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HIGH SPEED COMMUNICATION SYSTEM

Mr. Komthawat Adisornsuppawat
Mr. Prapas Pongrassameewong

Mr, Palis Keeratawattana

Mr. Somsak Chearsirikul Advisor
1992

ABSTRACT

Nowaday ¢ communication system is adjusted and changed to modernform.
Beside conversation service , telephone system is developed to response the
need in business data transfer service. So communication service extension
effects directly to commerciel development. In the future,if the integrated
service digital network (I1SDN) is used ' %t will be possible to communicate
many kinds of data such as gaudio signal.telegyaph signal,teleprinter signal
ycomputer data and even video signal in the same transmission line.In order
to make ISDN working more efficiently , the fiber optic is required.

This thesis presents the simulation about video and audio commuriication
system.,By converting video and audio signal to digital data and m&%tiplexing
(Time Division Multiplexing) Each picture consists of 256 lines 256 pixels

in eachline. Each pixels can display 128 biack-white levels.
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2. ATRAN

NANN1TN191unaYy Time Division Multiplexer
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MAaNA1TRIANIAYAITAY TDM ARAATTULNLIRT80 L TUEI9] TagluuaasEisasing

o W . ' e W 1Y o o 8o aw
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811%371421% channel 2a9n17 nmultiplex = ¢ : 1916898319 information
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@78 1WAAIINALAIN 191 38089UN3Y FAW (FRAME ALIGNMENT WORD) AIUUTINIUTE S

] [
time slot/frame FsNA c+1¥Ta c+2 b uen

1179 £_ = 37474 bit/frame
4 >
f_ = @3unna9n19 sampling analog
w = 47494 bit 1u 1 sampling
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1) BOUNCHED FRAMING @an11114 FAW fiv 2 TIME SLOT Ihisumiedafiu
TULWTY ﬁqgu (1)

] ar -« 4
2)DISTRIBUTED FRAMING ‘@an15314 FAW wanAuTuLwan ﬂﬁzﬂﬂ (2),(3)

aTU183937 TDM N196#14 Transmitter

o "
TU293711U¥ TDM uwuu synchronous aaqnq channel # clock nﬁphase taan
o ' o7 'Y} - PN . N '
fAunua B9l phase 1179y xclk 131879747935 A218n xclk asgnnwnﬁsnﬂi 8 nay
a T oy W [ o 2 & pm— 4 v w4
lwaﬂzuuqﬁQQﬂaﬁaaaﬂlﬁu byte #as3I1AUY ILUMAAZ byte NINWIT 4 (WALDSTHL UL

[ L

2 . 5 ' 4 .
page Taaluwnily page nﬁwum1w§na§aaa 4 byte (32 bits) uaagnwwssntwauuqﬁaq

¥
ﬁagaaannﬁusﬂsu ?qﬁun§0LW5nwxuﬁqaansﬁu 33 page ﬁqﬁuﬁquau bit ﬁaﬂa%qmum
T 1 1WINIENAILNAY 8x4x33 = 1056 bits

71 5.2 u’AIN1T format naqﬁaga#asdqaanﬂu Feifonua 33 pageTuniiel Wiy
IC T4LS85 %Qdﬂﬂﬁﬁﬁztﬁuﬁ191135U page O uay information 4 Syte RU T PP

E 2]

a19849 page 0 NAIIATULER qzﬁaqﬁﬂﬁiﬂ?ﬂqﬁmmﬂmguuﬁﬁqwum 7 &g Aa
1) FAW en

2) CW en

3) HLN en

4) AF en

5) CW latch

6) HLN latch

7) AF latch
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3.n7a31. (Receiver)

ngud FRAME ALIGNMENT

- < . a w
a1 FRAME ALIGNMENT WORD (FAW) : 1iU# word ﬂ']ﬁu@'iﬂl':umuFRAMEﬂﬂ\!

W@az FRAME IWaT<fiu

Ly L

) . v 4
FAW 1ununﬂa§mmﬂmnqvLUumdﬂaﬂuandﬁﬁmquQunaua FRAME THNRIHNINAT 132

N t 7] ] v * 8
1suum11wwuﬁmm1mu %qunqnuﬂﬂﬂag?udduuinQQnaq FRAME 8Y@ 7JoUU3zADIwW3aM
4 e w < - y
nwz1una§annaﬂﬂﬂ§mm1m FAW %

a . ; o <
WINTAUINTVTININIUEDNISATATIAHAY FAW ﬂ\lgﬂﬂ 5.4

Binary framed
information 1 2 3 6 7 —<—— Qutputs to shift
) signal D Qff DQL Dot uQ register
i 4
!
1

Frame alignment word

T Detection pulse

—
L One bit period

o [ v g ——— ey, —— -

4 .
31]71 5.4 uda9INITATIIFDY FAW



. o : 4 g ,
3l AMMUATH FAW H7u1e 7 1n tuaﬁﬁaga?qgnzaau(shlft) 181 registe:

oy

P - uﬂdl«dd Y . o ) u
naz 1 unna 1 clock avUULINAUAREUNNIABULTINDS register mqqﬂnﬂauaa WA
[ é Q'g v 'Y} 4. ud' [~
21054 1 word augsm AT1703337aY FAW ¢ 17884 a10990U FAW nAvualiinaly 7
' v 4 t o )
wdaastuiiad 1 280u7- WA NnSIindY 1 09 edynan clock
- af a Y] ' < ' Y - ' ) e, Yoo
1IN LABNAIIN FAW 218371 0uagsls maswaﬁsmﬁganqzmaunYHﬁﬂni
[ %] 4’ t dd v .d uu v
THAAIUANDY uazm?ﬂuuﬁwzLUundqunaﬂﬂa§a§q1uuuuu random A&MUBIAU FAW 5@
94”
uaangmmaa
o U 4 - ¢ N v e
FNNaTNAT FAW  7nivuasduNean  1110000,1111000 uwas 1110100 wTanaunu
. - 1 - X < < T 2 0 |
(inverse) NUATLIWARIY  aaurn 1111111 v¥a 0111111 LUUATINAITIZHAN L ALY
- e ¥ ¥ ] - ¥ Xi
WINTUITURBUNITAIIIFAY FAW QSUATURAUN 1(stepl) D9BUmaUN 7 (step7?)
- _ WU 4 4 « 4‘ «,L‘ 4 v dv [
FNURTAY FAW nnwuﬁsaunqm aa 1110000 1uauIavBURAUN 7 nagannnﬂuﬁa1qnn3u

<5 - 4 ray. . ' &
wUY FAW nasla (Pattern detected) QQizuuqsagﬁmﬂuwuo pattern 1duszazi2an

! o 4 A a <
in1AY 1 Havdgyiniiai(one time slot) A43UN 5.5

Bits outside shift register Shift register outputs Recognition status
1121314i86i6i71-
i Pattern enters shift register H
O step 0 } 0 0 0 :
O step 0 i 0 0; 0 . . . . . L » Pattern not detected
|
Iststep| NI\ @ 0 1 UARGANIL o], i i 2 sl Pattern not detected '
2d step 1 1100} 0!l 0 « ! & . . . "Pattern not detected
3d step 1 11170010ttt o o1 &b o1 Pattern not detected
4th step . 1 1 1 0 0 0 0 ot - e ’ ‘. Pattern not detected
5th step « b 1 1 1 0,01 010 i . . = . Pattern not ‘detected
6th step . . . 1 1 1 0 0,0 0 . E . Pattern not detected ’
Tthstep| R b 11110i0101i0 Ji . Pattern detected i
8th step . . . . . . 1 1 1 0 l 0 ‘: 0 i 0 Pattern not -detected
| I { 1

1 -~ Represents a logical 1

{
* - Represents a logical 1 or 0 {random information assumed) ‘

|
0 — Represents a logical 0

] ¥
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CMOS Video Speed 6-Bit Flash
Analog-to-Digital Converter

For Use in Low-Power Consumption, High-Speed
Digitization Applications

Features:

s CMOS low power with speed

s Parallel conversion technique

» 15-MHz sampling rate (66-ns conversion time)

n 6-bit latched 3-state output with overtlow bit
+'% LS8 accuracy

» Single supply voltage (3 to 10 V)

s 2 units in series allow 7-bit output

w 2 units in parallel allow 30-MHz sampling rate

s Internal Vagr with ext Vaer option

w Avallable with EVP processing for improved reliability

The RCA-CA330Qtypesare CMOS 50-mW parallel (FLASH)
analog-to-digital converters designed for apptications
demanding both low-power consumption and high-speed
digitization.

The CA3300 types opérate over a wide full-scale input-
voltage range of 2.4 voltstup to the dc supply voltage with
maximum power consum;}tion as low as 50 to 200 mW,
depending upon the clock frequency selected. When
operated from a 5-voit supply at a clock frequency of 11
MHz, the power consumption ofthe CA3300 is less than 50
mW. When operated from an e-vog‘gupply atafrequency of
15 MHz, the power consumption is less than 150 mW.

The intrinsic high conversion rate makes the CA3300 types
ideally sutted for digitizing high-speed signals. The overflow
bit makes possible the connection of two or more CA3300's
in series to increase the resolution of the conversion
system. A series connection of two CA3300's-may be used
to produce a 7-bit high-speed converter. Operation of two
CA3300's in parallet doubles the conversion speed (i.e.,
increases the samphng rate from 15t0 30 MHz} CA3300'sin
parallel may be combined with a high-speed 6-bit D/A
converter, a binary adder, control logic, and an op amp to
form a very-high-speed A/D converter.

Sixty-four paralleled auto-balanced voltage comparators
measure the inputvoltage with respect to a known reference
to produce the parallel-bit outputs in the CA3300. Sixty-
three comparators are required to quantize all input voltage
levels in this B-bit converter, and the additional comparator
is required for the overflow bit.

The CA3300 types are available as follows: Types CA3300D
and CA3300DX in an 18-lead dual-in-line ceramic package
(D suffix), types CA3300E and CA3300CE in an 18-lead
dual-in-line plastic package (E suffix), or in chip form (H
suffix). The CA3300DX offers the additional advantage of
improved reliability as a result of EVP (Extra Valpe Program)
processing. For further information on EVP, see RCA
publication EVP-3008 or contact your RCA representative.

Applications:

s The CA3300 types are especially suited for high-
speed conversion applications where low power

is also important

TV video digitizing (industrial/security)
High-speed A/D conversion

Ultrasound signature analysis

Transient signal analysis

High-energy physics research
Hrgh-speed oscilloscope storage/display
General-purpose hybric ADC's

Optical character recognition

Ragcar pulse analysis

Motion signature analysis
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Data Conversion Circuits

CA3300
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Fig. 1 - Block diagram for the CA3300.

MAXIMUM RATINGS, Absolute-Maximum Values: ‘
DC SUPPLY VOLTAGE RANGE (Voo) .

(VOLTAGE REFERENGED TO Vs TERMINAL) L 1. ernanesnsrensansnsnssesssssssssresosssssssrnsmyssrssssnr s in ittt -0.5t0 10 \'
INPUT VOLTAGE RANGE

ALL INPUTS EXCEPT ZENER (PIN 4)... .. S LA -0.5 10 Voo 0.5 V
DC INPUT CURRENT

G, PH, GET. CE2, Vil v veeessreeenammsessssrcsesammsss s s s s + 10 mA
POWER DISSIPATION PER PACKAGE (Po)

EOR Ta ® ~55 10 *58°C .evvvnseeeaunnernnnsnserasessnnnnsresesssanasstsassenannsnrsmsn st T [EEETETRR 315 mW

EOR Ta® +55°C 10 #125°C 1evnveeinnuninmnnaanmnnsssnneeennnesnnsesnes e ieae arenereearenaens Derate linedrly at 3.3 mW/°C
TEMPERATURE RANGE

OPERATING (CA33000X, Referto Fig.3) «.ioeeieeoreonansns e eieiaae meresassesceseieana e ~55 to +125°C

OPERATING (CA33000, E. CE) -40 to +85°C

STORAGE +.vveevraaernsasernessrsssssssseraanionenettuoneresens J g -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING)
Al distance 1/16 = 1/32 in, (1.59 = 0.79 mm) from case £OF 105 MPX.  eavernarmennsanarssnresmsnmenssenenmesnanransnssees +265°C




Data Conversion Circuits

CA3300
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Fig. 1 - Block diagram for the CA3300.

MAXIMUM RATINGS, Absolute-Maximum Values: !
DC SUPPLY VOLTAGE RANGE (Voo) .

