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ABSTRACT

This project presents a digital transmission at bit rate 64 Kbps in coaxial cable. This
work uses Quadrature Phase shift Keying ( QPSK ) is in a digital modulation from where the
digital information is contained phase of the transmitted carrier.

In this project uses the 512 kHz oscillating carrier signal and 480 kHz pilot signal
circuits with controlled by using real time clock 64 kHz. And uses digital data separate circuit to
digital to analog converter before presenting to either balanced modulator. Also, at the balanced
modulator includes the digital signal conversion with carrier. The results indicate the in-phase of

the transmitted carrier.
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8-BIT PARALLEL-TO-SERIAL
SHIFT REGISTER

The SN54/74LS165 is an 8-bit parallel load or serial-in register with
complementary outputs available from the last stage. Parallel inputing occurs
asynchronously when the Parallel Load (PL) input is LOW. With PL HIGH,
serial shifting occurs on the rising edge of the clock; new data enters via the
Serial Data (DS) input. The 2-input OR clock can be used to combine two
independent clock sources, or one input can act as an active LOW clock
enable.

CONNECTION DIAGRAM DIP (TOP VIEW)
VeG - CPoiiPg Py Py Pg DS Q7

t6] [15] [ra] [13] [ro] [t} [ro] [o]

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

L) 2] T L TsT el 20 a7

PIT Ry Py B 98 &7 Q7 GND

PIN NAMES LOADING (Note a)
HIGH LOW
CP{,CP2  Clock (LOW-to-HIGH Going Edge) Inputs 0.5 U.L. [raslld P
DS Serial Data Input LU 0.25U.L.
Bl Asynchronous Parallel Load (Active LOW) J-AUIL. 0.75 U.L.
Input
Po-P7 Parallel Data Inputs 0.5 U.L. 0.25U.L.
Q7 Serial Output from Last State (Note b) 40 ULE" M85y (2 5)/UkP.
Q7 Complementary Output (Note b) 10 UL } 5(2.5)U.L
NOTES:

@) 1 TTL Unit Load (U.L.) = 40 uA HIGH/1.6 mA LOW.
b) The Output LOW drive factor 1s 2.5 U.L. for Military (54) and 5 UL. for Commercial (74)
Temperature Ranges

TRUTH TABLE

cpP CONTENTS
PL RESPONSE
1 2 |Q|Q1|Q [Q3|qsf Qs Q6 | Q7
E X X {Pgl Py |Po P3 | Pa| Ps |Pg P7 Parallel Entry
H L | |Ds| Qo | Q@ Qy |Q3| Q4 |05 Qg Right Shift
H H |l _~1Qy| Q1 Q2 | Q3 | Q4| Q5 Qs | Q7 No Change
H || L [Ds] Qg Q1 Q2 ]Q3| Q4 |05 Qg Right Shift
H |l | H Q] Q | Q3 [Q4] Q5 | Qg Q7 No Change

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

SN54/74LS165

8-BIT PARALLEL-TO-SERIAL
SHIFT REGISTER

LOW POWER SCHOTTKY

, J SUFFIX

N
l, CERAMIC
CASE 620-09

= _//

16
1

e —— T
ll: PLASTIC
= CASE 648-08

1

D SUFFIX
SOiC

X
16 NREST
) CASE 7518-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

LOGIC SsYmMBOL

111121314 34 5 6

EL LR

PL PgPy Py P3 P4 P5Pg P
Dg Q7 9

é:D cP Qb—7

Vcc =PIN 16
GND=PIN 8

FAST AND LS TTL DATA
5-1




a

SN54/74L.S165

® ® (®) @ ©] ® ® ®
LOGIC DIAGRAM % P Py Py b s P P,
| | | | | ol
Os
@ cpy PRESET| PRESET] PRESET] PRESET] PRESET] PRESET] PRESET] PRESET|_{ ®
S Qg S Q4 $.-Qy S Q3 S Qq S Qg 5 -0 Sie Oy
®ce cp ~dCP cp cp —dCpP —JCP cp cP
CPy - — == = = = = =
i R CLOO’ R CLO1 O R CLQZD— R CLO3D R CLOA R CLQSO‘ R CLOSD" RCLO7O"'_ @
Vcg = PIN 16

GND=PIN 8

(O =PIN NUMBERS

FUNCTIONAL DESCRIPTION

The SN54/74L.S165 contains eight clocked master/slave
RS flip-flops connected as a shift register, with auxiliary gating
to provide overriding_asynchronous parallel entry. Parallel
data enters when the PL signal is LOW. The paralleldata can
change while PL is LOW, provided that the recommended set-
up and hold times are observed.

For clock operation, PL must be HIGH. The two clock inputs
perform identically; one can be used as a clock inhibit by

GUARANTEED OPERATING RANGES

applying a HIGH signal. To avoid double clocking, however,
the inhibit signal should only go HIGH while the clock is HIGH.
Otherwise, the rising inhibit signal will cause the same
response as a rising clock edge. The flip-flops are
edge-triggered for serial operations. The serial input data can
change at any time, provided only that the recommended
setup and hold times are observed, with respect to the rising
edge of the clock.

Symbol Parameter Min Typ Max Unit

Wele Supply Voltage 54 4.5 5.0 5.5 \Y
74 4.75 550 525

TA Operating Ambient Temperature Range 54 F% 25 25 °C
74 0 29 70

loH Output Current — High 54,74 -0.4 mA

loL Output Current — Low 54 4.0 mA
74 8.0

FAST AND LS TTL DATA
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SN54/74LS165

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Paraincter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH vl 2.0 v All Inputs & -
7 R 54 0.7 : Guaranteed Input LOW Voltage for
IL nput . Y ) o5 All Inputs
ViK Input Cizip Diode Voltage -065 | -1.5 \ Vee = MIN, |y = =18 mA
: 54 5 3.5 v Vee = MIN, IoH = MAX, VN = VY
V Outpu -G Voltags . - ;
OH Py HLvolag 74 57 35 v or Vj_ per Truth Table
54,74 0.25 0.4 v oL =4.0mA Vee =Vee M,
VoL Outpuit LOW Yoltage VIN = V)L or ViH
5 74 0.35 05 Vv loL = 8.0 mA per Truth Table
Input HIGH Current
Qiher Inputs 20 JA Voo = MAX VN =27V
m i fput 60
i ndl . .
Other Inputs 0.1 ¥ 2,
! PL Input 0.3 mA Vee = MAX, VIN=T7.0V
input LOW Currant
L 3 0.4 mA Voo = MAX, ViN=0.4V
—-1.2
los Shoit Gireuit Currant (Note 1) -20 -100 | mA | Vgc = MAX
Icc Power Supoly Curyert 36 ms Vce = MAX
Note 1: Not more cran ons catpacsanikd ho shorted at a time, nor for more than | second \
AC CHARACTERISTIDS {7y ~ 25°C)
Pl s 8 SN £
: Limits
Syiiisol Parameter Min Typ Max - | Unit Test Conditions
fias mum npui Clock Frequency 25 B85 MHz
tpy = ! 1ot Dela 22 35 !
tpi ipu 22 35 >
by tioi Delay 27 40 z
Bl 1 T ey
Propadgation Delay 14 25
Py to iy 21 30 d
G by f’jl'Op-ng,’diliU(\ Delay 21 30
i | Py tcQy 16 25 &

FAST AND LS TTL DATA
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SN54/74L.S165

AC SETUP REQUIREMENTS (TA = 25°C)

Limits
Symbol Parameter Min Max Unit Test Conditions
tw CP Clock Pulse Width 25 ns
tw PL Pulse Width 15 ns
ts Parallel Data Setup Time 10 ns
ts Serial Data Setup Time 20 ns Vecc =50V
ts CP1 to CP5 Setup Time 30 ns
th Hold Time 0 ns
trec Recovery Time, PL to CP 45 ns

1 The role of CP1.and CP5 in an application may be interchanged.

DEFINITION OF TERMS:

SETUP TIME (ts) — is defined as the minimum time required
for the correct logic level to be present at the logic input prior
to the clock transition from LOW-to-HIGH in order to berecog-
nized and transferred to the outputs.

HOLD TIME (tp) — is defined as the minimum time following
the clock transition from LOW-to-HIGH that the logic level
must be maintained at the input in order to ensure continued

recognition. A negative hold time indicates that the correct
logic level may be released prior to the clock transition from
LOW-to-HIGH and still be recognized.

RECOVERY TIME (trgg) — is defined as the minimum time
required between the end of the PL pulse and the clock
transition from LOW-to-HIGH in order to recognize and
transfer loaded Data to the Q outputs.

AC WAVEFORMS

= “T tPHL
Q70RQ7 3( 13V ﬁv
Figure 1

e > >
rsmH*H* th(H)ts(L)—l;:' [ty

PLOR CP 13V 13V

Figure 3

e

PLysy 13V X 13V

tPLHJ’—‘-' L~+ tPHL
Q7 0R Q7 13V 13V

Figure 2
PL 13V 13V
’*— tw trec
cP 1.3V
Figure 4

FAST AND LS TTL DATA



MC14046B

Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators.
a voltage~controlled oscillator (VCO). source follower, and zener
diode. The comparators have two common signal inputs. PCA;, and
PCB;,. Input PCA;, can be used directly coupled to large voltage
signals, or indirectly coupled (with a series capacitor) to small voltage

signals. The self-bias circuit adjusts small voltage signals in the linear

region of the amplitier. Phase comparator 1 (an exclusive OR gate)
provides a digital error signal PCl,,, and maintains 90° phase shitt at
the center frequency between PCA;, and PCB;, signals (both at 50%
duty cycle). Phase comparator 2 (with leading edge sensing logic)
provides digital error signals, PC2,,, and LD. and maintains a 0°
phase shift between PCA;, and PCBj, signals (duty cycle is
immaterial). Flic linear VCO produces an output signal VCO,,
whose frequency is determined by the voltage ofinput VCOj,, and the
capacitor and resistors connected to pins Cl 4. Clg, R1, and R2. The
source—follower output SF,,; with an external resistor is used where
the VCO;j, signal is needed but no loading can be tolerated. The inhibit
input Inh, when high. disables the VCO and source follower to
minimize standby power consumption. The zener diode can be used to
assist in power supply regulation.

Applications include FM and FSK modulation and demodulation.
frequency synthesis and multiplication, frcquency discrimination.
tone decoding. data synchronization and conditioning,

¢ voltage-to—trequency conversion and motor speed control.

® Buitered Outputs Compatible with MHTL and Low—Power TTL
® Diode Protection on All Inputs

® Supply Voltage Range = 3.0to 18 V

® Pin—for—Pin Replacement for CD4046B

® Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited
® Phase Comparator 2 switches on Rising Edges and is not Duty Cycle

Limited

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)

Symbol Parameter Value Unit

Vpp DC Supply Voltage Range —0.5t0 +18.0 \Y

Vin Input Voltage Range (All Inputs) | -0.5toVpp + 0.5 \%
lin DC Input Current, per Pin +10 mA
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Operating Temperature Range —55t0 +125 2C
Tstg Storage Temperature Range —65to +150 °C

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

@ Semiconductor Components Industries, LLC, 2001 1

May, 2001 — Rev. 7

ON Semiconductor™
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MARKING
DIAGRAMS
16
PDIP-16
A P SUFFIX MC14046BCP
\ CASE 648 Lo AWLYYWW
1
:
A AAAAARA
SO-16 140468
\ @ DW SUFFIX
\ CASE 75
& O AWLYYWW
N
16
nnononnno
EIAJ SO-16
i F SUFFIX MC14046B
CASE 966 ALYW
OOoUOoOgnO
1
A = Assembly Location
WL, L = Wafer Lot
W'y = Year

WW, W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14046BCP. PDIP-16 2000/Box
MC14046BDW SO-16 2350/Box
MC14046BDWR?2 SO-16 1000/Tape & Reel
MC14046BF EIAJ SO-16| Refer to Note 1.
MC14046BFEL EIAJ SO-16| Refer to Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages. please contact your local
ON Semiconductor representative.

This device contains protection circuitry 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 maximum rated
voltages to this high-impedance circuit. For proper
operation, Vi, and V,; should be constrained to the
range Vss < (Vip or Vou) < Vpp.

Unused inputs must always be tied to an appropriate
logic voltage level (e.g., either Vss or Vpp). Unused out-
puts must be left open.

