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ABSTRACT

This thesis presents the design and construction of a stereo coder for  a.m.

broadcasting system . In this thesis an exciter which been construction.

A well know of a.m. stereo coder that developed by motorola called ¢c-quam has

bsen use for principle in this thesis.
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HOTOROLA AM STEREO MONITOR BLOCK DIAGRAM
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LF355, LF356,
.LF357* LF355B,
LF356B, LF357B*

@ MOTOROLA

Specifications and Applications
Information

MONOLITHIC JFET
OPERATIONAL AMPLIFIERS

MONOLITHIC JFET INPUT
OPERATIONAL AMPLIFIERS

These internally compensated operationa! amplifiers incorporate
highly matched JFET devices on the same chip with standard
bipolar transistors. The JFET devices enhance the input charac-
teristics of these operational amplifiers by more than an order
of magnitude over conventional amplifiers.

This series of op amps combines the low current characteristics
typical of FET amplifiers with the low initial offset voltage and
offset voltage stability of bipolar amplifiers. Also, nulling the offset
voltage does not degrade the drift or common mode rejection.

@ Low Input Bias Current — 30 pA .

® Low !mput Offset Current — 3.0 pA

® Low Input Offset Voltage - 1.0 mV

® Temperature Compensation of Input Offset Voltage —

30uv/eCc - . N .
Low Input Noise Current — 0.01 pA/N/H2
High Input Impedance — 10120
High Common-Mode Rejection Ratio ~ 100 dB
High DC Voltage Gain — 106 dB

SILICON MONOLITHIC
INTEGRATED CIRCUITS

H SUFFIX
METAL PACKAGE
CASE 601-04

\ \

,/l/\_

N SUFFIX
PLASTIC PACKAGE
CASE 626-04

{Top View)
N
N 'N!]ﬁ }?

W i
P

[] \]1
J SUFFIX 1|'1

CERAMIC PACKAGE 1

SERIES FEATURES

® LF3553558 — Low Power Supply Current
e LF3563568B — Wide Bandwidth
® LF357/357B — Wider Bandwidth Decompensated (Aymin = 5)

LF355'355B LF356'356B LF357/357B
Fast Settling Time to0 0.01% 4.0 us 1.5 ps 1.5 us
Fast Slew Rate 5.0 Vius 12 Vius 50 Vius
Wide Gain Bandwidth 2.5 MHz 5.0 MHz 20 MHz
Low Input Noise Voltage 20 nV/VHz 12 aVAHz 12 nviVHz

CASE 693-02
)

Oftser Null 13 [—8 NC

Invt tnput 2 o >7 Vee
Noninvt Input 3§ =6 Output

Veg 4 o 5 Otffser Null

{Top View)

APPLICATIONS

The LF series is suggested for 8!l general
purpose FET input amplifier requirements
where precision end frequency response
fiexibitity sre of prime importance.

Specific applications include:

ORDERING INFORMATION

o Sample and Hold Circuits
Device Temperaturs Range Package e High Impedance Butfers
e Fast D/A and A/D Converters
F35 . o 70° e
::F:ngr: JM [ :: :732 ' c':,?,:‘liccg;,, e Precision High-Speed integrators
LFSS.’)BN' N 0to'+70°C Plastic DIP o W.deband, Low Noise, Low Dsift Amplifiers
LF356BH, H Qto +70°C Metal Can
LF3568J. J Oto +70°C Ceramic DIP
LF3S6BN. N Oto 470 Plastic DIP *NOTE: The LF357 3578 are designed for widsr
LF357BH, H Oto =70°C Meta! Coan b idth applicati They are d P
LF3578J, J 0to +70°C Ceramic DIP {Avemin = 5)
LF357BN, N Oto - 20°C Plastic DIP

MOTOROLA LINEAR/INTERFACE DEVICES

3-6




LF355, LF356, LF357, LF355B, LF356B, LF357B

MAXIMUM RATINGS

LF3558/
Rating Symbol 356B357B LF355°356'357 Unit
Supply Voltage Vee +22 +18 v
VEE -22 -18
Differentia! Input Voltage Vip =40 =30 v .
Input Voltage Range (Note 1} VIDR =20 =16 Vv
Output Short-Circuit Duration Ts Continuous
Operating Ambient Tempersture Range TA Oto +70 °C
Operating Junction Temperature Ty °C
Meta!l and Ceramic Packages 115
Plastic Package 100
Storage Temperature Range Tstg °C
Meta! and Ceramic Package -65t0 +150
Plastic Package -5510 +125
Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equa! to the negative power supply voltage.
CIRCUIT SCHEMATIC
Offser Nuit
1 $ Vee
< 7
= Y
4 - A (o1}
f i /
; i '
; —
i i3 r_-—’—a-
' : L/:z
. T~
! i ¢ 3 J‘ -—}{3
i , Y g N
8 i
(-) | 47 ¥ o1
2 Out
inv. tnput A
3
Non-inv.
tnput
N
[
L{: Q14
a0 o . 9
i 10 pF*
L i Vge

*C1 = 5.0 pf on LF357,
**C2 = 2.0 pF on LF357.

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF355B, LF356B, LF357B

DC ELECTRICAL CHARACTERISTICS {Vee = 151020 V. Vgg = ~ 1510 - 20 V for LF355B356B357B; Vo = 15V, VEg =
-~ 15V for LF355 356 357; TA = 0°C to - 70°C unless otherwise noted)

LF3558'6B/7B LF355/677
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 50 1, Ve = 0} vio mvV

(Ta = 25°C) - 3.0 5.0 - 30 10 .

{Over Temperature) — e 6.5 - - 13
Average Temperature Coefficient of Input Offset | AV|p AT — 6.0 — — 5.0 —_ uvrc

Voltage

(Rg = 50 Q)

Change in Average TC with V| Adjust ATCAVip| — 05 — - 0.5 - uVrc

{Rg = 50 0) {Note 2) per mV
Input Offset Current (Vcp = 0) (Note 3) o

(Ty = 25°C) . = 3.0 20 - 3.0 50 pA
. {Ty = 70°C) — - 1.0 — — 2.0 nA
Input Bias Current {(Vcpm = 0} (Note 3) ) '

(Ty = 25°C) — 30 100 - 30 200 pA

(Ty < 70°C) - -— 5.0 — — 8.0 nA
Input Resistance (T = 25°C) T — 1012 — - 1012 — 0
Large Signal Voltage Gain AyvoL vmv

(Vo= =10V,R_ = 20k Vcc = 15V,

VEg = ~15V)
(Ta = 5°C) 50 200 —_ 25 200 —
{0°C = Tp = +70°C) 25 - —_ 15 = —
Output Voltage Swing Vo v

(Vcc = 15V, VEg = -15V, R = 10kQ) =12 =13 - =12 =13 —_

(Veg = 15V, Vgg =-=15V, R = 2kQ) =10 212 - =10 =12 —

Input Common-Mode Voltage Range VICR =1 +15.1 - =10 +15.1 — v

(Vee = 15V, VEg = -15V) i -12.0 -120
Common-Mode Rejection Ratio CMRR 85 100 — 80 100 - dB8
Supply Voltage Rejection Ratio (Note 4) PSRR 85 100 — 80 100 — dB
Supply Current (TA = 25°C, Ve = 15V, Ip mA

VEg = - 15V}

LF355B355 = 2.0 4.0 - 2.0 40

LF3568°357B — 5.0 70 - — —

LF356°357 A - T — — 5.0 10
AC ELECTRICAL CHARACTERISTICS (Voe = 15V, VEg = -15V, Tp = 25°C)

| irasserss LF356B 356 LF357B'357
Cheracteristic Symbol I Min Typ | Max | Min | Typ | Max ; Min | Typ | Max| Unit
Slew Rate {(Note 5) SR Vius

(A, = 1) LF355356 — |50 — |75} 12 -] - e —

{Ay = 5) LF357 — — - = |- — | 30 | 50 -—
Gain-Bandwidth Product GBW — 25| — | — |80} — | — ] 20 | — MH:z
Settling Time to 0.01% (Note 6) s — 40| =~ | — 18] — | - | 18 | — ns
Equivalent Input Noise Voliage en nvvHz

(Rg = 10001, f = 100 Hz) 0 - 25 | 5| — | —-1—- 15 —

(R = 100 02, f = 1000 Hz) — 20 - | — 12 = 12 —

Equivalent Input Noise Current in pA"/Hz

{f = 100 Hz) — {001 [ — | — 1001 ~ | — [001]| —

(f = 1000 H2) . — [001} — | — j001] — | — {001 —

Input Capacitance C; —[30| —}—}|30] —] —[|30] — pF
NOTES
{1) Unless otherwise specified, the absolute maximum negative input tudes increesing or decreasing simultaneously, in sccordance with
voltage is equal to the negative power supply. common practice,
{2} The temperature coefficient of the adjusted input offsetl voltage {5} The Min, slew rate (imits apply for the LFIS68 and the LF357B, but
changes only 8 small amount (0.5 uV*C typically] for each mV of do not apply for the LF356 or LF357.

adjustment from its original unadjusted vatue. C de re- {6) Settling time is defined here, for & unity gain inverter connection

jection and open loop voltage gain are also unatfected by offset using 2.0 k resistors for the LF355°6. It is the time required for the

sdjustment. error voltage {the voltage at the inverting input pin on the amplifier}
{3) The input bias currents approximately double for every 10°C rise in 10 settle 10 within 0.01% of its final value from the time a2 10 V step
junction temperature, TJ. Due to limited test time, the input bias input is applied to the inverter. For the LF357, A, = ~5.0, the feed-

cutrents are correlated to junction temperature Use of s heat sink back resistor from output to input is 2.0 k and the cutput step is 10

is recommended if input bias current is to be kept to 8 minimum. V (see sertling time test circuit).

{4) Supply voltage rejection ratio is measured for both supply magni-

MOTOROLA LINEAR/INTERFACE DEVICES
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LF355, LF356, LF357, LF355B, LF356B, LF357B

1ia. INPUT BIAS CURRENT (oA}

xS

tig. INPUT BIAS CURRENT {pA)

tp. SUPPLY CURRENT (mA)

TYPICAL DC PERFORMANCE CHARACTERISTICS
(Curves are for LF355, LF356, and LF357 series unless otherwise specified)
INPUT BIAS CURRENT versus CASE TEMPERATURE

FIGURE 1 — (LF355 SERIES) FIGURE 2 — (LF356 AND LF357 SERIES)

1004

W0k

0k

0.

Vep* 20V Vep=-20V Veg* 20V . Vgp=-20V
+ 3 Ay 4 i LY Il

+
VEL=15V.Vggs- 15V
] AY i

=
T

1 T T
Veg= 18V vggp=-15v
s

100 — .
Vee =10V, vgp s -0V ] Ve 10V, Vgp e - 10V
J . "l 4 il

tig. INPUT BIAS CURRENT [nA)

T T - M . t +
F——Vee SV, VEg TSV b Vee s SV, Vgp -5V
ut ?C 1“ ' = ‘CC 1 €8 Il

+ ;
J i 1F355 l 1F3567
1 n l 1

1] 4
-85 50 35 65 70 85 <25 80 3% 65
T¢. CASE TEMPERATURE (9C) T¢. CASE TEMPERATURE (0C)
FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING
versus INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE (LF355B'356B '357B)
85 1 )
Vege 1BV
0 Veg=-15V T
Tae250C LF3567 [ s A e 2h
60 RL*50k T Free Air e 30 Ta® 25°C
- e R 1 £ /
50 > i & -
" | _~T LF3567 NS ,/
With Heat Sink jor) 7
" | s T e //
" Free Air s
2 \ ‘/ // g 10 e
V] _— 3 o
1 = | F35 with~] =
1 I Heat Sink
[} [}
-0 50 0 50 10 0 50 10 15 2
Vi, COMMON MODE INPUT VOLTAGE (VOLTS) Vee. Ve SUPPLY VOLTAGE (- VOLTS)
SUPPLY CURRENT versus SUPPLY VOLTAGE
FIGURE 5§ — {LF355 SERIES) FIGURE 6 — (LF356 AND LF357 SERIES)
40 E B0
z 10
g . .
30 = 60
> g+ 259
& 50 -
= | o]
Tee 259C “ ]
20 — & 40
R oy - 1
30
LF355 LF3567
10 L 0 =
0 5.0 10 15 18 20 % 0 50 10 15 20 2

Vee. Ve SUPPLY VOLTAGE (- VOLTS) Vec. Vee. SUPPLY VOLTAGE (- VOLTS)
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS {continued)

FIGURE 7 — NEGATIVE CURRENT LIMIT FIGURE 8 — POSITIVE CURRENT LIMIT
= 1 i T
2 [772R313% a2 Vegets v
s Vgp = -15V 5 VEg=-15V
§ -1 i s
s £
g w0 g ™
E 259C - 259¢
- E
= =
=3 =
¢ 50 \ Y
z - w s
z £
£ g
: : !
) 50 -0 -1 -0 -5 <30 -3 -40 0 80 w18 20 .02 30 3B &
Igink. OUTPUT SINK CURRENT (mA} I5,ak. OUTPUT SINK CURRENT (mA)
FIGURE 9 — POSITIVE COMMON-MODE gl FIGURE 10 — NEGATIVE COMMON-MODE
= INPUT VOLTAGE LIMIT 2 INPUT VOLTAGE LIMIT
s S -0
S | =
: 2 4
2 0°C < Tp < 70°C = g Ve
g 2 -1 =
£ O / 5 g //
g ' = v
8o / 5 .10 y
g / : )/
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[=3 x
% 10 / 3Y) //
(=3
3 b v
£ 2
2 w
E 50 = 0
L e 0 15 20 £ e -10 -15 .20
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FIGURE 12 — OUTPUT VOLTAGE SWING
— OPEN L VOLTAGE GAIN
RoNRE ! S0 oop versus LOAD RESISTANCE
ox 3 T 117
E Ry =2k Veg=15V
E Rg = 50 T2 Veeo SV
z Tp= 259C |t
r E3 A
S e u Mol
FARL] £
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= 00k 5 /
g E n 7
o 2
2 A
s S0
11N 40
50 10 » b 0 10 10 100
Ve, VEe. SUPPLY VOLTAGE (2 VOLTS) R, OUTPUT LOAD RESISTANCE (k2

MOTOROLA LINEAR/INTERFACE DEVICES

3-10 :




LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL ACPERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH PRODUCT
FIGURE 13 — (LF355 SERIES) ’ FIGURE 14 — (LF356/357 SERIES)’
58 - 85
- LF3ss - T T ]
3 ; 3 ® +——t—t
E I ] \ LF357 Curves Identical,
= = N But Multiplied by &,
g 40 X E N .
a Vep=10v.vgge-ov o 10
: | || z NEE2
2 10 e &0 AN
£ N AR H \ Veps W0V, Vgg 10V
z NS4 3 z VeeT 18V, Vg -1V
= L 50 -
£ — = G
© b . T
-3 E w0 \\‘
10
65 35 -5 50 25 45 65 8 105 128 85 35 -5 S0 25 45 65 85 105 125 H
Ta. AMBIENT TEMPERATURE (0C) T4, AMBIENT TEMPERATURE (°C)
INVERTER SETTLING TIME
FIGURE 15 — (LF355 SERIES) FIGURE 16 — (LF356 AND LF357 SERIES) '
2 | 4] T & LI
2 s | Ta=25%C ]
§ LF355 Z Veg= 15V
10 > 10—t vep =15V
- 0 ; 13
N P EEV.8A : f et 10 mV’/
Lo f— ff. A il oo pUmaA =1
§ J Vgge-15V 7 § T LR Ay = =6 W 1mv
w ~ w
g [ g 2 0
s Ny =
$ ‘T‘\ Tmv S N 1oV
5 50 AN 5 .50
3 10 mv \\ N E 0 mv
=) N o
$ 0 [HERN = W% LN
o
0 02 05 19 20 50 0 o1 02 05 10 20 50 10
15, SETTLING TIME (us) 1, SETTLING TIME (us)
FIGURE 17 — NORMALIZED SLEW RATE FIGURE 18 — OPEN LOOP FREQUENCY RESPONSE
" ] -
£ Vees 15V g
N~ VEg = -15V = Vee= 15V
2 wu AN 4 R AN Vgp=-15V
g LF3567 w DN
ST ] S=rz ANANE
iw — g A\l
s LF355 a g \\ rlnss
Y 8 N\
- -
z s E v AN
E o s 355 2o
& a’ 16 \
02 < N
[ -10 A
85 .35 -1 50 25 45 65 85 105 125 10100 th 1k 0K 1M IOM
Ta. AMBIENT TEMPERATURE {©c) 1, FREQUENCY (Hi1)
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LF355, LF356, LF357, LF355B, LF3568, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS {continued)

BODE PLOT

FIGURE 19 — (LF355 SERIES)

1 T R ”
10 [ JMS; - %H 100
S : i !
s0 = ——t T TI 5
. L, e Vcc-‘SsV | i
‘W Vgp»-15V T @
. Gan \\ {1 il B
3 [ TN 1 &
z-10 - 2k q T 0 §
S ' PN L g
20 . Z
.20 b A T -50
.25 |— -75
30 L - -100
sl 111t NG e
10 20 i1} 20 100
1, FREQUENCY (MHzl
FIGURE 20 — (LF356 SERIES)
1 *
LF356 .
15 ! - 125
10 — Phase 4+ Vo ® 18V : 100 &
50 + — VEg=-15V 7% w
s 0 1 Gain T 1 1 50 g
S0 N 25 8
S0l i HSS\ o 5
Ty L iy b3
25 20 " rwex z
-2 |- ——H-50
.25 }— \\ +—nd -8
%) S \ —-100
L f N -125
.40 | N IS T st
10 20 10 b 100
1, FREQUENCY (MHz}
FIGURE 21 — {LF357 SERIES)
T T TTT77
T o
- — r
35 Phase Veg= 15V - ! 100
30 P = Vg -1V 7
s N N -
% Gain e 1ideo &
Ty 'l = w
g ] I =N s E
z 15 ! N —0 8
< 10}— S, N ! .25 -
% sl 1= AN N Y
ol + N\ -5 *
Ny } N L\ 100
0} ' ‘\\ 125
Rty = = t +—N -150
P I B N N 11 s
10 20 10 20 100
{, FREQUENCY (MH3)

7o, OUTPUT IMPEDANCE t52) 29, OUTPUT IMPEDANCE (52)

2. DUTPUT IMPEDANCE (12)

OUTPUT IMPEDANCE

FIGURE 22 — (LF355 SERIES)
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FIGURE 23 — (LF356 SERIES)
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FIGURE 24 — (LF357 SERIES)
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LF355, LF356, LF357, LF355B, LF3568B, LF357B

TYPICAL CIRCUIT CONNECTIONS

FIGURE 31 — DRIVING CAPACITIVE LOADS FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER

S0k 10k

VY

*LFI556 R = 50k
LFIS7 A = 125k

Re
{ e/ ~71
LF355/87 !
= Y l 'CL
Vin | |
4| soxs | I 10.01 uF
*2.0V l—' M
-2.0Vv VEEe =L )
1.0V
1.0V

Due 10 8 unique output stage design these amplifiers have the
abitity to drive large cspacitive losds and still maintain stability.
Ci (max) = 0.01 4F.

Ovsrshoot € 20% For distortion < 1% and 8 20 Vo-p Vo
Settling time (1,} & 5.0 us swing, power bandwidih is. 500 kHz,
FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT FIGURE 34 — SETTUNG TIME TEST CIRCUIT
2.0 %, 0.1%
vec YV
10V ‘_ +15V
0 2k, 0.1%
'430‘,‘0.1% 2

LF355€7
5.0k, 0.1% <

*1.0k, 0.1%¢

Summing p
Node

+15V

® Sertling tirne is tested with the LF355 6
connected as unity gain Inverter and LF357
connected for A, = -8

2N4416

Vo is sdjusted with 8 25 k potentiometer

® The potentiometer wiper s connected to Voo

For gountlamnnrs with tempersture coetficient of 100

ppm/PC or fess the additions! drift with adjust is 5 05 pV/

Sc/mV of sdjustmaent.

® Typical overall drify: 5.0 uV/°C (0.5 uV/PC/mv

of adjustment.} L =L ® Output = 10 V step
*A, = -8 for LF357

Oscilloscope

® FET used 1o isolate the prodbe capachance

FIGURE 35 — NONINVERTING UNITY GAIN FIGURE 36 — INVERTING UNITY GAIN FOR LF357
OPERATION FOR LF357
R2 R2
1 1
RIC> T mnm R2 MC? G ann
c R2 - Rg c n2
R SO o —O  R1- S
RS Lras? Avipcy= — 1 Lrss? Avipey = -1
f_3g8 ™ 5 MHZ '-BGB & 5 ANHz
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LE355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS {(continued)

FIGURE 26 — UNDISTORTED OUTPUT

FIGURE 25 — COMMON-MODE REJECTION RATIO
VOLTAGE SWING

s T 28 T T T
£ ; RLr2h ~ Ta® 250C
-3 « 2604 = A Vgt 15V
= Tar 2% z !\ Veg*r-15V
< Ve BV 2 [ANLY R =2k
z VEge-15V g ; AER L
g H LF355 : v
g 100 § © / A e A ] <15 0m.
£ g \\\\ < '\\ + \\T—}Y tF357 |
g S 42 H Loas !
£ w ! N 3 | \ NT N[ A8 T
z NN - ) \ ¥ .
Eoa AN 5 i N\ ANAN :
g NN 3 4 NN
e 2 Q S 40 ; THL TSN N
£
z N 1 11 ] 1
=} o 1]
W10 1k 0k 00k 1M 10M 0k 100k ™ M
1, FREQUENCY (Hn) 1. FREQUENCY (H2)
POWER SUPPLY VOLTAGE REJECTION RATIO
FIGURE 27 — {LF355 SERIES) FIGURE 28 — (LF356 AND LF357 SERIES)
g 7 g 1
e ! Tan250C 2 o "W
g Vg 15V 2 AT 2500
z Ve * 18V SN K Vet 15v
=3 . Positive & i S 100 NG N Veg=-15V
S oaor Supply 5 M Positive Supply
2 : g w0 \\\\ N
¢ ; & LF3567
8
g \\ R AN NN
zw S 5 E w2
3 [ S S
: Negnwe\\ : a0 Jl \ N,
E 4D Supply E' L~ Negative Supnly\ \ \
3 LF355 3 2 ! AN A
2 n » 4 & AT N
: a W) : AL
€ £ o
00 10 'k 10k 100k IM 10M W00 Tk 10k 100k 1M 10M 100M
1, FREQUENCY (H2) {, FREQUENCY {H1)
EQUIVALENT NOISE VOLTAGE
FIGURE 28 — (LF355/356357 SERIES) FIGURE 30 (EXPANDED SCALE)
g Mo £ 106
5 { [ 1 =
F owm Tas 2500 z
o Vee= 15V & 80
= we : Vgp*-15V E
o i o
> T >
g 80 \' | g 80
S BN R T c =
£ N g v NN s
) o LF355 =
§ i '4{ .t é " \\\
« <
E o s o : T R
= FESsi I g I
Y 11t i
0 100 % 0L 0 500 " S0k 004
1, FREQUENCY (Hz) 1, FREQUENCY {Hz)
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL APPLICATIONS

FIGURE 37 — WIDE BW, LOW NOISE,
LOW DRIFT AMPLIFIER FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS

R2 51k

—O -Vout I P - s -

fnax E 240 kH2

v

Vin -10V 2V L cL
—0 o :F . I 0.5 uF
-2V —
® Overshool 6%
s, ® t,=10us
o Power BW: frmax = .2_'\7.9 = 240 kHz ¢ When driving targe C, the Vo, slew rate is determined by €

and loyg(max)?
® Parasitic input capecitance (C1 = 3 pF for LFIS5, LF356, and LFI57 plus sny

sdditional layout capatitance} interacts with fesdback elernents end crestes un- AVgut four _ 002 .
Oesirable high fraquency pole. To compensate add €2 such that. R2C2 » RICY, _Zt_- -C—L— a -0—5- V/us = 0.04 V/us (with C shown}
FIGURE 39 — 8-BIT D'A WITH OUTPUT CURRENT FIGURE 40 — PRECISION CURRENT MONITOR
vee TO VOLTAGE CONVERSION s
13 $ = ne
MSB 5 14 R14 1
Al O?' A\ I
A20 15 Vet = 2.0 Vac Vee © =
‘\307' —O———‘V\'\P—jnu- R15 & 1.0 kSl System
R15 Ro = B.OKS
A4 05 MC1408L-8 =°
AS 0—10 =
A6 0‘—‘- =
A7 o-;-z- 2MNap92
A8 O—
Ls8 8 Vo Vo= 8 R1/R2 (V/mA of Ig)
16 a2 5k ® R1, R2, R3: 0.1% Resistors

'8 wom @ Use LF355 for —

(14 VEE & Common-Mode Range 1o Supply Range
Theoreucsl Vg 4 Lowhg
vo-Yirting, [AL, A2 A2 As A5 A A7, A8 s LowVio

R34 2 4 ] 16 32 64 128 256 & Low Supply Current

Adjust V¢, R14 or A so that Vg with ol digital inputs 81 high
level is equal to 8.961 vols.

2v 1 1 1 1 1

Vo v %‘ o R LR FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT

INSTRUMENTATION AMPULIFIER

Al
7 LF35S

Ay .__._.‘._]
2 8332  Tea” 28 " 2%

FIGURE 41 — LONG INTERVAL RC TIMER
15V

< 8

1: Re

S
b Clear

RS *Polycarbonate or
Polystyrene Capacitor

Time (1} = RACTn(VR/VR=-V), R3* Rg. Rg= 0.1 RE
1 R1= A2: 1= 0.693 R4C

® Vgun = RIR2R2R1 + 1)

AV, VEE + 2V & Vjp, common-mods € Veeo
* Symam Vg Adjusted vis A2 V|0 Adjust
® Trim R3 to Boost up CMRR to 120 ¢8

Design Example: 100 Second Timer
Vr=10V C = 1uF R3 = R4 = 144 M
RE6 =20k RS=2k R1=R2=1k
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@ MOTOROLA

CA3054

general purpose devices useful from dc to 120 MHz.

matched performance of the two channels is required.
o Two differential amplifiers on a common substrate
¢ (ndependently accessible inputs and outputs

® Maximum input offset voltage — t§ mV

DUAL INDEPENDENT DIFFERENTIAL AMPLIFIER

The CA3054 consists of two independent differential amplifiers
with associated constant-current transistors on a common monolithic
substrate. The six NPN transistors which comprise the amplifiers are

The monolithic construction of the CA3054 provides ciose
clecincal and thermal matching of the amplifiers which makes
this device particularly useful in dual channel applications where

GENERAL PURPOSE

TRANSISTOR ARRAY

SILICON MONOLITHIC
INTEGRATED CIRCUIT

MAXIMUM RATINGS

Rating Symbol Value Unit
Coltector-Emitter Voltage VCEO 15 vadc
Collector-Base Voitage - Veso 20 Vvdc
Emitter-Base Voltage Ve 50 vdc
Cottector-Substrate Voltage . veio 20 vde
Col Cuirent — Conti Ic 50 . mAdc
Junction Temperature T; 150 °¢
Operating Temperature Range Ta -40 10 +85 °c
Storage Temperature Rangs Tag -65 10 +150 '

"

P SUFRX
PLASTIC PACKAGE
CASE 646-06

PIN CONNECTIONS

nRoRcEnSnEn

[\

/]

T oW W W

Pin & is connected 10 substrate and must remain at the lowest circuit potentiat

MOTOROLA LINEAR/INTERFACE DEVICES
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v o ©

CA3054

ELECTRICAL CHARACTERISTICS (T4 = 259C, unless otherwise noted).

| Characteristic Symbol | Min | Tve Max Unit

STATIC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER

1nput Otfser Voltage Vio - - 5.0 mv
{veg = 3.0 vda)

Input Oftser Cuirent ho - - 20 HA
Vg = 3.0 vdd

1nput Bias Cutrent g - - 24 uhA
tVcg * 3.0 vdd)

STATIC CHARACTERISTICS FOR EACH TRANSISTOR

Base-Emitier Volitage VgE . Vdc
Veg = 3.0 Vde, Ic = SO uA) - - 0.70
(Veg © 3.0 Vde, I = 1.0 mA) - - 0.80
tveg * 3.0 Vdc, tc = 3.0 mA) - - 0.85
(Vg * 3.0 Vde, Ic = 10mAl po - 0.90

Coltector Cutof! Current 1 10] - - 100 nA
tVcg = 10 Vde, Ig = 0} i R

Cott -Ermitter 8 Voltage V(BRICEO 15 - - Vdc
fic= 1.0mA) - -

Cottectoi-Buse Breskdown Voltage V(BRICBO 20 - - Vae
fic = 10 uA)

[ S ] o Voltage V(BRICIO 20 - - Vdc
lig « 10 uA} .