(VOLTAGE REFERENCED TO Vss TERMINAL) . .ccncrssssssnnssrsssss st e 05t 10V
INPUT VOLTAGE RANGE

ALL INPUTS EXCEPT ZENER (PIN ). ..uvvunns onnsnssssssssssnnnsssssssmsssssttrss s e es -0.510 Voo *0.5 V
DC INPUT CURRENT

CLK. PH, TEY, CE2. Vit «o e eneseseeaeeseamnsssteee s s s s s s e s e st + 10 mA
POWER DISSIPATION PER PACKAGE (Po)

FOR Ta = 55 10 #55°C «vvrarsneseaeseesenssansssnsnmbeeaassnasseasasssssstssseses s s nssts st .315 mW

FOR Ta = +55°C 10 #125°C 1uvenrenrrnnennrnsnnesasssanssnsuneneessesesocs e Derate linedrly at 3.3 mW/°C
TEMPERATURE RANGE

OPERATING (CA3300DX. Refer to Fig. 3) ...o..ooiverenens SUUTUT T U TP PP RSO P PP ST PPPPPR PR PR -55 to +125°C

OPERATING (GA33000, B, CE) 1veernrrnmmnnmnnnrenesineers -40to +85°C

STORAGE + s veeeeseeeamneeaeneem s s n e e e e o s s s s s s T -5 to +150°C

LEAD TEMPERATURE (DURING SOLDERING)
At distance 1/16 = 1/32in. (169 = 0.79 M) [rom case fOr 10§ M@X.  +eeeversnnasannersareesrsesssssnmeeesrsrssnssnsertns +265°C
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Data Converslon Circults

CA3300

LIMITS
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300D, DX, E UNITS
MIN. TYP. MAX.
Resolution —_ — 6 Bits
{imearity Error Voo=8 V, Vaer=7.68 V
CLK=15 MHz, gain adjusted - £05 *08
D ifferential Linearity Error Voo=8 V. Vaes=7.68 V LsSB
CLK=15 MHz - +0.5 +0.8
¢¥antizing Error % — %
A nalog Input: Vpo=8 V .
Full Scale Range CLK=15 MHz 2.4 - Voo+0.5 '
~|nput Capacitance - 50 - pF
Input Current — 600 1000 - yA
Gain Temperature Coefficient Voo=8 V, CLK=15 MHz - 0.016 — LsB/°C
fgaximum Conversion Speed Vpo35 V —_ 12M - sPs
Vpo=8 \ 15M 19M =
De¥ice Current Voo=5 V (CLK=11 MHZz) — 7 —
Excludes lrge, l2) Vpo=8 V {CLK=15 MHZ) —_— 22 _ mA
Voo=5 V (Auto Balance State) — 6.4 16
R Voo=8 V (Auto Balance State) —_ 24 40 )
Ladder Impedance 1000 1400 1800 Q
Digital inputs:
Low Voltage Voo=5 V e — 1.5 v
Voo=8 V — —_ 2.5
High Voltage Vpo=5 V 3.5 ~ — v
Voo=8 V 5o i —
_ Input Current Vpo=8 V — +1 — LA
Digital Outputs:
Output Low Vpo=8 V, Vo=0.4 V 1.6 10 -
(Sink) Current Voo=8 V, Vo=0.5V 3.2 15 - mA
s ~Output High Voo=5 V, Vo=4.6 V -0.8 6 - .
{Source) Current Vpo=8 V. Vo=7.5V -1.8 9 —
Zener Voltage 12210 mA 6.2 6.8 7.4 V'
Zener Dynamic impedance 12210 mA - 10 30 0
Zener Temperature Coefficient . — 0.5 — mv/°C
Pigital Output Delay, ts Voo=8 V — 20 — ns
Aperture Time Vop=8 V — 25 —
.
CONDIYIOM.S,'

—m‘

TEMP
LADD!
ARE_NOT INCLUDED

« 25°C
ER AND ZENER CURRENTS

! I}
T AN
1 < 100 WMz
L : = t MHz
§ ‘ ‘ g 10 MHg T
jod =
T , <« AREA UNDER CURVE REPRESENTS PRV
. z ‘ = AMBIENT OPERATING REGION
g . H | !
Z s
z. & T l
» -
g N | z i |
g vop*8 VOLTS 1 3 )
. 2 — 3 23 t
‘ ] { 1 T < '
L | | voorsvouts | 4_,/
o I 1 T 1, | ! o |
Z & & 81 ] T s 7 + cmloloo 2 ry ry 8 0

AREA OVER CURVE
AEPRESE
THAT AL
HEATSINK

!

NTS REGION
GUIRS

1000
CLOCK FREQUENCY—=H2

SUPPLY VOLTAGE Vpp = (VOLTS)

9208~ 34240

92C3-3424)

Fig. 3 - Maximum ambient temperature versus supply voltage.
{Above curve includes ladder dissipation but not the
zener dissipation,)

Fig. 2 - Typical current drain versus sampling rate
as a function of supply voltage.
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Data Conversion Circuits

CA3300

ELECTRICAL CHARACTERISTICS

. tad LIMITS
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300CE UNITS
MIN. TYP. MAX.
Resotution » . - —_ 6 Bits
Linearity Error Voo=8 V, Vrer=7.68 V
CLK=9 MHz, gain adjusted - £0.5 +0.8
Differential Linearity Error Voo=8 V, Vrer=7.68 V _ +0.5 £0.8 LSB
CLK=9 MHz
Quantizing Error % —_ %
Analog tnput: Voo=8 V
Full Scale Range CLK=9 MHz 2.4 —_ Vpo+0.5 v
lnp\{gapacitance - 50 -— pF
input*Current —_ 450 1000 LA
Gain Temperature Coefficient Vpo=8 V, CLK=9 MHz — 0.018 — LSB/°C
Maximum Cbr[versmn Speed Voo=5V 6M - - SPS
Voo=8 \ QM 19M -—
Device Current Voo=5 V (CLK=7 MHz) — 4 —
(Excludes lner, 12) Vpoe=8 V (CLK=9 MHZz) —_ 12 —_ mA
N Vop=5 V (Auto Balance State) —_ 64 16
Veo=8 V (Auto Balance State) — 24 40
{ adder Impedance 1000 1400 1800 Q
Digital Inputs:
Low Voltage Vpo=5V = = 1.5. v
Von=8 Vv = —_— 2.5
High Voitage Vpo=5 V 3.5 — — v
Vop=8 V 5.5 — -—
Input Current Vbo=8V — +1 —_ LA
Digitat Outputs.
Qutput Low Vpo=5V, Vo=0.4 V 1.6 10 — H
{Sink) Current Voo=8 V, Vo=0.5V 3.2 15 — mA
Qutput High Vpoz5 V, Vo=4.6 V -0.8 [¢] —_
{Source) Current ] Vpo=8 V, Vo=7.5V -1.6 9 —
Zener Voltage 12210 mA 6.2 6.8 7.4 v
Zener Dynamic Impedance 12210 mA — 10 30 e}
Zener Temperature Coefficient — 0.5 — mv/°C
Digita! Qutput Delay, tq Vop=8 V - 20 - ns
Aperture Time Veo=8 V — 25 -—
:—co::m?cs ‘ “ CONGITIONS :,EE:'-.\;T-C
s e e e
;: H § o8 ‘ I vog-:vlousl l
E i l Voo S vours |
" 2 oot Yilil
e < . 11
3 3 ,
|
-l
! 1 |
[ 8 10 2 [} ]

Fig. 4 - Typical maximum sample rate versus supply voltage.
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2 6
SUPPLY VOLTAGE, Vpg={VOLTS}

9263 - 34230

Fig. §

1
SAMPLE RATE —MSPS

10

2c3 - 34230

- Typical offset error varsus sample rate as a function
of supply voltage. (See literature for offset trim.)
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CA3300

PHASE COMPARATOR DATA
. {PIN 8) 1S LATCHED
[}
DATA i§ SHIFTED
INTO OUTPUT REGISTERS
’ D — g
cLoxX SAMPLE AUTO SAMPLE AUTO SAMPLE AUTO
° {PINT) 1 BALANCE 2 BALANCE 3 BALANCE

1
Biree 8 DATA VALID 4X DATA VALID xfmn vaLio
) i 2

L
i
PHASE
(PIN 8) DATA IS SHIFTED
INTQ OUTPUT REGISTERS
o
- COMPARATOR DATA
1S LATCHED
1
cLock |\ _AuTO SAMPLE SAMPLE SAMPLE
i 1
. o PNTIY \ 2 3
! |
. !
1 i
81-+86 8 |
OF DATA VALID DATA VALID DATA VALID
| 0 1 2
’ u
- X l 1 92CM-34886
(a)
COMPARATOR
COMPARATOR DATA  pata IS SHIFTED 0aTa 15 LATCHED R U O i Su RebisTERS
IS LATCHED TO OUTPUT REGISTERS % '
B SAMPLE
\ Vx
2 [ 2. $1
¢ ¢ ¢ PULSE - MODE OPERATION e (SRR
PULSE - MODE OPERATION

e WITH¢ 2 AS STANDBY STATE
AND PHASE CONTROL (PIN 8) LOW
(FASTEST METHOD)

T OLD DATAgt NEW DATA

o e

WITH 41 AS STANDBY STATE

{INDEFINITE STANDBY STATE)

OUTPUT OLD DATA
et

—
4 92¢8 35111 szcs-38112
(b) (¢}
v .Fig. 6 - Timing diagrams for the CA3300.
CONDITIONS H et Tt - CONOITIONS ]
Vagr® Yoo T e Vin *VRer * Voo
TEMP » 25° I T et TEMP 225°C i
muve: assesssamesEsessansEsnaLS )
> L T ssassrEeaszases: Ths i
S T T T < : &
5 B : 1 &
e Tt s BT s = Z g : o 1
W vopo© t R ] N
g o s TeeS T o | /r
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s . s T 1od x
: et = £ Va
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& ~S00p T TamorssassanEamE 1 H
2 1 A samsassseansEuEEa: T z o
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Ty 1 |
T e
4 6 7 a . [] 4 &0 [
INPUT VOLTAGE (VI)=VOLTS [+ 1 19 100
"‘ 972¢3-34230 SAMPLE RATE-MSPS -
. 92C5-34220
Fig. 7 - Typical input current versus input voltage Fig. 8 - Typical input current versus sample rate
as a function of supply voltage. as a function of supply voltage.
. .

AND PHASE CONTROL (PIN BIHIGH
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CA3300 :

——r .
CONDITIONS + o2 VOLTS |
VREF* Voo Vpp * @ VOLTS
TEMP «25-c | T
ERROR +aCTUAL-THEORETICAL I '

o }

a

7 |

1 —_

'3 Vpp* 3V i

=]

& | i

£ o

X [

H ! \U

[C | [ - — -+

2 |

b |

g - 1

3 ¢

- i

-3 ]
]
2 - ) []

o1 1 10 100

SAMPLE RATE MSPS 92C9-3423)
Fig. 9 - Typical gain error versus sample rate as a function
of supply voltage. (See literature for gain trim.)

CONDITIONS, ! , | ,
YREF* Vpp i |
TEMP »28°C T
w LINEARITYBEST LINE ¢ l
3 1 il o '
s ] T T 1
w : | i
3 P— — ! T
g s | ¢ '
R ¢
g, c=b ! b
o ' | T T [vpp» s vours
= Vpp * 3 VOLTS Vo8 VOLTS
Sosf~ — : L0
2 - |
- 0 1
g of-- . ’ Vo
g ' I A
H ' i 9 K l‘
1 , iy )
f i ! |l : l
2 4 5 2 4 &8 8§ . 8 3
ot 1 ] 0o

SAMPLE RATE - MSPS
92Cs- 34232

Fig. 10 - Typical linearity versus sample rate as a
function of supply voltage.
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REFE:ENCE VOLTAGE,(VEVI-VDLYS
92CS-34238
Fig. 11 - Typical linearity versus reference voltage
as a function of supply voltage,

Device Operation

A sequential paralle! technique is used by the CA3300
converter to obtain its high-speed operation. The sequence
consists of the “Auto Balance” phase ¢1 and the “Sample
Unknown” phase @2. (Refer to the circuit diagram.) Each
conversion takes one clock cycle,” With the phase control
(pin 8flow, the “Auto Balance” (@1) occurs during the High
period of the clock cycle, and the “Sample Unknown" (¢2)
occurs during the low period of the clock cycle.

During the “Auto Balance" phase, a transmission switch is
usedtoconnecteach of 64 commutating capacitors to their

This device requires only a single phase clock. The terminology of
#1and ¢2 refers to the High and Low periods of the same clock.

46

associated ladder reference tap. Those tap voltages will be
as follows:

Viep (N) = [(VREF/G‘}) % NJ - [Vree/(2 x 64))
= Vaee[(2N - 1)/128] .
Where: Vi, (n) = reference ladder tap voltage at point n
Vaer = voltage across R™to R*
N = tap number (1 through 64)

The other side of the capacitor is connected to a single
stage amplitier whose output is shorted to its input by a
switch. This biases the amplifier at its intrinsic trip point,
which is approximately, (Vpo-Vss)/2. The capacitors now
charge to their associated tap voitages, priming the circuit
for the next phase.

In the “Sample Unknown™ phase, ail ladder tap switchesare
opened, the comparator amplifiers are no longer shorted,
and Viy is switched to all 64 cagacitors. Since the other end
of the capacitor is now looking into an effectively open
circuit, any voltage that differs from.the previous tap voltage
will appear as a voltage shift at the comparator amplifiers.
All comparators with tap voltages greater than V,y will drive
the comparator outputs to a “low" state, all comparators
with tap voltage lower than Vin will drive the comparator
Qutputs to a "high" state.

