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Background Material - Microprocessor
Interfaces

TTL levels within CPU

All digital signals either below V, or above V,
Real-world signals
Example: Serial interface -12V to +12V

CPU (= /O (=) Electrlcal <:>Externa|
port I terface I system

TTL Signal levels
signal appropriate to
levels the external

system
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Background Material - Level
Translation and Type Conversion

» Electrical interface between two-level non-TTL signal and
CPU input port Non-TTL-

pompatible > ‘b — TTL output
Input Tv_
n >

gnd

Level
translator

» Electrical interface between analog input and a quantized
2™ level output

Analog input

VminSVin SVmax - 32
— ADC m-bit digital
T Vin output
- > O
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Background Material - Level
Translation and Type Conversion

« Electrical interface between CPU input port and two-level
non-TTL signal

TTL input Non-TTL-
> % . » compatible
T Vout  output
—
nd
J Level
translator

» Electrical interface between a quantized 2™ level input input
and an analog output

go Analog output has one of
e 1 2., © 2mpossible values in the
m-b_lt digital DAC Tvout range V. to V
Input i R min max
dm-l
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Introduction - Serial I/O Interface
Functional Units

Terminal ComgisE = |

System
software

————

Hardware and
software of

Transmission path
dedicated

system g\g:;g? S:I!Jrl 6 Device driver
Fiber optics software
Infrared beam
> Serial interface Ultrasonsc veam

Line drivers -q—-[-]

— P Serial interface |
/ '
[]—> Line drivers 4‘1\

Plug and\socket

Translates data Translates the TTL-

between the internal level signals
_computer form and processed by the

the form in which it Ac?t'Ab'I“t? atfr?fm

is transmitted over frlgnim?ssci){)n Sath

the data link
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9.1 Asynchronous Serial Data
Transmission

e Asynchronous

— Transmitted and received data are not synchronized over any extended
period

— No synchronization between receiver and transmitter clocks
e Serial
— Usually character oriented
— Data stream divided into individual bits at the transmitter side
— Individual bits are grouped into characters at the receiving side
 Information is usually transmitted as ASCII-encoded characters
— 7 or 8 bits of information plus control bits
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9.1 Asynchronous Serial Data
Transmission — Data Format

« MARK level (or OFF, or 1-state, or 1-level)
— This is also the idle state (before the transfer begins)

 SPACE level (or ON, or O-state, or O-level)

* One character:
— Start bit: space level s bt =
— Data bits égittanj Data bits E?my Si,top‘é
— Optional parity bit -
— Optional stop bit
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9.1 Asynchronous Serial Data
Transmission — Data Format Example

e 12 possible basic formats:
— 7 or 8 bits of data
— Odd, even, or no parity
— 1 or 2 stop bits
— Others exist also: no stop bits, 4/5/6 data bits, 1.5 stop bits,

etc.
Least significant bit
Example: Letter M = ASCII $4D = 1001 1& (even parity)
Mark 1
Space 0
Stat; 1 {0 {1 :1:0:0i1:0 iStop:
: : ' I l ' ' ' "Parity" '
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9.1 Asynchronous Serial Data
Transmission - Receiver Clock Timing

- .
) Start bit
+ T seconds;
Mark ! '

Space

;14”241 7?2.:!17?2 +sz A =I‘ |

B/

Beginning &t ot
of start 2 BE 2
bit

e For N=9 bits (7 data + parity + stop) maximum tolerable
error i1s 5%

T/2 > (2N+1)5t/2
ot/2 < 1/(2N+1)
ot/T < 100/(2N+1) as a percentage
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End of
stop bit
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9.5 Serial Interface Standards -
RS232

e Bi-polar:
— +3to +12V (ON, O-state, or SPACE condition)
— -3to -12V (OFF, 1-state, or MARK condition)
 Modern computers accept 0V as MARK
o “Dead area” between -3V and 3V is designed to absorb line
noise
« Originally developed as a standard for communication
between computer equipment and modems
* From the point of view of this standard:

— MODEM: data communications equipment (DCE)
— Computer equipment: data terminal equipment (DTE)

o Therefore, RS-232C was intended for DTE-DCE links
(not for DTE-DTE links, as it is frequently used now)
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9.5 Serilal Interface Standards -
RS232 Interface Standard

e Each manufacturer may choose to implement only a subset of
functions defined by this standard
o Two widely used connectors: DB-9 and DB-25

e Three types of links
— Simplex
— Half-duplex
— Full-duplex

« Basic control signals
— RTS (Request to send):
DTE indicates to the DCE that it wants to send data
— CTS (Clear to send):
DCE indicates that it is ready to receive data
— DSR (Data set ready):
indication from the DCE (i.e., the modem) that it is on
— DTR (Data terminal ready):

indication from the DTE that it is on Fall 2004 Page 11 of 18
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9.5 Serial Interface Standards -
RS232 Data Format Example

+156v—
L3E MZE
o 1 o o o o o 1 °o 1 1
Spars
=07
+ - ———— -ttt ——— -1 -
o _1‘ I ricke te i izt
Fedicon
e 7 i —— —_ - _t) - -
Mark
=1 - | Seven Data Bits | -
_'| Elul'_ / \ e
S_tart Parity Two ztop
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9.5 Serial Interface Standards -
RS232 Interface Standard

 DB-25 connector is described in the book: let’s take a look at
DB-9

1 2 3 4 5

6 7 8 9
Pin Signal Pin Signal
i Data Carrier Detect 6 Data Set Ready
2 Received Data 7 Request to Send
3 Transmitted Data 8 Clear to Send
4 Data Terminal Ready 9 Ring Indicator
5 Signal Ground
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9.5 Serial Interface Standards -
RS232 Interface Standard

Description Signal %_?:En ZDSgliEn Source DTE or DEC ‘
‘Carrier Detect CD 1 8 from Modem ‘
‘Receive Data RD 2 3 from Modem ‘
‘Transmit Data TD 3 2 from TerminaI/Computer‘
‘Data Terminal Ready || DTR 4 20 from TerminaI/Computer‘
‘Signal Ground SG 5 7 from Modem ‘
‘Data Set Ready DSR 6 6 from Modem ‘
‘Request to Send RTS 7 4 from TerminaI/Computer‘
‘Clear to Send CTS 8 5 from Modem ‘
‘Ring Indicator RI 9 22 |lfrom Modem ‘
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9.5 Serial Interface Standards -
Minimal RS232 Function: Simplex Mode

DTE DTE to DCE in simplex mode DCE
5 2
> : >
. 7
C L
DTE DTE to DTE in simplex mode DTE
5 2
> : >
. 7
C L
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9.5 Serilal Interface Standards -
Minimal RS232 Function: Duplex Mode

DTE DTE to DCE in full-duplex mode DCE

>

hAY
- AN

DTE DTE to DTE in full-duplex mode DTE
5 3
Do’ : i
<H: < A
T L
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9.5 Serial Interface Standards -
Types of Transmissions

DTE DTE to DCE with remote control DCE
TxD 2 > 2 RxD
RxD < D

- 7
RTS : > : °rs
CTS b RTS

DTE DTE to DTE with remote control DTE
%D g > >< > g TxD
RxD < < RxD

- 7
p 4

RTS > > RTS

ors |5 4 < < > | cTs
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9.5 Serial Interface Standards -
Handshaking Between RTS and CTS

TxD > RxD

DTE DCE
RTS » CTS
CTS < RTS

RTS
(DTE)

CTS
(DTE)

® © © ©® &
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