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F90 151904 1

A Voltage i5a 14 A Voltage 7150141 AR Voltage #t5n 14
(kHz) (mV) {kHz) {mV) (kliz) (mV)
10 153.1 500 1516 700 3188
R 171.9 505 1937 750 306.3
0o 193.8 510 2375 £00 293 8
150 2000 s1t 2438 850 2813
200 193.8 512 2500 900 2813
250 218.8 513 2500 950 281.3
300 206.2 514 2500 1000 281.3
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A Voltage #inld A Voltage #1303 AN Voltage #1518
{kHz) {mV) {kHz) (mV) (kHz) {(mV)
3% 231.2 515 2469 2000 218.8

400 309.4 520 2250

450 187.5 530 1594

460 475 540 1141

470 368.7 550 890.6

480 765.6 600 487.5

490 1031 650 3813

A13197 4.1 AVoltage NIA IANAIALUTA 1 UB1190INTBN NIUDAIY 512 kHz
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PNATa I FIgUR 4.4

Tek HIITR 1MS/s 52 Acqs
H |1.T
H I
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A1 32.26kH2
@: 10.64kHz

Ch1 fFreq
12.65kH?
Low signal
amplitude

Cht Ampl
4.2V

Ch2 Freq
15.87kHz
Low sighal
amplitude

Ch2 Pk-Pk
4.24 V
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Tek STTR 1MS/s 29 Acgs
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L T f : : : 1A 62.5kH2
I ] - < : . . . @ 15.87kHzZ

Ch1 Freq
21.28kHz
Low signal
amplitude

Ch1 Ampl
4.2V

Ch2 Freq
8.001kHz
Low signal
amplitude

Ch2 Pk-PK
4.24 V

1Ch 1] 5V Ch2 2V M sous Chi F 1.7V

28 Jan 2007
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Tek HTEH SMS/s 128 Acgs FFT Source: Chi 0
; — -
Math
"""" Ch1 Brstw
‘ ® 5 1 Chi1+ Ch2
. . . E : . - No 1st :
- ....... . . — S P . ref Cross PR
Chl - Ch2
Ch2 - Chi
Chl =« Ch2
T I S P S I I chi
Chl 5S00mva M o1opus Cht -5 -20mV
10dB  125kHz 23 Aug 2006
02:53:56
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512.1kH2
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1lfiag anlnasuausifiednalsennadsagaans Fuili Double Sideband Suppressed

Carrier

L . 4o . ¥ I
razdoimanaaetTasmsnldaudyananauiinnuegasnndygmaaulaiiu
o .—i ] & g - ¥ P K] o <
Fyawaaufvaoy FadnSeuaioudoyaisidiinen Taofhmusnnauosdyanuatyg
masguit e lugiie lofwes MC1496 Ry dnpo syped i in g ioawavoan
MEHTLETIEGH fﬂ:uaﬂymznmwﬂmaawlﬁuﬂqﬂfm‘nnmnﬂauumlmmmmmaym‘m‘nm “”

W <1 Fauiludnumensmauseases QPSK o daeailugilii4.9



76

Tek Sl SMS/s 47 Acgs

Cht Freq
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19V

Ch2 Freq
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4.6 Mynaaaanesulasdyginewnemiluainen

Tunanaaesisesidiosimstloudyanagiladulminanud 1 @ad dimeduduwa
vinanan/aoumlasvesvasa LED Tasvana LED azdadvaduiuhl Fufnainms
nlanualasasszauns ssuvosdyamgUanu ladiitowdnnmsduna

o : A ¥ o I o Q) an

anfumanz Tamumstdboulaalunsudasdyamewasniludinea Tunmsneans
dw @ ar N : ¥ L W = ¥ o LY | ]
finzstinsflouns i inrzuaas dillddae 0- 5 Tad Wimeduduwa vdnihmniuinm
nsasin Ifhnsenaas dftoudimasumanssiuiinmidyanuaiaeaiosnumandng

=] rel o = 3 ar qw
nfFomnouiu ”'[f»'lulﬂfvlﬂﬂTﬂ’lﬂﬂa\WNu

Vin (v) Digital Output
0.000 00000000
0.505 00011001
1.002 00110010
1.505 01001100
2.001 01100110
2.506 01111111
3.000 10011001
3.501 10110011
4.005 11001101
4.510 11100111
5.020 11111111

A15130 4.2 namaran1snaanaesnlaadam mewasmiluataos

Veef(4)=5V , Vref(-) =0V



4.7 manaeeanasudnadyana@sasmiluainasn

78

Tumsmasssnesdomiinsnlaounlasdyanuaiaaahilowd meduna szilfine

A as W A o a o voow ey A =
manlasualaaszdunssduiedna Taosweimstudindidaopaddasaiilomdiniduns

Y r ar @ = o 4 ¥ ar dy
uaztiuindszAuns wWunesnumumananFoudousu ¥sldnanminaacaiail

Digital Input Vout (v)
00000000 -G.890
00000001 -9.820
00000011 -9.660
00000111 -9.360
00001111 -8.740
0001111 -7.500
00111E11 -5.020
01111111 -0.045
10000000 0.053
10000001 0.129
10000011 0.282
10000111 0.592
10001111 1.211
HOO11111 2.449
10111111 4.930
11111111 9.910

715139 4.3 uaaanantynaasavs i mdunuAtreatuowiaon

Iref =2 mA |, Rref =SKCY, Vref =10V
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DATA SHEET

For a complete data sheet, please also download:

* The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
* The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
* The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

74HC/HCT4060

14-stage binary ripple counter with
oscillator

Product specification December 1990
File under Integrated Circuits, 1C06

' *  PHILIPS



Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator

74HC/HCT4060

\

FEATURES

*» All active components on chip

¢+ RC orcrystal oscillator configuration

s Outpul capability: standard (except for Rre and Cre)
* |cc category: MS|

GENERAL DESCRIPTICN

The 74HC/HCT4060 are high-speed Si-gate CMOS
devices and are pin compatible with “4060" of the “40008”
series. They are specified in compliance with JEDEC
standard no. 7A.

The 74HC/HCT40860 are 14-stage ripple-carry
counler/dividers and oscillators with three oscillator

QUICK REFERENCE DATA
CGND =0V, Tomp=25°C; t, = t; = 6 ns

terminals (RS, Ryc and C1¢), ten bufiered outputs (Q5 to
Qg and Q4110 Q43) and an overriding asynchronous
master reset (MR).

The oscillator configuration aliows design of either RC or
crystal oscillator circuits. The oscillator may be replaced by
an external clock signal at input RS. In this case keep the
other oscillator pins (Ry¢ and Cr¢) floating.

The counter advances on the negative-going transition of
RS. A HIGH level on MR resets the counter (Qatlo Qg and
Q11 o Qq3 = LOW), independent of other input conditions.

Inthe HCT version, the MR input is TTL compatible, but
the RS input has CMOS input switching levels and can be
driven by a TTL output by using a pull-up resistor to V.

TYPICAL
SYMBOL | PARAMETER CONDITIONS UNIT
HC HCT
tehs trun [ propagation delay CL=15pF;Vec=5V
RS to Q3 31 31 ns
Qn to Qpaq 6 6 ns
tp MR to Qn, 17 18 ns
fma maximum clock frequency 87 88 MHz
C input capacitance 3.5 35 pF
Cep power dissipation capacitance per package notes 1, 2 and 3 40 40 pF
Notes

1. Cpp Is used to determine the dynamic power dissipation (Pp in pWy:

Po = Cpp x Vec? x fi+ T (Cp x Veg? x ) where:
fi = input frequency in MHz
fo = output frequency in MHz
2 (Cy x Vge? x fo) = sum of outputs
Cy = output load capacitance in pF
Ve = supply voltage in V

2. ForHC the condition is V, = GND to Vee
For HCT the condition is Vi = GNO to Ve - 1.5 V

3. For formula on dynamic power dissipation see next pages.

ORDERING INFORMATION

See “TAHCHC THCUHCMOS Logic Package information”.

