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ABSTRACT

This project presents a digital transmission system which is transmitted via the coaxial
cable at 9600 bps speed by using the 8-QAM. A 8-QAM is a form of digital modulation which its
data containing both amplitude and phase. The 8-QAM has more bandwidth efficiency than BPSK
at the same bit rate because the output signal is changed every 3 bit of input data. This project
presents an algorithm and method to design an 8-QAM Tx and Rx, as well as test the properties of

each component.
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& ®
100 110(0.765v) 100 110(0.765v)
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000 010 000 - e 010
[ 3 ®
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) (c)
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BPSK  : BW efficiency =10Mbps/ 10 MHz =1 bps/ Hz =1 1w/ lwfin
QPSK : BW efficiency =10Mbps/ 5 MHz =2 bps/ Hz =2 ﬁn/'lmﬁn
8-PSK  :BW efficiency =10 Mbps/3.33 MHz =3 bps/ Hz =3 1w/ lifin
16-QAM : BW efficiency =10 Mbps/2.5 MHz =1 bps/ Hz = 4 iw/lwifn
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8-PSK Tribit £/3 £/3 3
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16-QAM Quadbit £ /4 £/4 4
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Vszueadila MIABUTUBS ( Response ) Hidiugauni Tumanguf) dw nsmimsneuauss
( Response Curve ) Tumallfiiduaasdnduiiy
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317 26 (o ) urmurardl ( Phase Shift ) sn-hedumnTanime (v, ) fueniynTaaime
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2.6 (adengy ( Phase Lock Loop : PLL)
-~ < A _~ ~~ H
modenquiihudidnnselindireiTs  dwwunsemunuesodimmes Mndannudten
A a du aa s 4 a a s 1a 'V a o ¢ -
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< s aq ¥ -] v e a9 - o a9y d o
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MsAusgLan ( demodulate ) 1UIBY
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Ve(t)
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Vo(t)

VCO
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3.4 29930309 NNE ( Band Pass Filter : BPF)
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Foi (T T\ VR . RS 0 * 111 TTE o 11 Y - [0\

U7l 418 srasmanlSoufoussn nedggraieniynnnnesinaud

uegiamesmemnuiinana( CHI )fudgaa 4 s2du (CH2)

4.8 NeenenNdyan sy lindumly
" Ad o 4 ] aa o Au ¢
eramitluadugaeuenT oy 8-QAM Tashisuninmirudygradi ldenaees
d’: o~ Y o o 1 A4 . o
wandusgueiamediinaiuinuas dygranhisdisihnsuiuudgmaasslaes

unsuTaoSoufoufudygramme sz ldnamsnaasadegiii 4.19

14 Oct 1998
01:03:14

717 4.19 uamadaiwes laszuninvesdyg el 8-QAMMIAIAAY



56

4 o o - o - I 3§ ¢ 4 , 1 o
wemnTYYANTWMNMNAATI Maununmee ladgygreueiymiiemmeda g

fuiy Taofies Tddygradegud 420

Tok BINDE 2MS/s 8 Acgs
— ¥

L. . . SR S . . S -
7.8V
1 . A K \ )
Ch q

1 Fre
- . . . . I . . . . ] 47.62kHz
Low signal
] amplitude

bt b4 R RS Ch2 Pk-pPk
] 3.4V

Ch2 Fre

r 1 . ) ) 77.42kHy
2 [ J Low signal
s 1 amplitude

A, e i 1 s a1 i ]
TSR S B R T Zo

JUfi 420 uﬁmﬁ'fgtymtmﬁnnﬁ"lﬁ’mwuwﬁuﬁ'ﬁyqnm'fﬁaﬁﬁ

¥
AYYPIUNNNITIMUTUBGIINeTivTD SRy
dygremnnesiuiadggreniises ( CHI)

Woumaiudygramme (cH2 )

& Ul ’ ﬂl < o g 4
wohmsasdygialuglii 420 WhlilumsTanenSualufamesusefitmaeslase

unsudimeduniniudeglfi 421

Tok EXINER 500ks/s
4

7% 421 ufrmwlﬁwa?’laa:ummmﬁtytmm 8-QAM N85y



57

o 4 v W A « & g %
dmiuminaasslud e infudy g 8-QAM i laTudgg e 8-QAM 1ussiing

[ 4
nsnanealuaMUBINITANG AT

4.9 2193)FYaNanFn ( Clock Recovery )
v i ) t & o/
esfithiesfite ldhiheiledfgueemaifamsdelns Tudsenhenadiumaiy
s 4 3 ~ 1 3 A L} o/
FyanudaldnanvasBoavesner ludluundl 3 lugdd 319 dehdgygu 8-QaM 1n

[ 4 3
Wmnestimnsedaggrannin lddegdi 4.22

Tok BRI 1MS/s 18 Acqgs
L o a X b | {
T T ey 3 T : T # T . T T ]
]
| j y : % ] chi Pk-Pk
e s - 1 5.4V
1+ T l , : ‘ 4
J {1 Chi Freq
L. I > - . . J  9.62kHz2
1 Low signal
] amplitude
1 1 1 H b 4 4 Jti i i § e N
|~ T L) T T . T Ll 3 Ch2 Pk—"k
] 5 4.8Y
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@ MOTOROLA

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

The SN54/74LS74A dual edge-triggered flip-flop utilizes Schottky TTL cir-
wuitry to produce high speed D-type flip-flops. Each flip-flop has individual
siear and set inputs, and also complementary Q and Q outputs.

Information at input D is transferred to the Q output on the positive-going
dge of the clock pulse. Clock triggering occurs at a voltage level of the clock
ulse and is not directly refated to the transition time of the positive-going

.ulse. When the clock input is at either the HIGH or the LOW level, the D input
ignal has no effect.