Emutter-Bast Breakdown Voliege V(BRIEBO 50 - - Vrtc
fig « 100A)

MOTOROLA LINEAR/INTERFACE DEVICES
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ORDERING INFORMATION
Deviag Tompar ssure Rangs Pavhags
C ) aded $0-%4
= 1 = MC1496
[ a7} Cor armat 0P .
oo — MC1596
MCISG Shotal Con
$5C 1o « I8C
“C1S06L Carnmic OF
Specifications and Applications BALANCED
Information MODULATOR/DEMODULATOR
SILICON MONOLITHIC
BALANCED MODULATORI DEMODULATOR INTEGRATED CIRCUIT
. . . designed for use where the outpul voltage is a product of an

input voltage {signall and a switching function (carrier). Typical .
applications include suppressed carrier and amplitude modulation, G SUFRIX

synchronous detection, FM detection, phase detection, and chopper METAL PACKAGE
applications. See Motorola Application Note AN-531 for additional CASE 603-04
design information. VEE
e Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz w0y * Signal - Qutput

- 504d8 typ @ 10 MH2 Input — Carsrier
e Adjustable Gain and Signal Handling ; ’ Input
o Balanced Inputs and Outputs G‘.'" Ad.'“s‘ G) + Carrier
e High Common Mode Rejection — 85 dB typ Gain Adjust input

- Signal tnput + Qutput

Bias {Top View)

L SUFRX
CERAMIC PACKAGE
CASE 632-08
FIGURE t ~
SUPPRESSED-CARRIER
OUTPUT WAVEFORM D SUFFAX
PLASTIC PACKAGE
CASE 751A-02 1 .
50-14
P SUFRX
PLASTIC PACKAGE
CASE 646-06
"
1
+ Signal
Input & i VEE
2 Gain Adjust (] Iy NC
z SUPP FEKS;;JERDECZA-RRIER Gain Adjust f ~Outut
H R - Sign
3 SPECTRUM ,'gp:'l 5 [ NC
Bias — Carrier Input
+ Output NC
+ Carrier
ne Y = input {Top View)
arae sty .
FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM
: ”.l‘ LUy
Ty, V0
FIGURE 3 -

AMPLITUDE-MODULATION
OUTPUT WAVEFORM

P CTEE TR
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MC1496, MC1596

MAXIMUM RATINGS® (Tp = + 25°C unless otherwise noted}

Rsting Symbol Value Unit
Applied Volisge av 30 Vde
tVg - V7.Vg - V. Vg - V7. Vg - Vg. vy - Va.V7 - Va.
Vg - V4. Vg - V. V2 - Vg. V3 - Vs)
Ditferential Input Signal Vs - Vs +5.0 Vdc
Vg-Vq =(5+igRe)
Maximum Biss Current I 10 mA
Therma! Resistance, Junction to Air Rasa “cw
Ceramic Dual In-Line Package 100
Plastic Dual In-Line Package 100
Mets! Package 160
Opersting Temperature Range Ta °C
MC1496 Qto +70
MC1596 -5510 +125
Storsge Temperature Range Tsig -6510 4150 °C
ELECTRICAL CHARACTERISTICS® {Vee = ¢ 12 Vdc. VEE * - 8.0 Vdc. Ig = 1.0 mAde, R = 3.9 KL Ry » 1.0 1,
Ta = +25°C unless otherwise noted] (Al input and output charactaristics are single-ended unless otherwise noted.)
MC1598 MC149¢
Characteristic Flg. Note Symbot | Min | Typ Max | Min | Typ § Mex Unht
Carrier feedthrough 1) 1 VCFT . uVirms)
Vg = 60 mVirmsl sine wave and fc = 1O kHr - 40 - - 40 _
offset adjusted 10 zer0 fc - 10 MHz - 140 1 — - g | —
Vg = 300 mVp-p square wave: mVirms)
offset sdjusted to zer0 fc = 1.0kHz — |ooaio2 | ~ jooa] 0k
ofiset not adjusted ic = 10kH: - 20 100 - 20 | 200
Carrier Suppression 5 2 ves a8
fg = 10 kHz, 300 mV(rms)
fc = 500 &Hz, 60 mVirms) sine wave S0 65 — 40 65 -
fc = 10 MHz, 60 mVirms) sine wave - 50 - - S0 - %
T i Bandwidih (Magnitude} (Ry = S0 ohms! [} s BWagp MHz
Carriar Input Port, V¢ = 60 mV(rms} sine wave - 1.300 - _ 300 -
fg = 1.0 kHz, 300 mVirms) sine wave
Signal input Port, Vg = 300 mV{rms) sine wave - 20 - -_— 20 -_—
Vgt = 0.5 Vde
Signs! Gain 0 3 Ays 25 | 35 - 25 | 38 L VN
Vg = 100 mVirms), { » 1.0 kHi: Vel - 0.5 Vvde
Singte-Ended input impedance, Signal Port.f SOMMy 6 -—
Paraftel Input Resistance Tip — 200 -_ - 200 | — W
Parsliel input Capacitance Cip - 20 - - {20 - of
Single-Ended Output Impedance, ! = 10 MHz 6 —_ :
Parallet Output Resistonce fop — 40 — - L —_— -1}
Paratiel Ouiput Capaciance oo - 8.0 - -—_— 50 - oF
Inpant Bies Currert ? = BA
fos = l! + 'I: e = 'Z + '! Ibs - 12 5 -— 12 k)
2 2, 1oC —-— 12 25 - 172 0
input Otfset Current 7 - A
tiog = h-lai lioC = b-le Mosl | — |07 |50 ] — | &7 |0
. i Yot — j.07 | 50 = RAN R
A ge Temp Coefficient of input Ofset Current 7 - TCligl - 20 N 20 -— nASC
(Tp = ~55°C 1o +125°C)
Output Offset Current 7 — Mool — 13 50 - " 0 nA
tig=-t9)
Average T [ of Output Offset Current ? - MCioo | — 90 - - | 0 { — AT
(Ta = -55Cto +125C) .
Common-Mode Input Swing, Signel Port. fg = 1.0 kHz 9 4 cmy - 5.0 — — 50 - Vpp
Common-Moda Gain, Signal Port, fg = 1.0 kHz, ] -— ACM - -85 | — —_ -85 | — 8
Vel = 0.5 Vde :
Common-Mode Ouiescent Output Vohags (Pin 6 or Fin 9) 10 - Vout — 80 - - 80 —_ Vop
Difterential Output Voltage Swing Capability 10 — Vout — lso] — | = |as| =] ver
Power Supﬂv Current i 7 ) mAdc
g s iy ice — 20 | 30 - 20 | 40
o . 33 —{30]e0]| — {30480
OC Power Dissipation ? [ Po . 13 - P < ] P nw
* Pin aumber references penain to this devica when packaged in 8 metai can, To sscertain the corresponding pin numbers fot plastic of
ceramic packaged devices rafer to the first page of this specification sheet.
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MC1496, MC1596

GENERAL OPERATING INFORMATION *

Note 1 — Carrser Feodthrough

Carrer feedthiough 1s delined 23 the output voliage al carmier
frequency with only the cirrier spplied (signal voltage = 0},

Carrier null i3 acheeved by Balancing the currents in the differ-
ential amyplitier by means of 3 buss tnim poteftiometer (Ry of
Figure 5).,

Note 2 ~ Carrier Suppression

Cuttier suppiesson 15 defined as the (3110 of each sujeliand out-
put 10 carrier oulut for the carrrer and signal voltage levels specr-
ted.

Carrier suppression s very dependent on carrer input kevel, as
shown in Figure 22, A low value of the carrier does not fully
switth the unper switching devices, and results an fower signal
gain, hence lower carner suppression. A highei than oplimum car-
riee level resulls an unnecessary device and cucunt casner {eed-
thigugh, whith ogasn Jeg the figure. The
MC1596 has been characterized with @ GO mVinmsl sinewave
carnier input signal. This level provides optimum carner suppres-
sion al caner {tequencies in the vicinity ol 500 kHz, and is
generally rec for b ed plications.

Carrier feedthrough is independent of signat tevel, Vg. Thus
carnier suppression can be maximized by operating with farge sug-
nal fevels. Howewer, 3 linear opersting mode must be maintained
1n the signal-nput (1ansistor paw — of harmonics of the modutating
swynal will be generated and appear in the device outpul a8 sputious
sidetiands of the sapgiressed carrier.  This requarernent places an
upper limit on inputsignal amplitude {see Note 3 wnd Figuie 201,
Note aiso that an oplimum carmer level & recommenied in Fig
s 22 Lor goued cOtoes SinMession wxl mubnwan spnous sie- -
Daind genes st

A1 highes liequenaes wrant layout 5 very nnpor tant in onder
10 nnaemze ciny leedibroughs.  Stuelding mdy be necessary
order to prevent caaacitive Couphng betwesn (he ciarer dnnst
leads and the vutput leads.

Note 3 — Signat Gain and Maximum (nput Level
Signal gnn (sngleended] at low frequencies is defined as the
voitage gain,

28 mv
ig (mA)

Vo Ry
Ayg -vg-ne' zr.whcn fe ™
A constant dc potential is applied 10 the carrier input tevminals to
fully switch two of the upper transistors “on” and two transistors
“otf (Vg - 0.5 Vdc). This in effect forms a cascode dil ferentiat
amphfier,

Linear operaton requires thal the signal input be below s critr
cal value determuned by Rg and the bias current g

Vg < 15 Rg (Volts peakl
Note that in the test circuit of Figure 10, Vg corresponds to &
maximum value of 1 voit pesk.
A

Note 4 — Common-Moda Swing

The common-made swing is (he voltage which may be applied
10 Loth bases of the signal ditferential amplifier, withoul saturating
the current sources of without ssturdting the dilferential amphfier
itself by swanging it 1o the upper switching devices. This swing
s vanable depending on the paticulsr circuit and bissing condi-
tions chosen (see Note 6).

Note 5 — Power Dissipation

Power dissipation, Py, within the «ntegrated circuit pachage
shouid be calculated as the summaton of the voluage-current psod-

base current, Pp = 2 1g (Vg ~ Vi) ¢ 15 (Vg — Vgl where sub-
npis cefer 10 Mo numbers

Note 6 — Design Equations

The tollowing is @ parual st of desgn equations needed to
operate the cicust wath other supply voftages and input condi-
tions. See Note 3 for Re equation.

A. Opetating Curtent
The witernal bias curents are set by thw conditions at pin S,
Assume

'5-lg=19
tg<<ic tor ali 1ransistors

then.

- V—;—'Q -500 41 where: Rg 15 the resistor between pin
5 S and ground
$=075Vat Ty = +25°C

The MC1596 has been characterized for the condition Ig = 1.0
mA and is the generally recommended vaiue.

8. Coinmon-Mode Quiescent Output Voitige
Vgt Vo=V -1gRy

Note 7 — Biasing

The MC 1596 recuines three de bias voltage levels which must be
set exteaally. Guidehnes 0 selting up these theee levels include
maintaining a1 least 2 voits coliector-base bas on all transsstors
while not escesding the voltages given m the atsolute maximum
tating tdile,

30 Vde = [IVg. Vgl = (V7. Vgl = 2 Vdc
30 Vde 2 {{Vy, Vgl - (V1. Vgll & 2.7 Vde
30 Vde z V3, Vgl — (Vgl] 2 2.7 Vde

The foregoing conditions are based on the following approxima-
ons:

Vg-Vg, Vy:Vg Vy=Va

Bias currents flowing into pins 1, 4, 7, snd 8 are trangistor base
currents and can normally be neglected if external bias dividers
e designed (o carry 1.0 mA or more,

Note 8 — Transadmittance Bandwidth

Carfwer Leanssdmitiance bandwidth o the 3d8 bandwidth of
the device forvacd transadmittance as defined biy:

{each sideband)

Ve - '9—1*—F".., sgnal lVo

Signal 1ransadmittance bandwidth i3 the 348 bandwidth of the
Oevice forward transadmittance a3 defined by:

i (signal)
Y218 ™ v Tsignal

V=05 Vde, Vo= 0

*Pin number references pertain 1o thes device when packaged in a
metal can. To acertain the torresponding pin numbers for plas-
e or ceramic packaged devices refer 10 the first page of this

oot sheel.

uCls 81 edch purt, Le. isuining Vg * Vg ig - 1g - Ig and o -1
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MC1486, MC1596

Note 8 — Coupting and Bypasy Capacitors Cy and C

Capacitors Cy snd Cq {Figure 51 shoutd be selected for a re-

actance of less than 5.0 ohms at the carrcer frequency,

Note 10 — Output Signsl, V,

The oultput signal is taken from pins 6 and 9, either balanced

Note 12 - Signal Port Stability

Under certain velues of driving source impedance, oscitlstion
may occur. In this event, an RC suppression network should be
connected directly 1o each input using short leads. This will ceduce
the O of the source-tuned circuits that cause the oscillgtion,

SIGNAL INPUT

PINS18 @) © b

or single-ended. Figure 12 shows the output leveis of each of the
two outout sidebands resutting from variations in both the car-
rier and modulating signa! inputs with 8 single-ended output
connection.

$10
10pF

B
T

Note 11 — Negative Supply, Vee

VEE should be dc onty. The insertion of an RF choke in series -
with Ve g can enNance the stabsity of the internal current sources

An alternate method for low-frequency anplications is to insert
8 1 k-ohm resistor in series with the inputs, pins 1 and 4. In this
case input current drift may cause serious degradation of carrier
suppression.

TEST CIRCUITS

FIGURE 5§ — CARRIER REJECTION AND SUPPRESSION

FIGURE 6 — INPUT-OUTPUT IMPEDANCE
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FIGURE 7 — BIAS AND OFFSET CURRENTS
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NOTE" Pin number relerences pertrin 10 this device when packaged in s metal can. To asceriain the corrmponding pin
nurmbers for plestic or ceramic Pach aged devices reler 1o the first page of this specitication sheat.
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MC1496, MC1596

Note @ — Coupling end Bypass Capacitors Cy andCp

Capacitors Cy and C2 (Figure 5] should be selected for » re-
actance of less than 5.0 ohms at the carier frequency.

Note 10 — Output Signal, V,

The outout signat is taken from ping 6 and 9, either balanced
or single-ended. Figure 12 shows the output levels of each of the
two outpul sidebands resuiting from variations in both the cas-
rier and modulating signsl inputs with a singleended outout
connection.

Note 11 — Negative Supply, Vgg

Vg should be dc onty, The insertion of an RF choke n serses
with Vg can enhance the stability of the internal current sources.

Note 12 — Signal Port Stability

Under certain values of driving source impedance, oscillation
may occur, In this event, an RC suppression network should be
connected directly 10 each input using short leads. This will reduce
the Q of the source-tuned circuits that cause the oscillation,

SIGNAL INFUT

(PINS 1 & &)
An atternate method for low frequency aoplications is to insert
8 1 k-ohm resistor in series with the inputs, pins 1 and 4. Inthi
case input current drift may cause serious degradation of cacrier
suppression.

o AAA
s10
10 of

TEST CIRCUITS

FIGURE § — CARRIER REJECTION AND SUPPRESSION

FIGURE 6 ~ INPUT-OUTPUT IMPEDANCE
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FIGURE 7 — BIAS AND OFFSET CURRENTS
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MC1496, MC1596

TESY CIRCUITS {conunued)

FIGURE 9 ~ COMMONMODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
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TYPICAL CHARACTERISTICS {continued)
Typical Cligrocieristics wute Vbslamveal wili Lorcuit Mowi Dogone W1 500 & M7 {sine wevel,
Ve - 60 mVinal, tg  1hHe, Vg - 300 :nVirnal. Tg - ¢ 25°C uniess osherwisa noted.