December 1990




Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060

PIN DESCRIFTION

PIN NO. SYMBOL NAME AND FUNCTION
1,2, 3 Q44 to Q45 counter outputs
7,546 14,13, 15 Q310 Qg counter outputs
8 GND ground (0 V)
9 Cre external capacitor connection
10 Rrc external resistor connection
" RS clock input/oscillator pin
12 MR master reset
16 Vee positive supply voltage
an 1] U hejvee "1!;0'31: A | A crae (Ll
O3] ) , s || e | e s
1 | 10 4 4
uug %07 12 %“R 2? Z: :: ___: L*_'- ::x + ._1% I %
o[ 13] 9 Qg |— & 12 al = 12 . 14,
a7 4060 [12] un Q; e 14 —IJ: cT=0 9-—+;- —E CTeg , i::
a3 M o f—13 L o=
pp—15
Qs [7] 16} Rre gy f—1 13:_;- 13j
GNDE ECTC Qup—12 N
Pre— Qu3p—3 7rerazrs Jzpu82
Trezaze
Fig.1 Pin configuration, Fig.2 Logic symbol, Fig.3 |IEC logic symbal.

December 1990



Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060

DYNAMIC POWER DISSIPATION FOR 74HC

PARAMETER Ve (V) | TYPICAL FORMULA FOR Pp (uW) (note 1)

total dynamic power 2.0 [Cppxfosex Vee? + £ (CL X Viee? % fo) + 2Cix Vo2 x fuse + 80 x Vg

dissipation when using the 4.5 | Cpp xfosex Vee? + X (CL x Vee? x fo) + 20 x Vo2 X fgge + 1 750 x Ve

on-chip oscillator (Pp) 6.0  {Cppxfoscx Vo2 + X (CL % Ve X fo) + 2C) X V2 X foee + 3 800 x Vee
Note

1. GND=0V; Tgmp=25°C

DYNAMIC POWER DISSIPATION FOR 74HCT

PARAMETER Vee (V) | TYPICAL FORMULA FOR Ppy (uW) (note 1)

total dynamic power

dissipation when using the 4.5 Cpp X fose ¥ Vee? + Z(CL % Vige? x fg) + 2C1 x V2 X foge + 1 750 x Vg
on-chip oscillator (Pp)

Notes

1. GND=0V;Tamp=25°C

2. Where: f, = output frequency in MHz
fose = oscillator frequency in MHz
¥ (CL x Vee? x fo) = sum of outputs
CL = output load capacitance in pF
Cy =timing capacitance in pF
Vee = supply voltage in V

|10 |9
Rre Crc
11 |ms
CP 14=STAGE 8iNARY COUNTER
€o
12 [MA
Q3 Q4 {05 |Qy |Qy |Qg |Gy |G41]092{01y
1793323 7 15 (4 6 |u s |t ]2 |

Fig.4 Functional diagram.

APPLICATIONS

« Control counters

» Timers

» Frequency dividers
* Time-deiay circuits
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Philips Semiconductors

Froduct specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
4 i W el

Fig.5 Logic diagram.

18 32 84 1IA 258 BI1T 1024 2048 4000 B102 18.324

Lrir e Tr e e P e e
e UL IR TR T TR I
e TR U IR I T I I N
— il
— et T U T TN A
_____ It BE EE TR TR N
______ It IR NE TR
— Tt EE T
_________ 1
——— 1T
___________ 1

il

Fig.6 Timing diagram.
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060

DC CHARACTERISTICS FOR 74HC

Output capability: standard (except for Ryc and Cre)
lcc category: MSI

Voltages are referenced to GND {ground = 0 V)

Tamp (°C) TEST CONDITIONS
SYM- 74HC
PARAMETER UNIT [y [V OTHER
BOL +25 ~4010+85 | —40 to +125 (3)':
min. [typ. | max. | min. | max. | min. | max,
Vi HIGH level input voltage | 1.5 1.3 1.5 1.5 Vv 2.0
MR input 315 (2.4 3.15 3.15 4.5
42 131 4.2 42 6.0
Vi LOW level input voltage 08|05 05 05 v 2.0
MR input 2111.35 1.35 135 45
2818 1.8 1.8 6.0
VIH HIGH level input voltage | 1.7 1.7 1.7 Vv 2.0
RS input 36 36 36 4.5
4.8 48 4.8 6.0
Vi LOW level input voltage 0.3 03 0.3 v 2.0
RS input 09 09 09 4.5
12 1.2 1.2 6.0
Vo HIGH fevel output voltage | 3.98 384 3.7 vV 4.5 [RS=GND | -Ip = 2.6 mA
Rrc output 5.48 534 52 6.0 |and -lo=3.3mA
MR=GND
3.98 3.84 37 V|45 RS=Vee [-o=0.65mA
5.48 534 52 6.0 | and 1o =0.85 mA
MR:VCC
1.9 2.0 1.9 1.9 A 2.0 {RS=GND | -lg=20 RA
44 |45 4.4 4.4 4.5 | and ~lo =20 pA
59 |60 59 59 6.0 | MR=GND | -Ig = 20 pA
19 (20 1.9 1.9 Vv 2.0 |RS=Vee [-lo=20pA
44 |45 44 4.4 4.5 {and —to =20 pA
59 |8.0 59 5.9 6.0 [MR=Vce [-1o=20pA
Von HIGH level output voltage | 3.98 3.84 37 Vv 45|RS=vV)y [-ln=32mA
Cre output 5.48 534 52 6.0 | and ~lo =42 mA
MRZViL
Von HIGH level output voltage | 1.9 [2.0 | . 1.9 1.9 v 201Viy -lg =20 pA
except Ryp output 4.4 4.5 4.4 4.4 45 lor -lp =20 A
59 6.0 59 59 6.0 |V —lp = 20 pA
Vo HIGH level output voltage | 3.98 3.84 37 v 4.5V —-lo=4.0 mA
except Rre and Cqq 5.48 5.34 52 6.0 |or ~lo =52 mA
outputs . Vit
VoL LOW level output voltage 0.26 0.33 0.4 4.5 [RS=Vee |lg = 2.6 mA
Ry¢ cutput 0.26 0.33 0.4 6.0 | and ls=3.3mA
MR=GND
0 0.1 0.1 0.1 Vv 2.0 | RS=Vre lo =20 pA
0 |0.1 0.1 0.1 4.5 | and lo = 20 uA
L 0 0.1 0.1 0.1 6.0 [ MR=GND | I =20 pA
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator fAHC/HCT4060
Tamb (°C) TEST CONDITIONS
SYM- 74HC
PARAMETER UNIT |y | V) OTHER
BOL +25 4010 +85 | —4Dto+125 (3;'
min. | typ. | max. | min. { max. | min. | max.
VoL LOW level output voltage 0.26 0.33 0.4 Vv 45 |RS=V |lg=3.2mA
Cre output 0.26 0.33 04 6.0 | and lo =4.2 mA
MR=V|H
Vo LOW leve! output voltage 0 (0.1 0.1 0.1 \' 20 [V lo =20 uA
except Ry output 0 (0.1 0.1 0.1 45 |or fo = 20 uA
0 |01 0.1 0.1 6.0 |V lg = 20 uA
VoL LOW level output voltage 0.26 0.33 0.4 \'4 45 | VK lo = 4.0 mA
except Rrc and Cre 0.26 0.33 04 6.0 jor lo=5.2 mA
outputs Vi
+, input leakage current 0.1 1.0 1.0 HA 6.0 | Vee
or
GND
lee quiescent supply current 8.0 60.0 160.0 |{pA 6.0 [V lo=0
or
GND
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Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
AC CHARACTERISTICS FOR 74HC
GND =0V, tr=t=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | ,_ | WAVEFORMS
+25 —40to +85 | —40 to +125 (\j}c
min. [ typ. | max. | min. { max. | min. | max.
ropadation dela 99 {300 376 450 2.0
tp/ tory | P F\?S%o S y 36 |60 75 9 |ns |45 |Fig12
3 29 |51 64 77 6.0
N 22 |80 100 120 2.0
tprd toun | P g f’ a y g |16 20 24 |ns |45 |Fig.14
n 10 M1 6 |14 17 20 6.0
ropagation dela 55 [175 220 265 20
tor leg t%Q y 20 |35 44 53 |ns |45 |Fig.12
n 16 |30 37 45 6.0
19 |75 95 110 2.0
trul/ triuy | output transition time 7 15 19 22 ns (4.5 {Fig.12
6 13 16 19 6.0
clock pulse width 80 (17 100 120 2.0
tw i 16 |6 20 24 ns 145 |Fig.12
RS; HIGH or LOW 1 |e 17 20 60
master reset pulse 80 125 100 120 2.0
tw . . 16 (9 20 24 ns |45 |Fig.13
width MR; HIGH byl 17 ™ 50
emoval time 100 | 28 125 150 20
bem r Mé’t RS 20 |10 25 30 ns |45 |Fig.13
© 17 |8 21 26 6.0
. ock bl 6.0 |26 48 4.0 2.0
finax mfa"":“”;"oc puise 30 |80 24 20 MHz |4.5 |Fig.12
requency 35 |95 28 24 6.0
Deacember 1990 8