SN54/74LS74A

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

-

X .«,, J SUFFIX
LOGIC DIAGRAM (Each Flip-Flop) i CERAMIC
{ CASE 632-08
14
P 1
SET (S
ok, o
Q
CLEAR(CD) © i
¢ )I (13) N SUFFIX
. PLASTIC_:
CLOCK © 5 CASE 64606 .
31y —
Q 1
6(8)
0
2(12)
D SUFFIX
» 8OIC
1 CASE 751A-02
ORDERING INFORMATION
SNS4LSXXJ  Ceramic
MODE SELECT — TRUTH TABLE SN74LSXXN  Plastic
INPUTS OUTPUTS SN74LSXXD  SOIC
OPERATING MODE p— — =
Sp Sp D Q Q
Set L H X H L
Reset (Clear) H L X L H LOGIC SYMBOL
“Undetermined L L X H H 4 10
Load *1” (Set) H H h H L A 3
Load “0" (Reset H H 1 L H
e - —r= , 2—{p 50 of—5 12—{p 50 gl—9
Soth outputs will be HIGH whila both S and Cpy are LOW. but the output states are unpredictable
 Sp and Cp go HIGH simultaneousty. if the levels at the set and clear are near Vy_maximum then 1—{cp n—{ce
~e cannot guarantee to meet the minimum level for Vo
h = HIGH Volitage Level Qp—5§6 Qp—8
1= LOW Vottage Level Co Cp
=Don't Care Y Y
7 {Q) = Lower case letters indicate the state of the referenced input (or output) one set-up time 1 13
prior 1o the HIGH to LOW clock transition.
Voc=PIN 14

GND=PIN7




SN54/74LS74A
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit =
vee Supply Voitage 54 4.5 5.0 5.5 Vo
74 475 5.0 5.25 -
TA Operating Ambient Temperature Range 54 -85 25 125 °C
74 0 25 7
toH Qutput Current — High 54,74 -0.4 mA
loL Qutput Current — Low 54 4.0 mA
74 8.0
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified) i
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voitage 2.0 v All Inputs
54 0.7 Guaranteed [nput LOW Voltage for
ViL input LOW Voitage -~ ¥ v All Inputs
ViK Input Clamp Diode Voltage -0.65 | —-1.5 v Voe = MIN, iy = -18 mA
54 2.5 35 v Vee = MIN, loH = MAX, ViN=VIH .
VOH Output HIGH Voltage 3} 35 P T o ViL_per Truth Table . B <
54,74 0.25 0.4 V' loL =4.0mA Ve = VCo MINGE
VoL Output LOW Voitage VIN=VIL Of VIH )=
74 0.35 0.5 \ oL = 8.0 mA per Truth Table
{nput High Current
Data, Clock 20 HA Voo = MAX, Vin=27V
\ Set, Clear 40
\H
Data, Clock 0.1 _ _ =14
Set, Clear 02 mA Voo = MAX, ViN = 70V ﬁ'.-:'
{nput LOW Current é [-
i _ Data, Clack ~0.4 mA Vog = MAX, ViN =04V 2
Set, Clear ~0.8 % 1
los Output Short Circuit Current {Note 1) -20 ~100 mA Vg = MAX & 9
icc Power Supply Current 8.0 mA | Vog = MAX ZE
Note 1; Not more than one output should be shorted at a time, nor for mare than 1 secend.
AC CHARACTERISTICS (Ta =25°C. VcC = 5.0V)
Limits
Symbol Parameter Min | Typ | Max | Unit Test Conditions )
fMAX Maximum Clock Frequency 25 33 MHz Figure 1 1
vee '
13 25 ns o
tPLH Clock, Clear, Set to Output Figure 1 CL -
tPHL 25 40 ns i
AC SETUP REQUIREMENTS (T4 = 25°C) B
Limits %
Symbol Parameter Min Typ Max Unit Test Conditions
tw (H) Clock 25 ns Figure 1 -
tw (L) Clear, Set 25 ns Figure 2 {
Data Setup Time — HIGH 20 ns ! vee =50V
ty LOW Figure 1
20 ns
th Hold Time 50 as Figure 1




o i

SN54/74LS74A
AC WAVEFORMS
o o
s~ Wik WK’“ Is(H) 4]
- Z/LSV > 1.3v
| 1
M- tPHL aax 1P ~—~1
LH—
a \l\mv 13V
P IPHL i
Q .

“The shaded areas indicate when the input is permitted to change for predictable output pertormance.

Figure 1. Clock to Qutput Delays, Data
Set-Up and Hold Times, Clock Pulse Width

|
_

CLEAR !
‘ \‘ 1.3V 13V

[ = tPHL
o l 71! 13V 1;

1.3V
[
f | PLH
0
t3v 13V

Figure 2. Set and Clear to Output Delays,
Set and Clear Pulse Widths
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@ MOTOROLA

DUAL JK NEGATIVE
SDGE-TRIGGERED FLIP-FLOP

The SN54/74L.S107A is a Dual JK Flip-Flop with individual J, K, Direct
Slear and Clock Pulse inputs. Output changes are initiated by the
{IGH-to-LOW transition of the clock. A LOW signal on CD input overrides the
sther inputs and makes the Q output LOW.

The SN54/74LS107A is the same as the SN54/74LS73A but has corner
sower pins.

