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Abstract
This project present of digital transmission system which use Quadrature Amplitude
Modulate technique ( 16 QAM ) . Data is transmitted on cable at data speed 256 kbps . The

circuit consist of two important part , transmitter and receiver which synchronize by pilot signal .
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0 0 +0.150 V
0 1 +0.050 V
1 0 -0.050 V
1 1 -0.150 V
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Binary Input 16 QAM Output

R R o Amplitude Phase
0 0 0 0 0.212 +45

0 0 0 1 0.158 +18.43
0 0 1 0 0.158 -18.43
0 50 Al 0.212 -45

(1) ANVN L= (] 0.158 +71.56
0 1~=051 0.07 +45

0 1 1 0 0.07 -45

0 1 1 1 0.158 -71.56
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1100 1000 | 0100 0000
° L ® °

1101 1001 | 0101 0001
o L 2 L ] L]

® ° ° @
1110 1010 | 0110 0010

L ] L J L) L
1111 1011 | 0111 0011

(N ) Binary Code

1000 1100 | 0100 0000
L] °

1001 1101 | 0101 0001
[ ] e [ ]

L J [ 4 [ L[]
1011 1111 | 0111 0011

® @ LJ °
1010 1110 | 0110 0010

(%) Grey Code
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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, PCAj, and
PCBi,. Input PCA;j, can be used directly coupled to large voltage
signals, or indirectly coupled (with a series capacitor) to small voltage
signals. The self-bias circuit adjusts small voltage signals in the linear
region of the amplifier. Phase comparator 1 (an exclusive OR gate)
provides a digital error signal PC14yt, and maintains 90° phase shift at
the center frequency between PCAj, and PCBj, signals (both at 50%
duty cycle). Phase comparator 2 (with leading edge sensing logic)
provides digital crror signals, PC24y¢ and LD, and maintains a 0°
phase shift between PCAj, and PCBj, signals (duty cycle is
immaterial). The linear VCO produces an output signal VCOgqyt
whose frequency is determined by the voltage of input VCOj, and the
capacitor and resistors connected to pins Cla, Clp, R1, and R2. The
source—follower output SFqy with an external resistor is used where
the VCOjy, 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, frequency discrimination,
tone decoding, data synchronization and conditioning,
voltage-to—frequency conversion and motor speed control.

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

Supply Voltage Range =3.0t0 18 V

Pin—for—Pin Replacement for CD4046B

Limited

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

ON Semiconductor

http://onsemi.com

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

MARKING
DIAGRAMS
A
"CRAAAAEAH
SOIC-16 140468
\ @ DW SUFFIX
Z CASET751G | N
NEEREEEL
16
minininininininl
SOEIAJ-16
3 F SUFFIX MC14046B
S CASE966 |o AW
ooy
1
A = Assembly Location
WL, L = Wafer Lot
NY Y = Year

WW, W = Work Week

ORDERING INFORMATION

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

Symbol Parameter Value Unit

Vpp DC Supply Voltage Range -0.5to0 +18.0 \%

Device Package Shipping
MC14046BCP PDIP-16 2000/Box
MC14046BDW SOIC-16 2350/Box
MC14046BDWR2 | SOIC-16 | 1000/Tape & Reel
MC14046BF SOEIAJ-16 See Note 1.
MC14046BFEL | SOEIAJ-16 See Note 1.

Vin Input Voltage Range (All Inputs) | —0.5to Vpp + 0.5 \'
lin DC Input Current, per Pin +10 mA
Po Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Operating Temperature Range -55 to +125 °C
Tstg Storage Temperature Range -65 to +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, 2000 1
August, 2000 — Rev. 6

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 Vot should be constrained to the
range Vss < (Vin of Vout) = VpDD-

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

Publiéation Order Number:
MC14046B/D



MC14046B

BLOCK DIAGRAM PIN ASSIGNMENT
G e [ 1e 16V
- DD
PCA, 14 0-L]
St | [LCIRCUIT || —={_COMPARATOR1 || 2 Flas PClon [] 2 15 [ ZENER
| PHASE H—0 13 PC2ou
PCBy, 30~ »>| COMPARATOR2 H-o1 LD PCB, [] 3 14 ] PCA;y
VCO, 4 13 [] PC2
VG0, 90 VOLTAGE —l—ol :,1 Xgoom out [ [ PC20u
CONTROLLED INH[] 5 12 []R2
Vpp =PIN 16 | OSCILLATOR Iz 8%\ - .
Vs =PIN8 l (VCO) :Fg7 Cip all 6
Cigl] 7 10 [] SF
N 50 L—:!V SOURCE FOLLOWERH—0 10 SFau s E i
I v }o15 ZENER Vss [} 8 9 | VCOin
< — ]
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)
Vbb -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 — 0 0.05 — 0.05
15 — 0.05 —_ 0 0.05 — 0.05
“4" Level | Vou 5.0 4.95 = 4.95 5.0 = 4.95 2 Vdc
Viy = 0or Vpp 10 9.95 = 9.95 10 b 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage ) “0” Level ViL Vvdc
(Vo =4.50r 0.5 Vdc) 5.0 — i.5 — 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 £ 3.0 .y 4.50 3.0 A 3.0
(Vo = 13.50r 1.5 Vdc) 15 L 4.0 =t 6.75 4.0 a 4.0
(Vo = 0.5 or 4.5 Vdc) “47Level | Vi 5.0 35 . 35 2.75 = 35 - Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 1 — 1 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.2 — -1.0 -1.7 — -0.7 —
(Von = 4.6 Vdc) 5.0 -0.25 — -0.2 -0.36 — -0.14 —
(Von = 9.5 Vdc) 10 -0.62 — -0.5 -09 — -0.35 —
(Von = 13.5 Vdc) 15 -1.8 1 -15 | ~-35 — LA —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(Vo = 0.5 Vdc) 10 16 - 1.3 2.25 - 0.9 -
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 == 4+0.00001 | +0.1 — +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 15 — — pF
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) Inh = PCAj, = Vpp. 10 — 10 — 0.010 10 — 300
Zener = VCOj, = 0V, PCBj, = Vpp 15 1 20 — 0.015 20 — 600
or0V,lgy=0pA
Total Supply Current (5.) I 5.0 It = (1.46 pA/kHz) f + Ipp mAdc
(Inh =07, f, = 10 kHz, C,_= 50 pF, 10 It = (2.91 pAKkHZ) f+ Ipp
R1=1.0MQ, R2 = = Rgf =, 15 It = (4.37 pAKHZ) T+ 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 Vdc min @ Vpp = 10 Vdc
2.5 Vdc min @ Vpp = 15 Vdc

5. To Calculate Total Current in General:
- _ 314 - 314

VCOy, — 1.65 . Vbp 1.35) =B x( XC_O,,,___1_6_5)
R1 R2

ITzZ-ZXVDD( +1 X10"3(CL+9)VDDf+

Rsr

where: ItinpA, Cin pF, VCOjpn, Vpp in Vdc, fin kHz, and

100% Duty Cycle of PCA,
J*la
100 R1, R2, Rgr in MQ, C|_on VCOqyt.

1 x10~1 Vpp? (

http://onsemi.com
2



MC14046B

ELECTRICAL CHARACTERISTICS (6.) (C_ =50 pF, Ta = 25°C)
Minimum Maximum
VDD . .
Characteristic Symbol Vdc Device Typical Device Units
Output Rise Time trLH ns
truH = (3.0 ns/pF) C + 30 ns 5.0 — 180 350
trn = (1.5 ns/pF) CL + 15 ns 10 — 90 150
truy = (1.1 ns/pF) C + 10 ns 15 — 65 110
Output Fall Time tTHL ns
tryL = (1.5 ns/pF) CL + 25 ns 5.0 — 100 175
trHL = (0.75 ns/pF) CL + 12.5 ns 10 — 50 75
trHL = (0.55 ns/pF) C + 9.5 ns 15 — 37 55
PHASE COMPARATORS 1 and 2
Input Resistance — PCAj, Rin 5.0 1.0 2.0 — MQ
10 0.2 0.4 —
15 0.1 0.2 —
— PCBj Rin 15 150 1500 — MQ
Minimum Input Sensitivity Vin 5.0 — 200 300 mV p-p
AC Coupled — PCA;, 10 — 400 600
C series = 1000 pF, f =50 kHz 5 — 700 1050
DC Coupled — PCA;,, PCBi, — 5to 15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency frnax 5.0 0.5 0.7 — MHz
(VCOj, = Vpp, C1 =50 pF 10 1.0 14 —
R1 =5.0kQ, and R2 = ) 15 1.4 1.9 —
Temperature — Frequency Stability — 5.0 — 0.12 — %I°C
(R2=e0) 10 — 0.04 —
15 — 0.015 —
Linearity (R2 = o) — %
(VCOjp =2.5V +0.3V,R1>10kQ) 5.0 — 1.0 —
(VCO;, =5.0V £2.5V, Rl > 400 kQ) 10 — 1.0 —
(VCOip = 7.5V £5.0 V, R12 1000 kQ) 15 — 1.0 —
Output Duty Cycle — 5to 15 — 50 — %
Input Resistance — VCOjy, Rin 15 150 1500 — MQ
SOURCE-FOLLOWER
Offset Voltage — 5.0 — 1.65 22 \
(VCOj, minus SFqyt, RSF > 500 kQ) 10 — 1.65 22
15 — 1.65 22
Linearity -— %
(VCOjp =2.5V £0.3V, Rgr > 50 kQ) 5.0 — 0.1 —
(VCOjp =5.0V £2.5V, Rgr > 50 kQ) 10 — 0.6 —
(VCOr =7.5V £5.0V, Rgr > 50 kQ) 15 — 0.8 —
ZENER DIODE
Zener Voltage (I, = 50 pA) Vz — 6.7 7.0 7.3 \
Dynamic Resistance (I = 1.0 mA) Rz — — 100 —