Product specification

74HC/HCT4060
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 7T4HC/HCT4060

Notes

1. The value of additional quiescent supply current (Alcc) for a unit load of 1 is given here.
To determine Alcc per input, multiply this value by the unit load coefficient shown tn the table below.

2. Only input MR (pin 12) has TTL input switching levels for the HCT versions.

INPUT UNIT LOAD COEFFICIENT
MR 0.40

AC CHARACTERISTICS FOR 74HCT
GND =0Vt =t =6 ns; C, = 50 pF

Tamo (°C} TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER UNIT [y _ . | WAVEFORMS
+25 ~40 to +85 | —40 to +125 (3‘)3
min. | typ. | max. | min. | max. | min. [ max.
ter/ tpLy | Propagation delay 33 66 83 99 ns 4.5 |Fig.12
RS to Q5
tprif tpLy | Propagation delay 8 16 20 24 ns 4.5 |Fig.14
Qp to Qpi
tpr propagation delay 21 44 55 66 ns 4.5 | Fig.13
MR to Q,
tryl/ truy | output transition time 7 15 19 22 ns 4.5 |Fig.12
twy clock pulse width 16 |6 20 24 ns 4.5 |Fig.12
RS; HIGH or LOW
twy master reset pulse 16 |6 20 24 ns 4.5 |Fig.13
width MR; HIGH
trem removal time 26 13 33 39 ns 4.5 |Fig.13
MR to RS
frax maximum clock pulse 30 80 24 20 MHz |4.5 |Fig.12
frequency

December 1990 10



Philips Semiconductors

Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
MBAIS
gf M I 7 mlax /"
s X |,
(MAN) //
A ™ 580KR 12 //
—_ 1 typ
Vee 0= /// /// j .
DATRF|  input output | 100gF A ) //
.o-—i}— % 8 min
”-1;:“] :zl Tvarm 0 8 /’/ /j/ /1/
\ I 1A N
Fig.7 Test set-up for measuring forward / -
transconductance g = dig / dv; at vy is 2, ’ 5 [ 3 4 s 5
constant (see also graph Fig.8); Vee (V)
MR = LOW. . .
Fig.8 Typical forward transconductance gi as a
function of the supply voltage V¢ at
Tamb =25°C.
108 2083327
! onc Ay
{Hz)
< RC OSCILLATOR
104 ™
N C
N N
™ MA om: kngs
- h MA Mrom logc)
Rre Cre
114 9
102 d] .’.
. czI [!]i'.! Ry G,
TZ93328
10 3 4 ]
o 10 0% R, () 10 Typical formula for oscillator frequency:
w- g~ 1077 ¢ (uF} 107" 1

Fig.8 RC oscillalor frequency as

Ricurve at Cy=1nF; R2 =

a function of

Riand CiatVee =2.0t06.0 V; Tymp = 25 °C.
Cicurve at Ry = 100 kQ2; R2 = 200 kQ.

ZXRt.

foce * TEXRXC,

Fig.10 Example of a RC osciilator.

TIMING COMPONENT LIMITATIONS

The oscillator frequency is mainly determined by R\C;, provided R2 = 2R and R2C2 << R,C,. The function of R2 is to
minimize the influence of the forward voltage across the input protection diodes on the frequency. The stray capacitance
€2 should be kept as small as possible. In consideration of accuracy, Cy must be larger than the inherent stray
capacitance. Ry must be larger than the "ON" resistance in series with it, which typically is 280 Q at Ve = 2.0 V, 130 Q at

Vee =4.5Vand 100 Q at Vee = 6.0V,

The recommended values for these components o maintain agreement with the typical oscillation formula are:

Cy > 50 pF, up to any practical value,
10 k€ < Ry < 1 MQ.

In order to avoid start-up problems, Ry

December 1950
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Philips Semiconductors Product specification

14-stage binary ripple counter with oscillator 74HC/HCT4060
WA ftrom togic}
15| RS
Are
Ao 6
TYPICAL CRYSTAL OSCILLATOR ook mn L a2
InFig.#1, R2 is the power limiting resistor. 2.2kn
For starting and maintaining oscillation a minimum |
transconduclance is necessary, so R2 shauld nat
be loo farge. A practical value for R2 is 2.2 ki, C3;F§§§,’: 32]- 100pF
J’ Tzedaze
Fig.11 External components connection for a crystal oscillator,
AC WAVEFORMS
MR INPUT Fvu'"
[~——— E
RS INPUT w -t
RS INPUT Y t"
Gy OUTPUT

- [-—‘rm. —;l

1Z330

(1) HC @V =50%:V,= GND10 Vee.
HCT: V=13V, v, =GND 1o 3 V.

Fig.12 Waveforms showing the clock (RS) to

the maximum clock frequency.

TTLH

output {QQa) propagation delays, the clock
pulse width, the output transition times and

Q,, OUTPUT

TZRAS3

(1} HC : Vi =50%; V; = GND o Vs,
HCT: V=13V, Vi=GND1to 3 V.

Fig.13 Waveforms showing the master reset (MR}
pulse width, the masler reset to output (Q,,)
propagation delays and the master reset to
clock (RS) removal time.

(T} HC : V)4 =50%; V| = GND to Vec.
HCT: Vy = 1.3V; V, = GND 10 3 V.

9, ouTPUT

Vu[”

PLH

O,, DUTPUT

Lip,"_

V"‘"

RELFREN]

Fig.14 Waveforms showing the output (Q,) to Qnq propagation delays.