FIGURE 12 SIGNAL-PORT PARALLEL-EQUIVALENT
F—'-_IGURE 11 - SIDEBAND QUTPUT versus CARRIER LEVELS INPUT RESISTANCE versus FREQUENCY
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MC1496, MC1596

TEST CIRCUITS (continued)

FIGURE 9 - COMMON-MODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING
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TYPICAL CHARACTERISTICS (continued)
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MC1496, MC1596

TYPICAL CHARACTERISTICS (continued)

Tvpical characieristics were obtained with corcuit shown in Figure 5.1 = 500 kHz (sine wavel,
Ve - 60 mViems), fg » 1 kHz, Vg e 300 mVirmi), T 4 = +25°C unless otherwise noted.

FIGURE 15 ~ SIDEBAND AND SIGNAL PORT FIGURE 16 - CARRIER SUPPRESSION
TRANSADMITTANCES versus FREQUENCY versus TEMPERATURE
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MC1496, MC1596

TYPICAL CHARACTERISTICS {continued)

FIGURE 21 — SUPPRESSION OF CARRIER HARMONIC
SIDEBANDS versus CARRIER FREQUENCY
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OPERATIONS INFORMATION

The MC1526/MC1496, s monolithic balanced modulator cir.
cuit, is shown in Figure 23.

This circuit consists of an upper quad dhiferentiat amplifier
driven by & standard differential amplifier with dual current
sources, The output colk s ore cr nied so that full
balanced multiplication of the two input vohages occurs, That s,
the output signsl is a constant times the product of the two input
signals.

Mathematical snalysis of linesr ac signal multiplication indi-
cates that the outputl spectrum will consist of only the sum and
ditference of the two input frequencies. Thus, the device may be
used as 3 balenced moduistor, doubly bafanced mixer, product
detector, f{requency doubler, and other applications requiring
these particular output signal characiernsties,

The tower differential amplifier has its emitters connected (o
the package pins $O thst an external emifter resistance may be
used. Also, external toad resistors are employer at the device
output.

Signal Lavels .

The upper quad differential amplilier may be operated either
in a finear or 2 saturated mode. The lower differentisl amplifier
is operated in a linear mode for most applications.

For low-level operation at both input ports, the output signal
will contain sum and difference frequency components and have
an amplitude which is a of the product of the input signal
asmplitudes,

For high-level operation at the carrier input port and linesr
operstion st the modulating signal port, the output signsi will
contein surn and difference {requency components of the modu-
fating signaj f and the fund ul and bdd harmonics of
the carrier frequency. The output amplitude wiil be 3 constant
times the modulating signsl smplitude. Any amplitude varistions
in the carrier signal will not sppear in the output.

FIGURE 23 — CIRCUIT SCHEMATIC
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NOTE  Fin number relerences pertain 10 ths device when packaged in & metal con. To asceriain the corresponrding pin
numbers (or plastic or ceramic pack aged devices refer to the first page of thit specification sheet.
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MC1496, MC1596

OPERATIONS INFORMATION (continued)

The linear signat handling capabilities of a differential amolifier
are well defined. With no emitter degeneration, the maximum
input voltage for linear operation is anproximately 25 mV peak.
Since the upper differential amplifier has its emitters internally
connecied, this voltage applies 10 the rarrier input port for alt
conditions.

Since 1he lower differential smplifier has provisions for an
external emitter resistance, its linear signal handling range may be
adjusted by the user. The maximum inpant voltage for linear op-
eration may be apiromimated from the following expression:

v (15) (RE)volls peak.

This expression may be used to compute the minimum value of
Rg for # given input voltage amplitude.

FIGURE 25 - TABLE 1
VOLTAGE GAIN AND OUTPUT FREQUENCIES

Carrier Input Approximate QOutput Signat
Signal (Vel Voltage Gain Frequencyls}
Ry v
Low-level dc L°c X7 (/Y]
2RE ¢ 2r){——
£« 20{J)
igh. il I
High.level dc Ag + 7rg LY
Low-tevel Aryetrs
ow-level ac ————— fotip
2J2(%0)trg « 2re)
High-level s¢ EILA fc tim. 3l tim.
REg ¢ 21, Sic th. . .

The gain from the modulating signal input port 1o the outpul s
the MC1596/MC 1496 gain parameter which is most often of interest
to the designer. This gain has significance only when the lower
diflerential amplifier #s operated in » linear mode, but this inchudes
mos1 applications ol the device.

As previously mentioned, the upper quad differential amphfier
may be operated either in a linear or 2 saturated mode. Approxs.
mate gain expressions have been developed for the M(C1596/
MC 1496 for a low-level modulating signal input and the fotlowing
carrier input conditions:

1) Low-ievel dc
2] High-level dc
3) Low-level ac
4) Migh-tevet ac

These gans are summarized in Table 1, along with the fre.
Guency components contsined in the output signal.

NOTES:

1. Low-level Modulating Signal, Vg, assumed in all cases.
Vg is Carrier input Voltage.

2. When the output signal contains multiple frequencies,
the gain expression given is for the output amplitude of
each of the two desired outputs, {c ¢ iy and g - .

3. All gain expressions awe for a single-ended output. For

8 differential output connection, multinly each expres.
sion by two,

. A = Load resistance,

. Rg = Emitter resistance between pins 2 and 3. o

te = Transistor dynamic emitter resistance, at +25°C;

owma

e 6 mV
e ™ g (mAl
7. K r Boltzmann's Constant, T - temperature in dagrees
Kelvin, q = the chwge on an gleciron,

"%I = 26 mV at room teayperature

APPLICATIONS INFORMATION

Double sideband suppressed carrier mordutation is the basic
anplication of the MCI50G/MC1496. The siggesied circuit for
thes application is shown ‘on the front page of this data sheet,

In some apphcations, it may be necessary 10 operate the
MC 1596/MC1496 with a sigle de supply voltage instead of dual
suoplies. Figure 26 shows 3 balsnced modulator designed for
operstion with 3 single +12 Vde supply, Performance of this cie-
cuit is simitar 10 that of the duat supply modulator,

AM Modulator

The circuit shown in Figure 27 may be uced as an ampifitude
modulator with 3 minor modifscation.

Al that is required to shift from suppressed carrier (0 AM
operation is 10 adjust the carrier null potentiometer for 1the proper
amount of carrier ingertion in the output sgnal.

However, the suppressed carrier null circvitry s shown in
Figure 27 does not have sufficient adiusiment range, Therefore,
the moduistor may be modilied for AM operation by changing
two resistor values in the null circuit a5 shown in Figure 28.

Product Detector

The MC1596/MC 1496 makes an excelient SSB prochct desec-
tor (see Figure 29}, .

This product detecior has a sensitivity of 3.0 microvolts ard &
dynamic range of 90 dB when opersting at an-intermediste fre-
quency of 9 MHz.

The detector is brosdband for the eatire high frequency range.
For opecation st very low intormediate frequencies down to S50
kHz the 0.1 UF capacitors on pins 7 and B should be increased to
1.0 uF, Also, the output filter at pin 9 can be tailored to a
specific intermediate frequency and sudio amplifier input im.
pedance. B

As in all spplicetions of the MC1596/MC1496, the emitter
resistance between ping 2 and 3 may Le increased o decreased 1o
adjust circuit gain, sensitivity, and dynamic range.

This circuit may alzo be used as an AM detecior by intraducing
carsier signal st the carrser input and sn AM signsl a1 the SSB
input,

The carrier signat may be derived from the intermediate fre-
quency signal or generated locally, The carrier signal may be in-
troduced with or without rodulstion, provided its level is
sufficiently high 1o ssturate the upoer quad dif ferential arrpiiliel
1 the carrier signal is modulated, 8 300 mV(rms} inpust tevel i<
recommended.
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MC1496, MC1598

APPLICATIONS INFORMATION {continued)

Doubly Batanced Mixer

The MC1596/MC 1496 e
nuxer wath either (LT Ty
output networks,

The local osciltator “ynal s ntroduced at the carrier uput
PO with o recommende avhiude of 100 mVirms)

Figure 30 shows a nuear wany 3 broadband inpat and 3 tuned
Qutpuat,

¥ e used as 3 doubly balanced
r tuned nacrow band wnpul and

Frequency Doubler

The MC15936/MC 1496 win opersie as a frequency doubier by
mntroducing the same "!uu.u;y #1 both input ports.

Figures 31 and 32 show 4 hroatband frequency doubler and a
tuned output very tugh Wapency IVHF) daubler, respectively.

Phase Detectron and FM Detection

The MC1S96/MC 1496 will funcion as a phase detector. High-
feved inprut segnals are introduced at both inputs When both inputs
ore af the wame frequency the MC1S96/MC 496 well deliver an
Outpul which 15 3 function of the phase difference between the
WO Input signais.

An FM detector may be construgted by using the phase duiec-
1or prnciple. A tuned aircuit s added at one of the inputs to
Cause the 1wo input signals 10 vary i phase a5 » function of (re-
quency, The MC1S9G/MC 1436 will then prowde an output winch
15 2 funclion of the input signal frequency.

N "
OTE Hin reseatier relerences Perian 10 tht Jevice when PIchaged o o nwtat can T siceriain the COrreIponding Pin
8 101 PIastic OF curamn Packagend devices reter 1o the fiest pege of this speciicstion sheet.

TYPICAL APPLICATIONS
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TYPICAL APPLICATIONS (continued)

FIGURE 30 - DOUBLY BALANCED MIXER
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VOLTAGE-CONTROLLED
OSCILLATOR

[ The MC1648 requires an external parallom

tank circuit consisting of the inductor (L)
and capacitor {C).

A varactor diode may be incorporated into
the tank circuit to provide a voltage variable
input for the oscillator (VCO}. The MC1648
was designed for use in the Motorola Phase-
Locked Loop shown in Figure 9. This device
may 'also be used in many other applications
requiring @ fixed or variable frequency clock
source of high spectral purity. {See Figure 2.}

The MC1648 may be operated from a +5.0
Vdc supply or 8 -5.2 Vdc supply, depending
upoN system requirements.

Bias Point 10

Output
Tank 12 i

AGC

tnput Capacitance = 6 pF typ

Maximum Series Resistance for L (External
Inductancel = 50 2 typ

Power Dissipation = 150 mW typ/pkg -
{+5.0 Vdc Supply)

Supply Volitage Gnd Pins Supply Pins

Maximum Output Frequency = 225 MHz typ +5.0 Vdc 7.8 1. 14
-5.2 Vdc 1,14 7.8
L SUFFIX P SUFFIX F SUFFIX :
CERAMIC PACKAGE PLASTIC PACKAGE CERAMIC PACKAGE
\_  CASEER2 CASE 646 CASE 607 )

FIGURE 1 — CIRCUIT SCHEMATIC
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FIGURE 3 ~ TEST CIRCUIT AND WAVEFORMS
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OPERATING CHARACTERISTICS

Figure 1 illustrates the circuit schematic for the
MC1648. The oscillator incorporates positive {eed-
back by coupling the base of transistor Q6 to the
collector of Q7. An automatic gain control (AGC)
is incorporated to limit the current through the
emitter-coupled pair of transistors (Q7 and Q6 ) and
sllow optimum frequency response of the oscillator.

in order to maintain the high Q of the oscillator,
and provide high spectral purity at the output,
transistor Q4 is used to transiate the oscillator sig-
nal to the output differential pair Q2 and Q3.
Q2 and Q3J, in conjunction with output transistor
Q1, provides a highly buffered output which pro-
duces a square wave. Transistors Q9 and Q11 pro-
vide the biss drive for the oscillator and output
buffer. Figure 2 indicates the high spectral purity
of the oscillator cutput (pin 3).

When operating the oscillator in the voltage
controlled mode (Figure 4), it should be noted that

~
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FIGURE 4 — THE MC1648 OPERATING IN THE VOLTAGE
CONTROLLED MODE

||}—:)

X
1

the cathode of the varactor diode (D) shouid be
biased at least 2 Vgg above Veg (1.4 V for pos-

itive supply operationl.

When the MC1648 is used with a constant de voltage
to the varactor diode, the output fiequency will viny
slightly because of internal noise. This vaniation s plotted
versus operating frequency in Figure 5.

FIGURE S — NOISE DEVIATION TEST CIRCUIT AND WAVEFORM
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{Circunt of Figure 4)
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TRANSFER CHARACTERISTICS IN THE VOLTAGE CONTROLLED MODE
USING EXTERNAL VARACTOR DIODE AND COIL. Tp = 25°C
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Typical uwansfer characteristics for the
oscillator in the voltage controlled mode are
shown in Figures 6, 7, and 8, Figures 6 and 8
show transfer characteristics employing only
the capacitance of the varactor diode {plus the
input capazitance of the oscillator, 6 pF typi-
cal), Figure 7 illustrates the oscillator operating
in a voltage controtied mode with the output
frequency range limited. This is achieved by
adding a capacitor in paraliel with the tank
circuit as shown, The 1 k{l resistor in Figures6
and 7 is used to protect the varactor diode
during testing, It is not necessary as long
as the dc input voitage does notcause the diode
1o become forward biased. The larger-valued
resistor (S1 k§2) in Figure B is required to
provide isofation for the high.impedance

‘junctions of the two varactor diodes.

The tuning range of the oscillator in the
voltage controlled mode may be calcutated as:

————
1A ¥ vCplmax} ¢+ Cg

femin VCplmin) + Cg

1

where fin = g
2n/L{Cpimax} + Cg)

Cg = shunt capacitance (input plus external

capacitance).

Cp = varactor capacitance as a function
of bias voltage.

Good RF and low-frequency bvpassing is
necessary on the power supply pins, (See
Figure 2.)

Capacitors (C1 and C2 of Figure 4) should
be used to bypass the AGC point and the VCO
input (varactor diode), guaranteeing only
dc levels at these points,

For output frequency operation between
1 MH2 and 50 MH2 3 0.1 ¢F capacitor is suffi-
cient for C1 and C2. At higher frequencies,
smaller values of capacitance should be used:
at lower {requencies, larger values of capaci-
tance. At high frequencies the value of ‘bypass
capacitors depends directly upon the physical
layout of the system. All bypassing should be
as close to the package pins as possible to
minimize unwanted lead inductance.

The peak-to-peak swing of the tank circuit
is set internally by the AGC circuitrv._ Since
voltage swing of the tank circuit provides the
drive for the output buffer, the AGC potential
directly affects the output waveform. If it is
desired 10 have a sine wave at the output of
the MC1648, a series resistor is tied from the
AGC point to the most negative power poten.
tial (ground if +5.0 voit supply is used, 5.2
volts if a negative supply is used} as shown in
Figure 10,

At frequencies above 100 MH2 typ, it may
be desirable to increase the tank circuit peak.-
to-peak voltage in order to shape the signal
at the output of the MC1648. This is accom.
plished by tving a series resistor (1 k$§2 mini-
mum) from the AGC to the most positive
power potential (+5.0 volts if a +5.0 volt sup-.
ply is used, ground if a -5.2 volt supply is
used). Figure 11 illustrates this principle.