6. The formula given is for the typical characteristics only.

http://onsemi.com
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MC14046B

PHASE COMPARATOR 1
Input Stage l
f
PCA,  PCBy |
PG 0 1
PHASE COMPARATOR 2
Input Stage ! |
e Nea OO O I‘ ® ;
3-State
PC2out U Output Disconnected !
LD (Lock Detect) 0 1 0

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCA5.

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

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

Phase angle between PCA;, and PCB;,.

90° at center frequency (fp), approaching
0° and 180° at ends of lock range (2f)

Always 0° in lock (positive rising edges).

Locks en harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2f().

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock; 2f,_ = full VCO frequency range = fmax — fmin-

Capture frequency range (2fc).

The frequency range of the input signal on which the loop will lock if it was initially
out of lock.

Depends on low—pass filter characteristics
(see Figure 3). fc < f

fo=f

Center frequency (fp).

The frequency of VCOqyt, when VCOjy = 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
Ry(Cq + 32 pF)

Tmin (Vco input = Vss)

1

m————— (Vco input=Vpp)
R1(C + 32 pF)

fmax = fmin

Where: 10K = Ry = 1M
MMK=Ry;=1M
100pF = Cq < .01 pF

Figure 2. Design Information

http:/lonsemi.com
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MC14046B

9| source |10 SFout
FOLLOWER
VCO;y Rsr
PCA;y 14 EXTERNAL =
@FRECUENCYt 5 | . PHASE |20R18} o ppes L1 3 veo : = @ FREQUENGY NP =1
PCBiy OR Ch |Clg
PC20ut R1 S R2
S —— cl
Ir EXTERNAL-i = =
+N

| [

| SOUNTEH.

Typical Low—Pass Filters

Typically:
(a) A3 @ 3 BN N
INPUT o—-'W\oI—OCZ OUTPUT INPUT OUTPUT R4Co = oo " TwAT
1 /2= R4
T dc~1 ./t (R + 3,000Q) Cp = 10NAT_g, ¢,
fmax2
IC2
= A f=fmax — fmin

NOTE: Sometimes R3 is split into two series resistors each R3 + 2. A capacitor C¢ is then placed from the midpoint to ground. The value for
Cc should be such that the corner frequency of this network does not significantly affect on. In Figure B, the ratio of R3 to R4 sets the
damping, R4 = (0.1)(R3) for optimum results.

LOW-PASS FILTER

Filter A Filter B
Definitions: N = Total division ratio in feedback loop

K¢ = Vpp/r for Phase Comparator 1 =, K¢pKvCO > KpKVCO
K¢ = Vipp/4 mfor Phase Comparator 2 “n = JNRsC; | “M T \/ NCxR3 + Ra)

2xAfyco

Kvco = -
Joa>2Y e =00 0500 (ReCh+ )
for a typical design wn = —5 I (at phase detector input) 2K¢pKvco KpKvco
¢ =0.707 _ 1 _ R3C2S + 1
Fo) g5+ | T = SRec, + ReC + 9
Waveforms
Phase Comparator 1 Phase Comparator 2
Voo Voo
PCA; | | | PCA; | I I I
" Vss : " | | Vss
L 1 O
S R\ 5| B Ty
— Vou 1 I Vou
T L LT o || I
PC10ut VOL | I VOL
— Ny Vou
VCO; PCou____| I
in i — VoL
— Vi
VCOin oH

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

N http://onsemi.com
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Balanced Modulators/
Demodulators

These devices were designed for use where the output voltage is a
product of an input voltage (signal) and a switching function (carrier). Typical
appiications include suppressed carrier and amplitude modulation,
synchronous detection, FM detection, phase detection, and chopper
applications. See Motorola Application Note AN531 for additional design
information
e Excellent Carrier Suppression —65 dB typ @ 0.5 MHz

-50dB typ @ 10 MHz
® Adjustable Gain and Signal Handling
® Balanced Inputs and Outputs

e High Common Mode Rejection —85 dB typical

This device contains 8 active transistors.

NIA
RATiVii Ve Ry
.A" A" Aﬂ Aﬂ‘.‘ Waveforn’:

IC 500 xkHz
Ig=1.0kHz

Figure 2. Suppressed
Carrier Spectrum

Order this document by MC1496/D

MC1496, B

BALANCED
MODULATORS/DEMODULATORS

SEMICONDUCTOR
TECHNICAL DATA

e D SUFFIX

\ PLASTIC PACKAGE
CASE 751A

% (SO-14)

P SUFFIX

PLASTIC PACKAGE 14 %‘
CASE 646 N ;

PIN CONNECTIONS

Signal Input [ 1] © 14] Veg
Gain Adjust [ 2 % NIC
Gain Adjust E E Output
Signal Input E E NIC
Bias E @I Carrier Input
Output E E N/IC
NIC E E Input Carrier
ORDERING INFORMATION
Operating
Device Temperature Range Package
MC1496D SO-14
MC1496P =0T RS —Plastic DIP
MC1496BP | Tp = —40°C to +125°C| Plastic DIP

Figure 3. Amplitude
Modulation Output
Waveform

Figure 4. Amplitude-Modulation Spectrum

499kHz ~ 500kHz  501kHz

© Motorola, Inc. 1996 Rev 4



MC1496, B

MAXIMUM RATIMGS (Ta = 25°C, unless otherwise noted.)

Rating Symbol Value Unit

Applied Voltage AV 30 Vdc

(V6 -Vv8,V10-V1, V12 -V8, V12 - V10, V8 - V4,

V8 -1, V10— V4, V6 - V10, V2 - V5, V3 - V5)
Differential Input Signal V8 -V10 +5.0 Vde
V4-V1 | +(5+I5Rg)

Maximum Bias Current I 10 mA
Thermal Resistance, Junction-to—-Air RoJA 100 °C/W

Plastic Dual In-Line Package
Operating Temperature Range TA 0to +70 °C
Storage Temperature Range Tstg —-65to +150 | °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, VEg = 8.0 Vdc, I5 = 1.0 mAdc, R|_ = 3.9 k, Rg = 1.0 kQ, TA = Tiow to Thigh
all input and output characteristics are single—ended, unless otherwise noted.)