CONNECTION DIAGRAM DIP (TOP VIEW)

SN54/74LS107A

DUAL JK NEGATIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

~ J SUFFIX
Voo €Dy CPy Kp CDy CPy Jo lai CERAMIC
[1e] [1s] [i2] [ [ro] o] [e] " CASE 63208
1
NQTE:
The Flatpak version has the
samae pinouts (Connection
i the Dual In-
giﬁ;’, as the Dual In-Line N SUFFIX
f\ pLASTIC
nnBoGInEn u 0ASE 645.08
b Q9 O Ki Qp Q; GND 1
F
LOGIC SYMBOL @ it
14
! 2 . CASE 751A-02
11— Q—3 8—J o—5
ORDERING INFORMATION
p p
12 ¢ i cP SNS4LSXXXJ  Ceramic
SN74LSXXXN  Plastic
4—K ob—2 K Q SN74LSXXXD SOIC
CTD 1 co P—-6
13 10
Veg=PIN 4
GND=PIN7
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voltage S4 4.5 5.0 5.5 v
74 4.75 5.0 5.25
TA Operating Ambient Temperature Range 54 -55 25 125 °C
74 o} 25 70
loH Qutput Current — High 54,74 -0.4 mA
oL Qutput Current -— Low 54 4.0 mA
T4 3.0




— anan:
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
R
Limits
Symbol ‘Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH {nput HIGH Voitage 2.0 \ All Inputs
54 0.7 Cuaranteed Input LOW Voltage for
\ Volt v
i Input LOW Voltage 74 0.8 All inputs
ViK Input Clamp Diode Voitage ~0.65 | -1.5 v Ve = MIN iy =~18mA
54 25 3.5 v Vee = MIN, Igy = MAX, ViN = Vg
VOH Output HIGH Voltage ) P = v or Vi per Truth Table
54,74 025 | 04 v loL = 4.0 mA Vo =Vee MIN,
VoL Qutput LOW Voltage ViN = Vi or Vg
74 0.35 0.5 v log, =8.0 mA per Truth Table
J, K 20
Clear 60 nA Voo = MAX, Vi =27V
Clock 80
U Input HIGH Current
J. K 0.1
.Clear 0.3 mA Ve =MAX, Vin=7.0V
Clock 0.4
i Input LOW Current JuR 3 A | Voo =MAX, Vi =04V
L ¥y L Clear and Clock Y CC =MAX ViN=0.
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Icc Power Supply Current " 6.0 mA | Veg = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (T = 25°C, Vo =5.0 V)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
fMAX Maximum Clock Frequency 30 45 MHZ
Vee=5.0V
tPLH Propagation Delay, 15 20 ns é:LC= 15 pF C .
tPHL Clock to Output 15 20 ns
5.
AC SETUP REQUIREMENTS (Ta = 25°C, Vg =5.0 V) %
Limits ‘g
Symbol Parameter Min Typ Max Unit Test Conditions .:.
tw Clock Puise Width 20 ns z
tw Clear Pulse Width 25 ns 5;:
vee =50V T
tg Setup Time 20 ns <
th Hold Time Q ns

b

iy
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@ MOTOROLA

DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

The SNS4/741.590, SN54/74L.S92 and SN54/74LS93 are high-speed
4-bit ripple type counters partitioned into two sections. Each counter has a di-
vide-by-two section and either a divide-by-five (LS90), divide-by-six (LS92) or
divide-by-eight (LS93) section which are triggered by a HIGH-to-LOW transi-
tion on the clock inputs. Each section can be used separately or tied together
{Q to CP) to form BCD, bi-quinary, modulo-12, or modulo-16 counters. All of
the counters have a 2-input gated Master Reset (Clear), and the LS90 also
has a 2-input gated Master Set (Preset 9).

« Low Power Consumption . . . Typically 45 mW

« High Count Rates . . . Typically 42 MHz

» Choice of Counting Modes . . . BCD, Bi-Quinary, Divide-by-Twelve,
Binary

« Input Cltamp Diodes Limit High Speed Termination Effects

SN54/74LS90
SNE54/74L.S92
SN54/74L.S93

DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

LOW POWER SCHOTTKY

PIN NAMES LOADING (Note a)
HIGH LOow

550 N Clock (Active LOW going edge) Input to 0.5 U.L. 1L.5U.L.
+2 Section

cP 1 Clock (Active LOW going edge) Input to 0.5 U.L. 20U.L.
+5 Section (LS90), +6 Section (LS92)

CPy Clock (Active LOW going edge) Input to 0.5U.L. 10U.L
+8 Saction (LS383)

MR¢, MRy  Master Reset (Clear) Inputs 0.5 U.L. 0.25U.L.

MS¢, MS  Master Set (Preset-9, LS90) Inputs 0.5U.L 0.25 U.L.

Qo Qutput from +2 Section (Notes b & ¢) 10U.L. { 525 UL

Qy,Q2,Q3 Outputs from +5 (LSS0), +6 (LS92), QUL |55 UL
+8 (LS93) Sections (Note b)

NOTES:

a, 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.

2, The Output LOW drive tactor is 2.5 U.L. for Military, (54} and 5 U.L. for commerciat (74)
Temperature Ranges.

c. The Qg Outputs are guaranteed to drive the full fan-out plus the CP4 input of the device.

1. To insure proper operation the rise (t,) and fall time (t;) of the clock must be less than 100 ns.

LOGIC SYMBOL
LS90 LS92
67
12
MS
14 —qCPy 14 —qCPy
1—dcey 1 —qcPy
MR QgQyQy Qg MR 0p Q102Q
23129 811 g7 12198
Vo =PINS Ve =PINS
GND = PIN 10 GND=PIN 10

NC=PINS 4,13 NC=PINS 2.3.4.13

:, J SUFFIX

lli CERAMIC
i CASE 632-08
14
1
i N SUFFIX
“'u PLASTIC
{) CASE 646-06

O SUFFIX
o SOIC

) CASE 751A-02

ORDERING INFORMATION

SNS4LSXXJ Ceramic
SN74LSXXN Plastic
SN74LSXXD SOIC

LS93

14 —q CPg
1 —qCP

1
MR QnQy Q03

@

23129 38 1t
Vec =PINS
GND = PIN 10
NC=PIN4.5.7,13
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SN54/74LS90 « SN54/74LS92 SN54/74LS93

LOGIC DIAGRAM

®

LSS0

MS4
MS2 7

TPy ——qcP

I

1500} Js‘f’c:_1
o | +dee

(=]}

RS0l
cP

x
(2]
o
[=]]

Scod

CPy

@
::E%D— lo

Q4 Q2

® ®

Q3

) = PINNUMBERS
Vg =PINS
GND = PIN 10

CONNECTION DIAGRAM
DIP (TOP VIEW)

d 14 TPy

cPit
EL

ury 2]
MRQE E Qo
i) Qg

ne (]
veo ] 19 GNo
9] 0y

ms1 ]
us, (7] F_IOz

NC = NO INTERNAL CONNECTION

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as
the Dual In-Line Package.