PACKAGE OUTLINES

See "TAHC/HCTHCUHCMOS Logic Package Outlines”

December 1990
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DM74LS165

General Description

This device is an B-bit serial shifl register which shifts data
in the direction of Q, foward @ when clecked. Parallel-in
access is made available by eight individual direct data
inpuls, which are enabled by a low level al the shift/load
inpul. These registers also feature galed clock inpuls and
complementary oulputs from the eighth bit.

Clocking is accomplished through a 2-input NOR gate, per-
mitting one input 1o be used as a clock-inhibit function.
Holding either of the clock inputs HIGH inhibils clocking,
and holding either clock input LOW with the load input
HIGH enables the other clock input. The chack-inhibit input
should be changed to the high level only while the clock
input ' HIGH. Parallel loading is inhibited as long as the
load input is HIGH. Data at the parallel inputs are loaded
directly into the register on a HIGH-to-L.OW transition of the
shifi/load input, regardless of the logic levels an the clock,
cleck inhibil, or serial inputs.

August 1986
Revised March 2000

8-Bit Parallel In/Serial Output Shift Registers

Features

B Complementary outputs

M Direct overriding {data) inputs

W Galed clock inputs

M Parallel-to-serial data conversion
M Typical frequency 35 MHz

B Typical power dissipation 105 mW

Ordering Code:

Order Number |Package Number Package Description
DM74LS165M M16A 16-Lead Small Outline Inegrated Circuit (SOIC), JEDEC MS-(12, 0.150 Narrow
DM74L.5185WM M16B 16-Lead Small Outline Intergraled Circuit (SOIC), JEDEC MS-013, 0.300 Wida
DM74LG165N N16E 16-Lead Plastic DuakIn-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

Devicos also available in Tape and Reel. Specity by appending the suflix fetter “X” to he ordating code.

Function Table

sl
1 2 3 a 5 6 7 ]a
SHIFT/ CLOCK  E N H  OUTPUT GND
LOAD Ay

PARALLEL INPUTS

LLEL WPUTS Inputs Internal

vee ﬁ;?:# DPARAC - BU 2 Slf.':rTL (HJ;:UT Shift/| Clock | Clock | Serial { Parallel| Outputs | Output
16 I 15 14 13 12 11 10 Ig Load [Inhibit A.H | Qs Qpl Qy

L X X X a..h a b h

l H L L X X Gao Crol| Qho

H L T H X H Qa] Qgn

H L T L X L Q]| Ggn

H H X X X Qa0 Qo CHo

H = HIGH Lavel (steady slata)

L = LOW Level (staady slata)

X = Don't Care (any input, inciuding transitions}

T = Transition from LOW-to-HIGH level

a..h = The layel of sleady-slate input al inputs A Ivough H, respechively

Qap. Opg. Qro = Thelevel of Q,, Q. or Qy, respectively. before the
indicatad sleady-stale inpu condilions were establishad.

Qan. Qg = The lavel of Oy or Q. respactively, before the mosl recant
T ransition of fhe clodk

© 2000 Fairchild Semiconductor Corporation 05006399

www fairchildse mi.com
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DM74LS165

Logic Diagram
PARALLEL MPUTS

u ¢ o ' £

I{,_”l Lgm l(m [(14) l(J}

F
l{!)

. PRAFSET PRESET

> 5 Qg s agl

chcxocn ELOCK|

SR (10) l A .
NPT Ciesn |cLean

swFT [ [
LGAD -
2 1 1

CLOCK

INHBIT

Timing Diagram

CLOCK INHIBIT ]l

SERMAL INPUT

SHIFT LOAD

F_JE

DATA o !-

SRIE

e ]
i
oureur o 177 ] R W o I o IS o IO
oureur oy 7] S o I e IO e W

I-._--mmale— -.I—-— o SERAL SHIFT- - - . . _
LOAD

3

Typical $hift, Load, and Inhibit Sequences
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Absolute Maximum Ratingsmote 1)

Supply Voltage A%
Input Vohage IsY

Operating Free Air Temperature Range 0°C o +70°C

Nota 1: The "Absslute Maximum Rabngs” are those values beyond which
the safaty of the device cannol be guarantesd. The device should not be
opefatet at these limits. The parametric values defineg in the Eleclical
Cheractenstics tables are not guaraniesd al the absaoiute maximurn rabngs.
Tha "Recommended Opsrating Conditions™ table wili define the conditions
for achral davice aperation

Storage Temperature Range

-65°C 1o +150°C

Recommended Operating Conditions

Symbol Parameter Min Nom Max Units
Voo Supply Voltage 4,75 5 525 v
Vin HIGH Levei Input Voltage 2 v
ViL LOW Level input Voltaga ] v
low HIGH Level Gutput Current -0.4 mA
tor LOW |evel Qutput Current 8 mA
oLk Clock Frequency (Nole 2) 25 MHz
fork Clock Frequency (Note 3) 20 MHz
tw Pulse Width Clock 25 ns
(Note 3) Load 15
sy Setup Time Parallel 10
{Nole 4} Serial 20
Enable 30 ns
Shift 45
ty Held Time (Note 4) Q ns
Ta Free Air Operating Temperalure 0 70 “C
Note 2: C - 15 pF, Ry = 2 ki}, T5 — 25°C and Veo= 5V
Note 37 C, - 50 pF. Ry = 2 K}, T, - 25°C and Voo = 5Y
Note 4: T, = 25°C and V. = 5V
Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min vp Max Units
(Noie 5)
vy Input Clamp Voltage Vi = Min L= 1B mA -1.5 v
v, HIGH Level Vi - Min, loy = Max
. Output Vokage VEC_ Max, V?:: Min 27 34 v
Vo LOW Level Voo = Min, Iy = Max 04
Gutput Voltage VL = Max. V) = Min a.35 Qs v
lot = 4 mA, Vg = Min 0.25 04
Iy Input Curreni @ Max Voo = Max, V= 7V Shiftl oad 03
Input Vohage Cthers a.t ma
Tne HIGH Level Vg = Max Shift/Load 60
input Current Vi=27v Others 20 nA
Iy LOW Level Ve = Max Shift/Load -12
Input Current Vi - 0.4V Cthers -04
lps Shon Circuit Qulput Current Ve = Max (Note 6) -20 -100 mA
lec Supply Current Vee = Max (Note 7) 21 36 mA

Note 5. All typicals are al Vg = 5V, Tp = 25° C

Nota & Not more than ane output shauld be shorted al a tima, and the duration shauld nol excead ane sacond.
Neto 7: With alf outputs OPEN, clock inhibil and shifthoad at 4.5V, and a dock pulse applied to the CLOCK input, Igc is measured first with the parallel inputs

at 4.5V, then again groundad.

www fairchildsemi.com
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DM741L.S165

Switching Characteristics

at Ve = BV and Ty = 25°C

From {Input}) Ci =15 pF R =2 k0, G = 50 pF
Symbel Parameter Unite
To (Output) Min Max Min Max

