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Forelasning 9
Synkronisering, mottagare

Erik Agrell 2017-09-22
Innehall:

1. Mer om sample-and-hold
2. Synkronisering i mottagare

3. Seriell mottagare och sampling

Bilder av E. Agrell
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1. Mer om sample-and-hold

Frén F8: S/H sample  hold
—< 57— — styrsignal
En sample-and-hold (S/H)
krets "fryser” en analog
spanning en stund. ;
vV insignal
//\q =
T
t
 —
Van AD-omvandling
utsignal
/ e
[Bengtsson: Elektriska matsystem och matmetoder, 2012] t
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Principen for sample-and-hold

N

spanningsfoljare

+
R L v Ve
S/H * Vg, ér alltid lika med V, (spanningsféljare)

* Nar styrsignalen ar hog, ar V, lika med V, och
kondensatorn laddas ("sample”)

* Nar styrsignalen ar Iag, behaller
kondensatorn spanningen V, ("hold”)
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Inkoppling till A/D-omvandlaren

D/A-omvandlad digital utsignal
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Digital utsignal (Q7,Q6....,Q0)
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Styrning av S/H-kretsen LF398
" LF398 U
V, 3 5 Vi
8
7
Va Ve
styrsignaler
« Sample om Vg=V;>1.4V= V; =V,
* Holdom VgV, <14V = Vgbehdller tidigare V;
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Dimensionering av styrsignalen

« Vill man sampla vid positiv puls, laggs styrsignalen pa pinne 8
 Vill man sampla vid negativ puls, laggs styrsignalen pa pinne 7

» Den andra pinnen ges en konstant referensspanning

Exempel ur datablad:
1*
LF198
7
SAMPLE > 8 HOLD 2.8V
| | —— I | R2
HOLD SAMPLE 5.6k
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2. Synkronisering i mottagare

enable
raknare
. @ s====AD === =—== == ——— - N
SANDARE

1 1
cp ' !
1 D/A 1
1 1
1 1
1 1
1 1
! cP ! cp
mikrofon- i komparator l i i
forstarkare ! D [ parallell
: SAR 1 g E till seriell | D,
1 1
\ /
""""""" E—c'"fs'ta'n'?"' T
CPZl effekt-
MOTTAGARE b ) N forstarkare
Rx seriell till > LP-
_____________ parallell o DA Vo - Vie ’vamp2 .'

;e >

| 1

E enable starti ; - o

L g Nej! Sandaren styr transmissions-

Funkar detta? takten. Mottagaren maste arbeta i takt

med sandaren = synkronisering
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7

important and challenging medium, the fading mobile channel. Some further mater-
ial appears in Chapter 7.

Probably the most underrated area in transmission design is synchronization.
Little time is spent in most books on this subject, yet synchronization of various
types probably consumes half of transmission design effort. In reality, there are sev-
eral layers to the synchronization of a system: An RF system needs receiver carrier

I >

ansmission

[John B. Anderson, Digital Transmission Engineering]
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Typer av synkronisering

* Blocksynkronisering ar att gruppera bitar till bytes och bytes till

datapaket .
e J
A

s N/ Y4 N\
010010000110010101101010

« Symbolsynkronisering ar att valja samplingségonblick i varje
symbol (bit)

rrrrrrrt

« Fassynkronisering ar att identifiera faslaget hos en sinusvag,
vilket behdvs om fasen bar information (fasmodulation, inte i
denna kurs)

VAN AN A AN A A W A AW ANA
VARV VAL VAL VAL VALV ALV ANV
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Felaktig blocksynkronisering

e J
Ve A N\ A N\ A N r"
010010000110010101101010
(g ~ J ~ J v‘
C +

- N\ Nejjag
foredrar
Java

Atgérd: Anvand ett protokoll med redundans, t.ex.
start- och stoppbitar eller pakethuvud ("preamble”)
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Felaktig sampling (symbolsynkronisering)
40  ..8dabiar.. 10 . 8aabtar.. 10
LILL T T
felljrdldjn!ng11HHHIHHHIH]
f}11_11fk1HHHHHHHIH
CHALMERS SSYOH1 Elektiska system, bt 2047

Att motverka samplingsfel

Hur kan sandare och mottagare halla samma bithastighet?

