LCD controller read timing diagram

RS ><’

R'W A

——FP Wy ——¢

¥ y f
E -"f \\—»‘
T — Losw —:F t,
DEBO-DE7 Yalid data
e Levere >

HD4478U LCD controller write timing diagram
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HDD4478U bus timing parameters (2 MHz operation)

Symbol Meaning Min Tvp | Max. Unit
teverE Enable cycle time 500 - - ns
PWgy Enable pulse width (high level) 230 - - ns
L Enable rise and decay time_ - - 20 ns
tys Address setup time, RS, R'W_E 40 - - ns
oo Data delay time - - 160 ns
thaw Data setup time g0 - - ns
tyr Data hold time (write) 10 - - ns
—— Data hold time (read) 5 - - ns
tag Address hold time 10 - - ns
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e Write a function to send a command to the LCD kit
— Most LCD commands are completed in 40 ms.

— If the function waits for 40 ms after performing the specified operation, then
most commands will be completed when the function returns.

#define lcdPort GPIOD->0DR // Port D drives LCD data pins

#define IcdE 0x40 // E signal (PC6)
#define IcdRW 0x20 // R/W signal (PC5) Connected to ground
#define [IcdRS 0x10 // RS signal (PC4)

#define lcdCtl GPIOC->0DR // LCD control port direction
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Send Command to LCD

void cmd2lcd (char cmd) {
char temp;
char xa, Xxb;
lcdCtl &= ~(IcdRS+IcdRW); // select instruction register & pull R/W low

lIcdCtl |= IcdE; // pull E signal to high

IcdPort = cmd; // output command

xa = 1; // dummy statements to lengthen E

xb = 2; // "

lIcdCtl &= ~IlcdE; // pull E signal to low

lIcdCtl |= IcdRW; // pull R/W to high

delayby50us(1); // wait until the command is complete
+

RS ):

R/W i

< W
P EH t +tEf

- U N .

o [— 'y sw ™
DEBO-DB7 “alid data

CYCLE

LJ
L
]

L

iy
]

HD4478U LCD controller write timing diagram o7



Send data to LCD

void putc2lcd(char cx) {
char temp;
char xa, xb;

select LCD data register and pull R/W high
pull R/ZW to low

pull E signal to high

output data byte

create enough width for E

create enough width for E

pull E to low

pull R/W signal to high

. W
P EH t i — tEf

A N .

IcdCtl |= IcdRS; //
lIcdCtl &= ~l1cdRW; //
IcdCtl |= lcdE; //
IcdPort = cx; //
xa = 1; //
xb = 2; //
lIcdCtl &= ~lcdE; //
IcdCtl |= IcdRW; //
delayby50us(1);
}
RS )’
-i—t_.'L o —
RW I
E
DEB0-DB7

o~ (— Thsw —"’_|
“alid data

LJ
L
]

HD4478U LCD controller write timing diagram

t

iy
.

L

CYCLE
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Data String to LCD

e Function to output a string terminated by a NULL character

void puts2lcd (char *ptr) {
while (ptr) {
putc2lcd(*ptr);
ptr++;
+
+
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8-bit Initialization

| Power on
Wait for more than 15 ms frWaithrrranﬂ'un-ﬂfDmE 1I|
after V. rises 4.5V |,t after W rises 1o 2.7V ,'I
| ’
RS DET DBGDBs DB DE3DEZ DEN DBD | BF canmot be checked before this instruction.
0 ojo O 1|‘!‘ M | Function set (Interface is & bits long.)
Wait for more than 4.1 ms
__ 1 ,,
RS RANDET DB6 DBS Db4) D83 De2 D1 DeO| BF canmot be checked before this instruction.
o oio oo ‘|‘:‘ v | Functionset (Interface is 8 bits long)
Wait for more than 100 ps
— | T &
RS RANDET D86 DB5 DB4!DE3 DE2 081 DB EF cannot be checked before this inctruction.
I L U B O | Functionset (Interface is 8 bits long)
BF zan be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time. (See Table 6.
= . Fumction set (Interface is 8 bits long. Specdify the
RS RWDET DBG DBS DB4DES DB2 DB1 DBO| number of display lines and character font.)
D DlD 0O 1 1/ F # = The number of display lines and character font
. i nct be changed after this point.
D 0D{0 O 0 D!{1 0 O O = © s
D D!D O O O'D D D 1 Display off
0D 0iD O 0 00 1 0D S Display clear
l Entry mode sat
Initialization ends
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LCD Initialization

 The function to configure LCD sends four commands to the LCD kit
— Entry mode set
— Display on/off
— Function set
— Clear display

void initlcd(void) {
// configure lcdPort port (GPIOD) as output

GP10D->MODER |= 0x00005555;
// configure LCD control pins (PC6, PC5, & PC4) as outputs
GP10C->MODER |= 0x00001500;

delaybyl100ms(5); // wait for LCD to become ready

cmd2lcd (0x38); // set 8-bit data, 2-line display, 5x8 font
cmd2lcd (OxOF); // turn on display, cursor, blinking

cmd2lcd (0x06); // move cursor right

cmd2lcd (0x01); // clear screen, move cursor to home

delaybylms (2); // wait until "clear display'"” command is complete
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Example Write an C program to test the previous four subroutines by
displaying the following messages on two lines:

hello world!

| am ready!

int main (void) {
char *msgl "hello world!";
char *msg2 "1 am ready!";
initlcd(Q);
cmd20cd(0x80); // move cursor to the 1st column of row 1
puts2lcd(mnsgl);
cmd20lcd(0xC0O); // move cursor to 2nd row, 1st column
puts2lcd(mnsg?);
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4-bit Initialization
@”’L)

Wait fior more than 15 ms (Wa'rtfnrrmreﬂ'\analﬂmE\l
after Vg fises o 4.5V | afterVoprises o 27V

&
RS RAWVIDE7 0BG DB5 DBY | BF cannat be checked before this instruction.

1
o “!”|” 11 | Function set (Interface is 8 bits long.)

Wait for more than 4.1 ms

r
RS RAWDE7 DB6 DBS5 DB4 BF cannot be checked befare this instruction.

o '””|” 11 | Function set (Interface is & bits long.)

Wait for more than 100 ps

| y
RS RAVDE7 DBS DB5 D64 BF cannot be checked befors this insiruction.
SR U Funciion set {Interface is 8 bits long.)

DE7 0BG DBs DB+ BF can be checked after the following instructions.
When BF is mot checked, the waiting time between
imstructions is longer tham the execution instuction
time. (See Table 5.)

Function set [Set interface to be 4 bits long. )
Interface is B bits in length.

Function set (Interface is 4 bits long. Specify the
mumber of display lines and character font. )

The number of display lines and character font
cannot be changed after this point

Display off
J Display clear
Initialization ends Entry mode sat

DoloooD oo o l:la
L= = == = | == ) = = ] @%
0O oO0 ol al|lZ alo ]
- olo oo a|ln o
EDDGDDG&-.
W ols oo o|s oo
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