The statys of all these comparator amplifiers are stored at
the end of this phase (92).bya secondary fatching amplifier
stage. Once latched, the status of the 84 comparators is
decoded by a 64-to 7-bit decode array and the resuits are
clockedinto a storage register at the rising edge of the next
2.

A 3-state buffer is used at the output of the 7 storage
registers which are controlled by two chip-enable signals.
CE1 will independently disabie B1 through B6 whenitisina
high state. CE2 will independently disable B1 through B6
and the OF butffers when it is in the low state.

To facilitate usage of this device a phase-control input is
provided which can effectively complement the clock as it
enters the chip. Also, an on-board zener is provided for use
as a reference voltage.

Continuous Clock Operation

One complete conversion cycle can be traced through the
CA3300 via the following steps. (Refer to timing diagram
Fig. 6a.) With the phase control in a ‘High' state, the rising
edge of the clock input will start a “sample” phase. During
this entire ‘High’ state of the clock, the 64 comparators will
track the input voltage and the 64 latches will track the
comparator outputs. At the falling edge of the clock, all 64
comparator outputs are captured hy the 64 latches. This
ends the “sample” phase and starts the “auto balance”
phase for the comparators. During this 'Low’ state of the
clock the output of the latches propagates through the
decode array and a 7-bit code appears atthe D inputs of the
output registers. On the next rising edge of the clock, this
7-bit code is shifted into the output registers and appears
with time delay tq as valid data at the output of the 3-state
drivers. This also marks the start of a new "sample” phase,
thereby repeating the conversion process for this next
cycle.

Puise Mode Operation

For sampling high-speed nonrecurrent or transient data,
the converter may be operatedin a pulse mode in oneof two
ways. The fastest method is to keep the converter in the
Sample Unknown phase, @2, during the standby state. The
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e/can now be pulsed through the Auto Balance phase
little as 33 ns. The analog value is captured on the

#6Ng edge of @1 and is transferred into the output

.ters on the trailing edge of ¢1. We are now back in the
wrdby state, ¢2, and another conversion can be started
7, 33 ns, but not later than 5 ps due to the eventual
p of the commutating capacitors. Another advantage
fns method is that it has the potential of having the lowest
tr drain, The larger the time ratio between ¢2 and ¢1,
. lewer the power consumption (See timing diagram Fig.

« second method uses the Auto Balance phase, ¢1, as
Standby state. In this state the converter can stay
‘nitely waiting to start a conversion. A conversion is
rmed by strobing the clock mput with two ¢2 pulses.
Istpulse starts a Sample Unknown phase and captures
nalog value in the comparator latches on the trailing
A second @2 pulse is needed to transfer the data into
Jtput registers. This occurs on the leading edge of the
1d pulse. The conversion now takes place in 67 ns, but
®petition rate may be as slow as desired. The
ac\vantage to this method is the higher device dissipation
o the low ratio of ¢2 to ¢1. (See timing diagram Fig

ased Accuracy

ost cases the accuracy of the CA3300 should be
‘ent without any adjustments. 1n applications where
sacy is of utmostimportance, three adjustments can be
to obtain better accuracy; i.e., offset tnm, gain trim,
wgpoint trim

t Trim

neral offset correction can be done in the preamp
iry by introducing a dc shiftto Vin or by the offset trim
op amp. When thisis not possible the R™ (pin 10) input
2 adjusted to produce an offset tnm. The theoretical
voltage to produce the first transition is %2 LSB The
'on is as follows:

~ (0 to 1 transition) = % LSB = %(Vags/64)
= Vage/128

Jrthefirsttransitionisless than the theoretical, then a
“turn 50-ohm pot connected between R™ and ground
:complish the adjustment. Set Vix to % LSB and trim
st until the 0 to 1 transition occurs.

‘or the first transition is greater than the theoretical,
me 50-ohm pot should be connected between R and a
. ve voitage of about 2 LSB's. The trim procedure is as

previously.

*rim

eral the gain trim can also be done in the preamp
ry by introducing a gain adjustment for the op amp.

Jhis is not possible, then a gain adjustment circuit

1Qe made to adjust the reference voitage. To perform

m, Vin should be set to the 63 to overflow transition.

oltage is % LSB less than Vser and is caiculated as

+(63 to 64 transition) = Vrer - Vaes/128
= Vaer (127/128)

form the gain trim, tirst do the offset trim and then
herequired Vin for the 63 to overflow transition. Now
Vgsr until that transition occurs on the outputs.

‘nt Trim

, erence center (RC), pin 16, is available to the useras
yroximate midpoint of the resistor ladder. The actual
that is brought out is count 33. To trim the midpoint,

CA3300

the offset and gain trims should be done first. The theoretical
transition from count 32 to 33 occurs at 32% LSB's. That
voltage is as follows:

Vin (32 to 33 transition) = 32.5 (Vaer/64)

An adjustable voltage follower can be connected to the RC
pin or a 2-K pot can be connected between R* and R™ with
the wiper connected to RC. Set Vix to the 32 to 33 transition
voltage, then adjust the voltage follower or the pot until the
transition occurs on the output bits.

The Reference Center point can also be used to create
some unique transfer functions. For example, if R™ is
grounded, RCisconnectedto 3.25 volts, and R*is connected
10 4.8 voits then the lower order counts, 1 through 33, will
have an LS8 value of 100 mV while the upper order counts,
34 through Overflow, will have an LSB value of 50 mV. This
effectively provides twice the sensitivity in the upper counts
as compared to the lower counts.

7-Bit Resolution .

To obtain 7-bit resolution, two CA3300's can be wired
together. Necessary ingredients include an open-ended
ladder network, an overtlow indicator, three-state outputs,
and chip-enabler controls—all of which are available on the
CA3300.

The first step for connecting a 7-but circutt 1s to totem-pole
the tadder netwerks, as illustrated in Fig. 13. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required.

The overflow output of the lower device now becomes the
seventh bit. When it goes high, all counts must come from
the upper device. When it goes low, all counts must come
from the lower device. This is done simply by connecting
the lower overflow signal to the CET control of the lower
A/D converter and the CE2 control of the upper A/D
converter. The three-state outputs of the two devices (bits 1
through 6) are now connected n paraile! to complete the
circuitry The complete circuit for a 7-bit A/D converter is
shown in Fig. 14,

8-Bit to 12-BIt Conversion Techniques

To obtain 840 12-bit resolution and accuracy, use a feed-
forward conversion technique. Two A/D converters will be
needed to convert up to 11 bits; three A/D converters to
convert 12 bits. The high speed of the CA3300 allows 12-bit
conversions in the 500 to 500-ns range.

The circuit diagram of a high-speed 12-bit A/D converter is
shown in Fig. 15. In the feed-forward conversion method
two sequential conversions are made. Converter A first
does acoarse conversion to 6 bits. The outputisappliedtoa
6-bit D/A converter whose accuracy level is good to 12 bits.
The D/A converter output is then subtracted from the input
voltage, multiplied by 32, and then converted by a second
flash A/D converter, which is connected in a 7-bit configu-
ration. The answers from the first and second conversions
are added together with bit 1 of the first conversion
overlapping bit 7 of the second conversion.

When using this method, take care that:

= The linearity of the first converter is better than % LSB.

» Anoffsetbias of 1 LSB (1/64) issubtracted from the first
conversion since the second converter is unipolar,

» The D/A converter and its reference are accurate to the
total number of bits desired for the final conversion (the
A/D converter need only be accurate to 6 bits).

The first converter can be offset-biased by adding a
20-Qresistor at the bottom of the ladder and increasing
the reference voltage by 1 LSB. If a 6.40-voltage
reference is used in the system, for example, then the
first CA3300 will require a 6.5-V reference.
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Fig. 12 - Typical CA3300 6-bit configuration 15-MHz sampling rate.
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product Preview . CA3306, CA3306A, CA3306C

CMOS High-Speed 6-Bit
Flash A/D Converter .

Features:

Improved pin-for-pin retrofits for CA3300

CMOS/SOS low power

Flash (Parallel) conversion technique '
15 MSPS conversion rate at 5 V

1/4 LSB accuracy

Single 3 to 6 Vsupply

6 latched-bit outputs plus overflow

May be stacked for higher resolution

May be parallel for double speed

The CA3306 family members are pin-for-pin retrofits single 5 volt supply (8 volts required for CA3300},and a
for the CA3300 (File 1316}, but offering improved tighter linearity is guaranteed at a lower reference (full
speed and linearity. All functions of the CA3300 are scale) range.
carned' over: the ablllgy to stack devices for higher The CA3306-series devices are supplied in 18-lead
resolution, parallel devices for doubled speed, and the =1 ¢ " X
availability of a built-in zener reference. Accurate gual-!n-lfne plastxq packages (E SUfle') and in 18-lead S
digitizing at video speeds is now possible with only a val-in-fine ceramic packages (D suffix). g
¥oo I
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LM1381

National
Semiconductor

Cofrporation

PRELIMINARY

LM1881 Video Sync Separator

General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from a standard neg-
ative going sync NTSC video signal with amplitude from 0.5
to 2V p-p. The integrated circult is also capable of providing
sync separation for non-standard, faster horizontal rate vid-
e0 signals by changing an external horizontal scan rate set-
ting resistor. The vertical output is produced on the rising
edge of the first serration in the vertical sync period. A de-
fault vertical output is produced after a time delay if the
rising edge mentioned above does not occur within the in-
temnally set delay period, such as might be the case for a
non-standard video signal.

Features

R’ AC coupled composite input signal

® >10 kQ input resistance

=’ <10 mA power supply drain current

8 Composite sync and vertical outputs

= Odd/even field output

m Burst gate/back porch output

| Resistor programmable horizontal scan rate (up to
64 kHz)

m Edge triggered vertical output

| Default triggered vertical output for non-standard video
signal (video games-home computers)

Connection Diagram

LM1881N )

COMPOSITE Vee
SYNC OUTPUT 1 a0 512V

COMPOSITE iy

VIDED mPur°—'i I"— 2 XPG ODD/EVEN OUTPUT
VERTICAL
) e————
SYNG QUTPUT 3 RsET
680K0

BURST/BACK PORCH
SR
OUTPUT

‘r—w

COMPOSITE
VIDEQ INPUT

] [

COMPOSITE
SYNC QUTPUT

I LILIL

VERTICAL

SYNC OUTPUT

BURST output — If
QDD/EVEN

g u u u uwu

r—u u—u

OUTPUT

TL/H/9150-1

Order Number LM1881M or LM1881N
See NS Package Number MO8A or NOSE

&
!
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Absolute Maximum Ratings

if Military/Aerospace speclfied devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallabllity and specifications.

Supply Voltage
Input Voltage

Output Sink Currents; Pins 1,3, 5

Output Sink Current; Pin 7

Package Dissipation (Note 1)
Operating Temperature Range

13.2v
3Vp-p
5mA

2mA

1100 mW
0°C — 70°C

Electrical Characteristics
Vo = 5V: Rset = 680 kf}; T4 = 25°C; Unless otherwise specified

Storage Temperature Range

ESD Susceptibility (Note 2)
Soldering Information

—65°Cto +150°C

Dual-In-Line Package (10 sec.)

Small Outline Package
Vapor Phase {60 sec.)
Infrared (15 sec.)

2kV

260°C

215°C
220°C

See AN-450 "Surface Mounting Methods and their Effect on
Product Reliability” for other methods of soldering surtace

mount devices.

Tested Design Units
d
Parameter Conditions TP | Umit(Note3) | Limit(Noted) | (Limits)
Supply Current Ve = 5V, Outputs at Logic 1 5.2 10 mAmax
Vee = 12V; Outputs at Logic 1 5.5 12 mAmax
DC Input Voltage Pin2 1.3 Vmin
1.5
1.8 Vmax
Input Threshold Voltage Note 5 55 mVmin
70
. 85 mVmax
Input Discharge Current Pin2;Viy = 2V 1 6 pAmin
16 pAmax
Input Clamp Charge Current Pin2;Vin = 1V 0.8 0.2 mAmin
Rsgt Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical louT = 40 pA,; Logic 1 4.5 4.0 Vmin
Outputs lout = 1.6 mA; Logic 1 36 2.4 Vmin
Burst Gate & Odd/Even lout = 40 pA; Logic 1 45 40 Vein
Outputs
Composite Sync. Output loyt = —1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output loytr = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lout = —1.6 mA; Logic 0; Pin 5 0.2 0.8 Vmax
0Odd/Even Output lout = —1.6 mA; Logic 0; Pin7 0.2 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 usmax
Burst Gate Width 2.7 kO from Pin 5 to Voo 4 2.5 psmin
4.7 psmax
Vertical Default Time Note 7 32 psmin
65
90 psmax
Note 1: For operation in ambient temy above 25°C, the device must be derated based on a 150°C junction temperature and a p ge th |

resistance of 110* C/W, junction to a;nblant.
Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 ki resistor”.
Note 3: These parameters are guaranteed and 100% production tested.
Note 4: Design Limits are guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels.

Note 5: Relative difference between the input clamp voltage and the minimum input voltage which produces & horizontal output pulse.