Characteristic Fig. Note Symbol Min Typ Max Unit
Carrier Feedthrough 5 1 VCFT pVvms
V¢ =60 mVrms sine wave and fc =1.0kHz - 40 -
offset adjusted to zero fc =10 MHz - 140 -
V¢ =300 mVpp square wave: mVrms
offset adjusted to zero fc =1.0kHz - 0.04 0.4
offset not adjusted fc =1.0kHz - 20 200
Carrier Suppression 5 2 Vcs dB
fg = 10 kHz, 300 mVrms
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc = 10 MHz, 60 mVrms sine wave - 50 - k
Transadmittance Bandwidth (Magnitude) (R = 50 Q) 8 8 BW34B MHz
Carrier Input Port, V¢ = 60 mVrms sine wave - 300 -
fg = 1.0 kHz, 300 mVrms sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
|[Vc|= 0.5 Vde
Signal Gain (Vg = 100 mVims, f = 1.0 kHz; | Vc|= 0.5 Vdc) 10 3 Ays 25 35 - VIV
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 6 -
Parallel Input Resistance fip - 200 - kQ
Parallel Input Capacitance Cip - 2.0 - pF
Single-Ended Output Impedance, f= 10 MHz 6 -
Parallel Output Resistance Top - 40 - kQ
Parallel Output Capacitance Coo - 5.0 - pF
Input Bias Current 7 - HA
Ibs - 12 30
_1+ 14, _18 + 110
s =—7 +lbc=" 2 Ibc - | 12 | 30
Input Offset Current 7 - HA
lios = 11-14; ligc = 18-110 llios | - 07 | 70
ligc | - 0.7 7.0
Average Temperature Coefficient of Input Offset Current 7 - [TClio | - 2.0 - nA/°C
(Ta = —55°C to +125°C)
Output Offset Current (16-19) - lloo ! - 14 80 uA
Average Temperature Coefficient of Output Offset Current - [TCioo - 90 - nA/°C
(Ta = —55°C to +125°C)
Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 4 CMV - 5.0 - Vpp
Common—Mode Gain, Signal Port, fg = 1.0 kHz, |V¢|= 0.5 Vdc - ACM - -85 - dB
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Output Voltage Swing Capability 10 - Vout - 8.0 - Vpp
Power Supply Current 16 +112 7 6 Icc - 2.0 4.0 mAdc
114 IEE - 3.0 5.0
DC Power Dissipation 7 5 Pp - 33 - mw

MOTOROLA ANALOG IC DEVICE DATA




MC1496, B

GENERAL OPERATING INFORMATION

Carrier Feedthrough

Carrier feedthrough is defined as the output voltage at
carrier frequency with only the carrier applied (signal
voltage = 0).

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

Carrier Suppression

Carrier suppression is defined as the ratio of each
sideband output to carrier output for the carrier and signal
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. A higher
than optimum carrier level results in unnecessary device and
circuit carrier feedthrough, which again degenerates the
suppression figure. The MC1496 has been characterized
with a 60 mVrms sinewave carrier input signal. This level
provides optimum carrier suppression at carrier 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 maximized by operating
with large signal levels. However, a linear operating mode
must be maintained in the signal-input transistor pair — or
harmonics of the modulating signal will be generated and
appear in the device output as spurious sidebands of the
suppressed carrier. This requirement places an upper limit on
input-signal amplitude (see Figure 20). Note also 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 carrier feedthrough. Shielding may be
necessary in order to prevent capacitive coupling between
the carrier input leads and the output leads.

Signal Gain and Maximum Input Leve!
Signal gain (single—ended) at low frequencies is defined
as the voltage gain,
Ava=Jo_ RN
VS VS Re+2rg
A constant dc potential is applied to the carrier input terminals
to fully switch two of the upper transistors “on” and two
transistors “off” (V¢ = 0.5 Vdc). This in effect forms a cascode
differential amplifier.
Linear operation requires that the signal input be below a
critical value determined by Rg and the bias current 15.

Vg < I5 Rg (Volts peak)

26 mV
where rg = TB(mA)

Note that in the test circuit of Figure 10, Vg corresponds to a
maximum value of 1.0 V peak.

Common Mode Swing

The common-mode swing is the voltage which may be
applied to both bases of the signal differential amplifier,
without saturating the current sources or without saturating
the differential amplifier itself by swinging it into the upper

switching devices. This swing is variable depending 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—current
products at each port, i.e. assuming V12 = V6, 15 =16 = 112
and ignoring base current, Pp = 2 15 (V6 — \14) + 15)
V5 — V14 where subscripts refer to pin numbers.

Design Equations

The following is a partial list of design equations needed to
operate the circuit with other supply voltages and input
conditions.

A. Operating Current

The internal bias currents are set by the conditions at Pin 5.
Assume:

15=16=112,
Ig < < Ig for all transistors
then :
-—¢ where: R5 is the resistor between
R5=—pz—-500 @ Pin 5 and ground

¢=0.75at Tp = +25°C
The MC1496 has been characterized for the condition
I5=1.0 mAand is the generally recommended value.

B. Common-Mode Quiescent Output Voltage
V6=V12=V+-I5RL
Biasing
The MC1496 requires three dc bias voltage levels which
must be set externally. 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 maximum rating table;
30 Vdc = [(V6, V12) — (V8, V10)] = 2 Vdc
30Vdc = [(V8,V10) — (V1, V4)] = 2.7 Vdc
30Vde = [(V1, V4)—(V5)] = 2.7 Vdc
The foregoing conditions are based on the tollowing
approximations:

V6 =V12,V8=V10,V1=V4
Bias currents flowing into Pins 1, 4, 8 and 10 are transistor

base currents and can normally be neglected if external bias
dividers are designed to carry 1.0 mA or more.

Transadmittance Bandwidth
Carrier transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:
ig (each sideband)
¥21C ~ vg (signal)
Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

_ g (signal)
Y218 7 v (signal)

Vo =0

Vg =05 Vdc, Vo =0

MOTOROLA ANALOG IC DEVICE DATA
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Coupling and Bypass Capacitors
Capacitors C1 and C2 (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 and 12 either
balanced or single—ended. Figure 11 shows the output levels
of each of the two output sidebands resulting from variations
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
series with VEg can enhance the stability of the internal
current sources.

Signal Port Stability

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

Signal Input

Pnstancy O YW

510

10 pF

N

An alternate method for low—frequency applications is to
insert a 1.0 k< resistor in series with the input (Pins 1, 4). In
this case input current drift may cause serious degradation of
carrier suppression.

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression
Vee
12 Vde
1.0k 1.0k
= " e
VW L
51 Pl <$ 1.0k %
Carrier 2 04wF T 82 3
Input 0.1pF
nput " ¢ 10
Ve o %1 mc1496
Vg @ o—
Modulating o4
oignal Input- 45 k§ 10k351Z 1 @M oS
S0k L b, 153 6.8k
RT X ’ Tt
Carrier Null ® -
-8.0 Vde
VEE

Figure 7. Bias and Offset Currents

Vee
12 Vdc
[ ]
Re=1.0k
3 s
320k
16
l o=+—+¢
mMc1496 (6 19
12
14 5
¥ 10 68k
-8.0Vde
VEE

Figure 6. Input-Output Impedance

Re =1.0k
0.5V 8 2 g
; T L o———eo +V,
= 1| mcia9e |8 ~— Zoyt
Zneg—=—— o4 12 -Vo
14 5
6.8k
-80Vde

NOTE: Shielding of input and output leads may be needed
to properly perform these tests.

Figure 8. Transconductance Bandwidth

Vee
10k 4 fok e 12Vdc
.f e pARs ()
s . l Re 320k
51 | 01pF m Loot
Carrier T 8 2 3 350350 T wF
Input  0.1pF > ST 177 -
ve et 1] Mc1496 |6 ==
VS ol 4 o ® —VO
Modulating o] 12
Signal Input 1018 5
6.8k
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Figur2 9. Common Mode Gzin

Figure 10. Signal Gaiii and Output Swing

Vee Ve
} 12V ? 12Vde
5%1.0»( Re 2 g S 10k Re =1.0k
WLor.fv g2 33 s> o | 05V 2 5 39K :E3.9k
1.0k — 0 e+, Y T% | —
- s e —0—6 v0 v = — 1] mc1496 |8 [: °
Vs 4 12 Vo s 4 —o———e-Vo
14 5 l ©
& il 1% L5
- 6.8k " 1§;AT o
i Vo 1 ~
= = Ay = 20log —— = L
-8.0Vdc oM v
s
VEE -BV%\édc
TYPICAL CHARACTERISTICS

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ = 60 mVims, fg = 1.0 kHz, Vg = 300 mVrms, T = 25°C, unless otherwise noted.

Figure 11. Sideband Output versus
Carrier Levels
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i = 400 mV
2 08 = et
= ! = 300 mV
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% 04 f // 200 mV
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3 o : |
o 0 50 100 150 200
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Figure 13. Signal-Port Parallel-Equivalent
Input Capacitance versus Frequency
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Figure 12. Signal-Port Parallel-Equivalent
Input Resistance versus Frequency
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Figure 14. Single-Ended Output Impedance
versus Frequency
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MC1496, B
TYPICAL CHARACTERISTICE (continued)

Typical characteristics were obtained with circuit shown in Figure 5, fc = 500 kHz (sine wave),
V¢ = 60 mVms, fg = 1.0 kHz, Vg = 300 mVirms, Ta = 25°C, unless otherwise noted.