APPLICAT.IONS INFOﬁMATION

The phase locked toop shown in Figure 9
iltustrates the use of the MC1G48 as a voltage
controlied oscillator. The figure illustrates
a frequency synthesizer useful in tuners for
FM broadcast, general aviation, maritime and
landmobile communications, amateur and
CB receivers. The system operates from a single
+5.0 Vdc supply, and requires no internal trans.
lations, since sil components are cormnpatible,

Frequency generstion of this tyne offers
the advantages of single crystal operation,
simple channel sefection, and elimination of
special circuitry to prevent harmonic lockup,

" Additional festures include de digital switching

{preferable over RF switching with a multiple
crystal system), and a broad range of tuning (up
to 150 MHz, the range being set by the varactor
diode),

The output frequency .of the syntheasirer
loop is determined by the reference frequency
and the nurmnber programmed at the program
mable counter; f,,, * Nf .. The channel
spacing is equel to frequency frer).

For edditional information on appticatians
end designs for phase locked loops and digital
frequency synthesizers. see Motorola Applica
twon Notes AN.532A, AN 535, AN 553, AN
664 or AN594,

Y
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FIGURE 8 — TYPICAL FREQUENCY SYNTHESIZER APPLICATION
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Figure 10 shows the MC1648 in the variable frequency
mode operating from a +5.0 Vdc supply. To obtain a sine
wave at the output, a resistor is added from the AGC
circuit (pin 5} to VEEg.

Figure 11 shows the MC1648 in the variable frequency
mode operating from a +5.0 Vdc supply. To extend the
useful range of the device (maintain a square wave output
above 175 MHz), u resistor is added 1o the AGC circuit at
pin 5 {1 k-ohm minimum). 7

FIGURE 10 - METHOD OF OBTAINING A SINE-WAVE OUTPUT

- Figure 12 shows the MC1648 operating from +5.0 Vdc
and +9.0 Vdc power supphes. This permits a higher voitage
swing and higher output power than i possible from the
MECL output {pin 3). Plots of output power versus total
collector load resistance at pin 1 are given in Figures 13
and 14 for 100 MHz and 10 MHz operation. The total
collector load includes R in parallet with Rp of L1 and
C1 at resonance. The optimum value for R a1 100 MHz is
approximately 850 ohms.

FIGURE 11 - METHOD OF EXTENDING THE USEFUL AANGE
OF THE MC1648 (SQUARE WAVE OUTPUT)
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FIGURE 12 - CIRCUIT USED FOR
COLLECTOR QUTPUT OPERATION

+S0Vv

FIGURE 13 - POWER OUTPUT versus COLLECTOR LOAD
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FIGURE 14 — POWER QUTPUT versus COLLECTOR LOAD |

See test chreuit, Figure 12,1
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Rpof L1 ana Ct
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11 %12 @ 100 MM, Rasonance
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o~
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TOTAL COLLECTOR LOAD 'nheat
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POWER OUTPUT tmw RMS)

See test circuit, Figure 12,1 + 10 MH?
C3 410 nF
Coitacior Tank

LY 27uH C1 2¢

n %01 Wk
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TECHNICAL DATA
MV104
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ONE DES VOLTAGE-VARIABLE
designed for FM turing, generat frequency contro! and tuning, or CAPACITANCE DIODES

any top-of-the-line application requiring back to back diode configu-
rations for minimum signal distortion and detuning. This device is
supplied in the popular TO.92 plastic package for high volume, f
economical requirements of consumer and industrial applications.
® High Figure of Merit '
Q=140 {Typ) @ VR = 3.0 Vdc, f = 100 MH? |
Guaranteed Capacitance Range
37-42pF @ VR = 3.0 Vdc (MV104)
Oual Diodes — Save Space and Reduce Cost
TO 92 Package for Easy Handling and Mounting
Monolithic Chip Provides Near Perfect Matching ~ Guaranteed
£ 1% (Max) Over Specified Tuning Range %

MAXIMUM RATINGS (Each Device)
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CLECTRICAL CHARACTERISTICS 1Ty 4" unless otherwise noted Each Device)

Charactensne - At Types Symbol Min Typ Max Unit
< Rurabal v n Voltage VIBRIR 37 - . Ve
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VR0 Ve LI 500
Dinede Capacitpnea Temporanmn ¢ eslbu pont l(:c - 280 — pomOC
IV A0V 10y
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

{ MC145151-2

Parallel-lnput PLL Frequency

Synthesizer - m
Interfaces with Single-Modulus Prescalers Ry 6 all ¢ surrx
' CASE 710

The MC145151-2 is programmed by 14 paraliel input-data lines for the N counter and
3 input lines for the R counter. The device features consist of a reference osciliator, select-
sble-reference divider, digital-phase detector, and 14-bit programmable divide-by-N

counter.
The MC145151-2 is an improved-performance drop-in replacement for the MC145151-1. .

The power consumption has decreased and ESD and latch-up performance have @ FNPiléZle
improved. ! CASE 776

® Low Power Consumption Through Use of CMOS Technology

@ 3.0 t0 9.0 V Supply Range

® On- or OH-Chip Reference Oscillator Operation

.® -Lock Detect Signal ORDERING INFORMATION
® -+ N Counter Output Available

_® ~Single Modulus/Paralle! Programming MC145151P2 Plastic DIP
_8-8 User-Selectable + R Values: 8, 128, 256, 512, 1024, 2048, 2410, 8182 MC145151FN2  PLCC Package

/0:-1- N Rangs=3 10 16383
® “Linesrized” Digital Phase Detector Enhances Transter Function Linearity
@® Two Error Signa! Options: Single Ended (Three-State) or Double Ended
@ Chip Complexity: 8000 FETs or 2000 Equivalent Gates

BLOCK DIAGRAM

AAA
VAV~

RA2
uug 14 B AOM REFERENCE DECODER l
O5Cout 50 1
g i Lock w
1 DETECT
DSc..—‘H >o———o| 1487 R COUNTER j—l__

R

in »—Do——t 148IT + N COUNTER

'DD% } oV
LL] h- 8

{ TRANSMIT OFFSET ADDER

|
LREREEERLERRER

NI13 N1) KNS N7 N6 N4
NOTE: NO through N13 inputs and inputs RAO, RA1, and RA2 have pullup resistors not shown, ‘

TRANSMIT
RECEIVE
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MC145151-2

P

PIN ASSIGNMENTS

w1 e 2w
vss(] 2 27 {108,
vpoll 3 2% [J0sCoy
[ ] 25 [JNn
Rra0( s ufIne
RAL{ 6 2 {Ims
a7 22Kz -
1 E] n{lm
oylls 20{1ns
{0 19 {lns
N1 18R
Nifl 12 17{In8
N2} 13 18 [Ins
N3[] 14 15(1%e
. PLASTIC DIP

PIN DESCRIPTIONS

INPUTS
fin~-Frequency Input

input to the + N portion of the synthesizer. fin is typicatly
derived from loop VCO and is ac coupled into the device. For
larger amplitude signals (standard CMOS logic levels) dc cou-
pling may be used.

RAO, RA1, RA2— Reference Address Inputs

These three inputs establish a code dafining éne of eight
possible divide values for the total references divider, as defined
by the table below.

Pulup resistors ensure that inputs left open remain at a logic
one and require only a8 SPST switch to alter data to the zero

state.

Reforonce Address Code | Tot!
Divide
RA2 RA1 RAO Vatue
0 0 0 8
0 0 1 8
0 1 0 %6
o 1 1 512
1 0 0 1024
1 0 1 2049
1 1 0 2410
1 1 1 8182

N Inputs—N Counter Programming inputs

These inputs provide the data that is preset into the + N
counter when it reaches the count of zero. NO is least signif-
icant and N13 is most significant. Pullup resistors ensure that
inputs left open remain at a logic one and raquire only a SPST
switch to alter data to the zero state.

08Cou

10
05C;q

N1t
In10
1813
fIN12
1T
N9

[ing

15 16 17 18

- 0 @~
2 T B T 2 = =

PLCC PACKAGE

Transmit/Receive—0Offset Adder Input

This input controls the offset added to the data provided at
the N inputs. This is normally used for offsetting the VCO
frequency by an amount equal to the IF frequency of the
transceiver. This offeet is fixed at 856 when T/R is low and
gives no offset when T/R is high. A pullup resistor ensures
that no connection will appear as a logic one causing no offset
addition.

0SCin. 0SCout— Reference Oscillator Input/Output

These pins form an on-chip reference oscillator when con-
nected to terminals of an external paralis! resonant crystal.
Frequency setting capacitors of appropriate value must be
connected from OSCin to ground and OSCyt to ground.
OSCjp, may also sarve as the input for an externally-generated
reference signai. This signal is typically ac coupled to OSCip,
but for larger amplitude signals (standard CMOS logic levels)
de coupling may also be used. In the external reference mode,
no connection is required to OSCoyt.

OUTPUTS
PDyut—Phase Detector A Output
Three-state output of phase detector for use as loop error
signal. Double-ended outputs are also available for this purpose
(see ¢y and éR).
Frequency fiy>fR or fy Leading: Negative Pulses
Frequency fy <fg or fy Lagging: Positive Pulses
Frequency fy = fR and Phase Coincidence: High-Impedance
State ’

¢R. ¢y —Phase Detector B Outputs

These phase detector outputs can be combined externally
for a loop-error signal. A. single-ended output is aiso available
for this purpose (see PDgy).

MC145151-2 Series, Page 3
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»
t

i frequency fy is greater than fR or if the phase of fy is LD —tock Detector Output
leading, then error information s provided by év pulsing low. Lock detector signal. Essentially a high level when loop is
R remains essentially high. . . locked (fR, fy of same phase and frequency). Pulses low when
I the trequency fy is less than fg or it the phase of fy is Joop is out of lock.
lagging, then error information is provided by ¢R pulsing low.

v remains essentially high, PPLY
If the frequency of fy = fg and both are in phase, then both POWER SU

&y and 6R remain high except for 2 small minimum time period Voo

when both pulse low in phase. The positive power supply potenyjal. This pin may range

from +3 to +9 V with respect to Vsg.
fv—N Counter Output

This is the butfered output of the + N counter that is in- Vss -
ternally connected to the phase detector input. With this out- The most negative supply potentisl. This pin is usually
put available, the < N counter can be used independently. ground.
TYPICAL APPLICATIONS
2.048 MHz
i} |t
g :-t N N
= i | d l S l
0SC;, 05Ceut fin RAZRAT  RAD
VOLTAGE
MC145151-2 Pl —aAA ) CONTROLLED
OSCRLATOR
N13 N12 NTINIO N3 N8B N7 NE NS N3 W2 W
5-5.5 MH:

N
L
01110001000=5 MH:
= - 10101111100=55MK:

5 MHz to 6.5 MHz Local Osciilator Channe! Specing =1 kHz

LOCK DETECT SIGNAL TRANSMIT: 440.0-470.0 MHz
\ 7 2 RECEIVE: 418.6-448.6 MH:
1 1 o CHOICE OF (25 kHz STEPS)
I | | DETECTOR }
v ERROR
OSCan RAZ  RAl  RAD LD W
4 F——q 0t Pon [ — pIMST
+V Vop SRp— Q. — = VCO i X6
T MC145151:2 FILTER
= T Vss X oV
1°n§:.1gs:.m = " fin —-1 ' T: 73.3333-78.3333 MH:
Toou7 ESEEEEERERREE ;: ;35 ?:;3;:55 ‘,’:3’;{,,” R: 59.7667-74.7667 MH:
OPTIONAL) g g . | i
CHANNEL PROGRAMMING
8

EENE o . + N=2284 T0 3484

TRANSMIT

L (aoos 856 70
+ N VALUE}
X8 502
NOTES: 500 Mt

1. fr=4.1667 kHz; <+ R=2410; 21.4 MHz low side injection during receive.
2. Frequency values shown are for the 440-470 MHz band. Similar implementstion applies to the 406-440 MHz band. For 470-512 MHz, consider

reference ceciliztor frequency X9 for mixer injection signal (90,3750 MHaz).

Synthesizer for Land Mobils Radio UHF Bands

MC145151-2 Series, Page 4
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MC145151-2¢MC145152-2¢MC145155-2
MC145156-2°MC145157-2¢MC145158-2

FAMILY CHARACTERISTICS

MAXIMUM RATINGS* (Volages Referenced to Vgg)

Symbol Paramster Value Unit
Vpp | D< Supply Voltage ' -05t0 +100 | V
Vin. Vout | input or Output Voltage (DC or Transient), -05t0 Vpp+0.5| V
except SW1, SW2
Vout | Output Voltage (DC or Transient), -0.5t +15 v
SW1 or SW2 (Royyp = 4.7 kil
fine lout { Input or Output Current (DC or Transient), +10 mA
per Pin
DD, Iss | Supply Cument, Vpp or Vgs Pins +30 mA
Pp Power Dissipation, per Packaget . 500 mw
) Tetg Storage Temperature -6510 +150 °C
Tt Lead Tempersture, 1 mm from Case for 260 °C
10 seconds

*Maximum Ratings sre those values beyond which damage to the device may occur.

should be

F

tables or Pin Descriptions saction.
tPower Dissipation Temperature Derating:
Plastic DIP: ~ 12 mW/°C from 65°C to 85°C

PLCC Package: - 12 mW/°C from 65°C to 85°C

SOG Package: -7 mW/°C from 65°C 10 85°C

d to the limits in the Electrical Characteristics

ELECTRICAL CHARACTERISTICS (Vohages Referenced to Vss)

These devices contain protection cir-
cuitry to guard against damage due to high
static voltages or electric fields. However,
precautions must be taken to avoid ap-
plications of any voltage higher than max-
imum rated voltages to thess high-
impedancs circuits. For proper operation,
Vin and Vgt shouid be constrained to the
range Vgg ={Vin of Voyuy sVpD except
for SW1 and SW2.

SW1 and SW2 can be tied through ex-
ternal resistors to voiteges as high as 15
V de, independent of the supply voltage.

Unused inputs must always be tiad to
an appropriate logic voltage level (e.g.,
either Vgg or Vpp), except for inputs with
puilup devices. Unused outputs must be
left open.