Note 6: Careful attention shouid be made to p!

t parasitic capacitance

Note 7: Delay time betwsen the start of vertical sync (at input) and the vertical output pulse.

pling trom any output pin (Pins 1, 3, 5, and 7) to the Rget pin (Pin 6).
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Tyblcal Performance Characteristics
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Application Notes

The LM1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V {p-p) can be accommodated.
The LM1881 operates from a single supply voltage between
5V DC and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync puise; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide Identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a-e)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voltage to strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
levelof 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
line on Figure 2(a)). This threshold separation is indepen-
dent of the signal amplitude, therefore, for a 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 pF is generally recommended.

Normally the signa! source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black tevel refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period so that the burst
actually appears on the sync tips for three line periods in-
stead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 754, a
6200 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a comner fre-
quency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal will be attenuated by almost
18 dB, effectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much delay will not usually be significant but it doss
contribute to the sync delay produced by any additionai sig-
nal processing. Since the original video may also undergo
processing, the need for time delay correction will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrating the
composite sync waveform (Figure 3). Horizontal sync pulses
are not able to charge the integrating capacitor sufficiently
because of thelr gshort duty cycle, but when the vertical re-
trace Interval is reached, the broad serrated pulse charges
the capacitor past a fixed threshold. Once the threshold is
reached, the next serration in the sync waveform triggers an
R-S flipflop and starts the vertical output puise at Pin 3.
Simultaneously an Internal oscillator begins clocking &
counter. When a count of eight is reached the vertical out-
put pulse is terminated and the circult resets. Both the time
required to reach the integrator threshold and the period of
the oscillator are programmed by an external resistor at Pin
6. For an N.T.S.C. signal with 32 ns between serrations, a
680 k1 resistor will ensure the vertical output pulse will start
coincident with the leading edge of the first vertical serration
(Figure 2c). \f the resistor value gets too small it becomes
possible for the oscillator circuit to time out before the input
vertical sync period has ended. When this is the case, the
sequence will repeat and a double vertical output pulse will
appear. Therefore, the resistor value for a given horizontal
scan rate is chosen small enough to trigger the vertical out-
put pulse on the first serration yet not so small as to give a
double pulse, rather than attempting to choose a value that
gives a specific output pulse width. If the incoming vertical
sync is not serrated, the integrating capaditor is allowed to
charge to a second threshold which aufomatically initiates
the vertical output pulse sequence. In this instance, the start
of the vertical pulse as well as the pulse period will be de-
pendent on the resistor value.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies -the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields..For a composite video signal that is interlaced,
one of the two fields that make up each video frame or
picture must have a half horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the *“‘odd field" or “field 1”. The “even field"”
or “field 2" has a complete horizontal scan line at the end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough to allow the
capacitor voltage to reach a threshold leve! of a comparator
that clears a flipflop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this

3-57
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Application Notes (continued)
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Application Notes (continued)

threshold from being reached and the Q output of the flip-
flop is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect
as an equalizing pulse period, the Q output will have a differ-
ent polarity on successive fields. Thus by comparing the' Q
polarity with the vertical output pulse, an odd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is focated on
the backporch of the horizontal blanking period. This period,
approximately 4.8 ps long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a pulse at Pin 5 that can be used either to retrieve the chro-
rma burst from the composite video signal (thus providing &
subcarrier synchronizing signal) or as a clamp for the 0C
restoration of the video wavetorm. This output is obtained
simply by charging an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simultaneously the
output of Pin 5 is pulled low and held until the capacitor
charge circuit times out—4 ps later. A shorter output burst
gate pulse can be derived by differentiating the burst outpyt
using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normal (60-120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow & number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse aliows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual lines within the vertical blanking
period (or anywhere in the active scan line period) can easi-
ly be extracted by counting the required number of tran-

sitions In the composite sync waveform foliowing the start of

the vertical output pulse.

The vertical blanking interval is proving popular as a means
to transmit data which will not appear on a normal T.V. re-
celver screen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
pears) through to line 21. Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to'field. In the U.S.,
line 19 is normally reserved for & vertical interval reference

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used ina
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and deletg vertical interval test
signals (VITS) while lines 14 through 18 apd line 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data om line %7 and cable
systems use the available tines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later wil be the start of line
14 in elther field. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
bO-b7. A-line is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
result to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C193N) and to set a start
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to turn on
the analog switch (CD4066BC) during the desired line. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video system (television) or a
single line output in each frame for a non-interlaced video
system (computer monitor). When & particular line in only
one field of an interlaced video signal is desired, the odd/
even field index output must be used instead of the vertical
output pulse (invert the field index output to selact the odd
field). A single counter is needad for selecting lines 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for Up to 2046 lines. An output buff-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circult in Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additiona! ‘counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through & low pass filter (10 k(1, 10 uF) providing black level
restoration at the video output when the output selected
line(s) is not being gated through.
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Typical Applications
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LM1886 TV Video Matrix D to A

General Description

The LM1886 is a TV video matrix D to A converter which
encodes luminance and color difference signals from 3-bit
red, green and blue inputs. The luminance output is encod-
ed from the NTSC equation Y = 0.3R + 0.59G + 0.11B
and the R-Y and B-Y outputs are weighted to prevent over-
modulation. A built-in R-Y and burst gate polarity switch al-
low European PAL compatible signals to be encoded. All
output levels including an RF O Carrier Bias Voltage have
been referenced to 5V for direct connection to the LM1889
TV video modulator. When used in combination with the
LM1889 and a suitable sync generator, 3-bit, R, G and B
information may be encoded to both composite video and
RF channel carrier.

Features

® Complete digital to RF coding with LM1889
u 1-pin PAL/NTSC mode select

8 True NTSC matrix

u 8 levels of grey scale

m Allows wide range of colorimetry

® Low power TTL inputs

& Wideband luminance output

| Weighted R-Y, B-Y outputs

Connection Diagram

( nr— 10
Lss—4b & b= GND
=i
RED 12{ |g p—
INPUTS § * LA INALY
&
13 ]
uss—»| o | SYRT iNPUT
.
(M i 7 _ 0 CARRIER
Lsa—1>{ 1 REFERENCE
<
15) 1° ]
GREEN L] I [P
wpoTE ) 2 Y QUTPUT
5] |° 2 0.56 5
LMSI— > .E —12V SUPPLY
> = 1%
1) - ]
158 =—t>] | ——B.Y OUTPUT
[X]
= 1%
18] |e 1 3
wpuTs | s VA== R.Y QUTPUT
-3
19
MS8 =i o H/2 INPUT
.
2 M ! BURSTOATE
5V SUPPLY ==ns INPUT
TUH/7918-1
Top View
FIGURE 1
Order Number LM1886N
See NS Package Number N20A
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for availabllity and specifications.

Supply Voitage
Pins
Pin 20

Input Voitage (Pins 1, 8, 9, 11-19)

15V
6V

—0.5V, +12V

Pin 2 Voltage Relative to Pin 20 0.8v
Qutput Current SmA
Power Dissipation, Tp = 25°C (Note 1) 1800 mW
Storage Temperature Range '=55°Cto +150°C
Operating Temperature Range 0°Cto +70°C
Lead Temperature (Soldering, 10 sec.) 260°

Electrical Characteristics 1, = 25°C, (Figure 2. Note 2)

Parameter . Conditions Min Typ Max Units
5V Supply Current (Pin 20) LANK = 0.8V 7 11 16 mA
12V Supply Current (Pin 5) BLANK = 0.8V 9 13 17 mA
Logic “1" Input Current Input Voltage = 5.0V

(Pins 1,2,8,9, 11-19) ° 10 wA
Logic “0" Input Current Input Voltage = 0.3V _ _

(Pins 1,2, 8,9, 11-19) 0.01 018 mA
Output Offsets R,G,B, = 0.8V

AVy 0 + 50 mv

AVR.y 0 +50 mVv

AVg.y 0 +50 mv
R-Y Full Scale, (AVR.v)Fs R=2V;G,B=08V 1.0 1.23 1.4 \
B-Y Full Scale, (AVp.y)Fs B = 2V;R,G = 0.8V 0.7 0.87 1.0 v
Green Full Scale G = 2V;R,B = 0.8V

AVRy —0.85 -1.03 -1.2 \

AVg.y —0.45 -0.58 -0.7 v
Y Full Scale R,G, B =2V

(AVy)rs 1.6 1.75 19 v

AVR.y 0 +100 mv

AVg.y 0 +75 mv
O Carrier Reference, AVp 2.0 2.2 25 \
Blanking Level, AVy BLANK = 0.8V o . 150 mV
Sync Level, AVy BLANK, SYNG = 0.8V -0.67 —-0.77 —-0.87 v
NTSC Burst, AVg.y BLANK, BURST GATE = 0.8V —~0.26 -0.35 —0.46 \%
PAL Burst SWin PAL quition;

AVR.y BUANK, BURST GATE, -0.2 -0.25 —0.32 Vv

AVg.y H/2 = 0.8V -0.2 -0.25 -0.32 A
PAL Inversion Ratio R= 2V;G,B,H/2 = 0.8V -09 10 14

(AVR-y)PAL/(AVR.Y)FS SW to PAL Position . : .
Y Linearity Error Figure 2b Input Connection +1 +6 %FS
Y Switching Times 15 kHz Square Wave Switching

Rise Time, tn R, G, B in Parallel 35 ns

Fall Time, t¢ 30 ns

Settling Time +1LSB 50 ns

Note 1: Above Tp = 25°C, derate based on Typuaxy = 150°C and 0y = 85'C/W.
Note 2: Unless otherwise noted, BUANR, SYNG, BURST GATE = 2V and SW is in NTSC position. All outputs are referenced to the +5V supply as shown in Figure

2a.
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Test Circuits
ul, 10
S S P ok =
1l LI
1 7 + -
L REF O aVg O
6 LU PSS avy o—¢ 12v
|, 5
1
L 8-Y p—0O avVg_y O—@
L
8 R-Y p==O AVR_Y O—@ NTSC
L1 2
20 . SWOPAL
VO s - p——-Q BURST GATE
" F‘E H2
T

FIGURE 2a. 6-Color Input Connection

Application Notes Referto Figure 3)

ZYNC, BCANK, and BURST GATE may be obtained from a
sync generator IC. For PAL operation, the H/2 square wave
may be obtained by a +2 from horizontal sync.

All inputs are low-power TTL compatible. Because of the
very low typical input currents, the color inputs may be par-
alieled in various combinations. For simple color require-
ments, the Figurs 2a input connection may be used to pro-
duce the 6 primary and complementary colors listed in Ta-
ble |, along with black and white. To add complex colors
such as those at the bottom of Table |, all 9 input bits may
be required separately. When choosing input codes for oth-
er colors, always check the new color against both light and
dark backgrounds.

All outputs are referenced to the + 5V supply for direct con-
nection to the LM1888. The resistor on the luminance out-
put pin 6 is used to sum the chroma subcarrier from the
LM1889 and must be wired as tightly as possible to pre-
gerve the video bandwidth. For the addition of sound or a
second RF channel, refer to the LM1889 data sheet.

T 0.{1%7_

TUWH/7918-2

TABLE |. Input Code Examples for Common Colors

1580~ L
12 ;
o ;
13 :
MseO- L .;
Pl
15
“ LM1836
M
17
L
1
1
1 ¥
20
TUH/7916-3

FIGURE 2b. 8-tevel Grey Scale
Input Connection

Input Code
Red Green Blue
Color M L M L M L
Black 0 0O 000 000
DarkGrey [0 1 0 0 1 0 0 10
LightGrey |1 0 1 10 1 10 1
White 1 11 1 1 1 1 1 1
fed Red 11 1 000 000
g Green 000 111 000
£ Blus 000 000 1 11
-2 g Cyan 000 111 111
£ £ Magenta 1 11 0 00 1 1 1
8 E L vellow 111 111 000
Brown 0 1 1 01 1 0 0O
Orange 111 100 O0O0OO
FleshTone{1 1 1 110 10 1
Pink 11 1 110 110
SkyBlue |1 0 1 1.0 1 1 1 1

3-64



—_

i Typical Application
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FIGURE 3
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Circuit Description (reter to Figure 4)

The 3-bit red, green, and blue inputs go to identical 3-bit
current-mode  digital-to-analog converters (DACs). Each
DAC consists of three binary-weighted current sources con-
trolled by diff-amp current switches. The DAC output cur-
rents are arbitrarily given a weighting factor of 0.59, which is
the green coetficient in the luminance equation. Portions of
the red and blue currents are split off, so that the remaining
currents combined with the green current form the lumi-
nance current ly = 0.3 lg + 0.59 ig + 0.11 Ig. ly develops
the luminance voltage Vy across Rp in &8 summing amplifier
referenced to the + 5V supply. A current switch operated by
pin 8 adds (—) sync pulses to the Y output at pin 6.