Figure 15. Sideband and Signal Port
Transadmittances versus Frequency
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Figure 17. Signal-Fort Frequency Response
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Figure 19. Carrier Feedthrough
versus Frequency
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Figure 16. Carrier Suppression
versus Temperature
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Figure 18. Carrier Suppression
versus Frequency
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency

Figure 22. Carrier Suppression versus
Carrier Input Level
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OPERATIONS INFORMATION

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

This circuit consists of an upper quad differential amplifier
driven by a standard differential amplifier with dual current
sources. The output collectors are cross—coupled so that
full-wave balanced multiplication of the two input voltages
occurs. That is, the output signal is a constant times the
product of the two input signals.

Mathematical analysis of linear ac signal multiplication
indicates that the output spectrum will consist of only the sum
and difference of the two input frequencies. Thus, the device
may be used as a balanced modulator, doubly balanced mixer,
product detector, frequency doubler, and other applications
requiring these particular output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an external emitter resistance
may be used. Also, external load resistors are employed at
the device output.

Signal Levels
The upper quad differential amplifier may be operated
either in a linear or a saturated mode. The lower differential
amplifier is operated in a linear mode for most applications.
For low-level operation at both input ports, the output
signal will contain sum and difference frequency components

Figure 23. Circuit Schematic

-) 12
I 14 S Vo
+) 6 Output
Carner
lnput 8 (+)
Signal 2
Igput VSG( —Q Gain
l/ L 3 Adjust
Bias 5 ©
(Pin numbers
500 per G package)
VEE 14G

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 modulating signal port, the output signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the cairier frequency. The output amplitude will
be a constant times the modulating signal amplitude. Any
amplitude variations in the carrier signal will not appear in the
output.

The linear signal handling capabilities of a differential
amplifier are well defined. With no emitter degeneration, the
maximum input voltage for linear operation is approximately
25 mV peak. Since the upper differential amplifier has its
emitters internally connected, this voltage applies to the
carrier input port for all conditions.

Since the lower differential amplifier has provisions for an
external emitter resistance, its linear signal handling range
may be adjusted by the user. The maximum input voltage for
linear operation may be approximated from the following
expression:

V = (15) (REg) volts peak.

This expression may be used to compute the minimum

value of Rg for a given input voltage amplitude.

Figure 24. Typical Modulator Circuit

1.0k 1.0k @ 12Vdc
i _|_01 o
—A\W—o RL RL
J_ 51 20 Re 10kP3 39k3 S30k
= = 8
0.1 uF| L = o] o +V,
Carrier' Ce—)} ol 6
4
Modulating 120 —e0 -V
Signal  10k3 10k 51
Input 14 T 5
50k
L 15 368k
Carrier Null -8.0Vvdc =
VEE
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Figure 25. Voltage Gain and Output Frequencies

Carrier Input Signal (V¢)

Approximate Voltage Gain

Output Sigr.al Frequency(s)

Low-level d “‘—'_‘_RL VC f
ow-level dc M
KT
2(RE + 2re) (—q')
) R
High-level dc L f\
RE + 2rg
e RL VC(rms) o
ow-level ac ctfm
KT
2/2 (—q—) (Rg + 2re)
. 0.637 RL
High-level ac — fc £fm, 3fc £fm. Sfc £fm, - - -
Rg + 2rg

NOTES: 1. Low-level Modulating Signal, V), assumed in all cases. Vg is Carrier Input Voltage.

2. When the output signal contains multiple frequencies, ‘he gain expression given is for the output amplitude of

each of the two desired outputs, f¢ + fy and fc —fi.
3. All gain expressions are for a single—ended output. For a differential output connection, multiply each

expression by two.
4.R|_ =Load resistance.

5. Rg = Emitter resistance between Pins 2 and 3.
6. rg = Transistor dynamic emitter resistance, at 25°C;

_ 2% mV
€= 5 (mA)

7. K = Bolizmann'’s Constant, T = temperature in degrees Kelvin, q = the charge on an electron.

KT

The gain from the modulating signal input port to the
output is the MC1496 gain parameter which is most often of
interest to the designer. This gain has significance only when
the lower differential amplifier is operated in a linear mode,
but this includes most applications of the device.

As previously -mentioned; -the ~upper- -quad- differential-- - -

amplifier may be operated either in a linear or a saturated
mode. Approximate gain expressions have been developed
for the MC1496 for a low—level modulating signal input and
the following carrier input conditions:

1) Low—level dc
2) High—level dc
3) Low—level ac
4) High—level ac

These gains are summarized in Figure 25, along with the
frequency components contained in the output signal.

APPLICATIONS INFORMATION

Double sideband suppressed carrier modulation is the
basic application of the MC1496. The suggested circuit for
this application is shown on the front page of this data sheet.

In some applications, it may be necessary to operate the
MC1496 with a single dc supply voltage instead of dual
supplies. Figure 26 shows a balanced modulator designed
for operation with a single 12 Vdc supply. Performance of this
circuit is similar to that of the dual supply modulator.

AM Modulator
The circuit shown in Figure 27 may be used as an
amplitude modulator with a minor modification.

= 26 mV at room temperature

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier null potentiometer for the
proper amount of carrier insertion in the output signal.

However, the suppressed carrier null circuitry as shown in
Figure 27 does not have sufficient adjustment range.
Therefore; the -modulator-may-be-modified-for AM-operation--
by changing two resistor values in the null circuit as shown in
Figure 28.

Product Detector

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

This product detector has a sensitivity of 3.0 microvolts
and a dynamic range of 90 dB when operating at an
intermediate frequency of 9.0 MHz.

The detector is broadband for the entire high frequency
range. For operation at veiy low intermediate frequencies
down to 50 kHz the 0.1 uF capacitors on Pins 8 and 10
should be increased to 1.0 uF. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

As in all applications of the MC1496, the emitter resistance
between Pins 2 and 3 may be increased or decreased to
adjust circuit gain, sensitivity, and dynamic range.

This circuit may also be used as an AM detector by
introducing carrier signal at the carrier input and an AM signal
at the SSB input.

The carrier signal may be derived from the intermediate
frequency signal or generated locally. The carrier signal may
be introduced with or without modulation, provided its level is
sufficiently high to saturate the upper quad differential

MOTOROLA ANALOG IC DEVICE DATA
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amplifier. If the carrier signal is modulated, 2 300 mVrms
input level is recommended.

Doubly Balanced Mixer

The MC1496 may be used as a doubly balanced mixer
with either broadband or tuned narrow band input and output
networks.

The local oscillator signal is introduced at the carrier input
port with a recommended amplitude of 100 mVrms.

Figure 30 shows a mixer with a broadband input and a
tuned output.

Frequency Doubler

The MC1496 will operate as a frequency doubler by
introducing the same frequency at both input ports.

Figures 31 and 32 show a broadband frequency dcubler
and a tuned output very high frequency (VHF) doubler,
respectively.

Phase Detection and FM Detection

The MC1496 will function as a phase detector. High—level
input signals are introduced at both inputs. When both inputs
are at the same frequency the MC1496 will deliver an output
which is a function of the phase difference between the two
input signals.

An FM detector may be constructed by using the phase
detector principle. Atuned circuit is added at one of the inputs
to cause the two input signals to vary in phase as a function
of frequency. The MC1496 will then provide an output which
is a function of the input signal frequency.

TYPICAL APPLICATIONS

Figure 26. Balanced Modulator
(12 Vdc Single Supply)
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Figure 28. AM Modulator Circuit

Figure 27. Balanced Modulator-Demodulator
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Figure 29. Product Detector
(12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer

(Broadband Inputs, 9.0 MiHz Tuned Output) Figure 31. Low—Frequency Doubler
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General Description

The LF351 is a low cost high speed JFET input operational
amplifier with an intemally trimmed input offset voitage
(BI-FET II™ technology). The device requires a low supply
current and yet maintains a large gain bandwidth product
and a fast slew rate. In addition, well matched high voltage
JFET input devices provide very low input bias and offset
currents. The LF351 is pin compatible with the standard
LM741 and uses the same offset voltage adjustment circuit-
ry. This feature allows designers to immediately upgrade the
overall performance of existing LM741 designs.

The LF351 may be used in applications such as high speed
integrators, fast D/A converters, sample-and-hold circuits
and many other circuits requiring low input oifset voltage,
low input bias current, high input impedance, high slew rate
and wide bandwidth. The device has low noise and offset
voltage drift, but for applications where these requirements
are critical, the LF356 is recommended. If maximum supply

NNalional Semiconductor

December 1995

LF351 Wide Bandwidth JFET Input Operational Amplifier

current is important, however, the LF351 is the better
choice.