Publication Order Number:
MC14046B/D



MC14046B

BLOCK DIAGRAM PIN ASSIGNMENT
______________ i o[ t1e 16 0V,
SELF BIAS PHASE DD
PCA, 14 o] H o2 pct
CAn 140 "cicurr || —»] compaRATOR 1 Eoe o PClow [] 2 15 [] ZENER
| PHASE H—o 13 PC2,,
PCB,, 3 ot COMPARATOR2 H—o1 LD PCB [} 3 14 [1PCAq
VO, 9 O—' VOLTAGE —1—0?1 X(}:Oom VCOy [ 4 13 [1 PC2y,
I CONTROLLED [1© fhies INH] 5 12 D R2
Vop = PIN 16 I OSCILLATOR :1:2': 6 Ci, il ki
Vs =PIN 8 ' (vco) 7 Clg A
| ! Clgl 7 10 [] SFoy
INH 5o !SOURCE FOLLOWERH—O 10 SFoy 0 .
|y o—){ }o 15 ZENER Vss () 8 9 P veon,
E e i A TR a
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
Vi -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ Max Min Max Unit
Output Voltage "0" Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin=Vppor 0, 10 - 0.05 4 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" 1évél| Von 50 4.95 =S 4.95 5.0 = 4.95 = Vdc
Vin= 0 or Vpp 105 1995~ | (> =f ldos5 10 — N | —
45 1845 — 14.95 15 — 14.95 —
Input Voltage (4) “0" Level ViL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 =, 15 e 2.25 1.5 = 1.5
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) - — 4.0 — 6.75 4.0 — 4.0
(Vo = 0.5 or 4.5 Vdc) “1"Level | V4 5.0 35 =5 35 2.75 X 35 = Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 oy — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 1 — 1 8.25 = 1 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.2 — -1.0 — -2 -0z —
(Vo = 4.6 Vdc) 50 ¥ Lhosilili] 202 4 _Zo.36 B | _oua [ B
(Vou = 9.5 Vdc) 10_ (|} SR A0 -05 -09 = -0.35 e
(Von = 13.5 Vdc) 15 -18 = -15 -35 L ™ e
(Vou = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 153 2.25 — 0.9 —
(Vou = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 e +0.00001 | +0.1 — +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 aS — — pF
Quiescent Current lop 5.0 — 5.0 — 0.005 5.0 — 150 uAdc
(Per Package) Inh = PCA;, = Vpp, 10 — 10 — 0.010 10 — 300
Zener =VCO;, =0V, PCB;, = Vpp 15 — 20 — 0.015 20 o 600
or0V, oy =0pA
Total Supply Current (5 It 5.0 Iy = (1.46 pA/kHz) f + Ipp mAdc
(Inh =*0", f, = 10 kHz, C, = 50 pF. 10 IT = (2.91 pA/kHz) f + Ipp
R1=1.0MQ R2= x Rgf = o, 15 It = (4.37 pA/KHz) f + Ipp
and 50% Duty Cycle)

4. Noise immunity specified for worst—case input combination.

Noise Margin for both “1" and 0" level = 1.0 Vdc min @ Vpp =5.0 Vdc
2.0 Vdecmin @ Vpp = 10 Vdc
2.5Vdecmin @ Vpp = 15 Vdc

5. To Calculate Total Current in General:
VCOj, —1.65 Vpp-1.35\34  VCOj, — 1.65)3/4
. i roy(eon ey
R1 R2

IT=2.2XVDD( +1X10_3(CL+9)VDDf+

Rsr
100% Duty Cycle of PCA;,
100

1x10-" Vpp2 ( )+ log  where: IyinpA, CinpF, VCO;,, Vpp in Vdc, f in kHz, and

R1, R2, Rgf in MQ, C on VCOyy,.

http://onsemi.com
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MC14046B

ELECTRICAL CHARACTERISTICS (6) (c, = 50 PF, Ta = 25°C)

&

Minimum Maximum
Vop - -
Characteristic Symbol Vdc Device Typical Device Units

Output Rise Time trLn ns
trin = (3.0 ns/pF) C + 30 ns 5.0 — 180 350
triw = (1.5 ns/pF) Cy + 15 ns 10 o 90 150
trin = (1.1 ns/pF)CL+10 ns 15 S 65 110

Output Fall Time tTHL ns
ttHL = (1.5 ns/pF) C_L+25ns 5.0 s 100 175
ttHL = (0.75 ns/pF) C| + 12.5 ns 10 — 50 75
trHL = (0.55 ns/pF) Cy + 9.5 ns 15 — 37 55

PHASE COMPARATORS 1 and 2

Input Resistance — PCA;, Rin 5.0 1.0 2.0 — MQ

10 0.2 0.4 —
15 0.1 0.2 —
— PCB;, Rin 15 150 1500 — MQ

Minimum Input Sensitivity Yo 5.0 — 200 300 mV p-p
AC Coupled = PCA;, 10 — 400 600
C series = 1000 pF, f = 50 kHz 15 — 700 1050

DC Coupled — PCA;,, PCB;, — 5to 15 See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCco)

Maximum Frequency s 5.0 0.5 0.7 — MHz
(VCOin = Vpp, C1 = 50 pF 10 1.0 1.4 —

R1 = 5.0 kQ, and R2 = ) 15 1.4 1.9 —

Temperature — Frequency Stability —- G0 — 0.12 — %I°C
(R2=) 10 — 0.04 —

15 — 0.015 —

Linearity (R2 = ) — %
(VCO;,=2.5V+0.3V,R1> 10 kQ) 5.0 — 1.0 —
(VCO;,=5.0V+25V,R1> 400 kQ) 10 — 1.0 —

(VCOR =75V +5.0V,R1> 1000 k) 15 — 1.0 —
Output Duty Cycle — 5to 15 — 50 — %
Input Resistance — VCO;, R 15 150 1500 — MQ
SOURCE-FOLLOWER

Offset Voltage — 5.0 — 1.65 2.2 Vv
(VCOin minus SFyy, RSF > 500 kQ) 10 — 1.65 2.2

15 — 1.65 2:2

Linearity - %
(VCOin =25V + 0.3V, Rge > 50 kQ) 5.0 — 0.1 —
(VCOp=5.0V+25V, Rsk > 50 kQ) 10 — 0.6 —
(VCOIR=7.5V£5.0V, Rgr > 50 kQ) 15 — 0.8 —

ZENER DIODE
Zener Voltage (1, = 50 pA) Vz — 6.7 7.0 73 \
Dynamic Resistance (I, = 1.0 mA) Rz — — 100 — Q

6. The formula given is for the typical charz steristics only.

http:/lonsemi.com
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MC14046B
PHASE COMPARATOR 1
Input Stage l
PCA,, PCBj,
PClou 0 d
PHASE COMPARATOR 2
Input Stage ! I
PCAj, PCB;, ‘ m l @ @ m
3-State
PC20u g Output Disconnected !
LD (Lock Detect 0 1 0

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using PhaseiComparator 1

Using Phase Comparator 2

No signal on input PCA;,.

VCO in PLL system adjusts to center
frequency (fg).

VCO in PLL system adjusts to minimum
frequency (fmin)-

Phase angle between PCA;, and PCBip.

90° at center frequency (fg). approaching

Always 0° in lock (positive rising edges).

0° and 1807 at ends of lock range (2f, )

Locks on harmonics of center frequency.

Yes

No

Signal input ncise rejection.

High

Low

Lock frequency range (2fL).

initially in lock; 2f, = full VCO frequency range = f

max fmin-

The frequency range of the input signal on which the loop will stay locked if it was

Capture frequency range (2fc).

out of lock.

The frequency renge of the input signal on which the loop will lock if it was initially

Depends on low-pass filter characteristics
(see Figure 3). fc < fi

fc :'L

Center frequency (fp).

The frequency of VCOq,;, when VCO;, = 1/2 Vpp

VCO output frequency (f).

Note: These equations are intended to be

a design guide. Since calculated component
values may be in error by as much as a
factor of 4, laboratory experimentation may
be required for fixed designs. Part to part
frequency variation with identical passive
components is typically less than + 20%.

1

=— (Veoin
Ra(Cy + 32 pF)

f’T'Iln

1 -
fmax = * fmin (Vcoin

" Ry(Cy + 32 pF)

Where: 10K
10K
100pF <

IA A
2
IA 1A

Cq

put = Vgg)

put = Vpp)

Figure 2. Design Information

http://onsemi.com
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MC14046B

91 SOURCE |10 SFout
FOLLOWER
VCOiy Rsr
PCA; 14 =
S ) s lponi | STERRAL 9 VCO 4 VCOuy
COMPARATOR [ gy e et . ™ @FREQUENCY Nf = {
PCBj OR Clh [Clg
PC20y R1 2 R2
—_ cl
lr EXTERNAL | = =
+N
jL COUNTER

Typical Low—Pass Filters
Typically:
(a) R3 (@ R3

—iu 6N N
INPUT O—’\/V\/:I—o OUTPUT INPUT OUTPUT Rq4Cy = =

fmax 2nAf
C2 ) R4
2fc = =

ICQ

(R3 + 3,000Q) Cy = @‘%‘ —RiC>
max
INET &

fmin

NOTE: Sometimes R3 is splitinto two series resistors each
Cc¢ should be such that the corner frequency of this
damping, R4 = (0.1)(R3) for optimum results.

R3 +2. A capacitor C¢ is then placed from the midpoint to ground. The value for
network does not significantly affect wy. In Figure B, the ratio of R3 to R4 sets the

LOW-PASS FILTER

Filter A Filter B
Definitions: N = Total division ratio in feedback loop
Ké = Vpp/n for Phase Comparator 1 _ [K¢Kveco e K¢KvCo
Ko = Vpp/4 r for Phase Comparator 2 v NR3C» Ny NC2(R3 + Ry)
_2aAfyco
Kvco = Vpp -2V \ N 7 N
: : 2“1f|' : = T =05 (70 (R3C2 B+ K%)
for a typical design w,, = 10 (at phase detector input) 2K<p VCO oKvco
L= 0707 ) 1 Y R3C2S + 1
BElPe s 17 [N S(R3C + RaCy) + 1
Waveforms

Phase Comparator 1 Phase Comparator 2

Voo Voo
PCA;, ' l , I PCA;;
Vss jm jL Vss
|

Vo | | = VOoH
PCB; I I l PCB;
in Vou " | VoL
—_— VOH == VOH
PClgy I I I I , l l l D I , U

Vou Vou
— Vou L t Von
VCO;, \/\/\/\/\ Pczoul§j = —“
— Voo VoL
VGO, T on
— Vo

Note: for further information, see:
(1) F. Gardner, “Phase—Lock Techniques”, John Wiley and Son, New York, 1966.
(2) G. S. Moschytz, “Miniature RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965.
(3) Garth Nash, “Phase—Lock Loop Design Fundamentals”, AN-535, Motorola Inc.
(4) A.B. Przedpelski, “Phase-Locked Loop Design Articles”, AR254, reprinted by Motorola Inc.

Figure 3. General Phase-Locked Loop Connections and Waveforms

http://onsemi.com
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MC14046B

PACKAGE DIMENSIONS

PDIP-16
P SUFFIX

PLASTIC DIP PACKAGE
CASE 648-08

(o]

H -K

D 16 PL

T e
1=

= (] 0250010 @[T[A @]

e—— D

AA0AARAR

.

@
HHITHHY

\\X i

s B

(@025 ®[T[A O[O
|

I

>

ISSUE R

5

SOIC-16

DW SUFFIX
PLASTIC SOIC PACKAGE
CASE 751G-03

http

ISSUE B

rq— h x45°

:/lonsemi.com
6

NOT
1

wn

»

ES:
- DIMENSIONING AND TOLERANCING PER ANS!
.5M, 1982.

. CONTROLLING DIMENSION: INCH.

. DIMENSION L TO CENTER OF LEADS WHEN

Y14

FORMED PARALLEL.

- DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL.

INCHES MILLIMETERS
| DIM[ MIN T MAX | MIN | mAx
A| 0740 [ 0770 | 1880 | 1955
B | 0250 | 0270 | 635 | 685
C | o145 [ 0175 | 369 | 444
D | 0015 | 0021 | 039 | 053
Floos ] 070 | 102 ] 177
G | o0.100BSC 2.54BSC
H | 0050BSC 1.27BSC
J | 0008 0015 ] 021 ] o3
K ] o0 | 0130 ] 280 [ 330
L 10295 [ 0305 | 750 | 774
M BE | 10°] oS 10°
S | 0020 | 00s0 [ 051 | 101
NOTES:

w

b

- DIMENSIONS ARE IN MILLIMETERS.
. INTERPRET DIMENSIONS AND TOLERANGES

PER ASME Y14.5M, 1994.

. DIMENSIONS D AND E DO NOT INLCUDE MOLD

PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
DIMENSION B DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

MILLIMETERS
| DM MIN_] max
Al 235 | 265
AT| 010 | 025
B | 035 | 049
C | 023 o032
D [ 1015 | 1045
E| 740 | 760
e 1.27 BSC
H | 1005 ’E
b | 025 | o075
L] o050 | 09
) XD




MC14046B

PACKAGE DIMENSIONS

SOEIAJ-16
F SUFFIX
PLASTIC EIAJ SOIC PACKAGE
CASE 966-01
ISSUE O

bbb =T
= e T
T i
*ll-—z D

ELD"*——) of VlEWP}_\

.y & c
ARRAac 4+ 2r -
— b A
[#[0.13005@] O[0.10(0.004)|

oy

I
m

k—m
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS|
Y14.5M, 1982.

. CONTROLLING DIMENSION: MILUMETER.

. DIMENSIONS D AND E DO NOT INCLUDE MOLD
FLASH OR PROTRUSIONS AND ARE MEASURED
AT THE PARTING LINE. MOLD FLASH OR
PROTRUSIONS SHALL NOT EXCEED 0.15 (0.006)
PER SIDE.

. TERMINAL NUMBERS ARE SHOWN FOR
REFERENCE ONLY.

. THE LEAD WIDTH DIMENSION (b) DOES NOT
INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
BETWEEN PROTRUSIONS AND ADJACENT LEAD
TOBE 046 ( 0.018).
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MILLIMETERS INCHES
DIM| MIN | MAX | MIN | mAX
(A " — W7 | - [oos
Av 1 005 | 020 | 0002 | 0008
b 035 | 050 | 0014 | 0.020
c 018 | 027 | 0007 | oon
D | 99 | 1050 | 03%0 | 0.413
E 510 | 545 [ 0201 | 0215

e 1.27 BSC 0.050 BSC
H 740 | 820 | 0291 [ 0323
L | 050 | 085 | 0020 | 0033
1.0 | 1.50 | 0043 | 0.059
M 0°] 10° 0° ] 19°
Q] 070 | 090 | 0028 | 0.035
z -] 078 ] o031
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DM74LS193

General Description

The DM74LS193 circuit is a synchronous up/down 4-bit
binary counter. Synchronous operation is provided by hav-
ing all flip-flops clocked simultaneously, so that the outputs
change together when so instructed by the steering logic.
This mode of operation eliminates the output counting
spikes normally associated with asynchronous (ripple-
clock)counters.

The outputs of the four master-slave flip-flops are triggered
by a LOW-to-HIGH level transition of either count (clock)
input. The direction of counting is determined by which
count input is pulsed while the other count input is held
HIGH.

The counter is fully programmable; that is, each output may
be preset to either level by entering the desired data at the
inputs while the load input is LOW. The output will change
independently of the count pulses. This feature allows the
counters to be used as modulo-N dividers by simply modi-
fying the count length with the preset inputs.

A clear input has been provided which, when taken to a
high level. forces all outputs to the low level: independent

September 1986
Revised March 2000

Synchronous 4-Bit Binary Counter with Dual Clock

of the count and load inputs. The clear, count, and load
inputs are buffered to lower the drive requirements of clock
drivers, etc.. required for long words.

These counters were designed to be cascaded without the

‘need for external circuitry. Both borrow and carry outputs

are available to cascade both the up and down counting
functions. The borrow output produces a pulse equal in
width to the count down input when the counter underflows.
Similarly. the carry output produces a pulse equal in width
to the count down input when an overflow condition exists.
The counters can then be easily cascaded by feeding the
borrow and carry outputs to the count down and count up
inputs respectively of the succeeding counter.