The portions of red and biue currents previously spiit off
flow through resistors Rp/0.289 and Rp/0.48, which are
welghted to form the red and blue voltages respectively.
Since the opposite ends of the 2 resistors are connected to
Vy, the red and blue voltages across the resistors subtract
from Vy to develop the color difference voltages Vy.g and
Vy.g. Vv.g Is coupled through a X.56 gain, 5V-referenced
inverting amplifier to the B-Y output at pin 4. Vy.g feeds
paralle! inverting and non-inverting unity gain amplifiers
which allow either polarity to be coupled to the R-Y output
pin 3. Switching between the 2 amplifiers is controlled by a
current switch activated by the H/2 pin 2. A (=) burst gate
puise on pin 1 controls current switches which add the burst
pulse components to the B-Y and R-Y outputs.

The requirements for PAL and NTSC encoding differ in the
areas of burst gate operation and R-Y polarity, both of which
are controlled via pin 2 as foliows:

PAL, pin 2 fed by a half-line frequency TTL square wave—in
this mode a PNP switch between pin 2 and +5V is held off
continuously, which results in equal burst pulse components
on the B-Y and R-Y outputs. In addition, the H/2 square
wave causes the R-Y output polarity to reverse every line.
(When fed to the LM1889 chroma modulator this causes the
phase of the R-Y subcarrier to change 180" as required in
PAL)

NTSC, pin 2 tied through an external resistor to + 12V—this
turns on the PNP switch continuously, which eliminates the
burst pulse on the R-Y output and increases the amplitude
of the B-Y pulse. Since pin 2 is being held high, the R-Y
output is locked in the positive polarity.

Blanking is activated by a low on pin 9, which de-biases the
left side of the DAC diff-amps, so thatlg = Ig = lg = 0
independent of the input states. When blanked, the Y, B-Y
and R-Y outputs all go to +5V. An additional amplifier pro-
duces a O carrier reference voltage at pin 7 which is 25%
above the peak white voltage on the Y output, relative to
+5V.

3
!
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NE/SE564
Phase-Locked Loop

Product Speclfication

Signetics

Linear Products

DESCRIPTION FEATURES PIN CONFIGURATION

The NES564 is a versatile, high guaran- e Operation with single 5V supply
D, F, N Packages
, teed frequency phase-locked loop de- e TTL-compatible Inputs and
signed for operation up to 50MHz. As outputs o o
" shown in the Block Diagram, the NE564 o &uaranteed operation to 50MHz LB ) vt
consists of a VCO, limiter, phase com- .\ P l trol ot mE 18] wvateness sev
parator, and post detection processor. xternal loop gain contro Coupanaron L3 14] ANALOG OuTPUT
; e Reduced carrler feedthrough Loor ruren {T] 73] raea. sev car.
o No elaborate filtering needed In Lo0» eaven 7] [17) pneo. sev cas.
FSK appilcations ru/ne weur 8] [77) veo outwut 82
e Can be used as a modulator s ruren (7] [70) vo
e Variable loop galn (externally anows (7] 5] veo ourrur
controlled)
TOP VIEW
APPLICATIONS g

e High-speed modems

e FSK recelvers and transmitters
® Frequency synthesizers

o Signal generators

e Various satcom/TV systems

ORDERING INFORMATION v
DESCRIPTION TEMPERATURE RANGE ORDER CODE
16-Pin Plastic SO 0 to +70°C NE564D
16-Pin Plastic DIP 0 to +70°C NES64N
16-Pin Plastic DIP -55°C to +125°C SE564N
16-Pin Cerdip 0 to +70°C NES64F

BLOCK DIAGRAM

ve
_______ Qe e e O - = - — Y &7 JE,
. s 1 . j
N ,
PHASE —%02 :
[COMPARATOR, '
oc :
l’ RETRIEVER {
AMPLIFIER SCRMITT |
T" TRIGGEA e
I
s 0—1 |
oS § !
16 Ol {
SRS ) S {* S i‘ ______________ -
= BOOTSES
November 6, 1986 4-257 853-0908 86384




Signetics Uinear Products

Product Specification

Phase-Locked Loop

NE/SE564

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
v+ Supply voltage v
Pin 1 14
Pin 10 6
lout (Sink) Max (Pin 9) 10 mA
Pp Power dissipation 600 mw
Ta Operating ambient temperature
NE 0to +70 °C
SE ~-55 to +125
Tst6 Storage temperature -65 to +150 °C
NOTE: —
Operation above 5§V will require heatsinking of the case,
DC AND AC ELECTRICAL CHARACTERISTICS Vcg =5V, Ta=25°C, fo = 5MHz, I = 400uA, unless otherwise specified. ;
SE564 NE564
SYMBOL PARAMETER TEST CONDITIONS UNIT :
Min | Typ | Max | Min | Typ | Max 2;
Maximum VCO frequency Cy =0 (stray) 50 | 65 45 | 60 MHz 14
Lock range Input 2 200mVeus Ta = 25°C 40 | 70 40 | 70 % of fo i
Ta=125°C 20 | 30 B
Ta=-55°C 50 | 80 :
Ta=0°C 70 v
Ta=70°C 40 k
Capture range Input > 200mVgus, Rz = 2782 20 30 20 30 % of fo
fo = 5MHz, Tp =-55°C to +125°C 500 | 1500 PPM/°C
Ta=0 to +70°C
VCO frequency drift with =0 to +70°C 600 p
temperature fo = 500kHz, Ta = ~55°C to +125°C 300 | 800
Ta=0to +70°C 500 1
VCO free-running frequency Cy=91pF
Rg = 100§2 "Internal” 4 5 6 3.5 5 6.5 MHz
VCO frequency change with g
supply voltage Vec = 4.5V to 5.5V 3 8 3 8 % of o
Modulation frequency: 1kHz k
fo = SMHz, input deviation: P
2%T = 25°C 16 | 28 16 | 28 mVems "
Demodulated output voltage 1%T = 25°C 8 14 8 14 mVaums |
1%T = 0°C 13 mVems <
1%T = ~55°C 8 10 mVaus
1%T =70°C . 15 mVRms ;
1%T = 125°C 12 | 16 mVams
Distortion Deviation: 1% to 8% 1 1 %
S/N Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 40 dB
AM rejection Std. condition, 30% AM 35 35 d8
Modulation frequency: 1kHz :
Demodulated output at fo = 5MHz, input deviation: 1% "
operating voltage Vee = 4.5V 7 12 7 12 mVaus
Vog = 5.5V 8 14 8 14 mMVams
lec Supply current Voo =5V Iy, lyp 45 | 60 45 | 60 mA
Output
1" output leakage current Vour = 5V, Pins 18, 9 1 20 1 20 uA
0" output voltage loyt = 2mA, Pins 16, 9 03] 086 03 | 06 v
loyt = 6mA, Pins 16, 9 04 | 08 04 } 08 v
‘November 6, 1986 : 4-258
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Phase-Locked Loop

NE/SE564

i
!
. TYPICAL PERFORMANCE CHARACTERISTICS
A Lock Range vs Signal Input VCO Capacltor vs Frequency
1000 I ] l
o 10
°T [ ‘\
s
| L tpin, = 400uAY 108 N
N A \\ ™ \
L Wt TN “ 100 N
2 tpin, = OuA -
: o 1PNy © Ot || 8 \ .
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5 N
3 100 < o
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@ Py 10
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z 4 )
- / A 1 10 10 10 190 10t
Vee: 8V FREQUENCY kHz
2 \ / to'x SRUNTD
. |
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OP104res
Typical Normalized VCO Typica! Normalized VCO
Frequency as a Function of Frequency as a Functlon of Normalized VCO Frequency
Pin 2 Bias Current Pin 2 Bias Current as a Function of Temperature
» § 14 veco ¥: SMng »
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Product Specification

Phase-Locked Loop

NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

V, - PHASE COMPARATOR'S
QUTPUT VOLTAGE IN mV
800 +
VCO FREQUENCY
1, = 1.0MHz . 200 N MHz
600 1 sa = 2004 118 Touas = 8004A
= Iyung = O / e =0
400
1o = 1.OMHZ
200
e
40 €0 80, 160 -~ 400 -200 200 400 600 ooov N mv
0 - PHASE oIN MV
ERROR IN
-200 4 DEGREES T8
.6
- 400
4
- 800
- 800 +4
or1o4Tee OP10408
Variation of the Phase Comparator's Output Voltage VCO Output Frequency as a Function of
vs Phase Error and Blas Current (Kp) Input Voitage and Blas Current (Kg)
TEST CIRCUIT
+5V O
% R3 K
— < vco
R1 ouTPUT
c3 'i 390
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Product opeciicarion

Phase-Locked Loop

NE/SES64

FUNCTIONAL DESCRIPTION

(Figure 1)

The NE564 is a monolithic phase-locked loop
with & post detection processor. The use of
Schottky .clamped transistors and optimized
device geometries extends the frequency of
operation to greater than SOMHz.

In addition to the classical PLL applications,
the NE564 can be used as a modulator with a
controllable frequency deviation.

The output voltage of the PLL can be written

as shown in the following equation:
(i ~fo)

Vo=——" M
Kvco

Kvco = conversion gain of the VCO

fin = frequency of the input signal

fo = free-running frequency of the VCO

The process of recovering FSK signals in-
volves the conversion of the PLL output into
logic compatible signals. For high data rates,

EQUIVALENT SCHEMATIC

a considerable amount of carrier will be
present at the output of the PLL due to the
wideband nature of the loop filter. To avoid
the use of complicated filters, a comparator
with hysteresis or Schmitt trigger is required.
With the conversion gain of the VCO fixed,
the output voltage as given by Equation 1
varies according to the frequency deviation of
fin from fo. Since this differs from system to
system, it is necessary that the hysteresis of
the Schmitt trigger be capable of being
changed, so that it can be optimized for a
particular system. This Is accomplished in the
564 by varying the voltage at Pin 15 which
results in a change of the hysteresis of the
Schmitt trigger.

For FSK signals, an important factor to be
considered is the drift in the free-running
frequency of the VCO itself. If this changes
due to temperature, according to Equation 1 it
will lead to a change in the DC levels of the
PLL output, and consequently to errors in the
digital output signal. This is especially true for
narrow-band signals where the deviation in fiy
itself may be less than the change in fg due

to temperature. This effect can be eliminated
it the DC or average value of the signal is
retrieved and used as the reference to the
comparator. In this manner, variations in the
DC levels of the PLL output do not affect the
FSK output.

VCO Section

Due to its inherent high-frequency perfor-
mance, an emitter-coupled oscillator is used
in the VCO. In the circuit, shown in the
equivalent schematic, transistors Qp¢ and
Qg5 with current sources Qag — Qgg form the
basic oscillator. The approximate free-running
frequency of the oscillator is shown in the
following equation:

1

o e @
22 Rg (Cy +Cg)

fo

Rc = R19 - Hzg = 10092 (|NTEHNAL)
C, = external frequency setting capacitor

Cg = stray capacitance

e M M LT

~

A
Lin
R — = S

t
|
|
1

A
i
|

d)

83+ A3
< <

3K

fo. Yo :

Figure 1

TC181rs
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Phase-Locked Loop

NE/SES64

Variation of Vp (phase detector output voit-
age) changes the frequency of the oscillator.
As indicated by Equation 2, the frequency of
the oscillator has a negative temperature
coefficient due to the positive temperature
coefficient of the monolithic resistor, To com-
pensate for this, a current ig with negative
Jemperature coefficient is introduced to
achieve a low frequency drift with tempera-
ture.

Phase Comparator Section

The phase comparator consists of a double-
balanced modulator with a limiter amplifier to
improve AM rejection. Schottky-clamped ver-
tical PNPs are used to obtain TTL level
inputs. The loop gain can be varied by chang-
ing the current in Q4 and Q45 which effective-
ly changes the gain of the differential amplifi-
ers. This can be accomplished by introducing
a current at Pin 2.

Post Detection Processor
Sectlion

The post detection processor consists of a
unity gain transconductance amplifier and
comparator. The amplifier can be used as a
DC retriaver for demodulation of FSK signals,
and as & post detection filter for linear FM
demodulation. The comparator has adjust-
able hysteresis so that phase jitter in the

‘I, LOCK NANGE ADJUSTMENT

0.01F

= LOOP FILTER
Q.0F

FMINPUT  0ATF ¥ 2 n

fe = BMHr 0—{ ]
e ® TkH2 w®
W1AS FILTER _E{ ? s8¢
- ouf

i

1
i

<K
3

v (34

18 ANALOG OUT
AL H

" —g—:osv DETECTION FILTER
[R7” 2

3 =

32
00pF
1o -~ SMHE

- 4 FREQUENCY SET CAP

Figure 2. FM Demodulator at 5V

TC128208

whose output voltage is shown in the follqw-
ing equation:

M
Vo = — Vindt (3)
Ca

gm = transconductance of the amplifier
C, = capacitor at the output (Pin 14)
Vin = signal voltage at amplifier input

With proper selection of C,, the integrator

vided by Q47 - Q4g. The hysteresis is varied
by changing the current in Qs with a resulting
variation in the loop gain of the comparator.
This method of hysteresis control, which is a
DC control, provides symmetric variation
around the nominal value.