Tmax Maximum Clock Frequency 25 20 MHz

1 Propagaticn Delay Time

PLH Pag v Load 1o Any Q 35 7 ns
LOW-o-HIGH Level Output

4 Prepagation Detay Time

FHL pag Y Load to Any O 35 42 ns
HIGH-te-LOW Leve! Output
Prapagation Delay Time

e bog Y Clock 1o Any Q ao 42 ns
LOW-to-HIGH Level Qulput

! Propagation Delay Time

PHl pag i Clock to Any O 0 47 ns
HIGH-10-LOW Level Oulput

1 Propagation Delay Time

#LH Pag Y Hto Gy 75 a7 ns
LOW-to-HIGH Level Qutput

t Propagation Delay Time

PhL Pag Y Hte Qy 30 a7 ns
HIGH-to-LOW Level Output

1 Fropagation Delay Time -

PLH REg v H to Q4 30 32 ns
LOW-to-HiGH Level Output

)l Propagation Delay Time —_

PHL pag Y Hto Gy 25 32 ns
H{GHto-LOW Level Output

www.fairchildsemi.com




Physica

I Dimensions inches {millimeters} untess otherwise noted

5

L 0388
19.904 -

" 13

LTI
10.00)

N omw

f

0.228 - 0.264 o
(3791 -6.194) TYP
| ) b
| -
r AU UTT0UT
LEAD NOLY 1?2 3 a4 5 & 1 &
IDENT 4.010 ypy
10.254)
gy BB-D5?
{3610 3.968)
LOW-0020 F 0.083_D 063
050508 * ‘ﬂ : ! {1346 - 1.757) 0604 —0.008
[ B* MAKTYP 0105 —0.254)
AL quns
Lj Y b e
f ' f PLANE
|
D408 0.01) LAY . 0.014-0.020
1208 -0, 284 %H 12.336) § 100355 - nsm]m
TPMLLERE g ! 4 ™
TYP ALL LEADS 90 o
) 10.703) s Ry g
ALLLEAD TIPS
16-Lead Small Outline Integrated Circuit (SOIC), JEDEG MS-01 2, 0.150 Narrow
Package Number M16A
5]
0.3977-0.4133
10.10- 10358
16 15 14 13 47 11 4 9
LEAD HD 1 |
IDENTIFICATICH
0.1014-0.2992
—] _ - [ Ve Y 03940-0.4190
10.00-10 €%

FRLEFAY]

SEATING -2~
FLANE

TG
*l L s

0.ok40-0.0118
a.-0.]

ﬁﬁ

!

LA B

C.OIC-C.029

"0 35-2.75

50091 BaITs

G230 " 1P AL LEADS ——.

T -

- r ouw

ALL L[AO IIPS

4.0160-0.9500
—J L TR TYP ALL LEADS

3 Max TYF-j_ r_

ALL LEADY

WD (Y 1)

16-Lead Small Outline Intergrated Circuit (SOIC}), JEDEC MS-013, 0,300 Wide

Package Number M168

www.fairchildsemi com
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DM74LS165 8-Bit Parallel in/Serial Output Shift Registers

Ph y5ica| Dimensions inches (millimeters) unless otherwise noted (Continued)

. 0.740 = 0.780 L oo
18.80< (9.81 -
l { ) i {7.285)
INDEX
AREA
0.250$0.010
{5350£0.254) _
PIN NO. 1 PIN NO. 1
IDENT IDENT
GPTION 1 OPTION 02 0.065
2080005 0,060 4 TYP £.300- £.320 {Test}
j_ Csmrorm kg TP [ cenowa j (7620~ 5.128) !
0.145 - 0,200 [ ] : { \!
{3.683-5.080) | j )
_}‘ 950450
, 0.008=0.016
50° % 4° TYP ool LR
] | .
' 0125~ 0.150 o 003020015 (7.112}
{3.175 - 3.810) R RN (K T FT.1)] MIN
0014-0023 0.10040.010 {0.325 +0.040
{0.356 - 0.584) 0.050£0.010 {2540£0.254) =L 0015 VISE (DY P}
TP {1270 £0.254) TP (e2s5* 1818
P k

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 ime 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 inlended for surgical implant into the device or syslem whose failure to pedform can be rea-
body, or (b) support or suslain Ife, and (¢} whose failure sonably expected 1o cause the failure of the life support
to peform when properly used in accordance with device or system, orto 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 www. fairchildsemi.com
usef.
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DECADE COUNTER;
DIVIDE-BY-TWELVE COUNTER;
4-BIT BINARY COUNTER

The SN54/741.590, SN54/74L.592 and SN54/74L893 are high-speed
4-bit ripple type counters partitioned into two sections. Each counter has a di-
vide-by-two section and either a divide-by-five (LS80}, divide-by-six (L392) 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 ortied together
{(Qto @) to form BCD, bi-quinary, modulo-12, or modulo-16 counters, All of
the counters have a 2-input gated Master Reset (Clear}, and the LS90 also
has a 2-input gated Master Set (Preset 9).

* Low Power Consumption . . . Typically 45 mw
® High Count Rates . . . Typically 42 MHz
* Choice of Counting Modes . . . BCD, Bi-Quinary, Divide-by-Twelve,

Binary

* Input Clamp Diodes Limit High Speed Termination Effects

PIN NAMES

Oi c‘)l
0 )
- o

2
kg

MR, MR»
MSq, MS2
Qo

G4, Q2, Q3

NOTES:

Clack {Active LOW going edge) input to
+2 Seclion

Clock (Active LOW going edge) Input to
+5 Section (LS90), -6 Section (L592)
Clock {Active LOW going edge) Input to
+8 Section {LS93)

Master Reset (Ciear) Inputs

Master Set (Preset-9, LS90} Inputs
Output from +2 Section (Notes b & c)
Quipuls from +5 (LS90), +6 (LS92),

<8 {L593) Sections (Note b)

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

b. The Oulput LOW drive facloris 2.5 U.L. for Milita ry, (54) and 5 U L. for commercial {74)
Termnperature Ranges. .

¢. The Qg Oulpuis are guaranleed to drive the full fan-out plus the CP4 input of the device.

d. To insure proper operation the rise {tr} and fall time (i) of the clock must be kess than 100 ns.

LS90
67
12
MS
14— cry
1 CPq
MR QpQq Qp Qg

2
2312981
Voc=PING
GND =PIN 10

NC=PINS 4,13

LOADING (Note a}

HIGH Low

05U.L. 150UL.
05UL. 20UL
05UL. 1.0UL.
05UL | o025UL
05U.L. 025 UL
10UL |5@25uUL
10Ul |5@s5uL

LOGIC SYMBOL

LS92

14 —qcr,
1 —dcpy

MR 0Qp G1QoQy

il

671219 8
Voo =PINS
GND=FIN 10
NC=PINSZ 34,13

SN54/741.S90
SN54/74L.592
SN54/74LS93

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

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

l:_‘
-

14
1

Q},
i

&%

14N

N SUFFIX
PLASTIC
CASE 646-06

-

D SUFFIX
SOIC
; CASE 751A-02

ORDERING INFORMATION

SNBH4LS XX
SNTALSXXN
SN74LSXXD

Ceramic
Plastic
solc

L1593

14 —df CPy

1 —q CPy
MR Cp Gy Qo Q3

E_QJ

23129 8 11
Vce=PINS
GND = PIN 10
NC=PiN4.6,7,13

FAST AND LS TTL DATA
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SN54/74L.S90 » SN54/74L.S92 « SN54/74L.S93

LOGIC DIAGRAM

CONNECTION DIAGRAM
DIP (TOP VIEW)

LS90
5 @ el
M3 A K TP,
MS2 EDI T 1 — o [ g
S 3 L Sf) WRq 2 3
Spal D 0 D
_ 170q —1"Yal4 |v0q rR*a K 7 a
CPy ——qCP < CP +-dcp —d CF
3 3 3 Nc[] 1] o3
Kcnd KenG KcnG 8¢,0
D 0 D — .1 “D
7 i i veelBl 10 GND
o ms; [E] 9] q
@ My [T ap
MR 2 2
w1 ' o o lo |
© 0 ! 2 3 NC = NO INTERNAL CONNECTION
(O =PINNUMEERS NOTE:
Vee=PIN5 The Flatpak version has the same
GND =FIN 10 pinouts (Connection Diagram) as
the Dual In-Line Package.
LOGIC DIAGRAM CONNECTION DIAGRAM
DIP (TOP VIEW)
L592
—_—
om0 }E CPy
Ne (2] ER
J Q= Y Q J QR J G
=5 3
CPo = cp ~qcp qcp < cp ne [ EE
Kepd Kyl Keo O Ke,a ve[4] 11 Q
0 T i ? Veo E E GNOD
CP, ® MR4 'E E Qg
ME;:IDJ @ ® ® MR, 2 %] o
® Qg 0y Qg Q3
NC = NO INTERNAL CONNECTION
(0= PIN NUMBERS NOTE:
Veo=PINS The Flatpak version has the same
GND =FIN 10 pinows (Connection Diagram) as

the Dual In-Line Package.