Features

® Intemnally trimmed offset voltage 10 mV
B Low input bias current 50 pA
= Low input noise voltage 25 nv/JHz
B Low input noise current 0.01 pA/Hz
B Wide gain bandwidth 4 MHz
B High slew rate 13 V/ps
B Low supply current 1.8 mA
m High input impedance 10120
® Low total harmonic distortion Ay=10, <0.02%

RL =10k, Vo=20 Vp-p, BW=20 Hz-20 kHz

= Low 1/f noise comer 50 Hz
| Fast settling time to 0.01% 2 us

Typical Connection

~Vee

TL/H/5648-11

Connection Diagrams

Simplified Schematic
Yoo O

Yo
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TRIMMED TRIMMED

Vg ©
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Dual-In-Line Package
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_ 4 5
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TL/H/5648-13

Order Number LF351M or LF351N
See NS Package Number MO8A or NOSE
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Oftice/Distributors for availability and specifications.

Supply Voltage +18V

Power Dissipation (Notes 1 and 6) 670 mW
Operating Temperature Range 0°Cto +70°C
TiMAX) 115°C
Differential Input Voltage +30V
Input Voltage Range (Note 2) +15V
Output Short Circuit Duration Ccentinuous

Storage Temperature Range —65°Cto +150°C

Lead Temp. (Soldering, 10 sec.)
Metal Can 300°C
DIP 260°C

9.
! N Package 120°C/W
M Package TBD
Soldering Information
Dual-In-Line Package
Soldering (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

ESD rating to be determined.

DC Electrical Characteristics (ote 3)

Symbol Parameter Conditions — ¥ Units
Min Typ Max
Vos Input Offset Voltage Rs = 10kQ, Tp = 25°C 5 10 mv
Over Temperature 13 mV
AVog/AT Average TC of Input Offset Rg =10k 10 VI
Voltage
los Input Offset Current Tj = 25°C, (Notes 8, 4) 25 100 pA
T < 70°C 4 nA
Ig Input Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Ti < +70°C 8 nA
RiN Input Resistance Tj=25°C 1012 Q
AvoL Large Signal Voltage Gain Vg= £ 15V, Tp=25°C 25 100 V/mV
Vo= £10V, RL=2kQ
Over Temperature 15 V/mV
Vo Qutput Voltage Swing Vg= +15V, RL.=10 k(2 +12 +344.5 v
Vem Input Common-Mode Voltage +415 v
Range Vg= +15V +11
=12 \
CMRR Common-Mode Rejection Ratio Rg<10 k2 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 5) 70 100 dB
Is Supply Cumrent 1.8 34 mA




AC Electrical Characteristics (note 3)

Symbol Parameter Conditions =i Units
Min Typ Max

SR Slew Rate Vg= 15V, Tp=25°C 13 V/ps

GBW Gain Bandwidth Product Vg= +15V, Tp=25°C 4 MHz

€n Equivalent Input Noise Voltage Ta=25°C, Rg= 100, 25 Va1
f=1000 Hz

in Equivalent Input Noise Current Ti= 25°C, f=1000 Hz 0.01 pA/JE

Note 1: For operating at elevated temperature, the device must be derated based on the thermal resistance, 6A-

Note 2 Unless otherwise ified the it negative input vollage is equal to the negative power supply vollage.

Note 3: These specifications apply for Vg= + 15V and 0°C<Tp< +70°C. Vg, Ig and lpg are measured at Vem =0.

Note 4: The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature, T. Due to the limited
production test time, the input bias curents are to junction . In normal ion the junction temperature rises above the ambient
temperature as a result of internal power dissipation, Pp. Tj=Ta+8ja Pp where 0ja is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 5: Supply voitage rejection rtio is measured for both supply magnitudes ir ing or ing sil in ce with common practice. From
+15V to £5V.

Note 6: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power D..sipation may cause the part to operate
outside guaranteed limits.




Typical Performance Characteristics
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Typical Performance Characteristics (continued)
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Pulse Response

Small Signal Inverting

-

QUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.2 18/DIV)
TL/H/5648-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV)

TIME (0.2 5/DIV)
TL/H/5648-6

Small Signal Non-Inverting

T

OUTPUT VOLTAGE SWING (50 mV/DIV)

0.2 ps/0IV)
TL/H/5648-5

Large Signal Non-Inverting

OUTPUT YOLTAGE SWING (5V/DIV)

TL/H/5648-7

Current Limit (R = 100(2)

OUTPUT VOLTAGE SWING (1V/DIV)

Application Hints

The LF351 is an op amp with an intemally trimmed input
offset voltage and JFET input devices (BI-FET 1ITM). These
JFETs have large reverse breakdown voltages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will

TL/H/5648-8

cause large currents to flow which can result in a destroyed
unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output.

Exceeding the negative common-mode limit on both inputs
will force the amplifier output to a high state. In neither case
does a latch occur since raising the input back within the




Application Hints (continued)

common-mode range again puts the input stage and thus
the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

The amplifier will operate with a common-mode input voit-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voltage
may occur.

The LF351 is biased by a zener reference which allows nor-
mal circuit operation on +4V power supplies. Supply voit-
ages less than these may result in lower gain band-vidth arid
slew rate.

The LF351 will drive a 2 k( load resistance to +10V over
the full temperature range of 0°C to +70°C. If the amplifier
is forced to drive heavier load currents, however, an in-
crease in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power supply
for the integrated circuit never becomes reversed in polanty
or that the unit is no' inadvertently installed back-

Detailed Schematic

Vee O——

wards in a socket as an unlimited current surge through the
resulting forward diode within 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 supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize *‘pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the ieedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

3

a2
< it
uu‘l d
an
) (LN g
RS
< b
Ve wd
AT w 9—OVy
ce 05
l >

1 $u ?

:: RS > Gk 18

‘] 2 20k
cn(‘ as
l\1415
Vos 18 3
ADIUST ()
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Vus/ 02 & A8 03
ADJUST 160
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Typical Applications

Supply Current Indicator/Limiter

AAA @ >
>

VsuppLy

msu#

s Vou

=AAA
VYV

v-
© Vour switches high when Rgls > Vp

Ultra-Low (or High) Duty Cycle
Pulse Generator

N914 A1

. 48 — 2Vs
® louTPUT HIGH = R1C t’nm

2vg — 7.8
® loutpuT LOW = R2C “75<—7.8

where Vg = V+ + [V—|
*low leakage capacitor

TO SYSTEM SUPPLY
VOLTAGE CONNECTION

T
TO CONTROL CIRCUITRY

RESET

INTEGRATE

Hi-z)y Inverting Amplifier

c2

1]
LRI
R2

e AAA

Parasitic input capacitance C1 = (3 pF for LF351
plus any additional layout capacitance) interacts
with feedback elements and creates undesirable
high frequency pole. To compensate, add C2 such

that: R2C2 = R1C1.

Long Time Integrator

*Low leakage capacitor

© 50k pol used for less sensiliva Vos adjust

)
1
b—0 Vour= 7z /" Vin DT
n

TL/H/5648-10
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DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

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

e Low Power Consumption . . . Typically 45 mW

High Count Rates . . . Typically 42 MHz

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

e Input Clamp Diodes Limit High Speed Termination Effects

PIN NAMES LOADING (Note a)
HIGH LOW

CPg Clock (Active LOW going edge) Input to 0.5U.L. 1.5U.L.

. +2 Section

CP4 Clock (Active LOW going edge) Input to 0.5U.L. 2.0U.L.

- +5 Section (LS90), +6 Section (LS92)

CPq Clock (Active LOW going edge) Input to 0.5U.L. 1.0U.L.
+8 Section (LS93)

MR1, MR2  Master Reset (Clear) Inputs 0.5U.L. 0.25 U.L.

MS4, MS2  Master Set (Preset-9, LS90) Inputs 0.5U.L. 0.25 U.L.

Qq Output from +2 Section (Notes b & c) 10 U.L. | 5(2.5)U.L.

Q1,Qp, Q3 Outputs from +5 (LS90), +6 (LS92), 10U.L |5(25U.L.
+8 (LS93) Sections (Note b)

NOTES:

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

b. The Output LOW drive factor is 2.5 U.L. for Military, (54) and 5 U.L. for commercial (74)
Temperature Ranges. =%/

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

d. Toinsure proper operation the rise (t;) and fall time (tf) of the clock must be less than 100 ns.