Design Formula
The free-running frequency of the VCO is
shown by the following equation:

3

outout signal can be eliminated. time constant can be varied so that the output ftox—r——— (4)
tput sig ) voitage is the DC or average value of the 22 Rc (C1 +Co)
As shown in the equivalent schematic, the DC  input signal for use in FSK, or as a post Re = 1008
retrigver is formed by the transductance am-  datection filter in linear demodulation, o
plifier Qqo-Qq3 together with an external ) C, = external cap in farads
capacitor which is connacted at the amplifier 1he comparator with hysteresis is made up of ]
output (Pin 14). This forms an integrator Qa9 ~Qso With positive feedback being pro- Cg = stray capacitance
ll, LOCK RANGE ADJUSTMENT l‘ sy FINE FREQUENCY
0.0 : ADJUSTMENT
'jLLoo' FILTER 2
. = m;mumo T __:L'T ?\1
e 1 10K
eut oans % 2 11 ¢ —['"_J_ oAtE TREREEG A
Pirs L s s - wao—{|-g—e s
? 161—o0 7 18]
BIAS FILTER ; 0. N see v _Eo ANA:&G'M __ELM (1Y {-—o
Mn Eo—— 3 T4p-—o
—1 ] = = [ 13
‘-a 12 POST DETECTION FILTER e 108 .
s L5
-z ) 1q « SMMz - 1o » SMMZ
Tons = | ] emeouencysercar K ™w
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Ty
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Figure 3. FM Demodulator at 12V Figure 4. Modulator
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Phase-Locked Loop

NE/SE564

.

The loop filter diagram shown is explained by
the following equation:

1
Fg= ;sch (First Order) (5)

R =Rz = Rig = 1.3kQ (Internal)*

By adding capacitors to Pins 4 and 5, a pole is
added to the loop transfer function at

1

w=—
RC3
NOTE:
*Refer to Figure 1.

APPLICATIONS

FM Demodulator

The NE564 can be used as an FM demodula-
tor. The connections for operation at 5V and
12V are shown in Figures 2 and 3, respective-
ly. The input signal is AC coupled with the
output signal being extracted at Pin 14, Loop
filtering is provided by the capacitors at Pins 4
and 5 with additional filtering being provided
by the capacitor at Pin 14. Since the conver-
sion gain of the VCO is not very high, to
obtain sufficient demodulated output signal

the frequency deviation in the input signal
should be 1% or higher.

Modulation Techniques

The NE564 phase-locked loop can be modu-
lated at either the loop filter ports (Pins 4 and
6) or the input port (Pin 6) as shown in Figure
4. The approximate modulation frequency
can be determined from the frequency con-
version gain curve shown in Figure 5. This
curve will be appropriate for signals injected
into Pins 4 and § as shown in Figure 4.

FSK Demodulation

The 564 PLL is particularly attractive for FSK
demodulation since it contains an internal
voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can
operate from a single 5V power supply. De-
modulated DC voltages associated with the
mark and space frequencies are recovered
with. a single external capacitor in a DC
retriever without utilizing extensive filtering
networks. An internal comparator, acting as a
Schmitt trigger with an adjustable hysteresis,
shapes the demodulatéd voltages into com-
patible TTL output levels. The high-frequency
design of the 564 enables it to demodulate
FSK at high data rates in excess of 1.0M
baud.

Figure 5 shows a high-frequency FSK decod-
er designed for input frequency deviations of
+ 1.0MHz centered around a free-running fre-
quency of 10.8MHz. The value of the timing
capacitance required was estimated from Fig-
ure 8 to be approximately 40pF. A trimmer
capacitor was added to fine tune fo' to
10.8MHz.

The lock range graph indicates that the
*+1,0MHz frequency deviations will be within
the lock range for input signal levels greater
than approximately 50mV with zero Pin 2 bias
current. (While strictly this figure is appropri-
ate only for 5MHz, it can be used as a guide
for lock range estimates at other fg’ frequen-
cies).

The hysteresis was adjusted experimentaliy
via the 10kS? potentiometer and 2k{2 bias
arrangement to give the waveshape shown in
Figure 7 for 20k, 500k, 2M baud rates with
square wave FSK modulation. Note the mag-
nitude and phase relationships of the phase
comparators’ output voltages with respect to
each other and to the FSK output. The high-
frequency sumn components of the input and
VCO frequency slso are visible as noise on
the phase comparator's outputs.

.svc‘u 3 AYAEA L:
3w | T Tl g
= T >
= nYSTERESS lt »
% LY :: > p—0
1
) [ "
?
01.F
£sx ’
eyt r §
b3 AL
0LFS
} ] . —
THOo= :
ae 1T?
-8V O—AAA ) %
b3
100 $ 330%.
— 1Y 1Y
3000
—f+ .
e —
= J00pF

Figure 5. 10.8MHz FSK Decoder Using the 564

outeut

TC138508
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| Phase-Locked Loop
z

NE/SE564

i

200mv 200mv

ot

100my 2.5

b. Data Rate = 500k Baud

2v E34
WF179608
a. Data Rate = 20k Baud
{ 1
100mv 100mv 50008

v

NOTES:

1. Top trace = Pin 4

2. Center trace = Pin S
3. Bottom trace = Pin 16

c. Data Rate = 2.0m Baud

Figure 6. Phase Comparator (Pins 4 and 5) Aang FSK (Pin 16) Outputs

wF179708

OUTLINE OF SETUP
PROCEDURE

3. Set Iy (current sinking into Pin 2) for =

1. Determine operating frequency of the

VCO:

if + N in feedback loop, then
fo=N X fin.

2. Calcuiate value of the VCO frequency set

capacitor:

1
T 2200 fo
November 6, 1986

Co

100pA. After operation is obtained, this
value may be adjusted for best dynamic
behavior.

Check VCO output frequency with digital
counter at Pin 9 of device (loop open,
VCO to ¢ det.). Adjust Co trim or frequen-
cy adj. Pins 4-5 for exact center fre-
quency, if needed.

Close loop and inject input signal to Pin
6. Monitor Pins 3 and 6 with two-channel!

4-264

scope. Lock should occur with Ady.g
equal to 90° (phase error).

if pulsed burst or ramp frequency is used
for input signal, special loop filter design
may be required in place of simple single
capacitor filter on Pins 4 and 5. (See PLL
application section).

The input signal to Pin 6 and the VCO
feedback signal to Pin 3 must have a duty
cycle of 50% for proper operation of the
phase detector. Due to the nature of a
balanced mixer if signals are not 50% in
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duty cycle, DC offsets will occur in the 8.
loop which tend to create an artificial or
; biased VCO offset.

For muttiplier circuits where phase jitter is
a problem, loop filter capacitors may be’
increased to a value of 10 ~ 50uF on Pins

4, 5. Also, careful supply decoupling may
be necessary. This includes the counter
chaln Vg lines:

e

47,F CER.

+5V
BIASADJUST o arF
10K¢:

12 l 2Ky

ﬂ 33,F

NPUT SIG W BT e
INPUT SIGNA FILTER
L. s L
U o 6 (i} e WS
t ° NES64
wag gy Saron

7 9 veo
I QUuTPUT
AT.F veo Nxfy
R 12 13 n

7
ng
1= Nxty
| N !

Loy

TC136805

Figure 7. NE564 Phase-Locked Frequency Muitipller With VCXO
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CIRCUIT DESCRIPTION Of The
NE564

The 564 contains the functiona! blocks shown
in Figure 1. In addition to the normal PLL
functions of phase comparator, VCO, amplifi-
er and low-pass filter, the 564 has internal
circuitry for an input signal limiter, a DC
retriever, and a Schmitt trigger. The complete
circuit for the 564 is shown in Figure 1.

Limiter

The input limiter functions to produce a near
constant amplitude output that serves as the
input for the phase comparator. Eliminating
amplitude variations in the FM input signal
improves the AM rejection of the PLL. Addi-
tional features of the 564's limiter are that it is
capable of accepting TTL signals, operates at
high frequencies up to 50MHz, and remains

AN179

Circuit Description of the

NES64

Application Note

functional with variable supply voltages be-
tween 5 and 12v.*

Signal fimiting is accomplished in the 564 with
a differential amplifier whose output voltage is
clipped by diodes D, and D, {see Figure 2).
Schottky diodes are used because their limit-
Ing bccurs between 0.3 to 0.4V instead of the
0.6 to 0.7V for regular IC diodes. This lower
limiting level is helpful in biasing, especially
for 5V operation. When fimiting, the DC volt-
age across Ry R remains at the Schottky
diode voltage. Good high-frequency perfor-
mance for Q; and Qj is achieved with current
levels in the low mA range. Current-source

biasing is established via the current mirror of

Ds and Qq (See Figure 1).

Base biasing for Qg is of concem because of
the nature of the input signal which can be
either a TTL digital signal of 0 to 5V amplitude

or a low-level, AC coupled analog signal.
Compatibility for either type is achieved by
modifying the limiter of Figure 2 with the
addition of the vertical Schottky PNP transis-
tors Qy and Qg as shown in Figure 3. The
input signal voltage appears as a collector-
base voltage for Q4, which presents no prob-
lems for either high TTL level inputs or low-
level analog inputs. Qs Is in turn diode-biased
by D3 and Dy (see Figure 1) which places the
base voltages of Qy and Q5 at approximately
1.0V. This same biasing network establishes
a 1.3V bias at the base of Q43 for biasing the
phase comparator section. A differential out-
put signal from the input limiter is applied to
one input of the phase comparator (Qg
through Qy) after buffering the leve! shifting
through the Q7 - Qg emitter-followers.

*When operating above 5Vpc, a kmiting resistor must be
used from Vcc to Pin 10 of the 564,
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Figure 1. Schematic Diagram of NE564
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TCo4108

Figure 2. Baslc Limiter Stage

Figure 3. Limiter Stage With Input Butfering

=

Phase Comparator

The phase comparator section of the 564 is
shown in Figure 4, 1t is basically the conven-
tional, double-balanced mixer commonly
used in PLL circuits, with a few exceptions.
The transconductance, gy, for the Qy3~ Q44
ditferential amplifier is directly proportional to
the mirror current in Qqs. Thus, by externally
sinking or sourcing current at Pin 2, gy can be
changed to alter the phase comparator's
conversion gain, Ky The nominal current
injected into this node by the internal current
source is 0.75mA for 5V operation. If the
current is externally removed by gating, the
phase comparator can be disabled and the
VCO will operate at its free-running frequen-

cy.

February 1987
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OUTPUT VOLTAGE B ¥

10 * 1018w

ag = 2004

5 mag = 0k

e b APk s

. .
" 4
3
9 mast L
owon &
oeanses i
3
‘
1
4
;
i
,
;
-e0 4
;
«
,
800 o
orosres

Figure 5. Variation of the Phase Comparator's Output Voitage vs Phase Error and Blas Current
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The variation of Ky with bias current at Pin 2
is shown in the experimental results of Figure
5. Note that the inherent 80° phase error in
the loop produces an approximate zero-
phase comparator output voltage. For any
particular bias current, the slope of the line is
the K4 conversion gain for the phase compar-
ator. Numerically the data of Figure § can be
expressed as

volts
Kd=0.46(-———)
rad
+73X 1074 _Yolts X lgias (LA)
. rad X gA BIAS (
1)

Equation 1 is valid for bias current less than
800uA where saturation occurs within the
phase comparator,

The current level established in Qys of Figure
3 determines all other quiescent currents in
the phase comparator (Qg through Q44). Cur-
rents through Ry2 and Ry3 set the common-
mode output voitage from the phase compar-
ator (Pins 4 and 5). Since this common-mode
voltage is applied to the VCO to establish its
quiescent currents, the VCO conversion gain
(Ko} also depends upon the bias current at
Pin 2.

vCcO

The VCO is of the basic emitter-coupled
astable type with several modifications includ-
ed to achieve the high frequency, TTL com-
patible operation while maintaining low fre-
quency drift with temperature changes. The
basic oscillator in Figure 6 consists of Qqg,
Qsp, Qz1, and Qa3 with current sinks of Qos
and Qpg. The master current sink of Qag
keeps the total current constant by altering
the ratio of currents in Qp5-Qg &nd the
dummy current sink of Qa7.

The input drive voltage for the VCO Is made
up of common-mode and difference-mode
components from the phase comparator. Af-
ter buffering the level shifting through
Qy7-~Qyg and Ryg-R4e the VCO control
voltage is applied differentially to the base of
Qg7 and to the common bases of Qzs and
Q.