-

LOGIC DIAGRAM

LS92

J a
& Ddce _1

=2

® Qo

v > @

O = PIN NUMBERS
Veg =PINS
GND = PIN 10

CONNECTION DIAGRAM
DIP (TOP VIEW)

d 4 TP
3l NG
ELS
11

TPy
nc2]
nc
ncld]

Vccg
MRy E
uRo (7]

[1d Gno
8]0,

503

NC = NO INTERNAL CONNECTION

NOTE:

The Flatpak version has the same
pinouts (Connection Diagram) as
the Oual in-Uine Package.

pk

S

LOGIC DIAGRAM

L.S93

TPy =< cp

~—d cp cP

[o]]

Ko Keol

Py

) gD»

Qy

®

Qq

® O
Q2 Q3

(O = PIN NUMBERS
Ve =PINS
GND = PIN 10

CONNECTION DIAGRAM
DIP (TOP VIEW)

[
MRy [E
VNE
nc(d]
vec Bl
nc(E
Yot

d 14 ¢Fy

13 ne
13 ag
il a3
14 aNo
[loy
Blo,

NG = NO INTERNAL CONNECTION

NOTE:

The Famak version has the same
pinouts (Connection Diagram) as
the Cual la-Line Package.

vorikagatoeg

T b ad
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SN54/74LS90 « SN54/74L.S92 « SN54/741.S93

FUNCTIOMAL DESCRIPTION

The LS90, LS92, and LS93 are 4-bit ripple type Decade,
Divide-By-Twelve, and Binary Counters respectively. Each
jevice consists of four master/slave flip-flops which are
nternally connected to provide a divide-by-two section and a
sivide-by-five (LSS0), divide-by-six (LS92), or divide-by-eight
'1L.S93) section. Each section has a separate clock input which
:nitiates state changes of the counter on the HIGH-to-LOW
slock transition. State changes of the Q outputs do not occur
simultaneously because of internal ripple delays. Therefore,
Jecoded output signals are subject to decoding spikes and
should not be used for clocks or strobes. The Qg output of
sach device is designed and specified to drive the rated
san-out plus the CP{ input of the device.

A gated AND asynchronous Master Reset (MR1 « MRp) is
srovided on all counters which overrides and clocks and
-gsets {clears) afl the flip-flops. A gated AND asynchronous
Master Set (MSq » MSy) is provided on the LSS0 which
averrides the clocks and the MR inputs and sets the outputs to
qine (HLLH).

Since the output from the divide-by-two section is not
nternally connected to the succeeding stages, the devices
‘nay be operated in various counting modes.

Lsg90

A. BCD Decade (8421) Counter— The CP 1 input must be ex-
ternally connected to the Qg output. The CPginputreceives
the incoming count and a BCD count sequence is pro-
duced.

B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Qg
output must be externally connected to the CPginput. The
input count s then applied to the CP 1 input and a divide-by-
ten square wave is obtained at output Qq.

C. Divide-By-Two and Divide-By-Five Counter — No external
interconnections are required. The first flip-flopis usedas a
binary element for the divide-by-two function (CPg as the
inputand Qg as the output). The CP1 inputis used to obtain
binary divide-by-five operation at the Q3 output.

L.S92

A. Modulo 12, Divide-By-Twelve Gounter — The CP1 input
must be externally connected to the Qg output. The CPgin-
put receives the incoming count and Qg produces a sym-
metrical divide-by-twelve squars wave output.

B. Divide-By-Two and Divide-By-Six Counter —No external
interconnections are required. The first flip-flopis used as a
binary element for the divide-by-two function. The CPyin-
put is used to obtain divide-by-three operation at the Q1
and Q3 outputs and divide-by-six operation at the Qg3 out-
put.

Ls93

A. 4-Bit Ripple Counter — The output Qg must be externally
connected toinput CP4. Theinputcount pulses are applied
to input CPg. Simultaneous divisions of 2, 4, 8, and 16 are
performed at the Qq, Q4, Q2, and Q3 outputs as shown in
the truth table.

8. 3-Bit Ripple Counter— The input count pulses are applied
toinput CP4. Simultaneous frequency divisions of 2, 4, and
8 are available atthe Qy, Qg, and Qs outputs. Independent
use of the first flip-flop is available if the reset function coin-
cides with reset of the 3-bit ripple-through counter.
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MC140468

PHASE LOCKED LOOP

The MC14046B phase locked loop contamns two phase compara-
tors, a voltage-controlled oscillator (VCO), source foilower, and
zener diode. The comparators have two common signal inputs,
PCAjn and PCBjp. Input PCA;n can be used directly coupled to large
voltage signals, or indirectly coupled {with a series capacitor) to
small voltage signals. The self-bias circuit adjusts small voltage signals
in the linear region of the amplifier, Phase comparator 1 {an exclu-
sive OR gate} provides a digital error signal PC14,r, and maintains
90° phase shift at the center frequency between PCA;q and PCBip
signals (both at 50% duty cycle}. Phase comparator 2 {with leading
edge sensing logic) provides digital error signals, PC24y¢ and LD,
and maintains a 0% phase shift between PCAjn and PCBjn signals
{duty cycle is immateriall. The linear VCO produces an output signat
VCOqyt whose frequency is determined by the voltage of input
VCOin and the capacitor and resistors connected to pins C14, Clg,
R1, and R2. The source-follower output SF g with an external re-
sistor is used where the VCOj;p, signal is needed but no toading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption. The zener
diode can be used to assist in power supply requlation.