LOGIC SYMBOL

LS90 LS92
67
|1 2'
MS
14 —qCPy 14 —qCPg
1—dCPy 1 —qCP1
MR QpQq Qo Q3 MR Qp Q1 Q2Q3
(]| ]] |
23129 81 67 1219 8
Ve =PINS Vee =PIN5
GND =PIN 10 GND =PIN 10
NC =PINS 4, 13 NC=PINS 2,3,4,13

SN54/74LS90
SN54/741.S92
SN54/74L.S93

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

LOW POWER SCHOTTKY

, J SUFFIX
ai CERAMIC
CASE 632-08
14
1
f, N SUFFIX
\': PLASTIC
" CASE 646-06
1
/ D SUFFIX
\@ soIC
< = CASE 751A-02

ORDERING INFORMATION

SN54LSXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC

LS93

14 — CPg
1—dcpP

1
MR QpQ1 Q2 Q3

21
23129 81
Vec=PINS
GND =PIN 10

NC=PIN4,6,7,13

FAST AND LS TTL DATA
5-1




SN54/74LS90 ¢ SN54/741L.S92 « SN54/ 741593

LOGIC DIAGRAM

CONNECTION DIAGRAM

DIP (TOP VIEW
® 1.890 ( U )
MS op cp
e — g @
< A o & MR4[2] [13] NC
Dql—. Sp Sp Sp
. JVa ] J Y Q4 J Y Ql— R™Q MRZE E Q
CPp —qcCP _ CP | +9CP _ oCP _ E -1—_1]
KpQ KepQ| | [KepQ H Jscy@ Ne G
7 T | 7 7 Vecl g
CPy O - ms4 [} 9] 0
MRy %D—‘ msz[7] 8]
MR 75 : ® Q@ d 1
0 : 2 4 NC = NO INTERNAL CONNECTION
(O=PINNUMBERS NOTE:
Vcc=PINS The Flatpak version has the same
GND =PIN 10 pinouts (Conrection Diagram) as
the Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
DIP (TOP VIEW)
LS92 & - o
CP1q II E CPg
J o Q |-—— J Q INQ J Q NCE 1:3] N
oo D cp _7 —dcp qcp r N3] B
KepQ KopQ KcpQ KgpQ nc[4] 1] o4
o T ;i . ] veel8] [10] Gnp
CP 5 MR4[6] 9]y
—1 > |® ® ® Ry ] Blos
0, Q Q Q Q3
NC = NO INTERNAL CONNECTION
O = PIN NUMBERS NOTE:
Vee=PINS The Flatpak version has the same
GND =PIN 10 pinouts (Connection Diagram) as
the Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
Ls93 DIP (TOP VIEW)
—_— u J—
cpq[] 14] cpy
. J QT J 0—1 J QT J QT MR1E ENC
CPg =g cp —d cP —d CP —0 CP
. i N — MRy 3] 12 qg
K¢ Q K¢ Q Ke Q KenQ
D D D D
i i ; 7 vl as
Py O) vee Bl 119 GND
@ [8] 9]
MR NC Q
V=1 1@ ® ®
® Qo Q4 Q2 Q3 NCE E Q@

(O =PINNUMBERS NC = NO INTERNAL CONNECTION

Ve =PINS NOTE:

GND =PIN 10 The Flatpak version has the same
pinouts (Connection Diagram) as
the Dual In-Line Package.

FAST AND LS TTL DATA
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SN54/74LS90 ¢ SN54/74L.S92 « SN54/74L.593

FUNCTIONAL DESCRIPTION

The LS90, LS92, and LS93 are 4-bit ripple type Decade,
Divide-By-Twelve, and Binary Counters respectively. Each
device consists of four master/slave flip-flops which are
internally connected to provide a divide-by-two section and a
divide-by-five (LS90), divide-by-six (LS92), or divide-by-eight
(LS93) section. Each section has a separate clock input which
initiates state changes of the counter on the HIGH-to-LOW
clock transition. State changes of the Q outputs do not occur
simultaneously because of internal ripple delays. Therefore,
decoded output signals are subject to decoding spikes and
should not be used for clocks or strobes. The Qg output of
each device is designed and specified to drive ihe rated
fan-out plus the CP1 input of the device.

. Divide-By-Two and Divide-By-Five Counter — No external
interconnections are required. The firstflip-flop is used as a
binary element for the divide-by-two function (CPg as the
inputand Qg as the output). The CP1 input is used to obtain
binary divide-by-five operation at the Q3 output.

LS92

A. Modulo 12, Divide-By-Twelve Counter — The CP4_input
must be externally connected to the Qg output. The CPgin-
put receives the incoming count and Q3 produces a sym-
metrical divide-by-twelve square wave output.

y B. Divide-By-Two and Divide-By-Six Counter —No external
Agated AND asynchronous Master Reset (MR1 ¢ MR2) is interconnections are required. The firstflip-flop is used as a
provided on all counters which overrides and clocks and binary element for the divide-by-two function. The CP1 in-
resets (clears) all the flip-ﬂo_ps. A qated AND asynchronqus put is used to obtain divide-by-three operation at the Q1
Maste_ar Set (MSq ¢ MSp) is p.rowded on the LS90 which and Qg outputs and divide-by-six operation at the Q3 out-
overrides the clocks and the MR inputs and sets the outputs to
. put.
nine (HLLH).
Since the output from the divide-by-two section is not
internally connected to the succeeding stages, the devices LS93
may be operated in various counting modes. A. 4-Bit Ripple Counter — The output Qg must be externally
connected toinput CP4. The input count pulses are applied
LS90 o to input CPg. Simultaneous divisions of 2, 4, 8, and 16 are
A. BCD Decade (8421) Counter— The CP4 input must be ex- performed atthe Qqp, Q1, Q2, and Q3 outputs as shown in
ternally connected to the Qg output. The CPginputreceives the truth table.
zhuec;r:jcommg gpunt <od enECRIEOAARSSCURICY 15 P B. 3-Bit Ripple Counter— The input count pulses are applied
’ to input CP 4. Simultaneous frequency divisions of 2, 4. and
B. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3 8 are available atthe Q1, Q2, and Q3 outputs. Independent
output must be externally connected to the CPq input. The use of the first flip-flop is available if the reset function coin-
inputcount is then applied to the CP4 inputand a divide-by- cides with reset of the 3-bit ripple-through counter.
ten square wave is obtained at output Qq.
FAST AND LS TTL DATA

5-3



SN54/74L.S90  SN54/74L.S92  SN54/74L.593

LS90 LS92 AND LS93
MODE SELECTION MODE SELECTION
RE! SEY
SET/ INPUTS OUTPUTS ;}JEPSU% OUTPUTS
MR{|MR2|MSq{|MS2|| Qo Q1 Q2 Q3
H H L X L L L L MR{|MR2 || Qo Q1 Q2 Q3
H H X L L L L L H H L L L L
X X H H H L L H L H Count
L X L X Count H L Count
X L X L Count L L Count
L X X L Count
H = HIGH Voltage Level
X|Ljrix Count L = LOW Voltage Level
H = HIGH Voltage Level X = Don't Care
L = LOW Voltage Level
X = Don't Care
LS90 LS92 LS93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
OUTPUT OUTPUT OUTPUT
COUNT [——— COUNT COUNT
Q Q1 Q2 Q3 Qy Q1 Q2 Q3 Q Q1 Q2 Q3
0 L L L L 0 14 L L L 0 L I L 15
1 H L e L 1 H L L L 1) H L L L
2 ry H L L 2 L H L L 2 i H L L
3 H H 14 L 3 H H L Ia 3 H H L L
4 L L H L 4 L L H L 4 L L H L
5 H L H L 5 H L H i 5 H L H L
6 L H H L 6 L L L 6 ba H H L
7 H H H L 7 H = LY 7 H H H L
8 L = (B H 8 L H L H 8 L IS L H
9 H 19 L H 9 H H i\ H 9 H L L H
NOTE: Output Qg is connected to Input 10 L L H H 10 L H L H
CP1 for BCD count. il H L H H 1 H H L H
NOTE: Output Qq is connected to Input 12 L L H H
CPyq. 13 H L H H
14 Ly jH H H
15 H H H H
NOTE: Output Qg is connected to Input
CP;4.
FAST AND LS TTL DATA
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Serial-In Parallel-Out
Shift Register

The SN74LS164 is a high speed 8-Bit Serial-In Parallel-Out Shift
Register. Serial data is entered through a 2-Input AND gate
synchronous with the LOW to HIGH transition of the clock. The
device features an asynchronous Master Reset which clears the
register setting all outputs LOW independent of the clock. It utilizes
the Schottky diode clamped process to achieve high speeds and is fully
compatible with all ON Semiconductor TTL products.