-40°C 25°C &5°C
Symbol Parameter Test Condition Voo Unit
V | Min | Max | Min | Max | Min | Max
Vpp  jPower Supply Voltage Range - 3 9 3 9 3 9 \'s
lsg  |Dynamic Supply Current fin = OSCip = 10 MHz, 3 - |35] - 3 - 3 | ma
1 Vp-p ac-coupled sine wave 5 - 10 - 7.5 - 7.5
R=128, A=32, N=128 9 - Y - 24 - 24
Iss  {Ouiescent Supply Current {not Vin=Vpp orVss 31 - 180 ]| — {800 — |1600] uA
including pullup current component) floyr =0 xA 5 — | 12004 - [1200]| -~ [ 2400
9 — (1001 — |00 — | 3200
Vin Input Voltage —f;n, OSCipn Input sc-coupled sine wave - | 500 - 500 - 500 — |mVp-p
A\ Low-Level Input Voltage—~ Vout=2.1V  Input de- 3 - 0 - (4 - 0 AY
fin, OSCin Vout=3.5V  coupled 5 - 0 - (] - 1]
Vout26.3V  square wave | 9 - 0 — 0 - 0
ViH High-Leve! Input Voltage— Vouts0.9V Input dc- 3 3.0 - 3.0 - 3.0 - v
fin» OSCin Vouts1.5V  coupled § | 6.0 - 5.0 - 5.0 -
Vouts2.7 V square wave | 9 9.0 - 9.0 - 8.0 -
Vir Low-Level Input Voltage—except 3 - 0.9 - 0.9 - 0.9 v
fin, OSCin, 5 - 1.5 - 1.5 - 1.5
R g [ - 2.7 - 2.7 - 27
Vi [High-Leve! Input Voltage—except 3f21 ] - |21} ~ a2t | = v
fine OSCin § 135} ~ {35] ~ | 35| —
. 9 | 83 - 6.3 - 6.3 -
kin fnput Current {f,, 0SCjp) Vin=Vpp or Vgg 9 +2 | 250 | £2 | 25 2 | 222 | pA
LTH Input Leakage Current (Data, Clock, {Vin =Vgs 9 - }=-03] = | -01] ~ [-10] xkA
Enable —without Pullups)
it |input Leakage Current (all inputs Vin=VDD 9 - 0.3 - 0.1 - 1.0 RA
except f;n, OSCip)
hiL  |Pullup Current (all inputs with Vin=Vss 9 | -20[ -400| -20| -200{ -20] ~170| wA
Pullups) °
Cin Input Capacitance - - 10 - 10 - 10 pF
Continued
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MC145151-2¢MC145152-2¢MC145155-2
MC145156-2¢MC145157-2¢MC145158-2

FAMILY CHARACTERISTICS
ELECTRICAL CHARACTERISTICS (Continued} .
Vopl__-%°C ] =s'c Bs°C
Symbol Parameter Test Condition = Unit
V | Min | Max [ Min | Max | Min | Max
VoL  {Low-Leval Qutput Voltage—OSCoyq lout=0 pA 3 - 0.9 - 0.9 - 0.9 v
Vin=Vpp 5 - 1.5 - 1.5 - 1.5
9 - 2.7 - 27 - 2.7
VoH  {High-Levet Output Voltage— OSCoyy [loy =0 nA 3} 21 - 2.1 - 23 - v
Vin=Vsg 5 1 35 - 35 - 38 -
. g | 63 - 6.3 - 63 -
VoL Low-Level Output Voltage—Other [l =0 uA 3 - 1005{ - |005] - | 005 v
Outputs 5 - [005) — 1005] ~ |0.05
9 - 0.05 - 0.05 - 0.05
Von  [High-Level Output Voltage—~ Other lout=0 A 3 1295) ~ 295 - |28 | ~ \
Outputs 5 | 495 | ~ | 495 - (495 ] —
9 1895 — 895 — (895 —
ViBRIDSS |Drain-to-Source Breakdown Rpuiiup = 4.7 k0 - 15 - 15 - a5 - v
Voltage— SW1, SW2
oL Low-Level Sinking Current— - Vour=0.3 Vv 3 {130 - 1.10 - 1068 - mA
Modulus Control Vour=0.4 v 5 |180f - 11720 | - 1| -
Vour=0.5 vV 9 /1380] - 1330} —- j210] ~
101 High-Level Sourcing Current— Vour=2.7V 3 |-060) - |-050] - {-030] =~ mA
Modulus Control Vour=4.6 V S |-080] — 1-075| - [-050] -
Vour=8.5 V 9 |-180] - }-125] — |-080| -
oL Low-Level Sinking Current—Lock |V =03V 31025 -~ 1020} — j0oi15[ — [ mA
Detect Vour=0.4 V § 1064} — o051 —~ [03] —
Vout=0.5 V 9 10| - J100} - Jor0| -~
lon High-Level Sourcing Current—Lock [Voe=2.7 V 3 |1-025) - |-0200 - [-015] — mA
Detoct Vour=4.6 vV 5 1-064) — 1-051] - [-036] ~
Voyt=8.5 V 9 |-1.30f - }-100] - {-070] -
oL Low-Level Sinking Current—SW1, [Vg0=0.3V 3 1080 —~ (048] — o024 -~ mA
Sw2 Vour =04 V 6§ |15} - 1090]| — {04 —
Vour=0.5 V 9 /3801 — {210] - |105] —~
oL Low-Level Sinking Current—Other  |Vgyq=0.3 V 3 j1044| -~ 035 — [02] ~ mA
Outputs Vour=0.4 V 5§ 1064 — los1| — o3| —
Vout=0.5 V 9 110 - 10| -~ [0 | —
loH High-Level Sourcing Current—Other V=27 V 3 |-044) — |-035 - |-022] -~ | mA ]
Outputs Vour=4.6 V S |-064f — 1-051] — 1-036] —
Vour=8.5 V 9 {-130] - J-100 — |-0720] —
oz Output Leskage Current— PDg,,y Vout=Vpp or Vgs 9 — | 203) - 201} - |210] pA
Output in Off Stats
oz Output Leskage Current—SW1, Vout = VDD of Vssg 9 — {203; ~ {201] — | +30]| A
SwW2 Output in Off State
Cout___[Output Capacitance ~PDqyq POgyr—3-State - - 10 - 10 - 10 pF

MC145151-2 Series, Page 23
A\

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUFS

567




MC145151-2MC145152

-2°MC145155-2

MC145156-2¢MC145157-2MC145158-2

FAMILY CHARACTERISTICS

. FREQUENCY CHARACTERISTICS (Volages Referenced 10 Vs, CL =50 pF. Input t;= tg = 10 ns uniass otherwise indicated)

-40°C %°C 86°C
Symbol Parameter Test Condition Voo Unit
V | Min { Max | Min | Mex | Min | Max
f input Frequency (i, OSCip) R28, Az0,N28 3 - 6 - 6 - 6 | MHz
Vin =500 mVp-p ac-coupled 5 - 15 - 15 - 15
sine wave 9 - 15 - 15 - 15
- Rz8, Az0, N28 3t -l 2f -2 - 7 | MHz
Vin=1 Vp-p ac-coupled sine 5 - 2 - 20 - 20
wave 9 — 25 - 2 - 22
Rxz8, A=0, Nz8 3 - 13 - 12 - 8 MHz
Vin= VDD to Vgg de-coupled | 5 - 2 - 2 - 2
squate wave 9 - 25 - ] - 25
fa
REFERENCE
{0SC + R}
fy
FEEDBACK
I +8

Pg OUT

gl | Ve

&=

b

iES

S

NOTE: The Pp output stste is equal to either Vpp or Vgg whbn active. When not
active, the output is high impedancs and the voltage at that
pin is determined by the low pass filter capacitor.

Figure 9. Phase Detector/Lock Detactor Output Waveforms
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MC145151-2¢MC145152-2¢MC145155-2
MC145156-2¢MC145157-2¢MC145158-2

DESIGN CONSIDERATIONS

PHASE-LOCKED LOOP—LOW PASS FILTER DESIGN

A POguy ——‘\;\"VT veo - Vm
HR¢C

$R— I
y— = fo e )
2KKyCD
I\ g 1
’ Pl T

—»vw—%‘vco ¥
I/ Kskveo
o= |/ o
NCiRy +Ra)

=. N
185w ( z':"'(eﬁ(vcu)

RasC+1
Ry +RalsC+1

Kekveo
w v WCRy

r-“'_'lzc_
2

Fig) =

c' _M_EM
ASSUMING GAIN A IS VERY LARGE, THEN:

: RasC+y’
Pl IT

NOTE: Sometimes Rq is split into two series resistors each Ry + 2. A capecitor Cg is then placed from the midpoint 10 ground to further filter
oy and ég. The value of C¢ should be such that the corner frequency of this network doss not significantly affect wp.

DEFINITIONS:
N = Total Division Ratio in feedback loop
K¢ {Phase Detector Gsinl =Vpp/4x for PDgyt
Ko (Phase Detector Gain) = Vpp/2x for ¢y and 6R
2zAtyco
aVveo
for 8 typical design wr, {Natura! Frequsncy)} :g"g—-' (st phase detector input),

Kyco (VCO Gain) =

Damping Factor: £ =1

RECOMMENDED FOR READING:
Gardner, Floyd M., Phaselock Techniqun {: d edition]. New York, Wiley-Interscience, 1979,
Ma itsch, Vadim, Freq thesizers: Theory end Design {second edition). New York, Wiley-Interscience, 1980.
Bllnchard Alain, Phase-Locked Loops Applrcar/on to Coherent Receiver Design. New York, Wilsy-Interscience, 1976,
Egen, William F., Frequency Synthesis by Phase Lock. New York, Wiley-Intersciencs, 1981,
Rohde, Ulrich L.. Digira/ PLL Frequency Synthesizers Theory and Design, Englewood Cliffs, NJ, Prentice-Hall, 1983,
Berlin, Howard M., Design of Phase-Locked Loop Circults, with Experiments. Indianapolis, Howard W. Sams and Co., 1878.
Kinley, Haroid, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA. Tab Books, 1980,
ANS35, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1870. -
AR254, Phase-Locked Loop Design Articles, M la Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 1967,
BRS04/D, Electronic Tuning Address Sysmms. Motorola Semiconductor Producvs fnc., 1986.

kY

=
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DESIGN CONSIDERATIONS

CRYSTAL OSCILLATOR CONSIDERATIONS

The following options may be considered to provide a ref-
erence frequency to Motorola’s CMOS frequency synthesizers.
The most desirable is discussed first.

USE OF A HYBRID CRYSTAL OSCILLATOR

Commercially available temperature-compensated crystal
oscillators (TCXOs} or crystal-controlled data clock oscillators
provide very stable reference frequencies. An oscillator capable
of sinking and sourcing 50 zA at CMOS logic levels may be
direct or dc coupled to OSCin. in general, the highest fre-
quency capability is obtained utiizing @ direct-coupled square
wave having a rail-to-rail (Vpp to Vgg) voltage swing. If the
oscillator does not have CMOS logic levels on the outputs,
capacitive or sc couplng to 0SCin, may be used. 0SCoyy, an
unbuffered output, should be left flosting.

For additional information about TCXOs and data clock os-
cillators, please consult the Iatest version of the eem Electronic
Engineers Master Catalog, the Gold Book, or similar
publications.

DESIGN AN OFF-CHIP REFERENCE

The user may design an off-chip crystal oscillator using ICs
specifically developed for crystal oscilistor applications, such
as the MC12061 MECL device. The reference signal from the
MECL devics is ac coupled to OSCi,. For large amplitude
signals (standard CMOS logic levels}, dc coupling js used.
0SCout, an unbuffered output, should be ieft floating. In
general, the highest frequency capability Is obtained with a
direct-coupled square wave having rail-to-rail voltage swing.

USE OF THE ON-CHIP OSCILLATOR CIRCUITRY

The on-chip amplifier (2 digital inverter) along with an ap-
propriate crystal may be usad to provide 8 rsference source
frequency. A fundamental mode crystal, paralle! resonant at
the desired operating frequency, should be connected as
shown in Figure 10,

For Vpp =5V, the crystal should be specified for a foading
capacitance, Cy, which does not excesd 22 pF for frequencies
to approximately 8 MHz, 20 pF for frequencies in the area of

T T T T R T T ey |
: APA SYNTHESIZER|
|
el
! |
| SRS S prapp—|
0SCiq 0SCoq
_‘:‘D ne
c1:=: :_-En

*May be deisted in certain cases. See text.

Figure 10. Pierce Crystal ‘Oscillator Circuit

8 to 15 MHz,"and 10 pF for higher frequencies. These are
guidelines that provide a reasonable compromise between IC
capacitance, drive capability, swamping variations in stray and
ICinput/output capacitance, and realistic C|_values. The shunt
load capacitance, C|, presented across the crystal can be
estimated to be:

CinC c1-C2
= ——irout
=G+ Con 0% T |

where
Cin="5 pF (see Figure 11) [

Cout=6 pF (see Figure 11)
Ca =1 pF (see Figure 11) }
Co = the crystal’s holder capacitance (see Figure 12}
C1 and C2=external capacitors (see Figure 10) |
|

" T °
1
g
i 1
ke

Figure 11, Parasitic Capacitances of the Amplifier

Rg lg Cs
1 2 1 2
S S
Co
1 Ry Xq 2
‘= o—wWA—{3—o
NOTE; Values sre supplied by crystal manuf

{paralie! resonant crystal).

Figurs 12. Equivalent Crystal Networks

The bscillator can be “trimmed"’ on-frequency by making a
portion or afl of C1 variable. The crystal and associated com-
ponents must be located as close as possible to the OSCip,

and OSCqyy pins to minimize distortion, stray capacitance,
stray inductance, and startup stabilization time. In some cases,
stray capacitance should be added to the values for Cin and
Cout.

Power is dissipated in the effective series resistance of the
crystal, Ry, in Figure 12. The drive level specified by the crystal
manufacturer is the maximum stress that a crystal can with- i
stand without damage or excessive shift in frequency. R1 in
Figure 10 limits the drive level. The use of R1 may nonbe
necessary in some cases; l.e., R1=0 ohms. !

To verify that the maximum dc supply voltage does not
overdrive the crystal, monitor the output frequency as a fuhc-
tion of voltage at 0SCqyy. (Care should be taken to mnmm:ze

Al
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MC145151-2¢MC145152-2¢MC145155-2
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DESIGN CONSIDERATIONS

DUAL-MODULUS PRESCALING

OVERVIEW

The technique of dual-modulfus prescaling is well established
as a method of achieving high performance frequency syn-
thesizer operation st high frequencies. Basically, the approach
allows relatively low-frequency programmable counters to be
used as high-frequency programmable counters with speed
capability of several hundred MHz. This is possible without
the sacrifice in system resolution and performance that results
if a fixed {single-modulus) divider is used for the prescaler,

in dual-modulus prescaling, the lower speed counters must
be uniquely configured. Special control logic is necessary to
select the divide value P or P + 1in the prescaler for the required
amount of time (see modulus contro! definition}. Motorola’s
dual-modulus frequency synthesizers contain this feature and
can be used with & variety of dual-modulus prescalers to allow
speed, complexity and cost to be tailored to the systsm re-
quirements. Prescalers having P, P+ 1 divide values in the
range of + 3/ <+ 4 to + 128/ + 129 can be controiled by most
Motorola frequency synthesizers.

