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ABSTRACT

The construction of AM STEREO C-QUAM is descripted.
Due, +the most of AM - broadcaststation was sefected this
system for broadcasting in stereo system. The " C-QUAM " is
derived from the phase compatible quadrature modulation. In
fact the C-QUAM system simply take the sum of left and right
stereo channel ( L+R ) and directly amplitude modutes the
broadeast signal. Thesis +the precise signal tunt monaural
radios mere designed to receive. To provide stereo phonic
infromation ' angle modulation results from stright
forward quadrature modulation followed by limiting. That
is the mono phonic (¢ L+R ) provides iﬁphase modulation while
{ L-R ) provides quadratue phase modulsation. The limiter

assures constant level exiter drive to the transmitter.
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¥0ALAA  (modulator) 1un17nﬂaaequd1unaa TwaonTny  sui fusaann
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ﬂmww1uﬂ17nmaaetﬁﬂﬁuﬁu ﬁﬁTﬂﬂRDﬂquéiuﬂadd0Q1ﬂ780ﬂ11N
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5uasﬁ1§qwmﬁawn (carrier) IMH_ anaaianlinfivdunnaidzs  (sudio
signal) L-R 9INAALNATNT  (matrix) ﬂﬂﬁﬂ%Uuéa)aasﬁﬁﬂﬁq5ﬁa 19
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LM1596/LM1496

National
Semiconductor

LM1596/LM1496 balanced modulator-&ehodulator

general description

The LM1596/LM1496 are double balanced moduy- -
lator-demodulators  which produce an output -
voltage proportional to the product of an input
{signal) voltage and a switching (carrier) signal,
Typical applications include suppressed carrier
modulation, amplitude modulation, synchronous
detection, FM or PM detection, broadband fre.
quency doubling and chopping.

The LM1596 is specified for operation over the
-55°C to +125°C military temperature range. The

)gLMMQG is_specified for operation over the 0°C
0 +70°C temperature range.

’
3

features. o3

® Excellent carrier suppression

65 dB typical at 0.5 MHz
50 dB typical at 10 MHz

® Adjustable gain and signal handling
® Fully balanced inputs and outputs

L Lc;w offset and drift b

® Wide frequency response up to 100 MHz

Audio, Radio and TV Circui-t’s;‘

schematic and connection diagrams
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Numbers in parentheses show DIP connections.

typical application and test circuit

Metal Can Package

TOF ViEw

Note: Pin 10 is connected elecurcally 1o the
case ihrough the device substrate.

Order Number LM1496H or LM1596H
See NS Package HOBC

Dual-In-Line Package

CSIGNAL IV T " v
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100 vikw
Order Number LM1496J or LM1596J
See NS Package J14A
Order Number LM1496N
See NS Package N14A
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Numbers in parentheses show DIP connections.
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Note: S, is closed for “adjusted” measurements.

Suppressed Carrier Modulator
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absolute maximum ratings :

Internal Power Dissipation (Note 1) 500 mW
Applied Voltage {Note 2) © 30v
Ditferential Input Signal (V5 — Vg) £5,0V
Ditferential Input Signal (Vg — V) 2(5+15R,) V
Input Signal (Va2 — V3, Va = Vgl 5.0V .
W'\ RIS ey SR P :
* Operating Temperature Range LM1596 ~55°C 10 +125°C Liry .
LM1496 0°C t0 470°C P ¢
Storage Temperature Range 3 -65°C to0 +150°C :

Lead Temperature (Soidering, 10sec) + 300°C

electrical characteristics (1, - 25°C, unless otherwise specified, see test circuit)