Applications include FM and FSK modulation and demodulation,
frequency synthesis and muitiplication, frequency discrimination,
tone decoding, data synchronization and conditioning, voltage-to-
frequency conversion and motor speed control.

Buffered Outputs Compatible with MHTL and Low-Power TTL
Diode Protection on All Inputs

Supply Voltage Range = 3.0 10 18 V

Pin-for-Pin Replacement for CD40468

Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle
Limited

@ Phase Comparator 2 switches on Rising Edges and is not Duty
Cycle Limited

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
8 SOIC
CASE 751G

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta = ~55"to 125°C for afl packages.

BLOCK DIAGRAM

_______________ 1
Phase
I T relow
I l Snate X 13 PC25,e
PCB;, 304 Comparator 2 y LD
i a0 4 VCOput
veo;, 90 | Voltage 1 " At
! co""“'f""’ Heo12 A2
-
Vogp * Pin 16 1 :'c.o(? ; Y e
vgs = Pin 8 | 'I"°7 o
{ 1
ian 5<~FIL —@T—Om $Fout
L_ Yss© Pt —01S zener

PIN ASSIGNMENT

VCOin

SRR W S W VR SN ST X W B
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MC14046B
MAXIMUM RATINGS® (Voltages referenced 1o Vgg)

Rating Symbol Value Unit
OC Supply Voitage \{o]s) -0S5to +18 Vde
Input Voltags, All Inputs Vin ~0.5t0Vpp+0.5 | Vdc
DC input Current, per Pin lin =10 mAde
Power Dissipation, per Packaget Pp 500 mw
Operating Temperature Range TA =551 +125 °C
Storage Temperature Range Tsta -65t0 +150 °C

*Maximum Ratings are those values beyond which damage (o the device may occur.
tTemperature Derating: Plastic P and D/OW" Packages: ~7.0 mW/C From 65°C To 125°C
Ceramic "L" Packages: — 12 mW/"C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

] Vpo ~55°C 25°C 125°C
Characteristic Symbol | vdc Unit
Min Max Min Typ Max Min Max
Output Voitage “0" Level 5.0 — 0.05 =) 0 0.05 — 0.05
Vin = Vpp or 0 VoL 10 i} 0.05 — 0 005 | — | 005 { vdc
15 - 0.05 — 0 0.05 — 0.05
"1" Level 5.0 4.95 —_ 4.95 5.0 — 4.95
Vin = 0 or Vpp VOH 10 9.95 - 9.95 10 - 9.95 - Vde
15 14,95 —_ 14.95 15 -— 14.95
Input Voltage # “0" Level
(Vo = 4.5 or 0.5 Vdc) Vi 5.0 —_ 1.5 -—_ 225 1.5 —_ 1.5 vde
(VO = 9.0 or 1.0 Vdc) L 10| — | 30 1 as0 | 30 | — | 30
(Vo = 13.5or 1.5 Vdc) 15 - 4.0 - 6.75 4.0 —_ 4.0
"1" Level
(Vo = 0.5 or 4.5 Vdc) v 5.0 e - 35 2.75 — 35 — vde
(VO = 1.0 or 9.0 Vdc) H 10 70 nd 7.0 550 - 70 -
(Vo = 1.5 or 13.5 Vdc) 15 " —_ 11 8.25 — T
Output Drive Current
(VoH = 2.5 Vde) Source 5.0 -1.2 —_ -1.0 -1.7 — -0.7 —
(VOH = 4.6 Vdc) IoH 50 | -025| -— —02 | -036 | — |-014] — |made
(VOH = 9.5 Vdc) 10 | -062] — -05 -0.9 — | -035]| —
(VoH = 13.5 Vdc) 15 -1.8 —_ ~-1.5 -35 —_ -1.1 —
(VoL = 0.4 Vdc) Sink 50 | 064 | — 0.51 0.88 — | 038
(VoL = 0.5 Vdc} oL 10 1.6 - 1.3 225 - 0.9 — | made
(VoL = 1.5 Vdc) 1S 4.2 — 3.4 8.8 — 24
input Current tin 15 — =0.1 —_ =0.00001} =0.1 — =1.0 | pAdc
Input Capacitance Cin a % . — 5.0 7.5 - -— pF
Quiescent Current {fa%] S.0 — 5.0 s 0.005 S.0 — 150 | nAde
{Per Package) Inh = PCAjp = VDD. 10 — 10 — 0.010 10 — 300
Zener = VCOjp = O V. PCBip = Vpp 15 — 20 — 0.015 20 — 600
or 0 V. lgyt = 0 1A
Total Supply Currentt hd 5.0 tr = (1.46 pAKHZ) | + DD uAde
(inh = “0", fo = 10kHz, C_ = 50 pF, 10 T = (2.91 wAKHZ)} [ + IDD
R1 = 1.OMQ, R2 = =, RgF = =, and 15 T = (4.37 uAKH2)  + DD
50% Duty Cycle)

#Noise immunity specified for worst-case nput combination.
Noisa Margin for both “1" and “0" level = 1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vde min @ Vpp = 10 Vde
2.5 Vdc min @ Vpp = 15 Vde

+To Calculate Total Current in General:
VCOjn - 1.65 voo—t.ss):ya (‘vco;,,-nss)sm -3
r= 2. v + 1. —_— 1x1 CL ~ 9V f+
T = 22x 00( v "2 £ 16x Aer +1x107°(C -~ 9 Vpo f+
100% Duty Cycle of PCAjn
100