o Typical Shift Frequency of 35 MHz

Asynchronous Master Reset

Gated Serial Data Input

Fully Synchronous Data Transfers

Input Clamp Diodes Limit High Speed Termination Effects
ESD > 3500 Volts

GUARANTEED OPERATING RANGES

ON Semiconductor

Fivernty o Dieasanns o otemodt

http://onsemi.com

Symbol Paramater Min Typ Max Unit
Vee Supply Voltage 4.75 5.0 5.25 \
TA Operating Ambient 0 25 70 °C
Temperature Range
loH Output Current — High -0.4 mA
loL Output Current — Low 8.0 mA
© Semiconductor Gomponents Industres, LLG, 1998 ” o

December, 1999 — Rev. 6

LOwW
POWER
SCHOTTKY

PLASTIC
N SUFFIX
CASE 646

1
SolC

D SUFFIX
CASE 751A

ORDERING INFORMATION

Device Package Shipping
SN74LS164N 14 Pin DIP 2000 Units/Box
SN74LS164D 14 Pin 2500/Tape & Reel

Publiéation Order Number:
SN74LS164/D




SN74LS164

CONNECTION DIAGRAM DIP (TOP VIEW)
Vee @ QB Qs Q MR CP

[14] [1s] [12] [r] [1o] o] [e]

NOTE:

) The Flatpak version has the same
pinouts (Connection Diagram) as

the Dual In-Line Package.

L] 2] B3] Led Lo Lef L]

A B Q O Q; Q3 GND

LOADING (Note a)

PIN NAMES HIGH LOwW
A B Data Inputs 0.5UL 025U.L.
CcP Clock (Active HIGH Going Edge) Input 0.5UL 0.25 U.L.
MR Master Reset (Active LOW) Input 0.5U.L 025U.L
Qo-Q Outputs 10 UL 5U.L
NOTES:

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

LOGIC SYMBOL

1—1A LS164
2— B 8-BITSHIFTREGISTER

aoP
MR Qp Q; Q; Q3 Q4 Qs Q5 Q7

[ TTTTITT

9 3 4 5 6101112 13

Ve = PIN 14
GND=PIN7

http:l]dnséhii.cdrh :
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SN74LS164

LOGIC DIAGRAM

® A_:
O—1 D Q D Q D Q D Q D Q D Q D Q D Q
B
Cp Cp Cp l-C Cp Cp Cp Cp Cp
cP i 1 ) | -5 i 1 )
© TEP>o-
" Qq Q; Q3 Q4 Qs Qs Q
GCNCD BT ® ® ® @ @ ®

(O = PINNUMBERS

FUNCTIONAL DESCRIPTION

The LS164 is an edge-triggered 8-bit shift register with
serial data entry and an output from each of the eight stages.
Data is entered serially through one of two inputs (A or B);
either of these inputs can be used as an active HIGH Enable
for data entry through the other input. An unused input must
be tied HIGH, or both inputs connected together.

Each LOW-to-HIGH transition on the Clock (CP) input
shifts data one place tothe right and enters into Qg the logical
AND of the two data inputs (AeB) that existed before the
rising clock edge. A LOW level on the Master Reset (MR)
input overrides all other inputs and clears the register
asynchronously, forcing all Q outputs LOW.

MODE SELECT — TRUTH TABLE

OPERATING INPUTS OUTPUTS
Al MR | A | B | @ | aro
Reset (Clear) 1# X X L L-L
H 1 1 L Jo — 36
Shift H | h L Go—3gs
H h I L G0 -6
H h h H do—3s

L () = LOW Voltage Levels
H (h) = HIGH Voltage Levels
X = Don't Care

qn = Lower case letters indicate the state of the referenced input or output one
set-up time prior to the LOW to HIGH clock transition.

‘ bh'ttpb://on.sem'i.com
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8-Bit Parallel-to-Serial

Shift Register

The SN74LS165 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.

GUARANTEED OPERATING RANGES

ON Semiconductor
feviry Do of Rohiok

http://onsemi.com

LOW
POWER
SCHOTTKY

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 4.75 5.0 5.25 \
Ta Operating Ambient 0 25 70 °C
Temperature Range
lon Output Current — High -0.4 mA
loL Output Current — Low 8.0 mA

© Semiconductor Components Industries, LLC, 1999

December, 1999 — Rev. 6

—

PLASTIC
N SUFFIX
CASE 648

16

&

1

SoIC
D SUFFIX
CASE 751B

ORDERING INFORMATION

Device Package Shipping
SN74LS165N 16 Pin DIP 2000 Units/Box
SN74LS165D 16 Pin 2500/Tape & Reel

Publication Order Number:

SN74LS165/D




SN74L5165

CONNECTION DIAGRAM DIP (TOP VIEW)
Vee CPp P3 P, Pq Po DS O

[16] [1s] [1a] [1s] [i2] [n] [r0] [

D)

PIN NAMES

CP1.CP,
DS

PL

PO o P7
ol

Q

NOTES:

7
PL @ GND

YT R

NOTE:

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

LOADING (Note a)

HIGH LOW
Clock (LOW-to-HIGH Going Edge) Inputs 0.5U.L. 0.25U.L.
Serial Data Input 0.5U.L 0.25U.L.
Asynchronous Parallel Load (Active LOW) Input 1.5U.L. 0.75U.L.
Parallel Data Inputs 0.5U.L. 0.25U.L.
Serial Output from Last State 10U.L. 5UL
Complementary Output 10U.L. 5 UL
@) 1TTL Unit L oad (U.L.) = 40 uA HIGH/1.6 mA LOW.
LOGIC SYMBOL
lﬂ 121|31|4 I34 56
PL Py Py P, P3P4 P5Pg P
10 Dso123455077_9
2
) Sy cH % Py
Ve =PIN 16
GND =PIN 8

http:llénsemi.bdm
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SN74L5165

LOGIC DiIAGRAM

@ ®@ ® ® ® ® ®
Po Py P, P3 Py Pg Ps Ps
| | | | | | |
® PRESE PRESE PRESET PRESET PRESET PRESET PRESE PRESEIJ_@)
S Qg S @ S @ S Q S O S Qs S G S
® o cp dcp cp cp ~dcp ~dcp cP cP
2 R ¢ QPR ¢, O R c QPR ¢ PR cPHR cBPHR cBPHRaIPTO®
o | @_ (i é_ é_
Vce=PIN16
GND=PIN8 < -

O = PINNUMBERS

FUNCTIONAL DESCRIPTION
The SN74L3165 contains eight clocked master/slave RS by applying a HICH signal. To avoid double clocking,

flip-flops connected as a shift register, with auxiliary gating however, the inhibit signal should only go HIGH while the
to provide overriding asynchronous parallel entry. Parallel clock is HIGH. Otherwise, the rising inhibit signal will cause
data enters when the PL signal is LOW. The parallel data can the same response as a rising clock edge. The flip-flops are
change while PL is LOW, provided that the recommended edge-triggered for serial operations. The serial input data
setup and hold times are observed. can change at any time, provided only that the recommended
For clock operation, PL must be HIGH. The two clock setup and hold times are observed, with respect to the rising
inputs perform identically; one can be used as a clock inhibit edge of the clock.
TRUTH TABLE
CP CONTENTS
PL RESPONSE
1 2 Q| Q1 | Q2 | Q3 |Q4) Q5 |Qs| Q
Lix | x |PolPs|Pa|Ps|Ps|Ps|Ps| P; | Parallel Entry
H L |/ |Ds|Q [Q1]|Q |Q3] Qs |Qs| Qs Right Shift
H Hl /7~ 1Q|Q | Q| Q |Q|Q |Q| Qr No Change
H || L [Ds|Q |Q |Q |Q|Q [Q] Qs Right Shift
H || H[Q|Q [|Q |Q |Q|Q |Qs| Q7 No Change

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

http:llonsen'ii'.comb
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Hex D Flip-Flop

The LSTTL/MSI SN74LS174 is a high speed Hex D Flip-Flop. The
device is used primarily as a 6-bit edge-triggered storage register. The
information on the D inputs is transferred to storage during the LOW
to HIGH clock transition. The device has a Master Reset to
simultaneously clear all flip-flops. The LS174 is fabricated with the
Schottky barrier diode process for high speed and is completely

ON Semiconductor

fesiste o Sz of Ahstieoi

http://onsemi.com

compatible with all ON Semiconductor TTL families. LOW
o Edge-Triggered D-Type Inputs

el POWER
Buffered-Positive Edge-Triggered Clock Y
Asynchronous Common Reset SCHOTTK

Input Clamp Diodes Limit High Speed Termination Effects : o
GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ [Aax Unit
Vec | Supply Voltage 475 | 50 | 525 v (
Ta Operating Ambient 0 25 70 € 16
Temperature Range

1
lon Output Current — High -0.4 mA PLASTIC

N SUFFIX
- 8.0 A
loL Output Current — Low m, CASE

1

SoIC
D SUFFIX
CASE 751B

ORDERING INFORMATION

Device Package Shipping

SN74LS174N 16 Pin DIP 2000 Units/Box

SN74LS174D 16 Pin 2500/Tape & Reel

©" “Sem;coﬁdnldorCompt‘mems Industries, LLC, 1999 - 1' - . Publication Order Nﬁfhben
December, 1999 - Rev. 6 SN74LS174/D



SN74LS174

CONNECTION DIAGRAM DIP (TOP VIEW)
V¢ Qs Ds Dy Q D3y Q3 CP

[1e] [1s] [14] [rs] [r2] [or] [ro] [

NOTE:

) The Flatpak version has the same
pinouts (Connection Diagram) as

the Dual In-Line Package.