1.

nagot.
2.

en sidokanal.
3.

Noggranna oscillatorer? Nej, aven bra kristalloscillatorer driver
Anvénda séndarklockan &ven i mottagaren? OK, men det kraver

Atervinna séndarklockan ur mottagen signal? OK, om

signalkvaliteten ar hyfsad. = symbolsynkronisering

| kommunikationssystem (och i labben) ar metod 3 vanligast ]
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3. Seriell mottagare och sampling

(Har visas 1 som hég niva och 0

Tidssignal enligt RS-232 (fran F8): som lag niva, trots att 1 enligt RS-

1

232-standarden ar /ag spanning.)

0 ... 8 databitar ... 10 ... 8 databitar ... 10

| e P |

[
& startbit A stoppbitJ

Alltid samma flank 1-0 mellan stopp- och startbit

= underlattar synkronisering

CHALMERS SSY011 Elektriska system, ht 2017 F9 14/33

Symbolsynkronisering

Klockatervinning = "clock recovery” = "symbol synchronization”:

Att hitta ratt samplingstidpunkter for den mottagna signalen

Grundprincip:

1. Sok flank _ . -

2. Vinta 15T, sampla T = symboltiden = 1/baudrate
3. Vanta T, sampla

4. Vanta T, sampla

5.

1 0 databitar ...

==t = —— == -
-

J J_J_ ) J.

flank? 1.5T T T T
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Klockdrift
Sandar- och mottagaroscillatorerna ar inte helt synkrona
= trigga pa varje startbit
1 0 databitar 1 0 databitar 1 0
_ — —
mm——————— J mm——————— J
] |
| D NS NS N S NS NS NS NS N
flank? , 15T T T T  Tfank? 157 T T T T flank?
Fér snabb mottagar- : :
klocka: b) J 3 ) ) D D B S
Fér langsam mottagar- : |
Mocka: 4 4 4 4 4 f 4 4 4 4 4
' OK sampling i alla tre fallen!
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Problem: flanker i data
Regelbundna flanker i dataorden kan f& mottagaren att trigga fel:
data data
14 A N\ 14 A A
1 0 1 1 0 O 1 0 1 1 0 O 1 0
3 | | 3 i |
1 1 I I 1 1
1 L) 1 L) I
P NS RIS S B NS N 4
flank 157 T T T T fank 157 T |
? | ? I
J__ s X
flank 1.5T T T T T flank 1.5T T
? ?

Mottagaren kan lasa pa tva satt — inte bra!
Detta hander bara om data upprepar sig
Vanligt fenomen vid test och uppstart av system
Ovanligt vid verklig transmission (varfor?)
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Implementering av mottagaren

For att implementera en fordréjning behdvs en klocka
och en raknare

"serial’

“counter”

1

0

databitar

* Nollstall réknaren vid varje flank 1—0

« Nollstall raknaren néar den nar det varde som motsvarar T

» Sampla nar raknaren ar vid halva maxvardet
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» Borja vanta pa nasta flank T tidsenheter efter sista datasamplingen

» Rakna bitar med hjalp av en tillstandsmaskin

CHALMERS
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Tillstandsmaskin enligt Mealy

serial next_parallel
— -
logik register
state next_state
Q next Q A

parallel
—_—

clock

F9 18/33
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Vi behdver ett tillstand for varje bit

1 0 databitar 1 0

” - ”
serial

“counter”

STAR I )

Q, <=|serial

T
¢

2T + 3T + 4T .+ 8T 6T

STOP START S0 ' $1 S2 ' 83 'STOP'START

* Nytt tillstdnd varje gang raknaren ar vid halva maxvardet

+ Tillstandsmaskinen gor ocksa serie-till-parallell-omvandling
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Tillstandsmaskin med synkronisering

» Tillstdndens langd styrs av klockan, som ar
installd pa ungefar ratt bithastighet