1x10~ 1 vpp? ( ) +lg  where: IT in uA, C in pF, VCOjn, Vpp 'n Vde. 1 in kHz, and

R1, R2, RF in ML}, C_ on VCOqy.
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MC140468
ELECTRICAL CHARACTERISTICS® (C|_ = 50 pF, Tp = 25°C)
VD(.) Minimum Maximum
Characteristic Symbol Vde Device Typlcal Device Units
Qutput Rise Time treH ns
tiH = (3.0 ns/pF) C + 30 ns 5.0 -— 180 350
triH = (1.5 nsipF) C + 1S ns 10 -— 90 150
tTLH = (1.1 ns/pF) C + 10 ns 15 —_ 65 110
Qutput Fall Time FTHL ns
truL = (1.508pF) Cp + 25 ns 5.0 - 100 175
tTHL = (0.75 ns/pF) G + 12.5ns 10 - 50 75
trHL = (0.55 ns/pF) C_ + 9.5 ns 15 - 37 55
PHASE COMPARATORS 1 and 2
Input Resistance — PCAjn Rin 50 1.0 20 — MO
10 0.2 0.4 -—_
15 0.1 0.2 -
— PCBin Rin 15 150 1500 -— MO
Minimum lnput Sensitivity Vin 5.0 — 200 300 mVpp
AC Coupled — PCAjn 10 — 400 600
C series = 1000 pF, f = 50 kHz 15 - 700 1050
OC Coupled — PCAjq, PCBin — 5115 Sea Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency fmax 5.0 0.5 Q.7 w MHz
(VCOin = Vpp. Ct1 = 50 pF . 10 1.0 14 -
R1 = 5.0 k2, and R2 = =) 15 1.4 1.9 —
Temperature -— Frequency Stability — 5.0 T 0.12 - %/"C
(R2 = =) 10 — 0.04 -
15 fand 0.015 _
Linearity (R2 = =) - %
(VCOjp = 25V = 0.3 V, R1 > 10 k) 5.0 - 1.0 -
{(VCOjn = 5.0V = 2.5 V, R1 > 400 k() 10 —_ 1.0 -
{VCOjp = 7.5V = 5.0 V, A1 > 1000 k1) 15 — 1.0 —
Output Duty Cycle — St 1S — 50 — %
Input Resistance - VCOin Rin 15 150 1500 — MQ
SOURCE-FOLLOWER
Ofiset Voltage . —_ 5.0 —_ 1.65 2.2 v
(VCOj minus SFgyt, RgF > 500 k() 10 —_ 1.65 2.2
15 —_ 1.65 22
Linearity — %
{(VCOjn = 25V = 0.3 V. Rgr > S0 kQ) 5.0 _ 0.1 -
(VCOjp = 5.0V = 2.5V, Rgg > 50 k) 10 - 0.6 —
(VCOijpn = 7.5V = 5.0 V, Rgg > 50 kQ) 15 —_ 0.8 —
ZENER DIODE
Zener Voltage (I; = 50 pA) vz - 6.7 7.0 7.3 \
Dynamic Resistance {I; = 1.0 mA) Rz — — 100 — Q

“The formula given is for the typical characteristics only.
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E£IGURE | — PHASE COMPARATORS STATE DIAGRAMS
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PHASE COMPARATOR 1

Inout State

PClgyt

i
'
{
i
X l

PHASE COMPARATOR 2

trput State

X X
! 1
J-State
PC20ut 2 Outout Oisconnectad !
Lo o
{Lock Detect) 2 !

Refer 10 Waveforms in Figure 3.

FIGURE 2 — DESIGN INFORMATION

Characteristic

Using Phase Comparstor 1

Using Phase Comperator 2

No signat on input PCA;q.

VCO in PLL tystem sdjusts to center frequency
(fg).

VCO in PLL system adjusts to minimum fre-
quency (fminl.

Phase angle batween PCAjn and PCB{n.

90° at center frequency (fg). soprosching Q@
and 180° at ends of lock range (2 ).

Always 02 in lock (positive rising edges).

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2 ).

The frequency range of the input signat on which the loop will stay locked if it wes
initislly in tock, 21 = tull VCO {requency renge = fomgy - frain.

Capture frequency renge (2fc).

The frequency range of the input signal an which the 100 will lock if it was initisily

out of tock.

Depends on low-pass filter characteristics
{see Figure 3}, fo < f

fo=fL

Canter frequency (fg).

The frequency of VCOgqyq. when VCO;q = 1/2 Vpp

VCO output frequency (f}.

Note: These equanons are intended 1o be
a design guide. Since calculated comoonent
values may be in arrof by as much as a factor
of 4. laboralory expesmentation may be
required lor fixed designs. Part 10 part fre-
quency variation with identicai passive com-
ponents is typically less than = 20%.

1

fmin 2 — .
R4(Cy+32pF)

IVep input = Vgs)

1

e+ 'min
Ry(Cy +32pF)

fnex «

Where: 10K S Ry € IM
10K < Ay < 1M
1000F <Cy < .01 wF

(Veg Input = Vool
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FIGURE 3 ~ GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF
9 Saurce 10 out
Follower
VEO;, Age
PCA;, 14 - =
o, i External a =
@ Fraquency cor:';:-"o' 20713 Low-Pass veo 4 - F"CQou: .
ecs; - PClout Fitter n_12 s 7 ® Frequency Nt" = f
e or c1 ci
pC2 a 8
e R1$ R2 l_.«._j
(]
- L =
J ;
SN 14Z
L Counter 4
Typical Low-Pass Filters
Tyoically:
(at A3 (b} R3
1nput O-—MA’—T—O Output fnout Outout R4 Cp = % - N
i f, 2n4at
QT Lo [ R A% 100NG ¢
= 2e™ TV aies (R3 +3.00001 Cy = - R4 Cy
c2

L

Note:  Sometimes R3 15 split into two series resistors each R3 # 2, A caoacitor Cc is then placed from the midpoint to ground, The value for
CC should be such that the corner frequency of this network does not significantly affect wp. in Figure B, the ratio of R3 to R4 sets
the damping, R4 & {0,1)(R3} for optimum results.