LOGIC DIAGRAM

LS93
J ok J Q J o+ [ a
— (19
Cngocp —q cP — P Locp
Kcp@ Kep@ Kep@ Kep@
=2
MR
i —_ > |® ® ®
® Qp Q4 Qp Q3
(O = PIN NUMBERS
Voo =PINS
GND = PIN 10

CONNECTION DIAGRAM
DIP (TOP VIEW)

— —
crl] [14cr
MRy [Z] ERe
MR, (2] 7 Qg

ne[4] 11} Q3
vee 5] [1q GND
Ne[6] 9] Qp
ne[7] 8] ay
NC = NO INTERNAL CONNECTION

NOTE:

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

FAST AND LS TTL DATA
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SN54/74L590 « SN54/74L.S92 « SN54/74L.S93

FUNCTIONAL DESCRIPTION

The LS90, LS92, and LS93 are 4-bit ripple type Decade,
Divide-By-Twelve, and Binary Counters respeclively. 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 (LS80}, divide-by-six (LS92), or divide-by-eight
{L583) 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 detays. 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 the rated
fan-out plus the CP1 input of the device,

A gated AND asynchronous Master Reset (MR « MR} is
provided on all counters which overrides and clocks and
resets (clears} all the flip-flops. A gated AND asynchronous
Master Set (MS4 » MSp) is provided on the LS80 which
overrides the dlocks and the MR inputs and sets the outputs to
nine {(HLLH}.

Since the oulput from the divide-by-two section is not
internally connected to the succeeding stages, the devices
may be operated in various counting modes.

L.sg0

A. BCD Decade {8421) Counter— The CP1 input must be ex-
temally connected to the Qg oulput. The CPginput receives
the incoming count and a BCD count sequence is pro-
duced.

. Symmetrical Bi-quinary Divide-By-Ten Counter — The Q3
output must be externally connected to the @0 input. The
input count is then applied tothe CP4 input and a divide-by-
ten square wave is obtained at output Q.

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

L592

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

. Divide-By-Two and Divide-By-Six Counter ~—No external
interconnections are required. The first flip-flopis used as a
binary element for the divide-by-two function. The CPq in-
put is used to obtain divide-by-three operation at the Q4
and Qp outputs and divide-by-six operation at the Q4 out-
put.

LS93

A. 4-Bit Ripple Cotunter — The output Qg must be externally
connectedto inputﬁi] . The inputcount pulses are applied
to input CPq. Simultaneous divisions of 2, 4, 8, and 16 are
performed at the Qg. Q1, Q2, and Qg3 outputs as shown in
the truth table.

. 3-Bit Ripple Counter— The input count pulses are applied
to input'Cf1 . Simultaneous frequency divisions of 2, 4, and
8 are available at the @4, Q, and Q3 outputs. Independent
use of the first flip-flop is available if the reset function coin-
cides with reset of the 3-bit ripple-through counter.

FAST AND LS TTL DATA
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SN54/74L.S90 « SN54/741.592 « SN54/74L.S93

LS90 LS92 AND LS93
MODE SELECTION MODE SELECTION
RESET/SET INPUTS QUTPUTS ,':,',E:.ﬁETTS OUTPUTS
MRy | MRz |MSq[MSa (] Qp Qq Ga Q3
H H L X L L L L MR1|MR2}!| Qo Q1 Qp Qi
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 L L X Count L = LOW Vohage |evel
H = HIGH Vohage Level X =Don't Care
L = LOW Voltage Level
X = Dor’t Care
LS90 LS92 LS93
BCD COUNT SEQUENCE TRUTH TABLE TRUTH TABLE
OUTPUT OUTPUT QUTPUT
COUNT COUNT COUNT
Qg 4 Q3 Q3 Qo @ G @3 Q 4 Q Qi
0 L L L L 0 L L & L 4] L L L L
1 H L L L 1 H L L L 1 H L L L
2 L H L L 2 L H L L 2 L H L L
3 H H L L 3 H H L L 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 L 5 H L H L
6 L H H L 6 L L L H 6 L H H L
7 H H H L 7 H L L H 7 H H H L
3] L L L H 8 L H L H 8 L L L H
9 H & L H 9 H H L H e] H L L H
. 10 L L H H 10 L H L H
NOTE: Output @y is connected to nput
CP 3 for BOD cou, b 11 H L H H 1 H H L H
NOTE: Output Qg is connected to Input 12 L L H H
cPy. 13 H L H H
14 L H H H
15 H H H H
NOTE: Outpul Qg is connected 10 Input
CPy.

FAST AND LS TTL DATA
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GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 54 45 5.0 5.5 A
74 4.75 5.0 5.25

Ta Operating Ambient Temperature Range 54 -85 25 125 °C
74 o 25 70

lon Gutput Curren{ — High 54,74 -0.4 mA

oL Output Current — Low 94 4.0 mA
74 8.0

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE |

unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
ViR Input HIGH Voltage 2.0 v gf?':sm:e“ Input HIGH Voltage for
v Input LOW Voltace 54 0.7 v Guaranteed input LOW Voitage for
L p 9 74 08 All Inputs
ViK input Clamp Diode Voltage -0651( -15 v Voo = MIN, |y = -18 mA
54 25 3.5 v Vee = MIN, Iop = MAX, Viy = V)
CC OH » VIN IH
G GH Vot
VoH Utpul HIGH Voltage 7 27 | as v or V|| per Truth Table
54, 74 025 { 04 v loL =4.0 mA Ve = Voo MIN,
VoL Output LOW Voltage VIN = V| or VY
74 035 | 05 % oL =8.0mA per Truth Table
20 pA Voo = MAX, viy=27V
T Input HIGH Current
01 mA Voo =MAX V=70V
Inpui LOW Current
MS, MR -04
I CPy ~24 | mA | Voo = MAX, iy =04V
TPy (LS90, LS92) -3.2
CP4 (LS93) -16
log Short Circuit Current {Note 1) —20 -100 mA Ve = MAX
| Power Supply Current 15 mA Voo = MAX
CC G

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

FAST AND LS TTL DATA
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AC CHARACTERISTICS (T = 25°C, Vi = 5.0V, €| = 15 pF)