» Efter S3 kommer stoppbit (serial=1). Annars
vantar man en bit = blocksynkronisering

« Mitt i STOP-tillstandet vantar man in flanken
1—0 = symbolsynkronisering
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Tillstandsmaskin i VHDL

process(state,serial,Q) -- update state and outputs
begin
next Q <= Q;
case state is
when STOP =>
next state <= START;
when START =>
next_ state <= S0;
next Q0(0) <= serial; 33 @i?gﬁb
when S0 => paralle
next_state <= S1; <=Q Q. <=|serial
next Q(1l) <= serial;
when S1 =>
next_state <= S2;
next Q(2) <= serial;
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when S2 =>
next_ state <= S3;
next Q(3) <= serial;
when S3 =>
next parallel <= Q;
if serial='0'"' then
next_state <= S3;

else
next_state <= STOP;
end if;
when others => -- undefined state
next state <= STOP;
end case; S3 (STAR I)
end process; -- update state pQEt? Q. <=|serial

end architecture;
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process (clk50,reset) -- bit clo
begin
if reset='0' then
state <= STOP;
Q <= (others => '0');
counter <= (others => '0');
elsif rising _edge(clk50) then
counter <= counter+l;

if state=STOP and serial='1l'
counter <= (others => '0');
elsif counter=4 then -- hal

state <= next_state;
Q <= next Q;
parallel <= next parallel;

SSYO011 Elektriska system, ht 2017
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ck, sync'd to start bit

Antag att klockan ar 50 MHz och
onskad bithastighet 5 Mbit/s

T = 10 klockcykler for varje bit
then

f-period 5 clock cycles

elsif counter=9 then -— bit clock 50MHz/(9+1) = 5 MHz
counter <= (others => '0');
end if;
end if;
end process; -- bit clock — J_
] I
Lt
1 1
O ! T !2T ! 3T | 4T ! 5T | 6T !
STOP START SO ' S1  S2  S3 'STOP START
CHALMERS SSY011 Elektriska system, ht 2017 F9 24/33

VHDL-kod for mottagaren

library ieee;
use ieee.std logic_1164.all;
use ieee.std_logic_unsigned.all;

entity Rx is port(

reset, clk50: in std_logic;

serial: in std_logic;

parallel: out std_logic_vector(3 downto 0));
end entity;

architecture state_machine of Rx is
type StateType is (U,STOP,START,S0,S1,S2,S3);
signal state, next_state: StateType;
signal Q, next_Q, next_parallel: std logic_vector(3
downto 0);
signal counter: std_logic_vector(3 downto 0);
begin

process (clk50,reset)
bit
begin
if reset='0' then
state <= STOP;
Q <= (others => '0");
counter <= (others => '0');
elsif rising_edge(clk50) then
counter <= counter+l;
if state=STOP and serial='1l
counter <= (others => '0');
elsif counter=4 then -- half-period 5 clock
cycles
state <= next_state;
Q <= next_0Q;
parallel <= next_ parallel;
elsif counter=9 then -- bit clock 50MHz/(9+1)
MHz

-- bit clock, sync'd to start

then

counter <= (others =>
end if;

end if;
end process;

'0');

-- bit clock

process(state,serial,Q)
begin

next_Q <= Q;

case state is

-- update state and outputs

when STOP =>
next_state <= START;
when START =>
next_state <= S0;
next_Q(0) <= serial;
when S0 =>
next_state <= S1;
next_Q(1l) <= serial;
when S1 =>
next_state <= 52;
next_Q(2) <= serial;
when 82 =>
next_state <= §3;
next_Q(3) <= serial;

when 83 =>
next_parallel <= Q;
if serial='0"' then
next_state <= S3;
else
next_state <= STOP;
end if;
when others => -- undefined state
next_state <= STOP;
end case;
end process; -- update state

end architecture;
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Exempel pa DO-fil
# header:
vsim work.rx; view wave
add wave clk50 reset serial state counter parallel
# clock and reset signals:
restart -force
force clk50 0 Ons, 1 10ns -repeat 20ns
force reset 0 Ons, 1 50ns o .
Tid for en bit:
# serial is a repeated sequence of: T =10 klockcykler