LOW.PASS FILTER
Definitions: N = Total division ratio in feedback loop Filter A Filter 8
Ko = Vpp/i tor Phase Comparator 1
KoK K
Ko = Vpp/4d 7 tor Phase Comparator 2 4 2" VCO y l KoKvco
274 tyeo 70 VNRC; “n " INCyR3+Ra)
3 = Tt
K\ A 2% fr n 05 walR3Cq + o1
for a tvpical design w,, & T ! {at phase detector input) 2KoKvCo § =05 walR3C, KoKyvco
2 0.707 ]
3 Fis) = i Fls) = R3C2S+1
A3C2S+1 SIR3Co+R4CoIHT
Waveforms
Phase Comparatar 1 Phase Compsrator 2
Voo Voo
PCA;, ! I r l PCAjn I | I l
vss . : Vss
' |
Vou N i Vou
S e I SR N
Voo — 1 Vou
——Vou it ;o Vou
PClgyy l l l l l I l I o U l ]
Vou u ot Vou
—Vom R L Von
VCO;in \/\/\/\/\ PC20ut l ‘*—'U—_
— Vou Vou
— Vou
VCOj,
— VoL

Note: for furiner information, see:

8¢= frngx = fmin

{11 £ Garcner, "Phase-Lock Techmques™, John Wiley and Son, New York, 1966,

{21 G. S. Moschytz, “Mimature RC Filters Using Phase-Locked Loop™. 8STJ, May, 1965.

{3) Garth Nasn, “Phase-Lock Loop Design Fundamentals™, AN-535, Motorola inc.

{8} A 3 Przedpeiski. "Phase-Locked Loop Design Articles”, AR254, reorinted by Motorola inc.
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&National Semiconductor AR

LM1596/LM1496 Balanced Modulator-Demodulator

General Description . - Features
The LM1596/LM1496 are doubled balanced modulator-de- @ Excellent carrier suppression
modutators which produce an output voltage proportional to 65 dB typical at 0.5 MHz
the product of an input (signal) voltage and a switching {car- 50 dB typical at 10 MHz
fier) signal. Typical applications include suppressed carrier g Adjustable gain and signal handting
modutation, amplitude modulation, synchronous detection, .y gyily batanced inputs and outputs
FM or PM detection, broadband frequency doubling and Low offset and drift
chopping. .

. The LM1596 is specified for operation over the —55°C to o Wad teadpacfTRpPogeLp to IR
+ 125°C military temperature range. The LM1496 is speci-
fied for operation over the 0°C to + 70°C temperature range.

96% L W1/265L W

Schematic and Connection Diagrams

Metal Can Package

=QUTPUT ~QUTPUT
&6) o 9(12)

~CARRIER
10) INPUT
10
CARRIER 07(5)
INPUT & +CARRIER

NPUT
4 -
PG s . as {
iGN .
. ’ +OUTPUT

PR - GAIN -- -
_ 5(s)- v I . _ TWUH/Tes7-2
(‘r.. Q3 e st TopView . :
. . . Note: Pin 10 is connected electically 0 the
Q9 [ - - - . -ca88 tvough the device substrate, - - F—
500 500 Order Number LM1496H or LM1596H
. ] 500 o See NS Package Number H08C __
ol C e T
. TUH/7887-1 Dual-in-Line and Small Outline Packaqes
Numbers in par show DIP.coc .. 7 -
+SIGNAL IN—$1 ' 14}—-v T S
GAN ADWUST—2 1E]
T - GAN ADWUST—3 " 124 -ouTPUT
) : o T-SIGNAL IN—{4 1P - -
- Bus—5 .- 10} ~CARRIER INPUT
+OUTPUT —46 £ .
—7 8}~ +CARRIER INPUT

- TL/H/7887-3
Order Number LM1496M or LM1496N
See NS Package Number M14A or N14A

b
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Absolute Maximum Ratings g
If Milltary/Aerospace specified devices are required, Soldering Information
please contact the National Semiconductor Sales ¢ Dual-In-Line Package T
Otfice/Distributors for avaitability and specitications. Soldering (10'seconds) 260°C
Internai Power Dissipation (Note 1) 500 mW + Small Outiine Package
Applied Voltage (Note 2) 30V Vapor Phass (60 seconds) 215'C
Differential Input Signal (V7 — Vg) 5.0V Infrared (15 seconds) 200°C
Differential Input Signal (V4 — V1) £(5+15RalV Sae AN-450 “Surface Mounting Methods and their effects
Input Signal (Va — V4, V3 — V4) s.0v on Product Retiability™. for other methods of soldering sur-
Bias Current (is) 12mA face mount devices.
Operating Temperature Range LM1596 —55°Cto +125°C

LM1496 0*Cto +70°C

Storage Temperature Range

~-65°Cto +150°C

Electrical Characteristics (r, = 25°C, uniess otherwise specified, see test circuit)