Features

B Fully independent clear input

B Synchronous operation

B Cascading circuitry provided intérnally
B Individual preset each flip-flop

Ordering Code:

Order Number [Package Number

Package Description

Y9019 |en@ ypm Jaunog Aieuig ng- snouoJyouAsg ¢61.STPLING

DM74LS193M M16A

16-Lead Small Outline Integrated Circuit (SOIC). JEDEC MS-012.0.150" Narrow Body

DM74LS193N N16E

16-Lead Plastip Dual-in-Line Package (PDIP), JEDEC MS-001. 0.300" Wide

Connection Diagram

INPUTS oUTPUTS INPUTS
DATA DATA  DATA
V¢ A CLEAR BORROW CARRY LOAD ¢ D
16 15 J1e |3 |12 |1 10 9
VA e
1 B 4 5 6 e [

DATA B Qg Qq  COUNT COUNT Qc Cp GND

INPUT Pt DOWN uP Pt S
OQUTPUTS — QUTPUTS
INPUTS
© 2000 Fairchild Semiconductor Corporation DS006406 www.fairchildsemi.com



DM74L.S193

DATA (15)

Logic Diagram

(13) BorRROW

ouTPUT

(12) carry

INPUT A

ouTPUT

3)

OUTPUT q,

powN (4)
COUNT l>° o
—>T
> BA
up (5)
COUNT ;Do.:
paTA (1)
INPUT 8 ?;D%
Qg
—> T
: Qg
DaTA (10)
INPUT C ‘EDF_I
R
.,
Q¢
—D> T
Qc
& =5
DATA (9)
INPUT D ==}
14).
CLEAR {0
o)
—> 7
%
1
LOAD (n

www.fairchildsemi.com

2)
OUTPUT Qg

6)
OUTPUT Qg

)
OUTPUT Qg




Timing Diagram

CLEAR I I

LOAD :
|
|

A |
8 i
DATA !

|

|

COUNT +
£l up |

COUNT
DOWN i

./

Q0

OuTPUTS )
of |-
sl

AN

CARRY |

BORROW

CLEAR

PRESET

Note A: Clear overrides load. data. and countinputs

I e 5 COUNT DP \-1

=————— COUNT DOWN

Note B: When counting up. count-down input must be. HIGH: when counting down. count-up Input must be HIGH

www.fairchildsemi.com
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Absolute Maximum Ratingsote 1)

X Note 1: The “Absolute Maximum Ratings™ are those values beyond which
Operating Free Air Temperature Range -0°Cto +70°C

DM74LS193

the safety of the device cannot be guaranteed. The device should not be
ted at these limits. The parametric values defined in the Electrical
l operal
SuPp y Vo!tage v Charactenstics tables are not guaranteed at the absolute maximum ratings.
Input Vollage 7V The "‘Recommended Operating Conditions™ table wil define the conditions
. for actual device operation
Storage Temperature Range -65°C to +125°C

Recommended Operating Conditions

Symbol Parameter i m Units
Vee Supply Voltage : \
V.H\W v
Vi LOW Level Input Voltage \
'\ga’ HIGH Level Output Current mA
oL LOW Level Output Current mA
fek Clock Frequency (Note 2) MHz
Clock Frequency (Note 3)
tw Pulse Width of any Input (Note 4) ns
tsu Data Setup Time (Note 4) ns
ty Data Hold Time (Note 4) ns
tEN\ Enable Time to Clock (Note 4) ns
Ta Free Air Operating Temperature €

Note 2: C_ = 15pF. Ry =2k, la=25Cand Vee = 5V.
Note 3: C, = 50 PF. R = 2 kQ, la=25Cand Vee = 5V.
Note 4: T, - 25 C ang Vee = 5V

DC Electrical Characteristics

Symbol

Parameter

Input Clamp Voltage Vec=Min. | = 18 mA -
HIGH Level Output %
Voltage

LOW Level Output
Voltage

Input Current @ Max Input Voltage y
LOW Level Input Current

Short Circuit
Output Current

| SUPvCun: N e S

icals are at Ve = 5V, Ta = 25%C;

Note 5: All typi

Note 6: Not more than ©ne output should be shorted at atime. and the duration should not exceed one second
Note 7: I 1s measured with all outputs open. CLEAR and LOAD mputs grounded. and all other inputs at 4. 5v

www.fairchildsemi.com 4
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AC Electrical Characteristics
From (Input) R =2kQ
Symbol Parameter To (Output) C_ =15pF €L =50 pF Units
Min Max Min Max
fmax Maximum Clock Frequency 25 20 MHz
toLn Propagation Delay Time Count Up 2% 30 i
LOW-to-HIGH Level Output to Carry 5
tonp Propagation Delay Time Count Up o4 36 e
HIGH-to-LOW Level Output to Carry
oLy Propagation Delay Time Count Down 55 29 ne
LOW-to-HIGH Level Output to Borrow
tonL Propagation Delay Time Count Down = 32 e
HIGH-to-LOW Level Output to Borrow
torn ?ropagalion Delay Time Either Count 48 i s
= LOW-to-HIGH Level Output to Any Q
tonL Propagation Delay Time Either Count o7 54 R
HIGH-to-LOW Level Output to Any Q
torn Propagation Delay Time Load to Ao a7 i
LOW-to-HIGH Level Qutput Any Q
top Propagation Delay Time Load to % a7 b
HIGH-to-LOW Level Output Any Q
i I i
oy Propagation Delay Time Clear t 35 W o
HIGH-to-LOW Level Output Any Q
¥
5 www.fairchildsemi.com
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DM74LS193

0000020
10.259- 0.508) *

J"

—pp 0.150-0.157

=
(3.810 -3.988)

B8° MAX TYP
ALL LEADS

i —

! ! f
0.008 0.010 ! 0.016-0.050
10.203 -0.25¢) b |
TYP ALL LEADS 3 oA

0.004 TYP ALL LEADS
10.102)
ALL LEAD TIPS

Physical Dimensions inches (millimeters) unless otherwise noted

e 0386-03% -
(9804 - 10.00)
6 15 14 a3 12 n 1 9

0.228-0.248

0.728-0.244 30"
15791 -6.198) TYp
DR i
3
e RS
v UEUEE e
LEROND 1 VoA e s ey ey +
I0ENT ~ 0.010 max
(0.254)
0.053 -0.069
(1.346-1.753) 0.004 0.010
‘ (0.102 —0.254)

16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0150

Package Number M16A

Narrow Body

=+ SEATING
? PLANE
0.014-0.020 yp
{0356~ 0.508)
0.008
P
0203 " [

www fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

(18.80 - 19.81) — (g-gzg)
- Gl

INDEX
AREA
0.25040.010
{6.350£0.254)
PIN NO. 1 PIN NO. 1
oent— L 2] T3] (4] o] 16T IDENT
OPTION 01 OPTION 02 Shas
0.130£0.005 (1.651)
Y 0.060 4° TYP 0.300 - 0.320 (1.651)
(330220.127) *l ]“ (1520) P "\f‘\opnonu ‘,(7.620-8.128) :
0.145 - 0.200 pealz b I
(3.683-5.080) } i
R ]
950% 50 i
0.020 . ‘ 90° £ 4° TYP = : -0.006=0.016
#508) MIN A [ o280 (0.203-0.406)
s 0.125-0.150 |._ 003020015 (7.112)
(3:175-3.310) . T T {07522 0.381) MIN
0.014-0.023 i 0.100£0.010 +0.040
(0356~ 0.584) ; o.osoxo.m;‘ (2:5402£0.254) ©3%op15 NI6E (REV F)
TYP -‘—Wozw TP (8755’1‘0‘6)
k. 490 10,381

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N16E

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body. or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

www.fairchildsemi.com

7 www.fairchildsemi.com
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CD4046BM/CD4046BC Micropower Phase-Locked Loop

General Description .

The CD404R6 microoower nhasa-locked loop (PLL) con-  The INHIBIT input, when high, disaoles the VCO ang saurrce
sists of a bw cower. lnear, voltage-controlled osaillator follower to minimze stancty power consumption. The zener
(vCO1, a source follower, a zerer diode. ana two chase cioce :s grovided for cower susgly regulation, if necessary.
comcaraiors. The two chase comparators have a common

signai ircul and a common comoparaior inpul. The sigral Features

gyt can se awecily couskes for a large vatage Sigral. of @ wice supely voliage range 3.0V 2 18V
capacitively coucied {o the self-biasing amolitier at the sig- & Low dynamic 70 W {vol at

doo payoort-aseld Jamodoadi Hg9r0radD /NAIYOrAD

ral incut {or a small voltage signal sower consumgtion fo — 10 kkz., Voo — 5V

Fhase comoararor | an exclusive OR gate, provides adigital VCO frequency 1.2 MKz (yp.) at Vop — 10V

error signal (chase como. | Out) and maimans 90° phase gy oo frequency drit 0.05%/°C at Ve~ — 10V
1 shifts a1 the VCO cemter frequency. Between signal input with tomheralixre 7z

ang comoaraior incut {2oth at S0% duty cyciel, it may lock B High VCO linearty i iyo0.)

ucncies that are close o harmon-
1ency.

cnic the signal moun #
s of the VCO center e
Phase comparator Il 5 an edge-controlled digital memory
retwork. It oroviges a cigital error signal (phase comec. i .
Oui) ara lock-n sigral {chase culses) to incicate a locked %
coraition and mamntains a 0° chase shiit tetween signal in- 8
Ut and comearalor 'NouUl. a
The iirear vohiage-comroilec oscilator (VCO) proguces an & Vaohiage-ic-ireguency corversion
]
]
u

Applications
FM demodulator and moculator
Freguency synthesis ana muitickcaron
Freguency aiscnminaunon

2 Dala syonchromzation and condilicring

sutewt sigral (VCO Out) whose fregqueney is determuned by Tone cesoaing

the vorage a1 “he VOO, inaut, and the canacior and resis- FSK mogulation

iors connecieg io cin Cly, Clg, R1 and R2. Motor sneed control

The source tollower sutput of the VCO iy (demodulator Qun 7

'S usec with an exiemal resistor of 10 k) or more.

Block & Connection Diagrams

SCxaL
3

Vog
a
T Y
W SHASE Duakin-Line Package
CCMPARATOR 1
couPaRATCR ¢ 7 PMASE COMP I GUT ' U %
o :', PHASE PUiSES —f - ven
L s 4, PHASE COR1P | CUT — 2 Zenen
» 3 1
:n;ﬁrou | PHASE COMP H ONT CIWPARATOR 1N — [ msmas
0 PHASE PULSES [
=9 vE0 0UT — 12 ot o m 30T
RI INHLRIT _54 ..1 ~ 4
5 v ;
Ciy — H
« _" l CEMCaRLATRA QUT
o VEOIN Low : :
VI 738 a3 3
I I HTER Ve — — veo
i ¥ QENIDULATOA J
; SOURCE 199 3 T S&m-2
e = i
| fotewer [ O 1 Top View
v
5 I I Rs s Order Number CD4046B
MR O—dg
_'1__| v

6' é!i : J

vsg IEmen

TL/F/958-1
FIGURE 1 '
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Absolute Maximum Ratings nowes122
H Military/Aerospace specified devices are required,

plea:

Ottice/Distributors 1ar availabil
DC Suoply Voltage (Vop)

Input Voltage (Vin)

Storage Temperature Range (Ts)
Power Dissication (Pp)

Duatin-Line
Small Ouilire

Lead Temperatwe (Ty)

(Soldering, 1C seconcs)

se contact the National
lity and specilications.

Semiconductar Sales

—0.5t0 T18VzC

—0.5 toVpp .8 Voo
—25°Cio +150°C

700 mwW
SIT W

250°C

Recommended Operating

Conditions vote 2

DC Suogly Vottage (Vpo)

Input Vottage (VIn)

Operating Temperature Range (Ta)
CD4C4EBM : —55°Cto T125°C
CD4048BC —40°Cto =€5°C

3t015Ysc

2toVoo Yoo

DC Electrical Characteristics cpc4sM iNote 2)

i .| ~25°C ~125°C
Symbol Parameter f Conditions :k : ; - l, - Units
{ | Min | Max| Min * Typ [Max { Min | Max
lop Quescent Device Currert |Pin & — Voo Fin 14 — Voo | ‘ ‘l : ‘. i
‘Pin 3.9 — Vss l ? i ; 1 " | |
Vgp — 5V ; bos 10005 | 5| 1150. uA
lvop — 10¥ i !yoil o1 ;wi 1300 ! pA
! Vop — 18V i heo! Sp15 | 25 | oot pa
|Fm:>—Vr~—-FrH—O"8r. i ‘; E . ] ;
iPn3.2 - VYss ) i i “ i
| Vop — 8V | 145 4 ca AT {185 L A
! : iVpp — 10V " | 455 1 Loz s L350 | A
tVan — 15V i {1200 50 1800\ 115001 uA
VoL - |LowlLevel Oumut Vokage | Vop — SV ! h o5 | o 1995 ] lb.os: v
ivop - 1Y Hloics™t ) ping | {088 : ¥
iVep - 15V ; i 005 §15bca) iposi v
Von | High Level Ourput Votiage { Vop - 5V i 485 ! L Geshidlls | 488 v
tvop - 1o¥ Dgmssete Fo U™ | 2= | v
iVop - 15V | 1498 | Viassli 15l | 14355 | v
Vi |LowlevelirpuiVorage |{VoD C 5V, Vo - CEVordsv | {15 | i 225 | ]l i f= ! v
Comparator and Signalln | Vpp — 10V. Vo — 1V 008V | 3.0 ‘ | 48 9 30 | fzo 1 v
ivgp - 15,V — 1.5V or 13.5V | 4.0 | Macos | 4 | 407y
| f F. H 4 ST & i i
ViH High Level Ingut Voltage !V.’:D - SV.Vg - 05Vord.5V i 3.5 { § \ 3.5 ; 275 { 3E l 1V
Comparator and S iin e — TR KoY ., | 12 1723 55 | 78 | L
Vo - 18V. Vo = 15V or 138V - 11.0 | 110 | 825 | 1o ! PV
IoL Low Level Oumut Current | Vpp - 3V.Vo - T4V : 04 | los1 | oee Foas ! mA
(Note 4) lyop - 10V.V - S5V 18 | r e @\ : mA
. !
[Ven - 18V. Vg - 1.8Y ; 49 i34 | 88 | | mA
IcH High Level Ouigut Current |Vpp - SV.Vo = 4.3V | Lozai I _gs1 -088 ! ! mA
! ) { H
(Note 4) |vpp - 10V. Vo =85 po-1.6 | 13| -2251 | mA
[Vpp - 15V. Vg - 135V -4.2 | | -34| -88 i mA
i |
™ Input Current All Incuts Excect Swgnal Input \ :
Vpp — 14V, Vin — OV —0.1 —10-5| -0.1 —15| pA
s Vop — 15V. Vin — 15V ‘ 0.1 18-5 | c1 18 | nA
Cw |input Casacrance Any Input (Note 2) | 75 | of
Py Total Power Dissipation — 10KkHz.R1 — 1 M0 et i
R2 - .VCOW — Yop/2 {
i n e ! 1 A
Voo - &Y i l i v-v—7 ; L mW
Vpp — 1oV i i | o8 | . mW
Von — 18 ! ! to24 ! ! : L mW