Limits
LS90 LS592 LS93

Symbol Parameter Min Typ { Max | Min { Typ | Max | Min Typ | Max Unit
fMAX CPg Input Clock Frequency 32 32 32 MHz
fMAX CPy Input Clock Frequency 16 16 16 MHz
PLH Propagation Delay, 10 16 10 16 10 16

tPHL TPy Input to Qg Output 12 | 18 12 | 18 12 | 18 ns
:EH: CPg Input to Qg Cutput gi gg gi gg jg ;g ns
:ihﬂ CP4 input to Q1 Output :2 ;? 12 ;? 12 ;? ns
:EL—E CPy Input to @y Output ‘;j; gg 12 ;? g; gg ns
:Eh’: CP1 Input to Q3 Cutput 2:15 gg g; gg gj 21 ns
(=T 8 MS Input to Qp and Q3 Oulpuls 20 30 ns
tpHL MS Inpul to Q4 and Q5 Outputs 26 40 ns
lpHL MR Input to Any Output 26 40 26 40 26 40 ns

AC SETUP REQUIREMENTS (Ta = 25°C, Voo = 5.0v)
Limits
Ls90 Lsg2 L3593

Symbol Parameter Min Max Min Max Min Max Unit
by CPp Pulse Width 15 15 15 ns
w CPy Pulse Width 30 30 30 ns
by MS Pulse Width 15 ns
by MR Pulse Width 15 15 15 ns
trec Recovery Time MR to TP 25 25 25 ns

RECOVERY TIME (i) is defined as the minimurm time required between the end of the resel pulse and the clock transition from HIGH-to-LOW in order lo recognize
and transfer HIGH data to the Q outpuls

AC WAVEFORMS

TP sy 12V

e
lPHL«L—»’ W PLH
Q 1.3V A1y

Figure 1

*The number of Clock Pulses required between the tpHL and tp | measurements can be determined from the appropniate Truth Tabkes.

MR&MSm.SV MS 13V 13V
I‘—lw —4*1@(;'—' e "l‘"rec

1 3V 5k
tPHL tPLH
Up= Q3
U (LS50) ZF : \

Figure 2 Figure 3

FAST AND LS TTL DATA
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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
applications include suppressed carrier and amplitude madulation,
and chopper
applications. See Motorola Application Note AN531 for additional design

synchronous detection, FM detection, phase detection,

infarmation.

* Excellent Carrier Suppression —65 dB typ @ 0.5 MHz
-50dB typ @ 10 MHz

® Adjustable Gain and Signal Handling

¢ Bafanced Inputs and Outputs

® High Common Mode Rejection -85 dB typical

This device contains 8 active transistors.

Figure 1. Suppressed
Carrier Output
Waveform

| 1o =500 kHz
Is = 1.0 kHz

Figure 2. Suppressed
Carrier Spectrum

A AL
anwn“l Figure 3. Amplitude
AWAEIAINAY

dViRa

Order this document by MC1496/D

MC1496, B

-

MODULATORS/DEMODULATORS

BALANCED

SEMICONDUCTOR
TECHNICAL DATA

P SUFFIX
PLASTIC PACKAGE
CASE 646

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

14@

1

o L
Signal InpuIE e 14| Ve
Gain Adjust | 2 | [13] e
Gain Adjusl E El Qutput
Signal Input [ 4] 1] N
Bias E E Carrier Input
Oulput [ 6| [9]Nie
NG| 7 [ 8] input Carrier

FIN CONNEGTIONS I

ORDERING INFORMATION

Operating
Davica Temperature Range Package
MC 14960 50-14
Ta =0°Clo +70°C
MC1496P Plastic DIP
MC1496BP | T = 40°C to +125°C! Ptaslic DIP

Figure 4. Amplitude—Modulation Spectrum
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted.)
Rating Symbol Value Unit
|

Applied Voltage AV 30 Vdc
(VB — V8, V10 - V1, V12 - v8, V12 - V10, V8 - V4,
V8- V1, V10— V4, VB ~V10, V2 - V5 V3 — V5)

Differentiai Input Signal VB —wv10 +5.0 Vdc
V4 -1 H5+15Ry)
Maximurm Bias Current Is 10 mA
Thermal Resistance, Junction—to—Air Roua 100 “CIwW
Piastic Dual In-Line Package
Operating Temperature Rangs Ta Oto +70 “C
Storage Temperature Range Tsig —651t0 +150 | °C

NOTE: ESD data available upon request.

ELECTRICAL CHARACTERISTICS (Voo =12Vde, VEg = -8.0vde, 15 = 1.0 mAde, R = 3.9k, Rg = 1.0 k2, Ta=Tiow o 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 pvVims
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 nol adjusted fc=1.0kHz - 20 200
Carrier Suppression 5 2 Ves dB
15 = 10kHz, 300 mVrms
fc = 500 kHz, 60 mVrms sine wave 40 65 -
fc =10 MHz, 60 mVrms sine wave - 50 - Kk
Transadmittance Bandwidth (Magnitude) (R =50 ) 8 8 BW34p MHz
Carrier Inpul Porl, V¢ = 60 mVims sine wave - 300 -
fg = 1.0 kHz, 300 mvims sine wave
Signal Input Port, Vg = 300 mVrms sine wave - 80 -
Vel = 0.5 vde
Signal Gain (Vg = 100 mvrms, f = 1.0 kHz; IVei= 0.5 vdc) 10 3 Avs 25 3.5 - Vv
Single-Ended Input Impedance, Signal Port, f = 5.0 MHz 6 -
Parallel Inpui Resistance lip - 200 - k2
Parailel Input Capacitance Cip - 2.0 - pF
Single-Ended Gulput Impedance, f = 10 MHz B -
Parallel Output Resistance fop - 40 - kG
Parallel Output Capacitance Coo - 5.0 - pF
Inpul Bias Current 7 - pA
|+, _ 8+ 10 Ibs - 12 30
bS ™ 27 ' 'bC Z IbC - 12 30
Input Offsat Current 7 - A
lipg = 11-4; ligc = 18-110 s | - 0.7 7.0
toc | - 0.7 7.0
Average Temperalure Coefficient of Input Offset Current 7 - [TCioi - 2.0 - nAJC
(Ta = —55°C to +125°C})
Output Cffset Current {16-19) 7 - ltaa | - 14 80 pA
Average Temperature Coefficient of Qutput Offset Current 7 - [TCjgo | - 90 - nAPC
(Ta = —55°C to +125°C)
Common-Mode Input Swing, Signal Por, fg=1.0kHz 9 4 CMV — 5.0 - Vpp
Common—Mode Gain, Signal Porl, fg = 1.0 kHz, Vel= 0.5 vde 9 - ACM - -85 - dB
Common-Mode Quiescent Output Voltage (Pin 6 or Pin 9) 10 - Vout - 8.0 - Vpp
Differential Oulput Voltage Swing Capability 10 — Vout - 8.0 — vVpp
Power Supply Current 16 +112 7 6 Icc - 20 40 mAdc
114 IEE - 3.0 50
DC Power Dissipation 7 5 Pp - 33 - mw

2 MOTOROLA ANALOG IC DEVICE DATA
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GENERAL OPERATING INFORMATION

Carrier Feedthrough

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

Carrier null is achieved by balancing the currents in the
differenttal 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 {o 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
tower signail 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 80 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 tevel, Vg,
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 spurfous sideband
generation.

At higher frequencies circuit layout is very important in
order to minimize carrier feedthrough. Shielding may be
necessary in order o prevent capacitive coupling between
the carrier input leads and the oufput leads.

Signal Gain and Maximum input Level
Signal gain (single—ended) at low frequencies is defined
as the voltage gain,

Vo R 26 mv
Avs = Vg T Rgarg "N Te = igima)

A constant d¢ 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 acascode
differential amplifier.