Several dual-modulus prescaler approaches suitable for use
with the MC145152-2, MC145156-2, or MC145158-2 are:

MC12000 +5/+6 440 MH2
MC12011 <8/ +9 500 MHz
MC12013 +10/+ N 500 MHz
MC12015 +/+B 225 MHz
v MC12018 + 0/ + 41 225 MHz
MC12017 + 64/ + 65 225 MHz
MC12018 + 128/ +128 820 MHz
MC12022A + 54/65 or +128/129 | 1.1 GHz
MC12032A ~+64/65 or +128/129 | 2.0 GHz

DESIGN GUIDELINES

The system total divide value, Nyoeai (NT) will be dictated
by the application,i.e.

frequency into the prescaler

frequency into the phase dstector NeP+A

NT=

N is the number programmed into the <+ N counter, A is
the number programmed into the <+ A counter, P and P+1
are the two selectable divids ratios available in the dual-mod-
ulus prescalers. To have a range of NT values in sequencs,
the < A counter is programmed from zero through P -1 for
& particular value N in the <+ N counter. N is then incremented
to N+1 and the + A is sequenced from zero through P~ 1
again.

There are minimum and maximum values that can be
achieved for NT. These values are a function of P and the size
of the + N and -+ A counters. The constraint Nz A always
applies. f Amax=P-1, then NminzP-1. Then
NTYmin=(P—1) P+ A or (P—1) P since A is free to assume
the value of zero.

NTmax = Nmax+P + Amax

To maximize system frequency capability, the dual-modulus
prescaler output must go from low to high after each group
of P or P+ 1 input cycles. The prescaler shoula divide by P
when its modulus control line is high and by P +1 when its
modulus contro! is fow.

For the maximum frequency into the prescaler (fyycomax),
the vatue used for P must be large enough such that;

A. fyco max divided by P may not exceed the frequency
capability of £, {input to the + N and ~+ A counters).

B. The period of fyco divided by P must be greater than
the sum of the times:

a. Propagation delay through the dual-modulus
prescaler.

b. Prescaler setup or release time relative to its mod-
ulus control signal.

¢. Propagation time from fir, to the modulus control
output for the frequency synthesizer device.

A sometimes useful simplification in the programming code
can be achieved by choosing the values for P of 8, 16, 32, or
64. For thess cases, the desired value for NT resuits when Ny
in binary is used as the program code to the =+ N and + A
counters treated in the following manner:

A. Assume the + A counter contains 8" bits where
282p,

B. Always program all higher order + A counter bits
above ““a” to zero.

C. Assume the + N counter and the + A counter (with
all the higher order bits above “a” ignored) combined
into a single binary counter of n+a bits in length
{n= number of divider stages in the <+ N counter). The
MSB of this “hypothstical’’ counter is to correspond
to the MSB of + N and the LSB is to correspond to
the LSB of + A. The system divide value, NT, now
results when the value of NT in binary is used to pro-
gram the “new’’ n+a bit counter,

By using two devices, several dual-modulus values are
achievable:

MODULUS
CONTROL
4—{ DEVICE A H DEVICE 8 F
DEVICE
B
DEVICE & MC12008 MC12011 MC12013
MC10IY 201+ 21 + 32+ 3 + 401+ 4
MC10138| <+ 50/ + 51 -+ 80 + 81 <+ 1001+ 101
== 40! -~ 81 -+ 64 -+ 65 + 80/ + 81
MC10154 OR OR
=+ 80/ + 81 -+ 128/ + 129

NOTE: MC12009, MC12011, and MC12013 are pin equivalent.
MC12015, MC12016, and MC12017 are pin equivalent.
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MC145151-2¢MC145152-2¢MC145155-2
MC145156-2¢MC145157-2¢MC145158-2

DESIGN CONSIDERATIONS

loading.) The frequency should increase very slightly as the
de supply voltage is increased. An overdriven crystal will de-
crease in frequency or become unstable with an incresse in
supply voltage. The operating supply voltage must ba reduced
or R1 must be increased in value if the overdiven condition
exists. The user should note that the oscillator start-up timé
is proportiona! to the value of R1.

Through the process of supplying crystals for use with
CMOS inverters, many crystal manufacturers have developed
expertise in CMOS oscillator design with erystals. Discussions
with such manufacturers can prove very helpful, See Table 1.

RECOMMENDED FOR READING

Technical Note TN-24, Statek Corp.

Technical Note TN-7, Statek Corp.

E. Hafner, “The Piezoelectric Crystal Unit— Definitions and
Method of Measurement”, Proc. /EEE, Vol. 57, No. 2; Feb.,
1963,

D. Kemper, L. Rosine, “*Quartz Crystals for Frequency Con-
trol”, Electro- Technology, June, 1969.

P. J. Ottowitz, “A Guide to Crystal Selection”, Electronic
Design, May, 1966,

Table 1. Partiai List of Crystal Manufacturers

Name Address = Phone
United States Crystal Corp, 3605 McCan St., Ft. Woith, TX 76110 | (817} 921-3013
Crystek Crystal 2371 Crystal Dr., Ft. Myers, FL 33907 (813) 836-2109
Statek Corp. §12 N. Main St., Orange, CA 92668 (714) 639-7810

NOTE: Motorole cannot recommend one supplier over another and in no way suggests that
this is a complets fisting of crystal manufacturers.

MC145151-2 Séries, Page 29

MOTOROLA CMOS APPLICATION-SPECIFIC DIGITAL-ANALOG INTEGRATED CIRCUITS




S

~ CMOS 14-STAGE BINARY

SCL40GDAB ,
COUNTER AND OSCILLATOR
FEATURES
¢ 14 Fully Static Stages CONNECTION DIAGRAM
¢ 10 Buffered Outputs Availabls (all packages)
¢ Common Reset Line .
¢ 8MHz Counting Rate ® 10Vde x
€ Al Active Oscillator Components on Chip for V_ED Qlw QLB ng T ]¢ ?. ia
!
R-C or Crystal Sl 16 15 18 13 12 11 10 9
g SCL4060AB
DESCRIPTION I 2 34 5 6 7 3

The SCL4060AB consists of an oscillator section
and 14 ripplecarry binary counter stages. The
oscillator configuration allows design of either R-C
or crystal oscillator circuits. A Reset input is

provided which resets the counter to the all-0’s

state. A high level on the Reset line accomplishes
the reset function. The state of the counter is ad-
vanced one step in binary order on the negative
transition of the Clock input @. All inputs and out-
puts are fully buffered. Outputs are available from
stages 4 through 10 and 12 through 14,
Applications include timers, frequency dividers,

delay circuits and counter controls.
A :

TRUTH TABLE _

[IRR R U U R L
Q12 Q13Q14 Q6 Q5 Q7 Q4. Vgg

Add suffix for package:

16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITmTmgogon

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

CLOCK | RESET | OUTPUT STATE DC Supply Voltage  Vpp-Vss 3to15 Vde
L [ No Change d
= Operating Temperature TA - '
N ol k=5 Ty C. D, F, H Device 5510 +126 OC:
x ) | AN 09wls wy low E Device 40to +85 ©oC
X = Don"t Care
LOGIC DIAGRAM
[ ] G @ Or 0 v o -t te o4
T T
(- a L L]
ree ”y i) Ldads 1. ] [aq ] ”ma
S s E S o L




SCLA4060AB

Voe. DRAIN VOLTAGE (Véc)
20 -18 416 14 -12 10 8 6 4 -ZZO -
T T 33 s
Vog ==5 Vdg 5
"11 /7/" 110 ; E
Vea =~ 10 Vdc 15 §_ :z" 12 Vo = 15 Ve
=
— 20 £ 10
— - o 3 /
Vea = =15 Vie BE 8 Ve = 18 Véc
x g ; 6 —%
- 2 4 / // }
T 2
E - 2 //‘ Ve = 5 Vi TA=25'C'1
s 8 || A
To®e , N R S S TR TR YRR TR TR
Voe, DRAD VOLTAGE (Véc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics

TIMING DIAGRAM

16 32 64 128 256 $12 1024 - 2048 4096 8152 16,384
Clock mvvvvvvvvvvvvv
Poset —— .
as ﬂ‘l_.'\_L_L__l_L'I_—L.LL
g5 ﬂLLLLLLLLL
o8 NATAYATONA TSl PSSt T OO 8
a? fasepoan] 1AM K. 181
as £ /)7 M AN Y 3 T (R | I R
a9 ey O vih Lo H Ny I S
a0 LT T
arz BEE oy i IR N
013 = I o I
Qte —I—-L——

TYPICAL COUNTER STAGE




ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4060AB

v Tiow® +26°C Tran>
PARAMETER 00 | CONDITIONS LOW HIGH____{ Units
{vdc) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE too] 5 |Vin=VesorVpo| - 5| - ]oos5] 5| - | 150 |uAde
CURRENT 10 | Al valid input - 10 - 0.1 10 - 300
15 |combinations - 15 - 102 20 - | 600
QUTPUT HIGH (SOURCE) low
CURRENT
C., D, F, H device 5 Vou=4.6V -0.15 - |-0.12{-05 - |-0.08 — |mAde
10 {Vpu=9.5V -0.37 - |-03 |-1.15 - |-0.21 -
15 {Vox=13.5V -1.25 - |-1.0 {45 - |-0.69 -
Vin=Vgs of Vpop
E device 5 |Vou=d.6V -0.14| -]-012]-085 | - |00 - |mAdc
10 |Von=9.5V -0.35 - |03 {-1.16 - (<0257 -
16 [Vou=13.5V -1.2 - |-1.0 {45 - |-0.85 -
Vin*Veg 0r Vpp
OUTPUT LOW (SINK) oL
CURRENT |
C, D, F, H device 5 |VoL=04V 0.15 -] 012} 05 - {0.08 - |mAdec
10 VQL-O.SV 0.37 —1 03 1.0 - | 0.21 -
15 [Vo =15V 125] -|10 |58 | - |oee| -
, Vin®Vss 0r Voo
£ device 5 Vo =04V o4 —]o12l0os5 | - [010] - |mAde
10 {Vo,=0.5V 035! ~]o03 |10 ]| - jos5] -
15 [VoL=1.5V 12 ~]10|s8 | - |oss| -
Vin=Vss of Voo

NOTES: ! Remaining Static Efectrical Characteristics are listed under “SCL4000B Series Family Specifications®,
? T ow = -55°C for C, D, F, H devics.

= -40°C for E devics:

Thian =+125°C for C, D, F, H devics.

= + 85°C for E devids.

DYNAMIC CHARACTERISTICS (C, =50pF, T = 25°C)

PARAMETER J “\’,gg, ] Min. | Tvp. L Max. - I Units
CLOCKED OPERATION f
PROPAGATION DELAY TIME
Clock to 4 Tots by 5 - 650 1300 | ns
10 - 325 650
15 - 260 520
QitoQiet teLn. toHL 5 - 150 300 ns
10 - 75 150
15 X 80 120
OUTPUT TRANSITION TIME trom trHL 5 - 180 380 | e
10 - 20 180
15 - 65 130
MINIMUM CLOCK PULSE WIDTH PWe, 5 - 100 200 | ns
10 - 50 100
_ 15 - 40 80
MAXIMUM CLOCK FREQUENCY for 5 2.0 40 - MHz
10 4.0 8.0 -
15 5 10 -
MAXIMUM CLOCK RISE AND FALL TIME teL. trey 5 15 - - us
. 10 15 - -
15 5 - -
RESET OPERATION
PROPAGATION DELAY TIME tome 5 - 300 600 | ns
. 10 - 150 .| 300
15 - 120 - 240
MINIMUM RESET PULSE WIDTH PWn 5 - 150 300 ™
10 - 76 ° 150 .
15 - 60 120
RESET REMOVAL TIME tem 5 - 250 500 | ms
10 - 125 250
15 - 100 200




SCL4060AB

APPLICATIONS INFORMATION

__________ TYmCaL VALUES ANO
rSCLAOGOAB ki CUCILLATOR DRI oo ™A .
{ | FRECUENCY xn | @ T Voo WV
l 1 W e - 1sf 0.3
} e tw | & laipe [X]
-4 1 W e w | & | en,t [
L _______ J L1103 68 -~ [y il 83
2
@veor 0V T B TN KT T
ng Cy> 100 of
RprtnQ
Rg =0 Ry
Typical RC oscillator circuit
»
| SCL4060AB v
I I
| !
G N Wt Sy, W B gl |
sME <Re< 100MS$2
Rsz(5x-* 10X) RS(XTAL)
CsCr
cs ' Csier CLIXTAL)
Typicsl crystsl oscillstor circuit
t Pm
e ———— ———————
| SCL40G0AS 1
} | R Yoo
: i o]
(5 ORI U G J '
TYPICAL COMPONENT vu,u;s Vss
FOR OPERATION FROM 60 e %
:‘:ﬂ'so‘:x;w" TO1S VOLTS: e -
. Ry +390 O
vz RgoR
. (FOR UST WHER INPUT SIGNALS WITH V'-% X
SLOW RISC-FALL TIME ARE USED A LR
AS CLOCK) A% voo
" Ry 2
N
Input puise-shaping circuit {Schmitt trigger] Input circuit characteristics for pulse-shaping

circuit.