n




DC Electrical Characteristics co«4ssC (Note 2

| > —40°C | F25°C r8sC |
Symbol Parameter Conditions - - - - Uniis
l Min | Max | Min | Typ | Max | Min | Max i
: : L i
3 H $ 1
Inp Quescent Device Current |pin§ — Vpp, Fin 14 — Voo : E i E :
' : : ! i
iPm 3,9 — Vss : i i i H
ivop - &Y 20 ! ! 0.005 1 20 L1501 zA
|vop - 1oV 40 | oot | 40 {300 | =
iVep - 15V ! ug i 6015 ! 80 i 300 T gA
g {PinS — Vop, Pin 14 — Ocen. | i : i
| ‘ i
i | i i
791 s g s [ 205 | mA
530 | b0 i | 710 | 2A
=) ol : J ,
1320 | S0 11200 11800 A
Vou Low Level Output Vottage {Vpp — SV S35l Il | 0.05 {008 ¥
Vpp - 10V 308 {0 005 005! ¥
Vpp — 15V | 85 i 0 g Oy 008 ¥
Von | High Level Ouicui Vottage |Vop - 5V 485 [ 385 5. | 155 | y
iVpp - 10V 582 ! 5o ; 10| 9.55 | v
iVpp - 15V 1438 i14881 15 14.95 Loy
ViL Low Level Incut Voliage  [Vog - SV.Vo - 8.5V or 4.8V - 1 glos=t=1(5 L1158 B
Comparaior and Signalln [Vpp - 10V.Vg — 1V or 8V 2D\ R - | MoW v
iVog — 15V.¥g = 1.5V or 13.5V L [41 iE.25 4 4D i JOANV
Vin High Level Incut Voltage {Vop — SV.¥o - 3.8Vor 4.5V a5 § C e iNolTE~ BS i L
Comparator anc Signal In Wgp — 10V. Vg — 1Vor SV 7.0 N2 N £ | 78 ! %%
|Vgg — 18V. /g — 1.8Vor 13.8V | 112 \flo llos? d 1.5 | R
InL Low Level Outout Curren: i¥pg — SV.Vo - 0.4V | 02 fodd4 | oeerd 0.25 P g
{Note 41 IVop — 10V, Vo = 0.8V | Y R gl 16 9.3 4 P ma
iVep — 15V.Vp — 1.5V if2.3 2p [i oe8 2.4 P A
lon | High Level Outcui Curent t¥og = SVaVo = 4.8V f_gse fg44i —oesd —0.38] A
(Note 4} Wpp — 10V.Vp = 8.5V =18 =1 | —228 -8 mA
Hp — 15V, Vg — 135V | -2z RESOD! 2.4} P ma
N Ineut Current | All ncuts Excest Signal Incut ; : | |
ivgg — 1EV. VN — OV l —23i i —101 oA
ivpp - 18V, Vi — 15V | 9 | g 10 | oA
Cin Input Cacacitance i Any Incut (Note 3) ! l l
Pr Towl Power Disscaton i1, — 10KkHz Rl = 1 M. l i l i
liRZ — 20,YCOpN — Vpp/2 l I; ! l
oote WY ‘ i i | Y
vVop — 10V l 'l 0B | mw
! : i
'Vnp — 15V : i g Y e | Do

Note 1: “Apsoiute Maxmum Fasngs @&
snould be coerated ar Mese ims. The 2ol o “Recommended Col

oparanon

Hote Z Vgg — 0V uniess cTienwes sosctied
Note 3: Gapactance :s juaraniesd ty z&edc tasong
Note &:1cqp and iy &9 [5T8d One CUTDLT af 3 B2

TUSBVAUES neyond wuch te

sarary of D@ 0encs TE2NCT
eranng Condons” and =

sarang33d They afe NG Meant 1o moky
Gharacrenstcs’ mowides conduons fof acial I2ACS

hat the devcss




AC Electrical Characteristics® cp40456M/CD4043BC Ty — 25

°C.Cy — 50 oF

1 1
Symbol | Parameter ! Conditions | Min ! Typ Max | Units
VCO SECTION
Ipo Operatirg Current i fy — ICKEZ.R1 — 1 MQL f
! R2 — 0 VCQOpy — Vop/2 ; s
! vpp -3V : 2 A
' Vpp - 1OV : = Lo
i Vop — 15V : 200 fiiaA
INMAX Aaximum Ccerating Frequency : C1 - SDcF.R1 - 10k,
3 i R2 - »,VCOl - Voo | i
| vop —sv ol 0.8 ? Wiz
| Vpp — 1OV 0.6 | 1.2 ! Wz
| Vpp - 18V o] 1.5 ] Mz
Lineanty i VCOm — 2.5V 03V : 3 ;
I R1 > 10k Vop - SV : 1 i e
| VCOpy — SV £2.5V. : ! |
2 1 H
i R1>4COkVpp - 10V i 1 !
i i VOO — 7.5V x5V, : i
iRt > 1M Yop - 13V : 1 ! it
Temeerature-Freguency Staoility t TR gt 1
No Frecuency Offset, iy — 0 | B2 — = i ! :
| Vep - 3V 1 Da2-0ed !
i i Vgp - 10V i CG4-0.08 |
i Voo — 18V {1 0.01528.03
Freguency Ciset. fayny = 0 i ¥np — 5V CO620.12
! [ Vpp — 10V 0.08-0.1 |
! | Voo — 18V 2.02-0.c5 | i
VCOpy | IncuiRessarce Y yan - 5V 108
: ! Mog — 10V : 108 . L
] i Nep - 18V i 10€ 4 i NC
VCO | Outout Duiv Cycle | Vop - 5V 50
! ; Vpp — 10V t £0 ! =
! {' Voo - 158V : 50 i
tThL VCO Outows Transition Time i Vpp - 5V | Se i 2CO rs
L i Voo - 10V ‘ 0 W 158 rs
I vep - 15V : 45 i &0 rs

*AG Parametars are quaranteed oy UG oonmeiared 1653




AC Electrical Characteristics™ cosc458M/CD40468C T4 — 25°C. G — 50 pF {Continued)
symbol | Parameter [ Conditions [ min | Typ | Max | units

PHASE COMPARATORS SECTION

Bin Input Resistance i 1 ]' :
Signal lrout : sv l R MO
; 10V | 02 o7 20
: 15V {04 2.3 Mo
! Comcarator Inout i sV ! i 108 . h!
! : 10V ¢ 108 I Mo
| e — 18V ! I o108 Mo
AC-Coucled Signal Input Veliage { Csz=ies — 1000 ¢F i '
Sensitmty ! 1— SOkHz 1 |
i Vag -5V i 200 4CC my
I Voo — 10V I s00 800 my
! ep — 15V I 700 1400 mv
DEMODULATOR OUTPUT
vCON— Otiser Viottage RS > 10k Ve — 5V | 150 2.2 v
Voem RS S 10k Vop — 10V ¢ 150 2.2 v
RS S 50k ¥op — 15V I” 150 2.2 v
Lireanty i RS S50k i
| VCOpy — 28V £0.3V. Vpp — 5V mof 2
i
f VGO — 8V 2.8V, Voo — 12V } 3.6 23
i VCOp — 7.8V £35V.Vop — 15V I 0.8 =
ZENER DIODE
H 1
vz Zener Dioce Vottage i Iz =50 pA | oW gis NN,
T § ) 5
Rz Zener Dyramic Resistance bz - 1mA : {100 LS

*AC Parameters are juaranteed ty OC correlated testng,




Phase Comparator State Diagrams

PHASE COMPARATOR |

INPUT STATE
COMPARATOR

" //®\ : h®\ ’
& )( e

/ N
SIGHAL \@»/
"

PHASE CORP I OUT ]

PHASE COMPARATOR Il

INPUT STATE

COMPARATOR
N

B -

a2

/
SIENAL
w

PHASE COMP 11 OUT

E PHASE PULSES [ 1 0
TLIF/S98&8=-3
FIGURE 2
Typical Waveforms

PHASE COMPARATDR | - PHASE COMPARATOR M
sigvaLy V0D - o8| 1 signaL i V0D 1 M

Vss Vss

VoK Vou

COMPARATORIN COMPARATCRIN My
oL aL

\' —
PHASECOMP 1OUT 01 ! l ! | l I l l
Vo

veew YOI T A AN

(LOW PASS FILTER QUTPUTY Vo —

TL/FIS96E -4
FIGURE 3. Typical Waveform Employing Phase
Comparatar | in Locked Condition

v
PHASE PULSES V"“ LI L

Vi
PHASE COMP 1 OUT

yeoyy YO
(LOW PASS FILTER OUTPUT) VgL ——

FIGURE 4. Typical Waveiorm Employing Phase
Comparator Il in Locked Condition




Typical Performance Characteristics

Typical Center Frequency vS Cc1
for R1 — 10k, 100 kf\ and 1 MQ

107 |
m nn f nn _Tﬂ’TA 25 CI f
= 106 EES VCOyy = Vppi2, RZ s |
= ;'” ; Vg copetg 1ty : J :l
z o RSl
w T ot
. 4 TVnp = 10V EEE
= 04 B 74t 'Dp'::: -
= = 5V =
= AT __,},DD i
s e i
= T S/ WL e
= Pt tEm Al i
S0 e % LR1 = 10K
| [IRET] [l I [
= 10t el 1 R1=100k
4l AU ol N ™
10-5 104 10-3 10~2 10} 110 102
€1 -VCO TIMING CAPACITOR (iFi
L/FISHER 5
FIGURE 5a
Typical Frequency vs Cc1
7 for RZ — 10 k. 100 kN and 1MQ
10 :
IR TR O ; T TA =25 C‘;
106 R l VEQy = Vs 4
= T Y P s b
2\, Vop = 1SV i
> ; b vpp = 10V i
= T : vl l Tr
=0 = 7 v By
S Nk ‘/- HEETNEE
R E FA i
< 10 ' 72 _ ——
1 BRI . A }‘Rizinliﬂi(iz
y 3 BEELT N = 10k Y
g 10 T > Y";"TT'F:
= {R2 2 100K
T }R2 = IMT]
1 B BT p LR 1 i ]
10-5 193 10-3 102 10~ 1 10 102
C] - VCO TIMING CAPACITOR (uF)
! TL/F/=358-33

Comparamr I, Po (Tah — P (un)

FIGURE 5b
Note: To notain aoer DAmars total pows Asscaticn of PLL sysem for no-sgnal input Phase Comparator | Py {Tetalh — 23 {fc) + Ppfhen) + Py (Fgr Phase

~



Typical Performance Characteristics (continuea)

104 Typical fgax/IMiN v8 R2/R1
Tt =—=Tp = 25°C:
- fMaX WHEN VCO;py =VDBE
o | | N WHEN VCOy = Vss
..2. i %; : : |
i N | |
= 102 l ' !
< T : s
= —Htl vgg = 10V, 15V 7
i R AR
e Vo0 =SV
R HIP il EREENIH
; ST o IR EE R
9.01 0.1 1 10 102
R2/R1
FIGURE 5C
Typical VCO Power Dissipation
108 ai Center Frequency vs R1

:TA=250c T
107 £ VCOyy=Vpp/2,R2=0 :
E INHIBIT = Vs
106 ! RE

1

[
105 L /.C1=80pF _

Ny

Pp - VCO POWER DISSIPATION (W)

_Ejf—‘—f'ff“_ca':mF
104 A % 1T SuPPLY L
— T ===t VOLTAGEH
o TS Vpg = 15V H
; i 1V
o e
102 = ,
= S5V
10 | il
0 a0 103 104
5 Rt (k)
FIGURE 6a

Note: To cbtain a0 casmate oty oY 358Caj0n of PLL system for no-3gnal input Phase Comparator I, Pp (Tatai) — P ifad + Pp ifwr + Pc {Fsi Pnasae

Gomgarator 1. O Tl - PO e

TL/F SSo-14

TL/F/368=-15

8




Typical Performance Characteristics continuea)

Note: To cotan apprenmare toral powsr 3sspazen of PLL system for 10-50nal inout Phase Corparator |, Py (To) — Pp ife) =
Comoparane N, Pp (Teran —

Pp — VCO POWER DISSIPATION (uW)

Pp — SCURCE FOLLOWER POWER DISSIPATION (W)

L JUYIENS

108
107
106
108
104
103
102

10

107
106
10°
104

103

102

i0

Typical VCO Power Dissipation at fyqy vs B2

10

; = TA=25°C3
] £ VCOy =Vss o
e
BT 1
C1=60pF 1
/ it e Ty =5
§§;§§Eg3§;c1= 1=
-7h‘45§ e L1 supPLY [
=/ = VOLTAGE 5
=/ = Vop = 15V [
= 10V ==
1 (2 ¥ ‘\L' ; 57%)
{ [ 1 ‘sv [
t i .ii] ! t
i iy T3 i
102 103 104
RZ (kO
FIGURE 6b

Typical Source Follower Power Dissipation vs Rg

TA 25°C1

W] lli[

VCOm VDD/'Z

R‘l'RZ—m-

{ l

" !

[t

eV

é i

& | ]

1 | T

S

T

SUPPLY
= VOLTAGE 3
Vpp =15V L]

Hil" -1

=t

f
jUEtal
15sala!

