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HW /SW implementation comparison
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HW implementation SW implementation
higher performance lower performance
performance of the original available CPU computation
circuit is not (very much) time reduced
influenced
total cost total cost
time to market time to market
additional static power power consumption given
consumption and dynamic (not only) by software
power consumption is given execution time

by HW utilization

Smart re-use of hardware peripherals for better software UART 2/11



QL% g:sﬁ:lCAL - ]
v Q UNIVERSITY
e [echnology characteristics

Faculty of Information Technology LOW_ p ower m iC rocont ro' | er

Microcontroller characteristics:
8-bit RISC architecture CoolRisc core
up to 5 MIPS at 10 MHz
limited abilities for "universal” communication — GPIO,
configurable 8-bit SPI master/slave
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General GPIO implementation limitations:
precise timing is not well achievable in software, when
another asynchronous events are considered
interrupt-driven implementation interrupts the CPU core
frequently
The presented software implementation of UART
extensively uses HW dedicated for SPI
fast implementation
relatively high performance
low impact to CPU performance (and power
consumption)
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SPI overview
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SPI — daisy-chain

3-wire interface — SCL, MOS', scL scL
MISO (and possibly SS — slave MOS! MOS!

. MISO MISO
select signal) SPimasier ~SPreave
single-master, multi-slave N
synchronous communication e

SPI slave

ScCL

mMosl MsBk1) X LBk X 1k N 2k N 3k X4k X sk X 6k X MSB(k)
MISO LSB(k-1) 1w X 20 X 83k X 4w N sk X ek X MSB(k)
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2-wire interface — RxD, TxD

point-to point connections UART
asynchronous communication Rx Rx

Tx Tx
debugging, superior system

interfacing

Rx/Tx \_starT ¥ sB X 1/ X n2 X Pmi1 ) stop [
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The ldea
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similar interfaces — duplex
communication

UART device is always a
communication initiator
SPI master can also be a
communication initiator

Rx

SCL
MOSI
MISO

SPI master

SCL
MOSI

UART

SPI

MISO

SPIUART
(SPI master)

SCL
MOSI
MISO

SPI slave

Rx
Tx

RS-232/USB
converter
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Requirements and limitations
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SPI master

ability to initialize SPI during START BIT reception
limits the baud rate
SCL pin is occupied even if it is not required for

communication
SPI bit width limits the UART data bit count

transmission (SPI master) — START, STOP and 6
DATA bits

reception (SPI master) — START + 7 DATA bits
(possibly 8 DATA bits)
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YU' YAI YRY YTI ’@y
— ) 0x55 0x41 0x52 0x54 0x40
SPIUART Tx A
Ox4l | ;

SPIUART RxD

Ay et "WHM A TRV RTPRVIRWT WY Wy
T w T
"RECEIVE" . |
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ISR duration T T T

"SPI STOP" ISR
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STOP bit (one)

SPIUART - trade-off choice

UART DATA bit count selection

asymmetric 6/8 DATA bit UART can be implemented
to increase the effectiveness, 8 should be selected — two
MSBs received from SPI master are always equal to

if 7 is selected, ASCII terminal can be used for
communication and debugging

ASCII Code Chart
6 17,8 ,9
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0x40 ... 0x7F

An image from Wikipedia, The Free Encyclopedia,

www.wikipedia.org
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EM68xx softUART | SPIUART
Transmission data bit count 8 6
Reception data bit count 8 8
Baud rate [bit/s] fixed 2400 up to 9600
# ISRs executed during transmission 9 1
# ISRs executed during transmission/data bit 1,125 0,167
7 ISRs executed during reception 10 2
# ISRs executed during reception/data bit 1,250 0,250
C code including preprocessor directives up to 140 lines up to 250
Assembly language equivalent 240 lines 127 lines
Number of instructions 972 504
Used program memory 6% 3%
Number of NOP instructions 87 0
Instructions in ISRs 656 268
The share of instructions in ISRs 67% 53%
Used 1/O PINs 2 3
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