5404 /7404

Hex Inverter

Schottky TTL High-Speed TTL Low-Power Schottky TTL |. Standard TTL Low-Power TTL
Package Package . | Package . ; Package . | Package
ice Type Device T Device T Device T ~——————{ Device Type
Device Type e TRTMICF Yo [CTPIMEEF Y [CTP[MEF YPEIETPIMF [CTPIMCF
H > I3
SN54 S04 G | Iwid Shoasod 0 . IWL{ SN5L S04 il " 24 SNS40L 13, 1w 2l SNSe, 04 pIivLITL:
1.1 SNT4SOL JING] SK12M0¢ N SNIL S04 137 IN] SNT4D e iNe T, | sNuLoe 33 INTITR
FI5eS04:-FMISOAIDI T P 1 | FmSam0e T wemnd IS L e 2] Fusacsor cromoe  )0) v jtd [emsaoe Fmvenoe 1D, ] : | i
FMRCHH-D FCI450¢ 5 C9S0¢ B3 | o H FCramBL FCEMpe D0 [P FCTALSDM # FORSDE fo1 1ol 4 FfJEMTEpe S lenbe O IRG | l
{ ] v C3108 TR ;1 MESACs e o fF 3 |
MOTOROLA - M €008 Y CEES s G W CT0 iy 1P] 1
DM 5404 AN DM54L 504 ' DM a0¢ i d'ING w2{ D54 0¢ J LiN 3
NS.C OWV14S04 N[ DV 104 YTINTT DM74L502 1 N0 IING DML 0t 3 UING FQ
i [
PHLIPS NT4S04 [ NI4HO4 Q N7AL S04 o Fa2e0 140 A
1CS S54504 FOIAD]  (wdY Shenod Falal W) 5540¢ FIjas] Wi
SIGNET NS0 Fa|ad]  [wi{nianos FTAQ N74LSO0C aq NI 30
SIEMENS AT 3
FUJITSY LSO M MBI ST
HITACH! HD 4S04 O|PT HD 4L S04 Py HD404/HD2522 | CIPQ)
MITSUBISHI M55004 ) M74L S04 Py M53204 PD
NEC 4S04 C QY 4L S04 IC& #PBZIY D
TOSHBA . TDMMA POl |
Electrical Characteristics SN54L.504/SN74L504
sbsolute mazimum vatings over eperating free-air tempersture range
Sumwly venage. VOO ™ Oparsing rovar ] SNSILS —85T W INT . b
rrg—— .,,, e e Schematics (each gate)
Storage wmpersive aagr -83CT W IWC
" SNEALSO4 BN74L804 et
N MO MAX N NOM AKX
[y=————ry [X] s 55 |.en s X v M
h’,“ RS rTent. IM - 800 -0 =3
Lawtpes! it ssrewm, 10 4 [ -a
Oparmvng Yoror wapwratwe 3, -85 n . ® <

electrical charscteristics 6vor.}¢comndod operating

free-air tempersture tange

PARAMETER TEST CONDITIONS 1 MIN TYP § MAX § UNIT
Vim High-eve! mpul voltzpe 2 v
Vi Lowsdevsl woul vollage o.tl v
v b camp vol VOO =MIN, = —18ma -i.8] v
Vi nout_clamp voitage vgg-wu \:.-L-v:_ o 3 ARGREIREAED
v Hign-teve! ol ; ‘12 sa v ‘o4 {anlienlido] ik
On  Highievel cutput voliage 1oy = MAX 211 e T104_{40n] 20% 1900 [ itn
VoC=MIN, Viy=2v, Input Clamp diedes not en
VoL  Low-eval cutput woltage o e o4V SNSAL TINTAL * sireuits.
tnput ourrent a1 ‘04, ‘L4 CIRCUITS
] e vout woitege Vee™=MAX, V=7V 0.1 mA
[ High-teval_mnput carrent VEC=MAX . Viu=2.7v 20] wh
i Low-level mout Jsrent Voo=MAX, Vy =0.4v - ~0.4] mA
Shoricreut ] S4LS Family | ~20 - 100
1 Voo=MAX
05 output ourrent @ cc r"LS Famiy | ~20 =100 mA
1 t
CeH _ Suoply curren Voo=MAX Total, outputs high 1.2 24| ma
Icey  Swooly cwrrent Total, cutputydow 3.6 6.6| mA
Averags per gate
! Supply ourrent veo=5v 0.4 ®A x
cC cc (50% duty cycle)
Propagatior delay time. s 15
PLH | w-10-hugh-lesel gutput voe= SV, Ta=25¢C. b
Prooaganon delay irme, CL=15PF, R =2KQ
PHL  pon-to-iow-tevel cutput S
Pin Assignments (Top View)
A
@ @ il
Voo 8A 6Y SA Y 4R ay 1Y 6a €Y GND §Y 5A 4y owot
pf g,

ISESEN]

N

Al

1A 1Y 2A ZY 3A 3Y OND

Yma

e

1A 27 2A Yoo 3A 3Y 4A

positive logic ©

up

‘Hod4  CIRCUNT

7 To e
]

S04 CIRCUIT

“L304

CHRculY

Resistor values shown are nominal and in ohms

tFor oonditions shown £8 MIN o MAX, use the aporooriate vaiue

SAI jypcal vanms are at Vo= 5V, Tao=25C,
“® ol more Than One OUIDU! Shoud De Shories &1 8 Ume, 8nd for SNSAH'/SNTAM' and SNSAS/SNICS’, Guraton of short~orouil ShoWd NOt SX08Ed 1 Seuedl.

under

.




5414,/7414 He'x Schmitt-Trigger Inverter

Schetthy TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package ;. Package Package Package ; Package
Device Type Device T l————=—{ Device Type Device Type — Device Type
Pe TR IMicH Pt TP IMICH] YPerCTRIMIcE s P R IMeH o P TCTRIMIcE
[ ' [SNSILS K s 1 W] SNS iy 1 |wT 1
T.1. ; T sitesn oINT SN 1N T N
. ! T ) G [ CRER T
FAIRCHLD ! ) || et crowsi AL W roae i oC T HE
OROLA i : i ' | ’ }
MOTH i 1 HER ST il | [MCcun X T !
| | | omsa sic ] DMSa I BISELE [
NS.C i DMI2_S 14 RS ONTas TN W TR
l 1 T N N
il i
PHILIPS NYL 51 ) N ' '
NOEH4 £ B 1) {
SIGNETICS NILS 14 al B FEER
SIEMENS
FUITSY LS e T !
HITACH HDTaLS 1A PT “D P
MITSUBISH g PICER e T 5
NeC =
TOSHIBA
Electrical Characteristics SN541L.S (4/SN74LS 14 h
absoluts maxisum ratings ever sperating free-sir temperature range
Suon venatn. VGO ™ Oowsy bores | SuseLS Wt w BT Schematics (each gate)
g wanage v rouwsure Tangs | snoas < » W
Srop Sapwaers e —®T_w _ec
[ oe3r) SNJaLRIA_
mn ] MAX N o MAX b
Supwty wwhagn. VGO o5 L] &4 [A) 5 .0 v
NPrivve! S Surrer, bon =400 —4800 wh
Lowtrws! @t awvest, 101 4 [ nl
Opmriteg trover istguratwe. Ty - s [] » < vee
electrical characteristics over recommended cperating L 1] 1’ o u
free-air temperature range NOM ¢ NOM
PARAMETER K TEST COMDITIONS ¢ MIN TYP$ MAX | UNIT
V14 Positvegong tireshokl voltage { Voo =SV 1.4 1.8 1.9] v INPUTS l
Vi~ Negaivegong threshold voliags | Voo =5V 0.5 o3 1 v A 44 .
Hystoreas (VT4 -V7-) Voo =8V 0.4 04 v ha__ °U";”U.‘
Vo Input olemp vollage VoL =MIN, |j=—)3mi -1.51 v ]
VEC=MIN, Vi=V]_mm, x >
VoW  High-leve! autout vollage Igu=MAX 2.7 4 v -
VoC=MIN, Vi=VT.maz, OND
VoL  Lowslevel output voltage oL = amk or o0&l v o
input current at ‘4 CIRCUIT
IT+ poatt threshok! Vee=sY.  Vi=vrg -0.14 ma 4
npun current 81 >
L) 2 egat g thvashold Vee=sv. WVi=vro -0.18 mA
input current 81
voo=MAY, V=
N warmum wnput_voltage CemMAY. Vi=1v 6.1] ma N
[ High-leve! eput current Voo =MAX, Vy=27v 201 wh *
TR Low-level mout current Voo=MAX, Vi =0.4v -~0.4 | mA vee
igs Snort-owoant eApul current © Vog=MAX -2 =10 | ma 20k 1009
Total. output gh [X] 1% o T MM
ce :::l Tout ovon ow | ' CC™MAX 17 2] mA
Swerage par gate Voo =5V,  50% outy cyck 172 .
Propagation gelay teme, Rl
LM bv-w: o, Voo=SY.  Taw2st. 15 22] ns A i
‘]N TRt
P y time,
toHL n;:"""" ':f-::: CL=15PF. A =22 15 22} ms Y
Pin Assignment ' {Top View)
o %
VEC 64 4y 54 S aa @
ful fis) [a] ) feLis] ] . N o0
1LE14 CMOAT
T s s
I 34 ™ o 3 GND *
positive legic: ¢
Yok .. Rezglor values shown are nominal and in ohms
TFor sonditions shown 83 MIN o MAX, use Ihe arvronemte vahee SDeCiing wider
SAY typcel mnms wre 8t Voo=SV, TEi=15C. ~.
S Not more than ons utpul Shouid be Shoried 81 & tume. K
- = R




5474,/7474 Dual D-Type Positive-Edge-Triggered Flip-Flop with Preset and Cleer

Schottky TTL High-Speed TTL, Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Pact X Package
Device Type Device Type Device Type Device Type Device Type
C|P |MiCF] C|{P{M|CF C|P{M|CF CiP|M]|CF C|PiM|CF]|
T | SNS4ST4 IO VD] SNSLHTL o) WDt SNS4L S T4 1O SNSAT4 O (WY SNS4L T4 10! T2
-t SNI4S74 JOND SNIHM JDIND SNILSN 1 O[ND SN sOIN SHTLT 13 IND]T
FAIRCHILD FMs4ST4/F MeS 410G [F MS&4H74/F M9 H 4 1D e ) FO| FMSaa/FmsNTe DO F :
FCISTF CIST DD 1D FCIaRI/FCINT oD IPD] — [F e} roumi mxsn CIES @ FCIM/FCINT (DDIP
Mon_A SN ST PN
NSC. . OMSdH JDIND oML ST PO DMS474 JOINGD  [w DML J DIND FO
DM4SH ND [sYRITT ) DIND DMMLS T4 oM ) QIND OMILT4 3 GIND FQ
mups N74574 [ GJJI31/T4KH74 [}) NI SN D FII3/T [y
$54374 SS4HT4 FOAD]  fwD) S5474 FOAD] fwy
SIGNETICS N74S24 NTeHTL F A NULSH A @ N4 FOIAD)
SIEMENS. W
FUIITSY 8 S MBaZ0 DM
HTACH HD74S74 [} G HDXLST4 e HDTLI4/HOS10 [ DlP .
MITSUBISHI MTIS M PO MLS a0 M5327/M5374 P
NEC ST 1C O, LS (50, »PB214 OD|C QY
TOSHIBA TOUMA PO
Electrical Charsctoristics SNS4LS74/SN74LS74
¢ atngs over tng froe-eir range
Tuaoty venegs. VEC had Opmroiny tre-owr SNSLL S ~¥C » 15T N H T v'
nmen (] 1ew
e — e = Pin Assignments (Top )
Swrom smavewre rep ~#C w ¥ @ @
. Z A N
Shbal STe SNI4574 et VEC CLA 2 Xk PR ;K PR 10 10 SND 20 20 .
SR el (x| oot Raompn, slag ijﬂuu ol 917 1] [13) Juz] 1] fro) Lo} fo
Swey wmen, YOO 4.8 ) 3 [ an s LX) v H T i
S e gt e, Iy ~eo =] - |- 'n‘I Loé U‘; N
Loty ootpat purvet. Loy ] 1 - b o . -
— oo o = ) 2 H e on by doin papd
0 a3 Ly
=T = = B tda T cx [
- High-teve) dats 51 3] ] ol wl—-[_—_] S_o el
b Lowtevel saus wt 7 s X
ot hest sam. b §! o5t fnd [IH!H!HOHS] ICHII ptigtinilistigiiaki
Dowrorny Pevw emparonse, Ty =y 12 . nl <« 110 K 1Pe 1g G GND WKW v vee 2 @ XX
0 CLR e (Y] cLa ¢
::::T?: ::cr:cbnsbcs over recommended operating Functional Table .
-air temperature range
PARAMETER® TEST CONOITIONS T | MIN TYPY MAX |UNIT 74, H74, LST4, 'S74 (Ses Note 2)
Vi Highevel nput voltege 2 v INPUTS OUTPUTS
Vi Low-ovel st voitage 88|l v PRESET CLEAR CLOCX D Q Q
vy Trewt clemp voitage Voo=MIN,  ij=—13mA -1.5] v L “ X X iMoot
‘ VeC=MIN, vy 2v, " L X X L H
v H t . .
L[] igh-ievel cutput voltage VIL=0.8V.  Iop=MAX 2.7 e v . o A x x| w o
Yoo=MIN, V=2V, H M 4 ] ML
v Low-level
oL ow Nt voltage Vi ~0.8V, 1o, = ima 0.25 as| v " " ' 4 L "
[ 4
tnout curremt at 2’;’( - s, L X [% &
1 b B =y VCO=MAX, V=7V LmA
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L, L L

(2) {b)

Figure 4.9 ] .
Repnnied by permission from Huclsman and Alien. ““Theory and Design of Acuve Filters,
McGraw-Hill Book Company. Inc.. 1980. .

TABLE 4.1 LOW-PASS LOSSLESS LADDER (DARLINGTON) REALIZATION
TERMINATED WITH A RESISTOR AT ONE END ONLY

Forneven, ieter to Figure 4.94; for nodd, refer to Figure 4.10b.

n (‘. I-.- (‘n La (3 l‘ﬁ (-‘7 L: Cv Lm
2 0.7071 1.4142
3 | 0.5000 1.3333 1.5000 )
4 0.3827 1.0824 1.5772 1.5307 Butterworth
5| 030 0.8944 1.3820 16944 15451 (BW = 1 radss at 3 dB cutoff)
6 1 02588 07579 1.2006 1.552y 1.7593 1.5529
7 | 02228 0.6560 1.0550 1.3972 1.6588 1.7988 1.5576
8 | 01Yst 0.577 0930 1.2558 1.5283 1.7287 1.8246 1.5007
9 ] 01736 05155 0844 1.1408 1.1037 1.6202 1.7772 1.8424  -1.5028
10| 00564 04654 0.7620 L0406 12921 L3WK Le86Y  LI21 18552 1.5643
2 | 07014 09403 {-dB ripple Chebyshev
3 | 0.7981 1.3001 1.3403 (BW = 1 radfs)
4 | 6.8352 1.3916 1.7279 1.313%
5 0.8529 1.4291 18142 1.6426 1.5388
6 0.8627 1.4483 1.8494 1.7101 1.9018 1.4042
7 | 0.5686 1.4596 1.8675 1.7301 1.9212 1.7254 1.5982
8 | 0.8725 1.4666 1.8750 1.7508 1.9980 1.7838 1.9571 1.4379
9 [ 0§52 1.4734 1.8836 1.7591 20116 1.8055 2.02013 1.7571 1.6238
10 U.8771 1.4748 1.8905 1.7645 20197 1.8165 2.0432 1.8119 1.9816 1.453y
2 09110 0.9957
3 IRUNE 1.3332 1.5088
4 1.0495 1.4126 1.9093 1.2817 ) 1-dB ripple Chebyshev
5 10674 14441 1.9938 1.59 1.6652 (BW = 1 radls)
6 10773 L4 2.0270 16507 24491 1.3457
7 1.0832 1.46%4 2.1437 Lo73e 21192 1.648Y 1.7418
8 1.0872 1.4751 2.0537 1.6850 21453 L7021 2,822 1.3691
9 1.08v9 F4790 20601 © Lavis 2.1583 1.7213 21574 1.6707 1.7317
10 1:0v18 1.4817 2.0045 1.6961 21658 1.7300 2.1803 1.7215 21111 1.3801
n L, G L G, L C. L Cy Ly Cls

For n odd, refer to Figuse 4.9b; for o even, refer to Figure 4.10a.

Reprinted by permission from Weinberg, Lows, “Network Analysis and Synthesis,” McGraw-2ill
Book Company, Ioc., 1962, (eeprinted by R, E. Keieger, 1976).
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