~C
e

]

!

o

1 i)

3V
] IL

——
—
1

V1]

i
| ]

102
Rg — (k)

FIGURE 6¢

103

104

TUIF/S38R=-18

TUF/268-17

5 ifu) + Po (Fg). Phase




Typical Performance Characteristics (centinuea)

Mote: To odtain apor oamate totai o

103 17 7 Y ™ : —_——rY - T
S 1A= 25
_Vnn=10V.vco,N=5 =25V,R2=%

2 —l (] 1 { S B lf I-_ f(Islvl)l 1 ] gl

= 10° =0 NEARITY = ———— x 10010
s B E
= C1 =50 pF LiGEL
= 10 L 100 pF 3 i
! T 0.001 2F LN
= 101, 01 0F IR !
: | N
o : =
C {2.5V) ST T T
Il = ! Ny [N
: ! J
0.1 B O 221 D08 3
10-1 i 10 102 103
A1 (k) X

103 7 o e S 1T ——
5N SN = Ta=28C]
vgp = 15V, VCOjy = 7.5 =5V, RZ =<

2T ke e
10° == o LINEARITY = .B__ff—-l
S i o
= 1 c1s0pf L] l
Z\\N (11 ro0pe RN |
< = 1,001 oF L
= ' uugumuF IS0
s N H9al" 47 TR N
A || N~ TN
= L e~
. f(2.5V) + f12.5V) 7111 | A
- 19 = - L
zltll {2 ii‘;

0'1 1 gintyatiy 1

107! 1 10 w2 @ 1l

R1 (k)

FIGURE 7. Typical VCO Lineariy vs R1 and C1
war $350at0n of PLL System for no-signal input: Phase Comparatos | Pp {Totahh — Pp

Gamparator Il Pp (Tatah Pr ifwin)

TLF/595e-15

) + 2o then) + P2

et ass

{

z
1
{
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Design Information

This information 15 a guide ior acproximating the value of
external components for the CD4046B in a phase-lockea-

looo system. The selected external components must te
within the following ranges: R1, R2 > 10 k2, Rg > 10 k12,

C1 > 50 pF.

In adcition to the given design information, refer to Froure 5
for R1, R2 and C1 component selectons.

Using Phase Comparator § Using Phase Comparator i
Characteristics i
YCO Without Otiset VCO With Otiset VCO Without Ofiset % VCO With Otiset
R2 = x R2 = = !
VCO Frequency f . i
= Zrofia 'Z‘_' s e z
" 21y e 24y
] ton a - ~e H g
i ey = ™ !
i
: 1
z . l - = ,;
o2 Vac vy Voo Sanl Yo = ‘oo
VUL VELTASE i VCHWAUT TaLTAGE PLOIAP T OLTAGT VIR W ST VOUIAGH
TL/FISIEB-T ! TU/F/5968-3 TUF/5%68-9 TL/F/5988-10

For No Signal Inout

VvCO in FLL system wiil agjust
10 cemer frecuenrcy, 4

VCO in PLL sysiem w i adjust 10
lowest ogerating freSuency, fmin

Frequency Lock i 2 4 = full VCO frequency range !
Rarge, 21 ! 24 = imax — tmun é
Frequency Caoture 2 i
Rangs, 21 1T {
o !

N i

s i

: I

TL/FISSAR-11 i

i

Loog Filter RS o LR :
Component % = l
Selection %“ For 2 i, see Rel. i
=a :

TUFiSS -2 i

Phase Angle Between

S0° a1t center frequency (fa). acproximating

Atways 0° n bck :

Single and Comparator ©° ana 180" at ends of lock range (2 1) |
Locks on Harmonics Yes No
of Center Frequency :
Signal Input Noise High Low
Rejection
VCO Component Giver: o Given: to ana f. Given: tmax. Gven: tmin 270 fmax.
Selecnon Use towih Calculate fmin Calculaie 1 from Us2 imin wiih
Figure 53 10 from the equation the equation Fgure 5D 1>
determae R1 e — ) f cerermine R2 and C1.
and C1. mn = ‘o L fo = ST, ¢
Use fy with Figure 5b 2 Cakculte 2=,
iogerermine R2 and Cl. | Use i with Figure 52 10 e
setermine R1 ana C1. ‘max
il , ‘
i Calcutate 1= Use o wrh Figure 5¢
mn
e o 10 cstermine rauo
b e 2 FZ/R1 o oczan R1.
imax _fo +
tan o — fL
f
Use == with Figure 5¢
'mn
i 1o aetermine ratio R2/
R1 toovtain R1.
References.

G.S. Moschytz. “Mmiaturized RC Filters Using Phase-Locked Looo”, BSTJ, May, 1S65.

Floyd Garaner, ““Phasetock Tectrigues”, John Wikey & Sons, 1986. :
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.;Balanced Modulators/
: Demodulators

. These devices were designed for use where the output voltace is a
i{ procuct of an input voitage {signal) anc a switching function (carrier). Typical
i applications incluce suppressec carrier and ampliluce moculation,
* synchronous detection, FM detection, phase cetection, ana chopper
! applications. See Motorola Application Note AN531 for additional cesign
* information.

3 s Excellent Carrier Suppression —65 c¢B typ @ 0.5 MHz

; —-50cB typ @ 10 MHz

- ¢ Acjustable Gain ana Signal Hancling

i « Balanced Inputs and Outputs

i e High Common Moce Rejection -85 ¢B typical

, This cevice contains 8 acive Tansisiors.

3

Order this document by MC1496/D

MC1496, B

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

D SUFFIX
PLASTIC PACKAGE
CASE751A
(SO-14)

Figure 1. Suppressed
Carrier Output
Waveform

Figure 2. Suppressed
Carrier Spectrum

Figure 3. Amplitude
Modulation Output
Waveform

P SUFFIX
SASTIC PACKACE. 14 @;
CASE 646 >

! 1

PIN CONNECTIONS
o —

Signal Input ; 7 | 12 VEE
Gain Agjust E NiC
3ain Adjust ; & E Cuput
Signal Incut [ © | [T} NC
> — i
Bias | 3 10| Carvier Input
— — k]
Outcut [3 ] BBl
(e F— s
NC {7 3 | Ingut Carmier

ORDERING INFORMATION

Operating
Device Temperature Range Package

| MC1496D SO-14
TA = 0°C t0 +70°C -
MC1496P Plastic DIP

MC1496BP | Tp = ~40°C t0 +125°C Plastic DIP

Figure 4. Amplitude-Modulation Spectrum

S Mclercia, Inc. 1385 Rev4
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MC1 496, B

MAXIMUM RATINGS (Tp = 25°C, unless othervrise noted.)
Rating Symbol Value Unit

Applied Voltage W 50 e
(V6—VB.V10—V1, V12 VB, V12 -V10,V6 - V4,
V8 — V1, V10 —V4, V6 —V10,V2 - V5, V5 - V35}

i| Differential Input Signal V8 —-V10 +5.0 Vdc
V4-V1 | 2(5+15R)
Maximum Bias Current Is 10 mA
1| Thermal Resistance, Junction—to—Air ReJA 100 °C/W
{ Plastic Dual In-Line Package
! [ Operating Temperature Range TA 0to +70 °C
: Storage Temperawre Range Tstc —85t0 +150 | °C

NOTE: ESD cata avaiabie upen request.

ELECTRICAL CHARACTERISTICS (Voo = 12Vde, VE= = 8.0Vce. I5=1.0 mAds. R = 3.9 k. Re = 1.0 k& TA = Tiow to Thigh.
¢ allinput and output characteristics are single—endec. Lniess othensise noted.)

i AT

1 Characteristic Fig. Note Symbol Min ‘fyp Max Unit
i | Carrier Feedthrough 5 A VOrT uvms
3 Vg = 60 mVrms sing wave and ‘c=1.0kHz 5 40 -
ofiset adjusted to zero ‘c=10NHz ; - 140 -
V¢ = 300 mVpp square wave: mvims
offset adjusted to zero ic=1.0kHz - 0.04 | 0.4
H offset not acjusted ‘c=1.0kHz - 20 200
i
1 Carrier Suppression 5 2 Ycs aB
H fg = 10 kHz. 300 mVrms
! fc = 500 kHz, 60 mVrms sine wave < 40 85 -
f{c = 10 MHz, 60 mVrms sine wave & 50 s k
Transaamittance Bancwidth {Magnituce) (R = 382} 8 g BW3cB MHz
; Carrier Input Port. Vg = 60 mVrms sine wave - 300 =
: fg = 1.0 kHz. 300 mVrms sine wave
Signal Input Port, VS = 300 mVrms sine wave - 80 -
Vgl =0.5Vde
Signat Gain (Vg = 100 mVrms. f = 1.0 kHZ 1V¢i= 0.5 Vdc) 10 3 AyS 25 3.5 - VvV
Single—Ended Input Impecance, Signal Port, f= 3.5 MHz [ i
Paraltel Input Resistance ip - 200 - kQ
Parallel Input Capacitance Sp - 20 - pF
Single—Ended Output impedance, f = 10 MHz 6 - :
Parallel Output Resistance : fep - 40 - kQ
Parallel Output Capacitance y 200 2 3.0 - pF
Input Bias Current 7 < pA
b - 12 30
S, N0 %S ,
i i e = 2 C - 12 30
Input Offset Current 7 - : pA
liog = 114: lioc = 1810 kot - 070170
hoG | - 07 i 70
Average Temperature Coefiicient of Input Offset Curent 7 - TChol = 20 - nA/°C
(TA = —55°C to +125°C)
Output Offset Current (16—19) 7 - b - 14 80 pA
Average Temperature Coefficient of Output Offse: Cumrent - 7 - iTCioo! - % - nA/°C
{TA= —55°C to +125°C)
Common—Mode lnput Swing, Signal Port, fg = 1.0iHz 9 4 MV - 5.0 - Vpp
Common—Made Gain, Sigral Port. f5 = 1.0 kHz. Ve:=0.5Vee 9 - ACM &2 -85 = B
Common—Mode Quiescent Output Voltace (Pin 6 & 2in 8) 10 - Yot - 8.0 - Vpp
Differential Output Voltage Swirg Capability 10 - Vewt B 8.0 - Vpp
i | Power Supply Current 16 +112 7 6 lcc = 20 4.0 mAdc
i : 14 t== - 30 | 5.0
DC Power Dissipation 7 5 25 - 33 - mwW
2 : MOTOROLA ANALOG IC DEVICE DATA




carrier Feedthrough.

Carrier feedthrough is defined as the ouiput voltage at
carrier frequency with only the carrier applied (signal
voltage = O}

Carrier null is achieved by balancing the currents in the
gifferential amplifier by means of a bias trim potentiometer
(R1 of Figure 5).

Carrier Suppression

Carrier suppression is cefined as the ratio of each
sideband output fo carrer output for the carrier and signal
i voltage levels specified.

Carrier- suppression is very dependent on. carrier input
level, as shown in Figure 22. A low value of the carrier does
{ not fully switch the upper switching devices, and results in
lower signal gain, hence lower carrier suppression. Ahigher
than optimum carrier level resulis in unnecessary cevice and
circuit carrief feedthrough. which again cegenerales the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
i provides optimum carrier suppression at carier frequencies
’ in the vicinity of 500 kHz, and is generally recommended for
{ balanced modulator applications. :
¢ Carrier feedthrough is independent of signal level, Vs.
Thus carrier suppression can be maximizec by operating
with large signal levels. However, @ linear operating mode
must be maintained in the signal—input transistor pair — or
- harmonics of the modulating signal will be cenerated and
appear in the cevice output as spurious sicebands of the
suppressed carrier. This recuirement places an upperlimit on
input-signal amplituce {see Figure 20). Note @so that an
optimum carrier level is recommended in Figure 22 for good
carrier suppression and minimum spurious sideband
generation. \

At higher frequencies circuit layout is very important in
order to minimize carrer feedthrough. Shielcng may be
necessary in order to prevent capacitive couping between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Level
Signal gain (single—enced) at low frequencies is defined
as the voltage gain,
. VS = Vg Ret2re
A constant dc potential is applied to the carrer inputfeminals
to fully switch two of the upper {ransistors ‘on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
differential amplifier.
Linear operation reguires tat the signal input be below a
critical value determined by Rg and the bias curent I5.

Vs = I5 RE (Volts peak)

s S RIS

26 mV
15{mA)

where rg =

Note that in the fest circuit of Figure 10, Vg comesponds 10 a
! maximum value of 1.0 V peak.

Common Mode Swing

The common—mocde swing is the voltage which may be
i applied to both bases of the signal cifferential amplifier,
‘ without saturating the current sources or without saturating
{the cifferential amplifier itself by swinging it imtc the upper

MC1496,B

GENERAL OPERATING INFORMATION

switching devices. This swing is variable depencing on the
particular circuit and biasing conditions chosen.

Power Dissipation

Power dissipation, Pp, within the integrated circuit package
should be calculated as the summation of the voltage—currernt
products at each port, i.e. assuming V12 = V6, I5 = 6 =112
and ignoring base cufrent, Pp = 215 (V6 — V14} + 15}
V5 — V14 whe-e subscripts refer to pin numbers.

Design Equations

The following is a partial list of cesign eqguations neeged to
operate the drcuit with other supply voitages anc input
conditions.

A. Operating Curent
The intemal bias currents are set by the congaitions at Pin 5.
Assume:

15 =16 = 112,
Ig < < Ig for all transistors
then :
N iy where: R5is the resistor between
R5=—7=—=500 Q Pin 5 and ground

15
: 9=0.75at Tp = +25°C
The MC1486 has been characterized for the condition
|5 = 1.0 mA anc is the generally recommended value.

8. Common—Moce Quiescent Output Voltage
V6 = V12 = V+ =I5B R

Biasing
The MC1486 requires three dc bias voltage levels which
must be set extemally. Guidelines for setting up these three
levels include maintaining at least 2.0 V collector—base bias
on all transistors while not exceeding the voltages given in
the absolute madmum rating table;
30 Voe = [(V6, V12) —(V8, ViD)j = 2 Vde
30 vee = [(V8, V10) —(V1,V4)] = 2.7 Vdec
30 Voo = [(V1..V4)—(V5)] = 2.7 Vdc
The foregoinc concitions are based on the following
approximations: :
¥6=V12,V8=V10,Vi=V
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor _
base currents anc can normally be neglectea if external bias
dividers are cesigned 1o carry 1.0 mA or more.

Transadmittance Bandwidih
Carmier transacmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as cefined by:

ig (each sideband}
vg (signai) o

¥21C = =
Signal transagmittance bandwidth is the 3.0 dB bangwidth

of the device forward transadmittance as defined by:
. ig {signal}
7218 g (signal)

o =05 Vic, Vg =0

MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors .
Capaditors C1 and G2 (Figure 5} should be selected for a
reactance of less than 5.0 Q at the carrier frequency.