The VCO control voltages from the phase
comparator are the Pin 4 and Pin 5 voltages
or

Vi=Ves = Vais = Vou + 2Vou (2
Vs = V12 = Varz = Veu - %2Vou (3)

where Vo and Vpy are the respective com-
mon-mode and difference-mode voltages.
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Emitter-followers Q7 and Qyg convert these
control voltages into control currents through
Dg and Dy of the form

1
lg = — [VCM - Y2Vpy - 3 Vee ] (C)]
Ris

1
g =— [VCM + Y2Vpum - 3Vee ] (5)
Rig

These individual currents are summed in Dg
and become with Ry5 = Rig=R.

fg=l=lg+l;=%(Vem-3 Vag) (6)

Writing lg and I; as functions of the total |
current gives

v
Iy = xt = (1 +_:|M) (10)

where 0 <x < 1. Thus x is defined to be
! Vom

= (] 4 — 11

x 2( m) (1)

Currents lg and |7 establish proportional cur-
rents in Qps, Qzg, and Qyp7 in @ manner similar
to the analysis above since the current in Qgg
is a constant, or

.

lo = lc2s = lg25 + le26 + £274 + le278

It can be shown that the Dy - Dg diode pair
will cause identical differential currents to be
reflected in both the Qp5-Qps and the
Q274 - Qo7 differential amplifier pairs. Con-

| _! . _VDM) @ sequently, the constant-current of 1o, jointly
6 2 Rl shared by the differential amplifier pairs, will
t Vom divide in each pair with the same x factor
Iz -5(1 +-§) (8) imbalance as in Equation 11.
Now consider variations in lg and I while | lg2s + lgog = xlp (12)
remains constant. X
lg2s = lg2g = 5‘0 (13)
Let 'x' indicate the current imbalance such
le274 + le27s = (1 - x)lp (14)
that —-x
lg27a = le2rg =~ (—)lo (15)
lo = (1)l = (1 - M) ® A
= (1 —x) = —(] -2 i
N 20 TR
VCO FREQUENCY
L
-+ 1.6 BiAS * 800 44
uas = 0uA
to = 1D
400 -200 0 800

Figure 8. VCO Output as a Function of Input Voltage and Bias Current

oPO36208
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Now consider placing a capacitor betwsen
the coliectors of Qa5 and Qg (Pins 12 and
13). Oscillation will occur with the capacitor
alternately being charged by Q,4 and Qg3 and
constantly discharged by Qa5 and Qg6. When
the Qa¢ and Q3 pair conducts, Q5 and Qa4
will be off, causing a negative ramp voltage to
appear at Pin 13 and a constant voltage at
Pin 12 as shown in Figure 7. During the next
half-cycle, the transistor roles and voltages
are reversed. Capacitor discharge is via Qps
and Qgg, which act as constant-current sinks
with current amplitudes as in Equation 13,

During each half-cycle, the capacitor voltage
changes linearly by 2AV volts in AT seconds
where

x 1-x
AV = Zﬂzolo( 5 +T J = Rylo (16}

and

C2AvV

AT = .
lg2s

(17)
Combining these two equations with Equation
13 gives a half period of

4C Ry

X '

AT =

(18)

Utilizing Equation 11 with the AT expression
gives the desired VCO frequency expression
of

Voum
2(Vem =3 Vge)

(19)

Vou,
fo=fo'(1+ —) = t5'
o = fo'( F“) o[

where o' is the VCO's free-running frequency
given by

1
f e 20
22 RyoC @0

fo
Equation 19 shows that the oscillator fre-
quency is a linear function of the differential
voltage from the phase comparator. Resistors
Rgs and Rgg function to insure that an initial
current imbalance exists between the
Qo5 - Qg transistor pair and the dummy Qj7.
This imbalance insures that the oscillator is
self-starting when power is first applied to the
circuit.

The VCO conversion gain is determined as

¥ o
0 .lwy @1

K, =
° Vom R

which is valid as long as the transistor's Vg
changes are small with respect to the com-
mon-mode voltage. Both fo and K, are in-
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_ Figure 9. Post Detection Processor for FSK

TeoT4s08

versely proportional to R, which has a strong
positive temperature coefficient. An interna!
current Iy having an equal and opposite
negative temperature coefficient is inserted
into the VCO as shown in Figure 6.

Experimenta! determination of K, can be
found from the data of Figure 8 where K, is
the slope of either fine. Numerically these
rosults are for lgag =0,

MHz s fad
Ko = 0.95—— =59 X 106———
\ volt-sec
(22)
and for igjag = 800uA
Ko=1 7—- 10.45 X 108— o
volt-sec
(23)

It must be noted that the specific values
obtained for K, in the manner above are valid
only for the 1.0MHz free-running frequency
where the data was taken. However, good
estimates for K, at other free-running fre-
quencies can be obtained by linearly scaling
Ko to the desired fg'. Thus, it is somatimes
convenient to define a normalized K, as

Kotnom) = % =5 9 (|BIAS =0)

to'

rad
- 10.457(15.,\5 = 800uA) (24)

February 1987

The K, estimate for any bias then can be
obtained by multiplying the normalized con-
version gain by the desired free-running fre-
quency, of

Ko(any fo') = Konormyfo'. (25)

The additional VCO circuitry of Qa9 through
Qgg functions to produce the TTL and ECL
compatible outputs at Pins 9 and 11.

Ampilifier

The difference-mode voltage from the phase
comparator Is extracted and amplified by the
amplifier in Figure 1. The single-ended output
from this amplifier serves as input signals for
both the Schmitt Trigger and a second differ-
ential amplifier. Low-pass filtering with a large
capacitance at Pin 14 produces a stable DC
reference level as the second input to the
Schmitt Trigger. When the PLL is locked, the
voltage at Pin 14 is directly proportional to the
difference between the input frequency and
fo'. Thus Pin 14 provides the demodulated
output for an FM input signal.

Schmitt Trigger

In FSK applications, the Pin 14 voltage will
assume two different voltage levels corre-
sponding to the mark and space input fre-
quencies. A voltage comparator could be
used to sense and convert these two voltage
levels to logic compatible levels. However, at
high data rates, Vpy will contain a consider-

4-271

able amount of carrier signal which can be
removed by extensive filtering. Normally this
complex filtering requires quite a few compo-
nents, most all of which are external to the
monolithic PLL. Also, since the control volt-
age for the comparator depends upon Kq and
the deviations of the mark and space fre-
quencies from fg', the filtering has to be
optimized for each different system utilized.
However the necessary DC reference level
for the comparator is present in the PLL but
buried in carrier-frequency feedthrough which
appears as noise in the system. A Schmitt
trigger with variable hysteresis can be used
successiully to decode the FSK data without
the need for extensive filtering.

Consider the system shown in Figure 9 where
the input signal is the single-ended output
derived from the amplifier section of the 564.
The DC retriever functions to establish a DG
reference voltage for the Schmitt trigger. The
upper and lower trigger points are adjustable
externally around the reference voltage giving
the variable hysteresis. For very low data
rates, carrier feedthrough will be negligible
and the ideal situation depicted in Figure 10
results. Increased data rate produces the
carrier feedthrough shown in Figure 10b,
where false FSK outputs result because the
feedthrough amplitude exceeds the hystere-
sis voltage. Having the capability to increase
the hysteresis, as in Figure 10¢, produces the
desired FSK output in the presence of carrier
feedthrough.

Another important factor to be considered is
the temperature drift of the fo’ in the VCO.
Small changes in fo' will change the DC level
of the input voltage to the Schmitt trigger.
This DC voltage shift would produce errors in
the FSK output in narrow-band systems
where the mark and space deviations in fiy
are less than the fo' change with tempera-
ture. However, this effect can be eliminated if
the DC or average value of the amplifier
signal is retrieved and used as the reference
voltage for the Schmitt trigger. In this manner,
variations in the fg’ with temperature do not
affect the FSK output.
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INTRODUCTION

In order to obtain a local clock signal in
Multiplexed Data Transmission systems, a
phase and frequency coherent method of
signal extraction is required. A Master-Slave
system using the quartz crystal as the primary
frequency determining element in a phase-
lock foop VCO is used to reproduce a phase
coherent clock from an asynchronous Data
Stream.

The NES564, a versatile phase-locked loop
(PLL) operating at frequencies of 50MHz, has
inputs and outputs designed to be TTL com-
patible. The Signetics NES64 is used to
gensrate the phase-locked, crystai-stabilized
clock reference signal.

its particular adaptation, for use with a crys-
tal-controlled VCO instead of the usual RC
control elements, requires a brief review of
the principles of the Phase-Lock Loop design.

The NE564 Phase-Locked Loop Is a fully
contained system, including limiter, phase
detector, VCO, DC amplifiers, DG retriever
and output comparator (reference Figure 1).
For the clock regeneration system to be
discussed, the portions of the NE564 imple-
mented are the input limiter, phase detector
and VCO.

The signal limiter amplifies low level inputs
(until saturation is reached, which is typically
60mVp.p for the NES64). The signal limiter
output is fed to the phase detector, where the

AN182 -

Clock Regenero’ror
With Crystal-Controlled
Phase-Locked VCO (NES64)

Application Note

"'upknown'' input Is compared to the
"known" VCO frequency of the NES64. The
difterential error signal that is generated is fed
through a DC amplifier and a voltage-to-
current converter. The change In the current
generated forces the VCO frequency to vary
in its frequency and/or phase relationship,
such that a 6 of 90° lagging is obtained (the
actual phase relationship may be somewhat
less than 90° depending upon the KgK, (gain)
product of the NE564 at the operating fre-
quency and bias current). The external filter-
ing incorporated at Pins 4 and 5 control the
dynamic frequency response and loop stabilu-
ty criteria.

The NES564 Is a first order system; therefore,
the use of single capacitors (at Pins 4 and 5)
will automatically create a '‘second-order”
system. An RC series filter combination will
cause a lead-lag condition that will permit
dynamic selectivity, along with closed-loop
stability.

LOOP GAIN FUNCTIONS

The phase detector convarsion gain (Kg) and
the VCO conversion gain_(Ko) determine, in
large part, the lock range, capture range and
linearity characteristics of the NES64. These
device parameters are both dependent upon
biag current and operating frequency. Some
typical curves for each of the parameters are
shown for the NES64 in Figures 2 and 3.

*THE CLOCK REGENERATOR

CIRCUIT

The basic building blocks of the clock regen-
erator circuit are shown in Figure 4. The PLL
is shown as a frequency multiplier incorporat-
ing a divide by "N" in the VCO phase
detector feedback loop. The functions of the
ringing circuit and the NES527 high-speed
comparator will be discussed later.

The waveforms of Figure 5 indicate the wave-
{orms transmitted over a T1 line. The bipolar
signa! transmitted has ''no” DC components
induced in the transmission line (reference
should be made to the effect of normal mode
and common effects on signal information).
When transmitted over telephone wire pairs,
the resultant signal {at the receive end) will
have been degraded in both waveshape and
signal-to-noise ratios. Typical attenuation fac-
tors for a T1 line are -30dB per 6000 feet.

In addition, pair-to-pair crosstalk can degrade
signal-to-noise ratios. The energy transmitted
in the bipolar systern of signal transfer is
centered at 772kHz (generated by the bit
format).

At the receiving end the bipolar signal infor-
mation is converted to a unipolar pulse train
after being amplified, filtered and fed through
an automatic level control circuit. Some types
of PCM systems use the rectified and filtered
DC (average) to control the phase of the
regenerator clock; however, in newer sys-
tems, bipolar signals are preprocessed (or

i
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Vp - PHASE COMPARATOR'S
OUTPUT VOLTAGE N mV

10 = LOMM

Figure 2. Variation of the Phase Comparator's Qutput Voltage vs Phase Error and Blas Current
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Figure 3. VCO Output Frequency as a Functlon of Input Voltage and Blas Current
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preconditioned) by terminal common equip-
ment resulting in unipotar information.

T1 Data Transmission

The bipolar signal, as transmitted on a T1
line, appears below with the original binary,
converted unipolar and clock waveform (ref-
erence Figure 5).

The bipolar signal, when transmitted over
standard wire pairs, will be degraded both in
wave shape and signal-to-noise by the time it
reaches the signal repeater. This is due to the
attenuation factor of the cable which is nearly
-30dB for 6000 ft. In addition, pair to pair
crosstalk degrades signal-to-noise. The ener-
gy in the transmitted bipolar signal is centered
at 772kHz due to the particular bit format.
Bipolar signals have no DC offset.

At each receiving station the bipolar signal is
amplified, filtered and fed through an auto-
matic level control circuit. A full wave rectified
signal is then sent to the clock regeneration
circuit. This is essentially the format followed
by some of the original T1 repeater equip-
ment. The clock regeneration circuit de-
scribed here could be adapted to this system.

February 1987

Figure 4

THE T1 SPECTRUM

The bipolar signal is similar to NRZ data in
that it does not contain carrier information. In
order to give the PLL coherent frequency
information sufficient to obtain "'capture’ and
lock, carrier components must be obtained
from the data stream. The time duration of
the frequency information fed to the PLL is
also important in order to obtain accurate and
stable information to update the PLL. In order
to begin the extraction of frequency informa-
tion, the positive-going portions of the bipolar
data signals are used to drive a class "'C"

4-284

transistor tank circuit (reference Figure 4)
which is sharply tuned to the basic clock
frequency (1.544MHz). Each positive half cy-
cle of data then starts a wave train of
coherent information which is phase synchro-
nous with each succeeding positive data bit.
When the LC tank is optimally tuned, relative-
ly extended periods without data bits can be
tolerated with minimal loss of frequency and
phase information. The combination of good
short-term frequency stability of the high *'Q"
LC tank, coupled with the long-term stability
of the crystal-controlled VCO, is the founda-
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tion of the NE564 clock regeneration system {= ? (2)

accuracy.