Linear operation requires that the sighal input be below a
critical value determined by REg and the bias current 15,

Vs = 15 RE (Volts peak)

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

Commeon 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, I5 = 18 = {12
and ignoring base current, PD =215 (V6 ~ v14) + 15}
V5 — V14 where subscripts refer to pin numbers.

Design Equations
The following is a partial fist of design eguations needed to
operate the circuit with other supply voftages and input
conditions,
A. Operating Current
The internal bias currents are set by the conditions at Pin 5.
Assume:
I5=16 =112,
IB< <I¢ for all transistors
then :
V--¢ where: R5 is the resistor between
R5= 5 —500 Q Pin 5 and ground
$=0.75at Tp = +25°C
The MC1496 has been characterized for the condition
I =1.0 mA and is the generally recommended vaiue.

B. Common-Mode Quiescent Output Voltage
VB=V12=V+_|5R|

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 Vde 2 [(VB, V12) - (V8, V10)] = 2 Vde

30 Vdc = [(VB, V10) - (V1, V4)] 2 2.7 vde

30 Vde = [(V1, V4) — (V5)] = 2.7 Vdc
The foregoing conditions are based on the following
approximations:

VB =V12, VB = V10, V1 = v4
Bias currents flowing into Pins 1. 4, B 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)
Y21C = v (signal)

Signal transadmittance bandwidth is the 3.0 dB bandwidth
of the device forward transadmittance as defined by:

B i (signal)
Y218 7 v (signal)

Vg =0

Ve =05 Vde, V=0

MOTOROLA ANALOG IC DEVICE DATA



MC1496, B

Coupling and Bypass Capacitors
Capacitors C1 and C2 (Figure 5) should be selected for a
reactance of less than 5.0 © 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 VEE can enhance the stability of the internal
current sources.

Signal Port Stability

Under certain values of driving source impedance,
oscillation may oceur. 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 oscillation.

Signal input
(Pins 4 ang 4y O~ o

Lo
1

An alternate methed for low—frequency applications is to
insert a 1.0 k(2 resistor in series with the input (Pins 1, 4}. In
this case input current drift may cause senous degradation of
carrier suppression,

TEST CIRCUITS

Figure 5. Carrier Rejection and Suppression

Vec
12 Vde
1.0k 10k
N —— —AA R
' ey RL RL
2% 1‘0k%33.9k 38k
Carier V82
Inpu{’,C - ' 6 o+ Vo
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Figure 7. Bias and Offset Currents
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Figure 6. Input—Qutput Impedance
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NOTE: Shielding of input and output keads may be needed
ta properly perform these tests.

Figure 8. Transconductance Bandwidth
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Figure 9. Common Mode Gain
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Figure 10. Signal Gain and Output Swing
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TYPICAL CHARACTERISTICS

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

Figure 11. Sideband Qutput versus

Figure 12. Signal-Port ParalleEquivalent
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Figure 13. Signal-Port Parallel-Equivalent Figure 14, Single~Ended Output Impedance
Input Capacitance versus Frequency versus Frequency
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Y21, TRANSADMITTANCE (mmho)

Ayg. SINGLE-ENDED VOLTAGE GAIN (dB)

VorT. CARRIER QUTPUT VOLTAGE (mVime)

Typical characteristics were obtained with circuit shown in Fi
Vi =60 mvirms, fg = 1.0 kHz, Vg = 300 mvrms,

Figure 15. Sideband and Signal Port
Transadmittances versus Frequency

MC1496, B
TYPICAL CHARACTERISTICS {continued)
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Figure 17. Signal-Port Frequency Response
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Figure 19. Carrier Feedthrough
versus Frequency
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gure 5, fc = 300 kHz (sine wave),
Ta = 25°C, unless otherwise noted.

Figure 16. Carrier Suppression

versus Temperature
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Figure 21. Suppression of Carrier Harmonic
Sidebands versus Carrier Frequency

0 1

30 [

w0 [

70 i ﬂ{i i
005 041 05 10 50 10 50
T, CARRIER FREQUENCY {MHz)

SUFFRESSICN BELCW EACH FUNDAMENTAL
CARRIER SIDEBAND (dB)

Figure 22, Carrier Suppression versus
Carrier Input Level

OW
g 10
=
o
@ 20
B
T 30 fc=10MHz
=
[¥2]
o 40
w i
g 50 N i = 500 kHz
& \\ pd
L;J focamar?” —"”--—-

60 =]
= I ~

70

0 100 200 300 400 500

Ve, CARRIER INPUT LEVEL {mVrms)

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 colleciors are cross—coupled so that
fullbwave 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 fnear ac signal multiplication
indicates that the output spectrum will consist of only the surm
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 particutar output signal characteristics.

The lower differential amplifier has its emitters connected
to the package pins so that an external emitler 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
ampilifier 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
1 PR 2 Vo
L e
10 (-
Carrier g{ ) !
[put 8 (+)
Signal o 2
Vg o ] )
Inpul 1{+ 1 Gain
P ) g Adjust
Bias 5 ©
(Pin numbers
500 500 500  per G package)
VEE 14©

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

For high~level operation al ths carrier input poit and linear
operation at the modulating signal port, the outpul signal will
contain sum and difference frequency components of the
modulating signal frequency and the fundamental and odd
harmonics of the carrier 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) (Rg) volts peak.

This expression may be used lo compute the minimum

value of RE for a given input voltage amplitude.

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)
RLVe

Low-level de ARg + 2 (%I) i

High-{evel dc L M
RE + 2rg

Low—level ac RL VC(rmS) foxim

22 (%) (R + 2r¢)

High-evel ac m fotiy, 3fc Ly, Bic thy, . . .

RE + 2ry
NOTES: 1. Low-level Modulaling Signal, Viy., assumed in all cases. V¢ is Canier Input Voltage.

2.When the output signal contains multiple frequencies, the

€ach of the twao desired outputs, fi; +fpy and g — fyy.
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 = Emilter resistance between Pins 2 and 3.

6.1e = Transistor dynamic emitter resistance, at 25°C;

26 mv

gain expression given is for the output amplilvde of

re s —-
Ig {mA})
7. K= Boltzmann’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 2 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--levet modulating signal input and
the following cairier input conditions:

1) Low-level d¢
2) High—level dc
3) Low-level ac
4) High~leve! 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 appiication 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
circuitis similar to that of the dual supply modutator.

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

5 26 mV al room temperalure

All that is required to shift from suppressed carrier to AM
operation is to adjust the carrier nuli 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 nuii circuit as shown in
Figure 28.

Product Detector

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

This product detector has a sensilivity of 3.0 microvoits
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 very low intermediate frequencies
down to 50 kHz the 0.1 uF capacitors on Pins 8 and 10
should be increased to 1.0 pF. Also, the output filter at Pin 12
can be tailored to a specific intermediate frequency and audio
amplifier input impedance.

Asin all applications of the MC 1496, 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 signat 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, a 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 MC1486 will operate as a frequency doubler by
introcducing the same frequency at hoth input ports.

Figures 31 and 32 show a broadband frequency doubler
and a funed output very high frequency {(VHF)} doubler,
respectively.

Phase Detection and FM Detection

The MC1498 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 cutput
which is a function of the phase difference belween the two
input signals.

An FM detector may be constructed by using the phase
detector principle. A tuned circuil 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)

Figure 27. Balanced Modulator-Demodulator
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Figure 29. Product Detector
Figure 28. AM Modulator Circuit (12 Vdc Single Supply)
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Figure 30. Doubly Balanced Mixer

(Breadband Inputs, 9.0 MHz Tuned Qutput) Figure 31. Low—-Frequency Doubler
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Figure 32. 150 to 300 MHz Doubler
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