Output Signal :
The output signal is taken from Pins 6 anc 12 either

! palanced or single—enced. Figure 11 shows the output levels

of each of the two output sicebands resutting from variations

i in both the carrier and modulating signal inputs with a

single—ended output connection.

; Negative Supply

VEE should be dc only. The insertion of an RF choke in

i series with VEE can enhance the stability of the intemal

current sources.

Signal Port Stability

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

Signal Input

* .
(Pins 1 ang Lot o

510

=3k

An altemate method for low—frequency applications is to
insert a 1.0 kQ resistor in series with the input (Pins 1,4). In
this case input current crift may cause sefious ceg racdation of
carrier suppression.

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression

10k 19k ;
- t l Re ;
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Dot ™ t L0 Ss e 1 e
Camizr DE:ZF | Y o ig
o, o o o B o
e ] 1| Mciags |2 TR
Mosbatog ’ 4 LE /N
cculating l =a Z
i ) : Te
Signal lnput 102 mk}%s.”? %51 #14 ?;
sk | | WY
: i  Brpidakst
ALt gpyv- JL
Carrier Nuil o 1
-30 Vo
VEE

Veo
12V¥oe
v ¢
Re=12K !
1.0k e, !
5 73 LV
l l7-> Aa l- g“"'(
10ks i 5| MCia98 |5 B ]
4] o
| 12
1

Tu 45
1
l' 1o %GEK
! i
® =
-3.0 Vde
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Figure 6. Inpui—Output Impedance
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e, Wl b o
“in ,____-;"_ Fz Io
e ?,
s
i 38.3k
| !
® =
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NOTE: Shielging <finout and culout leacs may oe neeges
to precerty sedform these tests.

Figure 8. Transconductance Bandwidth
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Figure 10. Signal Gain and Output Swing
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TYPICAL CHARACTERISTICS

Typical characieristics were obzairea with circuit shown in Figure 5. ic = 500 kHz {sine wave).
VG = 60 mVrms, ig'= 1.0 kHz. Vg = 300 mVrms. TA = 25°C, urless otherwise noted.

Figure 11. Sideband Output versus

Carrier Levels

Figure 12. Signal-Port Parailei—Equivalent

Input Resistance versus Frequency
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TYPICAL. CHARACTERISTICS (continued)

Typical characteristics were obtained with dircuit shown in Sigure 5, fg = 500 kHz (sine wave),
V¢ = 60 mvVmms. fg = 1.0 kHz, Vg = 300 mvrms. Ta = 25°C. unless otherwise noted.

Figure 15. Sideband and Signal Port
Transadmittances versus Frequency
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency
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OPERATIONS INFORMATION

The MC1496, a monolithic balanced moculator circuit, is
shown in Figure 23. ;

This circuit consists of an upper guad cifferential amplifier
driven by a standard cifferential amplifier with dual current
sources. The output collectors are cross—coupled so that
fulliwave balanced multiplication of the two input voltages

: occurs. That is, the output signal is a constant fimes the

e

product of the two input signals. .

Mathematical analysis of linear ac signal multiplication
incicates that the output spectrum will consist of only the sum
and cifference of the two input frequencies. Thus, the cevice
may be used as a balanced modulator, coubly balanced mixer,
product detector, frecuency coubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an extemnal emitter resistance

' may be used. Also, extemal load resistors are employed at
- the cevice output.

Signal Levels 3
The upper guad cifferential amplifier may be operated
either in a linear or a saturated mode. The lower differential

- amplifier is operateg in a linear mode for most applications.

For low—level operation at both input ports. the output

signal will contain sum and difference frecuency components

Figure 23. Circuit Schematic
-)12

and have an amplitude which is a function of the product of
the input signal amplitudes.

For high—level operation at the carrier input port and linear
operation at the moculating signal port, the output signal will
contain sum anc cifference frequency components of the
modulating signal frequency and the funcamental anc ocd
harmonics of the carrier frecuency. The output amplituce will
be a constant iimes the moculating signal amplituce. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal hancling capabilities of a differential
amplifier are well cefinec. With no emitter cegeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters intemally connected, this voltage applies to the
carrier input port for all congitions.

Since the lower cifferential amplifier has provisions for an
external emitter ‘esistance, its linear signal hancling range
-may be adjustec by the user. The maximum input voltage for
linear operation may be approximatec from the following
expression:

V = (15} {(Rg} voits peak.

This expression may be usec to compute the minimum

value of Rg for a civen input voltage amplituce.

Figure 24. Typical Modulator Circuit
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Figure 25. Voltage Gain and Output Frequencies

Carrier Input Signal (V¢ Approximate Voltage Gain Output Signal Frequency(s)
: RiYe
*x Low—level dc KT N
; R+ 2rg) ‘!—q—}
1 R
i High—level < L M
i Rz + g
: =
o R, Virms) e
E ow-level ac T oY
: KT : c
~ 22 l—a—) R+ 2r)
3 0.837 5 ¢
High—level ac o ic=.3cxim 5C Eae Ve

NOTES: 1. Low—ievel Moduiating Signal. V), assumecin ali cases. V¢ 's Camer Inout Ve 1222,

2. When the cutput signal centains muttigie frequens:
“each of the two desired outouts. fg + fygand fic — fa-

es, Ihe gain expression given = far the cutzut amglituce i

3. Ail gain expressicns are for 3 single—encec cuteut. Fer a cifierential output comseztien, muticy eacn

expression By twa.
.Ry_=Lcadresistance.
. Rg = Emitter resistance cetween Pins Zana 3.

MW &

s o=

kT ]

. ro = Transistor dynamic emitter resistance. at 25°C:
26 mV
Ig (mA)

7. K = Boitzmann’s Constant. T = temperalure n cagrees Kewvin, § = tne cnarge =1 21 siectren.

— 25 mV at reom temcerature

The gain from the mocutating signal input port 10 the

“output is the MC1496 gain parameter which is most often of
{interest to the designer. This gain has significance only when
:the lower cifferential amplifier is operated in a linear moce,
§but this indludes most applications of the cevice.
“ As previously mentioned, the upper gquac differential
tamplifier may be operated either in a linear or a saturated
:mode. Approximate gain expressions have been developed
ifor the MC1496 for a Jlow—level modulating signal input anc
“the following carrier input congitions:

1) Lowevel dc

2) High=level dc

3} Lowlevel ac

4) High—level ac

‘ These gains are summarized in Figure 25, along with the

tfrequency components contained in the output signal.

i APPLICATIONS INFORMATION

{ Double sideband suppressed carrier moculation is the
‘basic application of the MC1496. The suggested circuit for
‘this application is shown on the front page of this cata sheet.
i Insome applications, it may be necessary 10 operate the
{MC1496 with a single dc supply voltage insteac of cual
{supplies. Figure 26 shows a balanced modulator designec
g,foroperation with a single 12 Vdc supply. Performance of this
S Circuit is similar to that of the dual supply moculator.

AM Modulator
The circuit shown in Figure 27 may be used as an
§ampli1uce modulator with a minor mocification.

All that is recuisec to shift from suppressea carrier to AM
operation is 10 acjust the carrer null potentiometer for the
proper amount of ca~ier insedion in the cutput signal.

However, the sucpressec carfier null ¢icuitry as shown in
Figure 27 does rct have sufficient acjustmert range.
Therefore, the mocuator may be modifiec for AM ope-ation
by changing two resisior values in the null cicuit as shown in
Figure 28.

Product Detector

The MC1496 makes an excellent SSB product cetector
{(see Figure 29).

This procuct cetector has a sensitivity of 3.0 microvolts
anc a cynamic. =ge of o0 cB when operating at an
imermeciate frecuency of 2.0 MHz.

The cetector is troacbanc for the enti-e high frecuency
range. For operation at very low intermeciate-frequencies
down to-50 kHz the 0.1 pF capacitors on Pins 8 and 10
should be increasec to 1.0 pF. Also, the output filter at Pin 12
can be tailored 1o a specific intermediate frecuency and audio
amplifier input impecance. 5

Asin all applicatons of the MC1496, the emitter resistance
between Pins 2 anc 3 may be increasec or decreased o
acijust circuit gain. sensifivity, and dynamic -ange. :

This circuit may aiso be used as an AM Cetector by
introcucing carrier sicnal at the carrer inputand an AM signal
at the SSB input.

The carrier signai may be cerived from the imteneciate
frecuency signal o7 generatec locally. The carrier signal may
be introcuced with o~ without moculation. provicec its levelis
sufficiently high 1o saturate the upper cuad cifferential

MGTOROLA ANALOG IC DEVICE DATA
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amplifier. If the carrier signal is modulated, a 300 mVvrms
input level is recommenced.

poubly Balanced Mixer
The MC1496 may be used as a coubly balanced mixer

1 with either broadband or tuned narrow band input and output
{ petworks.
4 The local oscillator signal is introducec at the carrier input
: port with a recommended amplitucde of 100 mVrms.
© Ficure 30 shows a mixer with a broacband input and a
3 wnec output.

frequency Doubler

The MC1496 will operate as a frecuency coubler by
introcucing the same frecuency at both input ports.

e

i

Figures 31 and 32 show a broadbang Feguency coubler
and a tuned output very high frequency {VHF} doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase cetector. High—level
input signals are intocucec at both inputs. When bath inputs
are at the same frecuency the MC1486 will celiver an output
which is a function of the phase cifference Setween the two
input sicnals.

An F# aetector may be constructec by using the phase
getector principle. A tunec circuit is addec = cne of the inputs
1o cause the two input signals to vary in pnase as a function
of frecuency. The MC 1496 will then provice an output which
is a function of the input signal frecuency.

g TYPICAL APPLICATIONS

Figure 26. Balanced Modulator
(12 Vdc Single Supply)
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Figure 29. Product Detector
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Figure 30. Doubly Balanced Mixer
(Broadband Inputs, 9.0 MHz Tuned OCutput)

Figure 31. Low—Frequency Doubler
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Electrical Characteristics conunuear
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i DACD80OL/

i | i :
i i
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Typical Performance Characteristics
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Typical Performance Characteristics contnuee)

Power Supply Current Power Supply Current Power Supply Current
vs 'V vs —V vs Temperature
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Typical Applications iconunuea)
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Typical Applications contnuec)
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Physical Dimensions ncresir limeters)

Molded Duakin-Line Package
Order Numbers DAC0800 or DAC0802
NS Package Number J1EA
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National Semiconductor

LF351 Wide Bandwidth JFET Input Operational Amplifier

General Description

The LF251 's a low cost high sceea JFET 'reu srational
vchiage
(BI-FET 1™ techrologyl. The dewice requires 3 low suogthy
surrent ana yet! maimans a large gamn cancascth croguct
anc a fast slew rate. In accition, well maicrec high voltage
JFET incut gevices crovice VEry low ingut 2:3s and oifset
surrents. The LF351 s gin comoatole wih th2 stancard
LM741 ana uses the same ofiset voltage acjusiment Srouit:
rv. This {eaiure allows CESIGRers 19 immeciaiely ucgrace ihe
sverall cerormance of 2xisung LM741 cesigrs.

i The LF351 may te usea in acghcanons such as n:gh sceed

.niegrators. fast D/A conveners. samcls-anc-tcla arcwis
ang many oiher CirCuils rECUINNG lcw NGt 058! volage.
low :ngcut bias current. Figh ncut :moecance. bigh slew raze
anz wice tancwicth. The cevice has low rosse anc otise!

surrent s .mconmant however. he LF251 s the gemsr
chaice.

Features

1 Internally ismmec ofiser voliage 10 mv
B Low incut t:as current

m Low :ncut noise volage

8 Low inpul noiSe Cuiien: 0.01 cA/Rz
m W:de gain cancwaih 4 MEz
B F:ch siew rae 12 ¥/us
B Low succly curent

8 k:gh incut .moecance

B Low tomal harmonic aisizmion Ay = 13, -&S2%

Ry= 10k, ¥o=2C Vo-c. BW =20 Fz-2C kkHz

wohage ariit, tut for acclicauons whers these SZSUTSMENTS @ Law 1/ noise comer =0 bz
are cntical. *he LF253 is recommengec. i maxmum SUCClY g pag sening sme 6 5.0 2 us
Typical Connection Simplified Schematic
i 5 bt
" M I
5

T /55

Connection Diagrams

=9ee O

Duakin-Line Package
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NTERNALLY ATEFRALLY
TRIMMED TIWMED
TL -2
N =

L s

5
— SuTRUT

BALANCE

L Sap-13

Order Number LF351M or LF351N
See NS Package Number MOBA or NOBE
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1
Absolute Maximum Ratings : 5
H Military/Aerospace specilied devices are required, A |
please contact the National Semicanductor Sales ‘N Packags ) 120wl
Oftfice/Distributors 1or availability and specifications. M Fackage T6D !

Suogly Voltage =18V Salderirg Information !
Fower Dissicanon (Noi2s 1 and £i 370 mW Du;l—ln-L.ne Fackage e
H = i ciderning (10 sec.) 1 R
| ceraing Temeerawre Rang Ci+70°C 7 |
! g Len € anas il (0 Small Outkre Package i
Timaxs Wacor Fhase (50 sec.) !

Diterenual Ircut Yohage Inirares {15 sec.i

'
'
1
l

i Inout Voltage Range (Noti2 2) =AsV Sse AN-430 “Suriacs Mounung Methocs ana T
: el £

| Ouizui Shont Circud Duratcen ; Seontrucus sn Froguc: Rehaoibiy” or other methoos o7

H -30e ae

: torage Temoerature Range — 230 40 — 1557 ace mount Jewices.

Lead Temz. (Solgering, 10 sec.) DA g O LE oe e

Metal Can 3cc°C !
o]l 235°C

DC Electrical Characteristics woex 1

X ! LF351 i ¢
i Symboi Parameter Congitions : : Units
Min Typ 1 Max 1
¥ng . Inoui Offset Vokage Re = 1Ckn. Ty = 25°C 5 LNy f
: Cver Temeerature ! ! TR Y i
i :
AVegfAT | Average TC of Incut Cifs=t Rg=1C kst : . Sl
. > i io TR RAA i
Ychage .