Parameter Conditions Y1988 LM1498 Units-| &
Min| Typ | Max | Min | Typ | Max
Carrier Feedthrough V¢ = 60 mVrms sine wave 40 40 uvrms
fc = 1.0 kHz, offset adjusted Rk
V¢ = 60'mVrms sine wave 140 140 nVrms .
fc = 10 kHz, offset adjusted 4 &
V¢ = 300 mVp, square wave 0.04| 0.2 0.04] 0.2 | mVrms:
fc = 1.0 kHz, offset adjusted z
V¢ = 300 mVpg square wave ‘20 {100 20 | 150 | mVims,
fc: = 1.0 kHz, not offset adjusted 3
Carier Suppression fs = 10 kHz, 300 mVrms 50 | 65 50 | 65 =
fc = 500 kHz, 60 mVrms sine wave offset adjusted e? B
fs = 10 kHz, 300 mVrms 50° 50 1.
fc = 10 MHz, 60 mVrms sine wave offset adjusted : il 8
Transadmittance Bandwidth R = 500 300 300 =
Carrier Input Port, Vg = 60 mVmms sine wave . ey
fs = 1.0 kHz, 300 mVrms sine wave LR
Signal Input Port; Vg = 300 mVms sine wave 80 . 80 MHZA'% =
Vy — Vg = 0.5Vdc L
Voltage Gain, Signal Channet Vg = 100 mVrms, f= 1.0 kHz - .
V7 — Vg = 0.5 Vde 25| 35 25| 35
Input Resistance, Signal Port | f = 5.0 MHz - )
V7 ~ Vg = 0.5Vde 200 200
Input Capacitance, Signal Port | f = 5.0 MHz -- 20 2.0
Vy — Vg = 0.5 Vdc R i
Single Ended Qutput Resistance | f = 10 MHz 40 40
Single Ended Output f =10 MHz - o
Capacitance 50 50 PF T
Input Bias Current (4 + 1a)/2 12 | 25 12 | 30 | pAP
Input Bias Current {tz + 1g)/2 12 | 25 12 | 30 | pA%
Input Offset Current {Ily — L) v 07 | 5.0 0750 pAT
Input Offset Current (lz — lg) 0.7 | 5.0 50| 50| wATF
Average Temperature (—=55°C < Tp < +125°C) 2.0 nASC
Coefficient of Input (0°C < Ty < +70°C) 2.0 nAl"C
Oftset Current:
Qutput Offset Current (ls — lg) 14 | 50 14 | 60 pA
Average Temperature (—55°C < Tq < +125°C) 90 nASC
Coefficient of Output (0°C < Ta < +70°C) 80 nArC
Offset Current

\
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Electrical Characteristics (rx = 25°C, unless otherwise specified, see test circuit) (Continued)

Parameter Conditions LM15%6 LM1456 Units

Min Typ Max Min Typ Max

Signal Port Common Mode fg = 1.0 kHz 50 o 50 v
Input Voltage Range . : . PP
signal Pcrt Common Mode V7 — Vg = 0.5Vde = _
Rejection Ratio . 85 8
Common Mode Quiescent
Output Voltage 4 8.0 Ve
Differential Output Swing
Capability 8.0 8.0 Vpo
Positive Supply Current (lg + Ig) 2.0 3.0 20 3.0 mA
Negative Supply Curent (lyo) 3.0 4.0 3.0 4.0 mA
power Dissipation 33 33 mw

Note 1: LM1586 rating appiies to case temperatures to + 125°C; derate linearly at 8.5 mW/°C lor ambient temperature above 75°C. LM1496 rating appiies o case

smparatures to +70°C.

Note 2: Voltage applied between pins 6-7, 8-1,.9-7, 9-8, 74, 7-1, 84, 6-8, 2-5, 3-5.
Note 3: Refer to rets1596x drawing for specifications of military LM1596H versions.

Typical Performance Characteristics
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Typlcal Appllcatlor and Test Circuit . - . T

Suppressed Carrler Modu!ator

1%
8 A i O +12V
. 51 - 2.47 uf
0.1 #F 1k > ] I 9K <; 59k
22) ) | = e g 3
- = e §(6) oWy aee
CARRIER 11— 810) } ¢
INPUT vc ‘1‘7 -
LM1596
MODULATION 1(1)
INPUT 9(12) 0 ~Yg .
1 4(4)
10(14) 5(5) .
10k S10k S50 ¢
st
l
CARRIER L . ° AT uf
NULL - I
o{ o
o =
-3V
Note: Sy is closed for “adjusted” measurements.
SSB Product Detector
1%
- %2) 3(3)
CARS(I)%R tr;Pur o )
myrms % st - &(6)
_[-—W- 8(10)
1,.;&' - = ) LM1598
SSB SIGNAL -
(1)
wour 1€ ‘ %12)
. —1 49 .
10(14) 5(5)
1% 1k
VAV 4"‘"
% ® 5.8k
’ = o =
-8 Vde

TmsﬁgtnsnowsmLMlssemodasasu\gles«doband(Ssa)suppfessadumofdomodula!w(pfoduadetector) Thecamerscgmlhnppﬁedmh
i don. A carrier input lavel of 300 mVems is optimum. The composite SS8 signal is appiied 10 the signal §
with an amplitude of 5.0 to 500 mVims. All output signal componems excep! the desired damodutated audio are filtered out, so that an offset adpss

de for

port with sutficient

g O

required. This circuit may atso be used as an AM
operation.

by applying amwnersngnalsmmosamomamofudmbodlcrpmdﬂ
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Typical Applications (Contirued)

Broadband Frequency Doubler .
+12 Yde

5t 2(2) 3(3) sh

St &(6) <> O Ayt cos2at

o—c{’v —AA J 8(10)
— ¢
[ (1)

1k | Iy I
~A\AA—S 1k
<

o, cosat O <
9(12) O =Aye, cos2ut
+— 49
10(14) 5(5)
S0k 210k 351
4 51
S0k
T 8.8k Numbers in p: show DIP cor

o "y

-8 voc ’

TU/H/7807-7
The frequency doubler circult shown will double low-level signats with low distortion. Tha value of C should be chosen for low e at the oparating freq! y

Sqnal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching ditterential amoiifier. Levels to 50 mV peak
may be used with some distortion of the output waveform. if a larger input signal is available a resistive divider may be used at the carmier input, with full signal

wplied to the signal input.
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