LOADING (Note a)

PIN NAMES HIGH Low
Dg-Ds Data Inputs 05U.L 0.25U.L.
CP Clock (Active HIGH Going Edge) Input 05U.L 0.25U.L.
MR Master Reset (Active LOW) Input 05U.L 0.25U.L.
Qp-Qs Outputs 10U.L. 5UL
NOTES:

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

LOGIC SYMBOL

346 1113714

L

Do Dy D D3 Dj Ds
9—cp
T—dMR
QpQy Q; Q5 Q4 Qs

2 57101215

Ve = PIN 16
GND =PIN 8

LOGIC DIAGRAM

Dz

Vge =PIN 16
GND =PIN 8

O =PINNUMBERS

http://onsemi.com
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SN74LS174

FUNCTIONAL DESCRIPTION

The LS174 consists of six edge-triggered D flip-flops with
individual D inputs and Q outputs. The Clock (CP) and
Master Reset (MR) are common to all flip-flops.

Each D inpur’s state is transferred to the corresponding
flip-flop’s output following the LOW to HIGH Clock (CP)

transition.

A LOW input to the Master Reset (MR) will force all
outputs LOW independent of Clock or Data inputs. The
LS174 is useful for applications where the true output only
is required and the Clock and Master Reset are common to
all storage elements.

TRUTH TABLE
Inputs (t = n, MR = H) Outputs (t = n+1) Note 1
D Q
H H
L L

Note 1: t = n + 1 indicates conditions after next clock.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
ViH Input HIGH Voltage 2.0 \Y Al Inputs
0.8 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage \ Al Inputs
Vik Input Clamp Diode Voltage -0.65 | -1.5 \' Vce = MIN, Iiy=-18 mA
VoH Output HIGH Voltage 2.7 3.5 Vce = MIN, loy = MAX, VN = Vil
or V_ per Truth Table
0.25 0.4 \% loL=4.0mA Vce = Ve MIN,
Vou Output LOW Voltage ViN=VjLorViy
0.35 0.5 Vv loL=8.0mA per Truth Table
20 pA Voo = MAX, ViN=2.7V
Iy Input HIGH Current
0.1 mA Voo =MAX, ViN=7.0V
IR Input LOW Current -0.4 mA Ve = MAX, ViN=0.4V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
Icc Power Supply Current 26 mA Ve = MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

httpﬁllvcihsemi.comv
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Quad D Flip-Flop

The LSTTL/MSI SN741.8175 is a high speed Quad D Flip-Flop.
The device is useful for general flip-flop requirements wheie clock
and clear inputs are common. The information on the D inputs is
stored during the LOW to HIGH clock transition. Both true and
complemented outputs of each flip-flop are provided. A Master Reset
input resets all flip-flops, independent of the Clock or D inputs, when

ON Semiconducior

Aty A Ly of Moot

http://onsemi.com

LOW.
The L5175 is fabricated with the Schottky barrier diode process for LOwW
high speed and is completely compatible with all ON Semiconductor POWER

TTL families. SCHOTTKY
e Edge-Triggered D-Type Inputs M- ;

e Buffered-Positive Edge-Triggered Clock

Clock to Output Delays of 30 ns

o Asynchronous Common Reset

True and Complement Output

Input Clamp Diodes Limit High Speed Termination Effects

®
-

16
GUARANTEED OPERATING RANGES L
Y : PLASTIC.
Symbol Parameter Min Typ Max Unit N SUEFIX
Vee Supply Voltage 4.75 5.0 5.25 Y CASE 648
Ta Operating Ambient 0 25 70 °C
Temperature Range
lon Output Current — High -0.4 mA
loL Output Current — Low 8.0 mA - %
1
SOIC:
D SUFFIX.
CASE 751B
ORDERING INFORMATION
Device Paékage Shippihg
SN74LS175N 16 Pin DIP 2000 Units/Box
SN74LS175D 16'Pin 2500/Tape & Reel
© Semiconductor Components lndu:siriés., LLC i999 ' 1 ‘ S HPublication Order Number:

December, 1999 — Rev. 6 SN74LS175/D



SN74LS175

CONNECTION DIAGRAM DIP (TOP VIEW)
V¢ Q3 Q@ D3 D @ Q CP

[i6] [1s] [14] [13] [w2] [wn] [ro] [

NOTE:

) The Flatpak version has the same
pinouts (Connection Diagram) as

the Dual In-Line Package.

Lm%lmmmummm

Q Q@ D D T Q; GND

LOADING (Note a)

PIN NAMES HIGH LOwW
Do-Ds Data Inputs 05U.L 0.25U.L.
CP Clock (Active HIGH Going Edge) Input 05U.L 0.25U.L
MR Master Reset (Active LOW) Input 05U.L 0.25U.L
Qp-Q3 True Outputs 10U.L 5U.L
Qp-0Q3 Complemented Outputs 10U.L 5UL.
NOTES:

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

LOGIC SYMBOL
4 5 12 13

Do Dy D2 D3
9——cpP

1——o MR
Q Q Oy Q1 Q Q Q3 Q3

RREEEN

3 2 6 7 1M 10 14 15

Ve =PIN16
GND=PIN8

LOGIC DIAGRAM

MR CP D3 D, Dy Dy
OIO|® ® ® ®
I—1D Q D Q D Q D Q-——‘
L—dcp cp cp cp
CDQ CDQ CDQ CDQ

e b b 7
olle olle ollo olle
Q3 Q3 Q,Q; (o] QQy

Vee =PIN 16
GND=PIN 8

O -PINNUMBERS

http://onsemi.com
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SN74LS175

FUNCTICNAL DESCRIPTION

The LS175 consists of four edge-triggered D flip-flops
withindividual D inputs and Q and Q vutputs. The Clock and
Master Reset are common. The four flip-flops will store the
state of theirindividual D inputs on the LOW tc HIGH Clock

(CP) transition, causing individual Q and Q outputs to

follow. A LOW input on the Master Reset (MR) will force
all Q outouts LOW and Q outputs HIGH independent of
Clock or Data inputs.

The LS175 is useful for general logic applications where
a common Master Reset and Clock are acceptable.

TRUTH TABLE

Inputs (t=n, MR=H)

Outputs (t = n+1) Note 1

D

L
H

Q Q
L H
H L

Note 1: t = n + 1 indicates conditions after next clock.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
Vi Input HIGH Voltage 2.0 Vv All Inputs
0.8 Guaranteed Input LOW Voltage for
ViL Input LOW Voltage \% All Inputs
Vik Input Clamp Diode Voltage -0.65 | -1.5 Vv Vec =MIN, Ily=-18 mA
VOH Output HIGH Voltage 2.7 3.5 A\ VCC = MlN. 'OH = MAX. VlN = V|H
or Vy_ per Truth Table
0.25 0.4 \Y loL = 4.0 mA Vee = Vee MIN,
VoL Output LOW Voltage ViN=ViLorViy
0.35 0.5 \ loL =8.0 mA per Truth Table
20 HA Voo = MAX, ViN=2.7V
hH Input HIGH Current
0.1 mA Voo =MAX, ViN=7.0V
e Input LOW Current -0.4 mA Vee=MAX, V=04V
los Short Circuit Current (Note 1) -20 -100 mA Vee = MAX
lcc Power Supply Current 18 mA | Voo =MAX

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.

http://onsemi.com
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