Ics Insut Otfse: Currem Coilvares'3 4 2= 158 oA i
4 A i
i
= LA i — r 3 !
I3 Irsut Bias Cur . ihoiss 3. 41 . : eV 252 cA i
i : [ rA i
Rin - Incut Resisiance s - i
AvoL . Large Sigral Violtage Gar W23 1] Jimv
- i |

; 15 i mv
Vo Ouiout Vokiage Swing I o Y i

Y " Inout Common-Moze vohace ; i

" Range | Ve= =13V =11 i
! —12 i :
! CMRR © Sommon-Mooe Rejscior Faus Fg - 12Kks o> Noens 132 . 4 =B
PSER ' Sucely Vokage Rejector Falo iNowe Si Fcior W el . B
Is © Sucely Currer: ] : e 2.4 mA :
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AC Electrical Characteristics (Noie 3)

] i LF351
Symbal Parameter i Canditions E - : Units
i ! Min Typ | Max |
SR i Slew Rate | Vgm 218V, Ty=25C | 12 | I Nius
aBwW ! GanBanowih Frozus [ Vgm= Z15V.Ta=25°C 4 i b hikz
: - ‘ - -
£ i EcuwalentIncut Nose Vokage , Ta=25°C. Rg= 1000, 25 g v A3
: | {={CC0Hz !
L © Ecuvalertines ho-se Surent T;=25°C, t=13C0Hz | Sict s

73 T4 BVICS MUST O3 39aTed 03560 0N IS NSl rSSISIN0E .

Note 2 Uniass ~tierwss soectsd tha o 3 TIAMUM NSGAe NoUL VOiItags :S Squal to T2 NSJAING Cowe’ 3.6V v
Note 3: Thess sceciicabons acoiy for Y-z W ad OC T —70C ‘g, 'g 2 Ing &ra msasured at Vo2

Note 4: Tha nout 2as cumsnis are (LnCs20 .52,3 52 CUTBINS WIUCH 200TCYIMatety doutls for 2vary 1YCINCrezss A T3 LNCten tameosratie T,
SFSACICLESTTNA the NDLT TIAS CUrTenks sured are corralated 1o ACHCN BMOEratLre. I Nommal COSMAEEN TW3 iACTON t3ITCaratss nses
Zanon Po Tj-Ta—%s P wners ?a 15 e nammal @asants *om wnetsn s ambens
A T a mimum,

Note 1:For 2osrang a0 sisvased tsmosr:

TEMIAAWrE 35 2 resuit of infemal cowar 155
Srmended f incut 2GS Curentis 1o

"1 SO SUDT Iy MEgRILDES Inereas:

Note 8: Max. Powsr Disscazon s 450012, e 230x333 characiensics Cparatng M
wsde
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Typical Performance Characteristics
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Typical Performance Characteristics coninuea
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Pulse Response

Smali Signal lnverting

OUTPUY VOLTAGE SWING (50 mV/DIV)

" TIME (02,50
TL/H/ 55484

Large Signal inveriing

QUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 us/DIV}
TL/H/548-5

OUTPUT VOLTAGE SWING (1V/DIV)

TIME {5 13/DIV)

Application Hints

The LF351 1s an oc ams with an inierralty snmmed 'nout
otiset vokage and JFET 'nout dewices (BI-FET ™), These
JFETs have large reverse treakdown votiages from gate to
sowrce and drain ekmmanng the need tor clarres across the
neuts. Theretors, large differanbal input vohages can easily
be accommodated wrihout a large increase 1 neut current.
The maxmum ditterential mout voltage is moecendent of
he supoly voltages. However, nerther of the :neut voltages
shouid te allowed to exceed the negative succly as this will

Current Limit (R — 10022)

Small Signat Nom-nverting

OUYPUT VOLVAGE SWING (50 mV/DIV)

TIME 102 /DIV}
TLH/%48-5

Large Signal Nan-nverting

DUTPUY VOLTARE SWING (SV/01V)

cause large ~rrerss 19 dow wiich can rasdli i a Sesroyes
und.

Exceeding the negauve commcn-moce imit on erter :rout
will force the outcut 1o a high state. cotsnially causing a
reversal oi phase 1o the oulcut.

Exceeding the regative common-mode kmd on tcth mouts
will force the ampitier outour 12 a high state. In neniber case
does a laich occur since rasnrg the nout cack within the

N
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Application Hints (continuea

common-mode range agan puts the inowe stage and thus
the amplfier in a normal operating mode.

Exceeding the positive common-mode it on a single input
will not change the phase of the outout; however, i both
inguts exceed the limit. the ouiput of the amoifier will be
forced to a high state.

The ampifier wilt ocerate with a common-moce nput voit-
age equal to the postive sugely; however, the gain banc-
wigth and slew rate may be cecreased in this condiion.
When the negative common-moae voliage swrgs to wrihin
3V oi the negative supply, an increase in :neut oftset voltage
may occur. ]
The LF251 is ciased by a zener reference wivch allows nor-
mal crcuit operation on 4V power succkes. Supply volt-
ages less than these may resuit in lower ga:n canawidth and
slew rate. .

The LF351 will crive a 2 k1 Ioad resistance 10 =10V over
‘he full temperature range of 0°C to +70°C. | ihe amclifier
is torced to drive heavier load currems. rowever, an :n-
crease in inout ofiset voltage may occur on the negative
voliage swing ana finally reach an active surerm fmit on
toth gosdive anc negative Swings.

Precautions should ce taken to ensure that ihe cower sucply
tor the integrated circut never Lecomes revesec :n polariy
or that the umn :S not nacvertentty rsialled back-

Detailed Schematic

Vee O—

wards in a socket as an unlimited current surge through the
resulting forward diode witun the IC could cause fusing of
the internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and suoply cecoupling in or-
der to ensure stabifity. For example, resistors from he out-
put to an inpui should be placed with the body close to the
inout to Mmmimezze “pick-up” and maximze the frequency of
‘he feecback pole by minmzing the capacitance irom the
nout {o grouna.

A feegback gole 1s created when the feedback around any
ampldier :s resistive. The parallel resistance and cagaci-
tance irpm the input of the cevice (usually the inverting n-
sut) 1o AC ground set the freguency of the cole. In many
instances the trequency ot this pole is much greaier than
the expectea 3 cB frequency of the closed bop gain and
consequently there is negligible effect on staniity margn.
However, it the feedtack pole is less than approximately 35
umes the expeciea 3 aB frequency a lead canacrtor should
ve placed from the output to the input ot the op amp. The
value of the addged capacitor should be such that the RC
time constant ot this capacror and the resistance d paraliels
:s greaier than or egual to the onginal feedback oole time
constant.
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Typical Applications

Supply Current Indicator/Limiter

TO SYSTEM SUPPLY

VsurrLy AAA—S

e
@ VouT Swithes ugnwnen Rsis - Yo

Ultra-Low (or High) Duty Cycle
Pulse Generator

7 VOLTAGE CORNECTION

¢ Your
10 CONTRIL CIACTITRY

Hi-Zjy Inverting Amplifier

o
11
R

Parasitic input capacitance C1 -- (3 oF for LF351
Pus any layout

with feedback eiements and creates undesrabie
ragn frequency pole To compensate. add G2 such
thar P2Cz ~ R1C1.

Long Time Integrator
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NM27C256

General Description

The NM27C255 is a 258K Elecirically Programmasie Feaa
Only Memory. H is manuiacwred in Naiional's latest COS
split gate EPROM 1ectnology which enaties it to operzie at
spesds as fast as 120 rs access time over the full oceratrg
range.

The NM27C258 prowaes micrcorocessortased Sysiems
extensive storage cazacry ‘or large corlons of scerxirg
system and application software. lis 120 ns access me
provides high speed ocaraticn with high-oeriormance CFUs.
The NM27C256 offers a sngle chip solution for the coce
storage requrements of 120% iinmware-based ecwoment
Frequentlv-used software routines are quickly execu=d
from EFROM siorage, greaity enhancing system utity.
The NM27C2585. is contigurea in the siancard EPRCOM oin-
out which croviges an easy ucgrace path for sysiems »f:ch
are currenily using starcard EFROMs.

NNational Semiconductor

262,144-Bit (32K x 8) High Performance CMOS EPROM

Decemoer 1983

The NM27C256 is one memeer of a high aensty EPROM
Familv which range-n densdies w to 4 Mb.

Features
B High serformance CMOS
— 120 ns access time
® JEDEC siandard e coniiguration
— 28-cin DIF package
— 32-gin chip carner
® Drop-in replacement for 27C258 or 27258
B Manutacturer's icenuficaion coae

Block Diagram
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% CUTPUT FH2E F
7 ANC C-_P' oUTPUT
/5o — ENABLE LG Ay BUFFE3S
rAl o L,
s ]
=X JezocR g Y GaTiNG
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Ad-Al4 =
230PESS { —N [ ]
NOUTS | ] A
> z
— L ¢ 262,745 =217 '
> JESCOER = CELL WaTaue ;
: —— i
: —] °
L — >
TL/L/10333-1
TRLSTATE” § arcamcra 3 sena S Cor

TUTes3

ARCSSWSS PR NU.S A

INOHd3 SOWD @duswiojiad ybiH (8 X Mze) Ha-vv1 T2 95CILTNN



e g

Connection Dlagrams

27com| 27c940|27C020{27C010] 27C5 12 27C512127C010 | 27C020 27C343 { 27C080
DiP 5

A19 | 30UVpe! X Vpe OV VoR NM27C256 Voo || Yeo | Voo | Weo
Aa16 | A6 | A1s | As ; XX/PGMXX/FGM A8 ¢ A1B
A15 | A15 | A15 | A5 | A1 — Ot 28 Ve — Vec X A7} AT G A17
A12 | A12 | A12 | A12 | A2 — a2z 7 A — Ald Al4 34 A4 A4
A7 A7 AT A7 A7 —]s 26 Ja13 —— A13 | A13 1 A3 A13 ¢ A3
AS a5 | A6 | a8 | as | — O34 s — A8 48 AR AR 3T AB
as 1 oas | as | as | as i —mgs 21 {788 —— Agutt AB LI AR EASLL L AT
A a1 Ad i NVl e o 23 An — At At | AT1 At A1t
A3 A3 A3 A3 A3 — g7 20% CEVop| OFE TE TE :ZT=Vop
A2 A2 A2 A2 2| —uds 31 FIAI0 —— AD | A10 | A10 | A10 i AiD
At A oA Al ——iEle nhEfm - [EFOWM TE | T&E CE/FGMCE/FGM
AD AD AQ A0 | a0} — sgje 19 (307 —— o7 o7 o7 or | o7
oo | co | co | oo | co | —odn 12306 —— 08 o8 os o | C8
o1 | o1 {01t | onj o1 —oge 17— S o5 =S
o2 | o2 ! c2 | o2 | cz; —ags 16304 —— R, o B
GND | GND | GND | GND | 6N — cog]14 1sges —— o3 O3 %y, O3 | = 23

TL/5/10333-2
Note: Cor EPACM pn comg are snown n the biocks adacent o tha NM27G236 oins.
Commercial Temp. Range (0°C to + 70°C) Extended Temp. Range (—40°C to +85°C)
Vee - 5V £10% Vcc 5V £10%

Parameter/Order Number Access Time (ns) : Parameier/Order Number i Access Time (ns) |
NM27C255 Q. N. V 120 120 NM27C258 QE, NE. VE 120 l 122
NM27C256 Q. N.V 150 150 NM27C253 QE. NE. VE 180 ' 180 :

- NM27C255Q,N. V200 ! 200 | NM27C255 QE. NE. VE 200 | 288 i
4 5 Mote: Surface mcure: PLCG package avadatie for commeraa xd exended
Military Temp. Range (—55°C o +125 C) remperature rznges only.
Vee 5V :10%
! - NM27C255
Parameter/Order Number | Access Time (ns) Package Tyces: NM27C255 Q. N, V XXX
o = r = Q — Quariz-Wincowed Caramic OIF
NM27C255 QM 150 : 150 N — Flasuc OTP DIP
NM27C256 QM 250 ; 250 V — Surface-Mount PLCC
3 o All packages conform io the JEDEC siandara.
o AN versions ars guaranteed o nclon 27 slower
SpeEQS.
PLCC
T S i
g P £ 58 & T
-Pin Names Wad o) 1§ 1}
] . i 1" 32 359
Symbaol i Description eg— S Y]
AC-A14 | ©  Adoresses a—{* v ELY S
TE i Chip Eracle A7 271 A
— € -
JE Outowt Erasie 291 25 N_c
L—¢ sk
C— JiBU =
c-07 Duipisis S o B
PGM | Program a1 23f—ci/Po
XX i Don't Care {dunng Reaa) NC—412 22{~0o,
0,13 2 5
14 35 15 °7 13 13 20
) ) e e e
= FT$SE 2SS
<
TOp T CE33-3




Absolute Maximum Ratings ote 1)

+ 2000V

H Military/Aerospace specified devices are required, ESD Protection
pt tact the National Semiconductor Sales All Output Voltages with
Oftfice/Distributors for availability and speciticati Respect to Ground Vcg + 1.0V10 GND - 0.6V
Storage Temperature -55°Cto F150°C
All Input Voltages except AS with Operating Range
Re 1 -0.6Vio +7V
Spectincod Bowio Range |  Temperature | vee
Vpp and A9 with Respect ; ;
to Ground —0.7Vio + 14V Comm’t ¢ 0°Cta +70°C i W5V £10%
Ve Sueply Voltage with Industnal —40°Cto F85°C | +5V +10%
Respect to Ground — 06Vto =7V 3 ; = ;
Miditary i —SECio +125°C @ SV £10%
Read Operation
DC Electrical Characteristics over oceraiing Range with Vep — Vo
Symbal Parameter Test Conditions i Min Max Units
Vi Input Low Level : —0.8 08 v
Vi Input High Level ] 20 | vec=1 v
VoL Ouipui Low Vottage loL — 2.1 mA ; 2.4
Vor Outout High Yoltage Ioy — —2.5 mA 3.8 v
Isg1 Vg Standoy Current CE — Vg +0.3V G &
(Note 11) (CMOS) . :
lss2 Ve Standoy Current (TTL) CE — Vin ) mA
oot Ve Active Current CE - OE - V.1 — SMHz 5 s
TTL Inputs Inpuis — Viqor Vi, 170 — CmA @
Ipo Vpp Supgly Current Vpp — Voo 10 uA
Vpp Vpp Read Vottage Ve ews 0-7 Veo v
Iy Input Loas Current Vg — 5.5V or GND -1 | A
o Outout Leakage Curent Yout — 5.5Vor GND -12 j 12 uA
AC Electrical Characteristics over Ocerating Range with vpe — ¥o
i
0
Symbol Parameter 100 1?” . 139 2i o Units
Min | Max | Min | Max | Min | wax fin | Max
tacs Address to Outcut Delay 100 i 120 | HRE: | 200
tce CE 1o Output Delay 100 i 120 | i 150 i 200
toe DE to Output Delay 50 . kS (500 4 50 ¢ s
oF Outout Disacte o 10 25 | i i oss ns
(Note 2} Output Float ! § ;
oH Output Hold from Acaresses, i ’
{Note 2) TEor T, 0 c Tl R OYk
Whichever Occurred First ’ : -