It must be emphasized that data pulse syn-
chronization of the preprocessing circuit must
be frequency coherent with the fundamental
period of the time base to be extracted. That
Is, if the time period of the clock is Yic =T,
where fc Is the clock frequency, then the
spacing between any positive code bit se-
quence must be n X t (reference Figure 6).

Looking at the spectral analysis of the retative
energy avallable to the clock extraction cir-
cuitry (with a worst-case duty cycle of 1 of 16)
will demonstrate the need for enchancing the
particular desired frequency component be-
fore applying the signal to the Phase-Lock
Loop. For fo= 1.544MHz, the period is
T =647.67ns. The pulse or bit width is
323.8ns.

Here the bit duration 323.8ns = b. The Fouri-
er expansion of the discrete spectrum is
related by the following equation:

rh
Ab)| sin("F
F(,.)-S-—) v(m;) n=012. (1)
t

T

The basic frequency component resulting
from various bit spacing factors is defined by
the equation
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where | < fg= 1.544MHz

It we consider the special case of a single
pulse present out of 16 bipolar or 32NRZ
periods, then

T =16 bipolar bit times
= 16 X 647.67ns = 10.36us
{ = 96.5kHz

Accordingly, the spectra! lines will be spaced
in multiples of 96.5kHz. The spectrum for this

particular worst case condition is shown in
Figure 7 below.

Solving equation 1 for the relative amplitude
of the 1.5644MHz spectral component with the
pulse spacing shown,

Foo(’) sin( &2
(41} ey 1670
LI B )
where T = 2nb, n= 16,

Ab sin(lZ2) A2
@qep’ (B, g 4

= (0.02)A
= -34d8

it is evident that as the bit spacing increases
to the point where fg is the 16th harmonic of
the fundamental, very little fo energy is avall-
able to drive a phase-lock regeneration cir-
cuit. F(sg) Is also Ineffective since it is an even
subharmonic of fo. The PLL will not normally
lock to even harmonics; in fact, an error
signal is produced which tends to force the
VCO out of lock. This fact further stresses the
need for preprocessing in the frequency do-
main. The class "C'" pulsed resonant tank
significantly multiplies the magnitude of the fg
spectral component and filters out unwanted
subharmonics.

The loop error voltage avallable from the
phase detector for phase correction of the
VCO is directly related to the product of the
incoming coherent spactral energy muitiplied
in the balanced mixer with the reference
signal derived from the VCOQ. Since the phase
error information Is integrated in the loop
filters, the instantaneous magnitude of the DC
error voltage is proportional to the time inte-
gral of coherent mixer products. Thus, as the
magnitude and time duration of the desired
frequency component is increased in the

& 2

i

3008004

NOTE:
= 96.5kHz spacing

Al

Figure 7

"h. .ulllll"
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preprocessing circultry, the VCO phase accu-
racy Is greatly improved. Capture time is
obviously enhanced also.

The signal from the tuned tank is buffered by
a FET follower N-channel enhancement
mode device (reference Figure 12). This pro-
vides power gain with virtually no loading on
the tank circuit and avoids degrading the
"Q". The buffered signal is then fed to a high-
speed comparator (Signetics' NE527) which
allows for waveform symmetry adjustment in
addition to providing a standard TTL output to
drive the NE564 PLL.

In the particular circuit shown in Figure 12,
the 1.544MHz information is applied to the
phase detector input of the NE564 Phase-
Lock Loop. The VCO, however, is operated at
four (4) times this frequency to order to take
advantage of economical and readily avail-
able crystals. The VCO signal is fed through a
divide-by-four counter (74LS73) to provide
the Phase Detector reference and final regen-
erated clock signal. To avoid loading, the
clock signal (1.544MHz) is butfered by the
75451 peripheral driver which provides a
high-speed open collector TTL output. The
input signal is AC coupled in order to reduce
DC bias errors in the Phase Detector caused
by "O" level variations.

e G i
MES
cr
TEoT6108
Figure 8
The Crystal

The crystal used was chosen to match the
NES64 VCO drive characteristics. It is an
"AT" cut oscillator crystal which operates
near the anti-resonate or "paralle!” mode in
this circuit. The crystal may have to be fine-
tuned, as indicated in Figure 8. The pulling
characteristic of the crystal is adequate to
allow for 0 to 70°C operational drift plus initial
and aging accuracy tolerance factors and still
retain lock between master and slave station
VCXOs. The average lock range at room
temperature with one of sixteen data bits
present is typically 1000Hz for a 6.176MHz
crystal with a capture range greater than
S500Hz.

For VCO operation at 6.176MHz, Cg is 22pF,
Cg is 18pF, and Cy, a 1 - 8pF trimmer capaci-
tor (reference Figure 8).
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NES564 CRYSTAL-CONTROLLED
VCO

As shown in Figure 8, the crystal is operated
with a series capacitor. When properly
trimmed, this allows the crystal to operate
near the series resonant mode. A crystal
manufactured to operate in the series reso-
nant mode will do so only if it sees a pure
resistance looking into the oscillator termi-
nals. The circuit below shows an oscittator
which looks inductive with the equivalent
crystal circuit and trimmer capacitor Cy (refer-
ence Figure 9).

If L, is small and the internal gain of the
device high over a wide frequency rangse, Lo
may resonate with the C, of the crystal at a
very high frequency. Under certain conditions
the circuit may even tend to operate in the
3rd overtone mode unless measures are
taken to roll-off the circuit gain. This is the
purpose of Cg in Figure 8. Since the gain of
the VCO is a factor in spurious oscillation, the
current injected into Pin 2 will also have an
effect in this respect. (K, increases with Ip).
At higher operating frequencies this parame-
ter may become more critical in attaining
stable start ups in the desired frequency
mode. Obviously the size of Cs must be
smaller than the value needed to cause free
running near the desired frequency without
the crystal connected.

CRYSTAL SPECIFICATION

Crystals may be manufactured to operate in
either the series mode with no external ca-
pacitance (purely resistive load) or in the
parallel mode with a specified value of load
capacitance. The 564 tends tc operate at a
frequency above the specified value when a
series mode crystal is used. For a design
frequency of 6.176000MHz and zero load
capacitance. Referring to Figure 8, for
Cs = 10pF and Ct = 10pF the average center
frequency for an NE564 sample measured in
the lab was 6181.192kHz. For the same C;,

but with Cr equal to 60pF, fo measured
6176.565kHz. A second crystal showed a
spread of 6176.600kHz to 6180.855kHz. The
effect of the VCO was to pull the crystal to a
frequency above its design value. This effect
is then nearly tuned out by the external
capacitances Cg and Cr. If Cr is sufficiently
increased, the crystal will see a purely resis-
tive load and operate at its rated frequency.

A second approach is to specify a crystal
which is to operate near the anti-resonate or
parallel mode. Normally this is done with a
certain value of external load capacitance
specified by the customer which matches the
existing circuit parameters. The maximum
difference between series and parallel reso-
nance for any crystal is 0.5% of fo (series
resonant mode); for f, = 6.126MHz, 0.5% of
f, = 30kHz. The usual value would be lower
than this.

1
14 —

fo

fa=fr

ro = electromechanical coupling factor,
f, = parallel resonant frequency). The particu-
lar cut of the crystal material determines the

drift response over temperature. For oscillator™

applications, the AT cut offers the best over-
all stability over a wide frequency and temper-
ature range. Final design uses second ap-
proach.

For a stability or total tolerance of + 15ppm
over the rated operating range of ~20°C to
+70°C, a certain manufacturer's crystal actu-
ally pertormed as shown above (Refer to
Figure 11).

Calibration accuracy is the allowable frequen-
cy tolerance at the reference temperature,
i.e., t+10ppm @ 25°C.

Third, is a long-term drift spec which deter-
mines the customer's maximum allowable
drift due to aging effects. An acceptable value
in quality crystals is +2ppm/year.

7

NOTES:

Co = XTAL Shunt capachors

Cy = Equivalent XTAL series resonant arm capacitance
Ly = Equivalent Motional Inductance

Ry = Equivalent crystal series resistance

Cs = External shunt or stray capacitance

Figure 9

To075218
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NOTES:

€y = Motional capacitance
Co = Shunt capacitance

Ry = Equivatent Resistance
Ly = Equivalent inductance

Figure 10. Basic Crystal Equivalent Circult

Figure 11. Deslgn Example

WF15180S

Using our reference crystal of 6.176MHz and
the above specifications, the crystal limits
over a 1 year period would be:

Temperature

stability: *+15ppm X 6,176
=+ 93Hz

Catibration

tolerance: 1 10ppm X 6.176
=+62Hz

®25°C

Long term drift: + 2ppm X 1 X 6.176
=% 12Hz

Total: (+167Hz2)

The above figure of * 167Hz then determines
the capture and lock range over which two
crystal stabilized VCOs must track under
worst case conditions when the exact same
crystal specifications are used for master and
slave units within an operational system.

Crystal Specifications
'AT' Cut Oscillator Type

Fundamental mode operation HC-33 Case

(Standard)

Calibration tolerance;
+10ppm @ 25°C

Temperature stability:
+15ppm; -15°C to +65°C

Circuit operating condition:
Parallel resonance

February 1987

Frequency specified: 6.176000MHz

Part designation:
Croven #A330 DEF-32 or equivalent

Setup Procedure
‘Referring to Figure 12, the following setup
procedure will aid the user in establishing
proper circuit operation.

Regulated supply voltage of +5V and -6V
are required. Current drain on the +5V line is
~ 100mA, and 6mA for the —6V.

With proper voltage applied, (1) First check
the supply currents to be sure they are in the
range indicated above. (2) Check the opera-
tion of the NE564 VCXO by looking at Pin 9
with an oscilloscope (see Figure 13). A rea-
sonably symmetric square wave should be
present, having a frequency near 6.1MHz. (3)
Attach a DVM across the 2k resistor which
feeds Pin 2 of the NE564 and adjust for a
reading of 2.00V, indicating a 1mA pg current
flowing into Pin 2 (The (+) lead of the DVM
should be connected to the end of the 2k
resistor which ties to the wiper of the 10k pot
and the (-) lead to Pin 2 of the 564; reference
Figure 14). (4) The exact center frequency is
set by adjusting C,, the crystal timmer cap,
for exactly 6.176000MHz with no signa! input
(this sets the center frequency of the VCXO
to free-run in the center of the capture range).
{5) Enable strobe 'A’ and 'B’ with a +2.7V
min. to +5V max. level. Apply a standard
1.544MBS NRZ data signal to the input
terminal, terminated in 50§2. The amplitude
should be + 3 to + 5V (0 to peak). Set the duty
cycle for 1 bit in a 16-bit period. Note the data
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generator must be driven from a crystal-
controlled master oscillator also adjusted for
a center data rate of 1.544 00OMBS. Monitor
the buffered output of the ringing circuit with a
scope connected to the source of the SD213
(Figure 15). The waveform should appear as
in Figure 17. (6) Adjust tank trimmer cap Cr
for a maximum amplitude and note that the
cycle period should be 647ns. (7) Now moni-
tor the comparator output signal at Pin 7 and
adjust R, for a 50% duty cycle. The same
signal will appear at Pin 5 of the NE527
except it will be inverted. The signal on Pin 7
of the NES27 and Pin 6 of the NE564 should
appear as shown in Figure 19. Now attach
one lead of a dual-trace scope to Pin 7 of the
NE527 and the other to Pin 3 of the NE564 as
shown (Figure 16).

The two signals should be in phase-locked
with an approximate 90° differential as shown
in Figure 20 (data signal applied to @
1.544MBS). If lock does not occur, a slight
timming of the crystal trimmer Cy should
correct for slight differences in master-to-
slave crystal tolerance. It is recommended
that master and slave crystals be of the exact
same design and specification to insure opti-
mal tracking over time and temperature. A
recommended manufacturer and part number
appears at the end of this application note for
your convenience.

Once lock is attained, move one lead of the
dual-trace scope to the butfered output of the
75451 Pin 3, leaving the other scope probe
on Pin 6 of the NE564. The phase-locked
waveform should appear as In Figure 25. If a
data word generator is being used, you may
check overall operation for various bit pat-
terns by synchronizing the scope trigger on
the "end of word" pulse, then observe the
phase error effect as different combinations
are fed in.

PHASE JITTER
When operating with real-time data transmis-
sion, the PLL loop filters must be optimized to
minimize regenerated clock jitter. A good
grade of mylar capacitor is recommended as
connected to Pins 4 and 5 of the NES64. A
simple pair of shunt-connected loop filter
caps of 0.33uF to 0.76uF was found to be
adequate.
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NOTE:
Check VCO frees-running y and output ape.

Figure 13. Check VCO Free-Running Frequency
and Output Waveshape
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Figure 17. Ringing Circuit Response (1 Data Puise in 16) Figure 18. Ringing Circult Response (4 Data Pulses in 16)
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Figure 19. Ringing Circujt to Square Wave Conversion Figure 20. Phase Comparator Signals (in Lock)
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