# 0 (start bit) =200 ns
# 1100 (data bits) '/-

# 1 (stop bit)

force serial 0 0, 1 200, 1 400, 0 600, 0O 800,
1 1000 -repeat 1200
run 2400ns \\
wave zoom full Data: 1100 Student Ed..
Upprepa efter 6 bitar = 1200 ns Regelbunden flank i data
= synkroniseringsproblem
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Mer realistisk simulering

# header:
#vsim work.rx; view wave
#add wave clk50 reset serial state counter parallel

# clock and reset signals:

restart -force

force clk50 0 Ons, 1 10ns -repeat 20ns
force reset 0 Ons, 1 200ns

# serial is a repeated sequence of:

# 0 (start bit)

# 1100 (data bits)

# 1 0 (stop and start bits) Fgrsta dataordet: 1100
# 1010 (next data bits)

# 1 (stop bit) ’/’/

force serial 0 0, 1 200, 1 400, 0 600, 0O 800,

1 1000, 0 1200, 1 1400, 0 1600, 1 1800, 0 2000,

1 2200 -repeat 2400 \\\\\\

run 2400ns \ Andra dataordet: 1010
12 bitar

wave zoom full
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Infor labben

VHDL-koden ovan ar inte direkt anvandbar i hardvara (lab 4), eftersom...

1. ...bithastigheten ar fér hég (50 MHz/10 = 5 Mbit/s)...

signal counter: std logic vector(3 downto 0);
-- 4-bit counter

elsif counter=4 then -- half-period 5 clock cycles
state <= next_state;
Q <= next_Q;
parallel <= next parallel;

elsif counter=9 then -- bit clock 50MHz/(9+1) = 5 MHz
counter <= (others => '0');
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2. ...ordlangden ar for liten (4 bitar)...

parallel: out std logic_vector(3 downto 0));

architecture state machine of Rx is
type StateType is (U,STOP,START,S0,S1,S2,S3);
signal state, next_state: StateType;
signal Q, next_Q, next_ parallel: std_logic_vector(3 downto

0);

when S3 =>
next parallel <= Q;
if serial='0"' then
next_ state <= S3;
else
next state <= STOP;
end if;
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3. ...insignalen serial ar asynkron och behdver géras synkron med
hjalp av tva vippor...

process (clk50)
Exempel pa en begin
liknande processi if rising_edge(clk50) then

.. o D semisync <= D async;
séndaren (fran F8): D <= D ZemisynCT Y

end if;
end process;

asynkron synkroniserad
insignal insignal
D »| D T
D_async Q D_semisync Q D
/\
klocka [ I

4. ...och dessutom ar det lampligt att visa nagra av signaler pa
lysdioderna (for test och felsékning).
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Veckosammanfattning

Efter kursvecka 3—4 behérskar ni...

+ A/D-omvandling
Teori och principer
Successiv approximation, SAR
Flash och dual-slope
- Sample-and-hold

 Tillstdndsmaskiner
- Tillstandsdiagram
Moore och Mealy




CHALMERS SSY011 Elektriska system, ht 2017 F9 31/33

+ Seriell kommunikation
RS-232
Principer fér mottagarsynkronisering
Klockatervinning
Serie-till-parallell-omvandling

* VHDL-implementation
Implementation av SAR
Implementation av tillstandsdiagram
Implementation av seriell mottagare

Synkroniseringsproblem: metastabilitet och
otillatna tillstand
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Kursinfo

* F10 (26 sept) avslutar VHDL-delen. Innehall:
felsbkning, demo-rakning och fragestund. Ev.
repetition om 6nskemal finns.

» Darefter dvergar kursinnehallet 6vergar fran
digital till analog konstruktion, fran kodning till
berakning

» Extra lab-tillfallen (frivilliga) 28 september och
17 oktober
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Las & I6s

Las:
 Lab-PM avsnitt 4

» Bengtsson avsnitt 4.4 (sample/hold)

Los:
» Forberedelseuppgifter till lab 4, inkl 4.4-4.5