Capacitance 1, - +25°C.1 - 1 MHz (Note 2)

Symbol | Parameter Conditions Typ Max Units
Cin Incut Capacrtance ViN — OV 6 12 pF
Cout Output Capactance | Yoyt — OV 9 12 of

AC Test Conditions

Outout Load 1 TTL Gate and Incut Pulse Levels 0.45t0 2.4V
Cy - 1CO pF (Note 8) Timing Measurement Reterence Level {Note 10)

Input Rise ana Fall Times Z5ps Incuts C.8V and 2.CY
Outouts - 0.8V ang 2.0V

AC Waveforms otess. 7ana9)

4[,1
ADDRESSES %Y ADDRESSES VALID = .
Pl
— i S
o 207 [\
o8y \ — /) le—tep —i
.‘*—-—!‘:E———— [»0164.5)1
- o Y A v e,
: ?
| Be-1Y =t aMNpeel
T 1 (NOTE 3} | o a2 L IO
& . Py O =
; .
QUTPUT ] YAUD OUTPUT P
i : R
B L ——
—(noTES) f

TL/D/ 0833 -

Note 1: Stresses apove those listed under “Absoiute Maxamum Ratngs® may causs permanent damags to the device. Ths 18 stress ranng onty and functonal
operanon of the davice at thase or any other conditions abovs tinse in the oo nat of this spe 115 notimpiied. Expcsure to apsaute
ramg ¢ s for ded panods may aract dewce relapiity.

Note Z This parameter 5 only samgied and i1s net 100% tested
Note 3: OE may be delayed up 1o tace — tog 2iter Mataling sdge of TE without mgacing Laicc

Note 4: The tor and ICF compare level 1s determned as folows:
High o TRI-STATE?, the measured Voy i1 (OC} — 0.10V:
Low to TRI-STATE, the measured Vo4 (OC) F 0.10V.

Note 5: TRI-STATE may be aftained using OE o« CE.
Note 6: Tha power swicring charactensucs of EPROMSs requre careful dewce decoupiing. 1t 1s recommended that ar1sast 0 1 gF ceramic capacitor be useu on
avery device betwaan Vcg and GND.
Mote 72 The cutputs must be resncted to Ve M 1.0V to avoid fateh-up and device damage.
Note 8: TTL Gate: oy — 1.6 mA Iyy — —400 pA.
Cy — 100 pF includas fixture capactance.
Note 3: Vpp may be connacted to Ycc except dunng progs amming
Note 10: Inputs and oUTHUE Can undersnoct 1o — 2.0V for 20 ns Max.
Note 11: CMOS inouts: vy — GND 20.3V. Yy, - Yo =0.3V




Programming CharacteristiCs (otes 1.2.3. 4and §)

Symbol Parameter Canditions Min Typ Max Units
iAS Address Setup Time 1 us
CcES OE Setup Time 1 us
wps Vpp Setup Time 1 us
tvcs Vg Setup Time 1 ; i us
‘0s Data Setup Time 1 i us
i Address Hoki Time | G i ' us
ioH Data Hold Time i 1 us ;
ioF Output Enacie 10 Outout Ce - 9 32 s l

Fioat Delay i
tow Program Pulse Wiath 35 : 180 i ics us
tcE Data Valid trom OE TE - v earcehal ns
top Vop Supply Cutent TE -0 | i e

cunng Programming Pulse i ! & : !
Ice i Vgr Sueply Curent : S5 ; mA ‘
Ta i Temperature Ambient 20"y, 2t eSS o i
Vo ! Power Supply Voltage 5 iy dE, | 38 V
Vep Programm:ng Suoply Voltage g0 | 1275, W 138 v
ier Incut Rise. Fal Time ] i rs
Vi Incut Low Voltage i NBis ! v
ViH | Inout High Vokage | 2.4 ; i v
N Incut Timing Reference Voltage ; o : i 26N Y
touT i Ouiput Timing Reierence Voitage i o8 ! 2.8 N\ v

Programming Waveforms vote 2
prosRAl TRy ——=
soopesses l A ADORESS 4‘: x E

Note 1:Natonal s standard product wamanty appiies (o
Note 2= Yoo must be applied smuitanaecusly o befors Vpp and removed SHTLERNeCUSTY

5¥ ]

2372 4T LB
230 M

il
.

a0
" glsx

heren

e}

board wih votage acphed 10 Vep o VCC

Note 3: The maxmum absciute 2liowabie votage which may be acphed to e

supply to prevent any

=

from eding this 14V

souncus voitage tansents which may damage the devce.

Note S: Dunng power up tr * PGM pin must

Note 4: Programmng mmmwmmmmmFxmwmqwm at typacas ower supply YoRages and Trangs.

e brought gn (2 ¥i1) @her concaert win or Safore power § acaed 10 ¥oo.

umv»ma?mmugmnmma!mdma

Voo oin dUNNG DYOOMMNG is 14Y. Care MuST Se faxen when Jwicning e Voo

A loast 2 2.1 a7 capacty 8 required acToSS Yop. Vog = GNO to suporess

o



Fast Programming Algorithm Flow Chart

ADOR = FIRST LOCATION

iNCREMENT ADOR

LAST ADDR?

ap = 5.0Y = 5%

YERIFY
ALL BYTES

SENCE PASSED

FIGURE 1

CIYICE
FAILED

CEYICE
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Functional Description

DEVICE OPERATION

The six modes of operation of the EPROM a2 isied in Ta-
tle L. It should te noted that all inputs for the sx moaes are
at TTL levels. The cower supplies requrea a2 Veg and
Vpp. The Vpp power supply must be at 12.75v duning ihe
ihree programmng modes, and must be 21 SV the other
three modes. The Vo power Supply must T & 5,28V cur-
ing the three grogramming modes. and at 5V - the other
three moaes.

Read Made

The EFROM has two control furctions. toth  which must
ve logically actve :n order 10 octain cata x e JUIRUIS.
Chio Enacle (CE/PGM) is the power conirol 2nz should te
used for device selectron. Outoui Enaple (CE) s the output
control and should te used to gate data o e outout pins.
indecendent of device selection. Assuming ' addresses
are stacle, address access time (tacc) 1S ecual ™2 the gelay
trom CE ‘o oumut (i-g). Data :s avalatle a1 he Suiguts iz
atter the ‘afing eage of O, assuming thai CE/FGM has
ceen low and accresses have seen stapke *or T least tacc—

og-

Standby Mode

The EPROM has a siancoy mode which recyces ihe actve
oower dissipation cy over $9%, from 385 mA 2 .55 mW.
The EFROM s claced in the stancby moce ov asglying a
CMOS high s:gral to the CE/PGM input. ‘Ater . stanogy
moce. the outputs are :n a high imgedancs sxs. .ngszen-
cent of the OE incut.

Output Disable

The EPROM s slacec in outowt disacle oy accierg a TTL
high signal to the CE inout. When in cutcu: =sacie all cir-

cutry 's enaoleg, except the outputs are + 3 ~gh :mced-

ance s:ate (TRI-STATE).

Output OR-Typing .

Because the EFROM 1s usually used in large” memory ar-

rays, Nafional has provided a 2-ine conimi “urcuon thai

accommodates s use of muliple memory Snnecions.

The 2-ine control function allows tor:

a) the lowest gossitle Memory power ¢:sSCasr. and

©) comelete assurance that outout bus comerion will not
occur.

To most efficently use these two conirol knes. 1S recom-

mended that CE/PGM be cecoced and usec 25 te primary

device selecting function, while OE be rmacs 2 commion

cornecton to all cevices in the aray and corrected 10 he

READ line from the system control bus. This assures that all
deselecied memory devices are in their low power standby
moces and that the output pins are active only when datais
desred from a particular memory device.

Programming

CAUTION: Exceecing 14V on pin 1 (Vpp) will camage the
EPRCOM.

Inftially. and after each erasure. ail brts of the EPROM arein
ihe “1's” state. Data is inmroduced bty selectively program-
ming “0’s” into the desirec bt locations. Although only
~3's” will be programmed, toth “*1’s” and “0’s” can te pre-
sented in the cata word. The only way 1o change a “0” toa
“1” 5 py ultraviolet ight erasure.

The EPROM is in the programming mode when the Vep
power supply is at 12.75V and OE is at V. It is required
ihat at least a 0.1 uF capacrtor be placed across Vpp, Voo
to ground to supgress spurtous voliage transients which
may camage the dewice. The data to be programmed 1S
aoghec 8 bits in parallel to the gata outcut oins. The levels
requred for the address and cata inputs are L

When the address ana data are stable, an active fow. TTL
orogram pulse is acolied to the CE/PGM input. A pgrogram
gulse must be aoolied at each address location to te pro-
grammed. The EPROM is programmed wih the Fasi Pro-
gramming Algomthm shown :n Frgure 1. Each Adcress is
crogrammed with a series of 100 us pulses until it verdies
gooc, uo 102 maximum of 28 culses. Most memory cells will
grogram with a single 100 us pulse.

The EFROM mus: not ce crogrammed with a DC signal ao-
pliec to the CE/PGM ingut.

Programming mutticle EFROM in parallel with the same
data can be easily accomplished due to the sumplicity of the
programming recuirmments. Like inouts oi the carallel EP-
ROM may be connecied together when they are oro-
grammed with the same data. A low level TTL culse acglied
+5 the CE/PGM mout grograms the caralieled EFROM.

Program Inhibit

Programming muitcle EFROMs in parallel with aifferent
caia 1s also easily accomplishea. Excect for CE/PGM, all
ke routs (including OE) of the parallel EPROMSs may be
common. A TTL low level crogram pulse appled to an EP-
RCM’s CE/PGM input with Vep at 12.75V will program that
EFROM. A TTL high level CE/PGM input inhibits the other
EFROMs trom being programmed.

~
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Functional Description continues

Program Verify

A venfy should be performed on the programmed bits to
cetermine whether they were comecly programmed. The
verity may oe performed with Vpp at 12.75V. Vpp must be at
Voo except during programmng and program verry.

AFTER PROGRAMMING

Opague lacels should be placed over the EPROM winaow
to erevent unintentionat erasure. Covering the mrcow wil
also grevent temporary functional failure due to the genera-
tion ot choto curems.

MANUFACTURER'S IDENTIFICATION CODE

The EPROM has a manutaciurer’s igentiication coae o aic
in programmimng. When the dewice is inserted in an EFROM
programmer socket, the programmer reads the code and
then automatically calls up the specfic programmng aigo-
nthm for the part This automatic programmmung contiol IS
only possibie with programmers which have the casaniity of
reading the coce.

The Manutacturer’s Icentification coae, shown m Table I,
speaticaily identifies the manuifacturer and dewice type. The
code tor NM27C255 is “'8F04 ", where “"8F” desgrates that
it is mace oy Nauonal Sermconaucior. and “C4” cesgnates
a 25¢K part.

The coce !s accessad by acplying 12V +0.5V {0 address
cin AS. Addresses Al1-AB, A10-A16, ana all control pins
are held at V. Acdress oin AD1s held at Vy_ for the manu-
tacturer’s coce, and held at Vpy for the device zoce. The
coce is reac on the eight caia mins. Og-0y. Prooer cocs
access 1s only guaranteea at 25°C to ®@5°C.

ERASURE CHARACTERISTICS

The erasure characiensiics of the device are such “hat era.
sure tegins o occur when exposec to ight wik wave-
lengihs shorier than approximately 4000 Angstroms (A). 1
shoulka te noted that sunhght and certain types of ‘uiores-
cent lamcs bave wavelengihs in the 3000A-400CA range.
The recommended erasure procedure for the EFROM is ex-
posure 1o short wave ultraviolet ight which has a wave-

length of 2537A. The iniegrated dose (i.e., UV intensity X
exposure tme) for erasure should te a mmmum of
15W-sec/cme.

The EPROM should te glaced within 1 inch of the lamp
tubes dunng erasure. Some lamps have a filler on ther
tubes which should te removed before erasure. Table il
shows the mumum EFROM erasure time for vanous light
intensities.

An erasure System should te calibrated periodically. The
distance from lamp 10 cewvice should te mantained at one
:nch. The erasure time increases as the squars of the ais-
tance from the lamp (if gistance s doutled the erasure time
increases by factor of 4). Lamps lose intensity as they age.
When a lamo is changeq, the distance has changed, or the
lamp has aged, the system should be checked to make cer-
tain full erasure 18 occurring. Incompiete erasure will cause
symptoms that can te musleading. Programmers, comgo-
nents, and even sysiem cesigns have been erroneously
suspected when incomgtete srasure was the proclem.

SYSTEM CONSIDERATION

The power swiiching craractenistics of EPROMs require
careful decouckng ot the cewices. The supply current, Icc,
has three segmenis thar are of interest to the system de-
signer: the smancby curent level, the active cumrent level,
and the transient currert ceaks that are procucsd by volt-
age transiions on nput cns. The magnitude of these tran-
sient curem 2eaks is decendent of the output capacrtance
loading of the agvice. The associated Vec transient voltage
ceaks can ce suppressag by property selected decowping
capaciors. It s recommenced that at least a 0.1 uF ceramic
capacior ce used on every cewvice beiween Vg and GND.
This shouid te a high frequency casacitor of low inherent
inductance. In adddion, 21 least a 4.7 uF butk efectrolyic
capacitor should be used tetween Vog and GND for each
eight devices The tulk caocacrtor should be located near
where the cower suoply is connected to the array. The pur-
pose of ihe tulk capaciior s 1o overcome the vottage drop
caused by the inductive ettects ot the PC board fraces.