- LM1596 LM1496 .
PARAMETER CONDITIONS UNITS
’ MIN | TYP MAX | MIN TYP MAX
Carrier Feedthrough Vg = 60 mVrms sine wave . 40 40 “Vrms
tc = 1.0 kHz, offset adjusted
Ve = 60 mVims sine wave 140 140 uVrms
fc = 10 MHz, offset adjusted &
Ve = 300.mVp, square wave 0.04 0.2 0.04 0.2 | mVrms
fo = 1.0 kHz, offset adjusted
V¢ = 300 MV, square wave 20 }.100 20 150 mVrms
fc = 1.0 kHz, offset not edjusted d
Carrier Syppression 1s = 10 kHz, 300 mV.rms 250 65 50 '| 65 ds
. fc =800 kHz, B0 mVrms sine wave I
thx edjusted
fs = 10'kHz, 300 mVrms 50 50 dB
o ¢ = 10 MHz, 60 mVrms sine wave 1
otfset adjusted
Transacmittance Bandwidth =508 300 c 300 MHz
Carrier Input Part, Ve = 60 mV rms sine-wave
1s =:1.0kHz, 300 mVrms sine wave 2
Signal Input Part, Vi = 300 mVym¢ sine wave 80 | 80 MHz
Vy - Vg= 0.5Vdc . ;
Voitage Gain, Signal Channel Vs = 100 mVims, 1= 1.0 KH2 2.5 35 25 35 74"
V3= Vg = 05Vdc :
Input Resistance, Signai Port f=5.0MHz $ 200 200 (32
V7= Vg= 0.5 Vde
Input Capacitance, Signal Port | | f='5.0 MHz 2.0 I 20 pF
V2= Vg/=05 Vde ¥ :
Single Ended Output Resistance | =10 MH2 40 49 k2
Single Ended Output =10 MHz 50 5.0 pF
Capacitance -
Input Bias Current (g4 142 12 25 12 30 KA
Input Bias Current (I %ug)/2 12 25 . 12 30 HA
Input Offset Current 1y - 1g) 07 50 0.7 501 upA
Input Otfset Current (3= 1g) 07 50 5.0 5.0 pA
Average Temperature (-55°C< TA < +125°C) 2.0 nA/°C
Coefficient of Input 0°C<Ta<+70°C 20 ‘ nA/°C
Offset Current
Output Offset Current (1g - ig) 14 50 14 60 HA
Average Temperature (-55°C < Tp < +125°C) 90 nA/C
Coefficient of Output 0°C< TA<+70°C) 90 nA/C
Offset Current g
Signal Port Common Mode fs= 1.0kHz 50 . 5.0 Vop
Input Voltage Range
Signal Port Common Mode V7 - Vg =05 Vde . -85 .- -85 dB
Rejection Ratio -
Common Mode Quiescent -| 80 8.0 Vde
Output Voltage
Differential Output Swing 4 8.0 £ 8.0 Voo
Capability 2 :
Positive Supply Current | g+ 19) 20 30 20 30f maA
Negative Supply Current {hol 3.0 40 30 40 mA
Power Dissipation 33 33 mW

Note 1: LM1596 rating applies 1o case temperatures to +125°C; derate linearly at 6.5 mW/°C for
ambient temperature above 75°C. LM1496 rating applies to case temperatures 1 +70°C.7

Note 2: Voltage applied between pins 6-7,8-1,9-7,98, 74, 7-1, 84, 68, 2.5, 3-5.

10-103

e S i rk L S Z

5 (TN TR

s




- Q -
< typical performance characteristics
F
<= | Carrier Suppression vs Carrier Suppression vs 4 Carrier Feedthrough vs
~ Carrier Input Level Frequency o Frequency
(o] - s
( o, R 0 5 0 '. _g 10 ;
£ wn _ £ pr %
R - £ = _ v -
- E = 20 gs 20 k 2 1.0
§ ; g =8 7 3 A
; & 1 w 1 I =]
85 2 < fc = 10 MHz 1 =2 40 i g 7
3 = ™N e 53 B8 05 oc | / 3 n
W 5o , S s s
g N\ — £ @
3 = 1] o= S0 8% I'C/ e z =
/ e
& 70 1 , J g 70 ¢ ‘{ /P T i “om d
S 0 100 200 300 400 500 5 0.05 01 05 1.0 5010 500, ° 0.05 0.1 0510 50 10
2 CARRIER INPUT BEVEL (mVims) ] CARRIER FREQUENCY (MHz) : .~ CARRIER FREQUENCY (MHz)
‘ o I
& Sideband and Signal Port
e Sideband Output vs Transadmittances vs . Simol-l"on Frequency
' Carrier Levels Frequency Response
£
s 2.0 10 20
: l 3~ PRICL UL g L TILT T
o -~ - 12 -
H < | £ SIBIIIJALJPG'R;I’ N Fans R = 3940 R, » 1.0 kiz ”
g $ o 110A% g U In TN
= SIGNAL INPUT = 500 mV 2 SIBEBAND 7 . 8 [r-swrw.zam
= 12 < 06 T -+ = -+ —t
=] 2 SIGNAL PORT s T il
(e - 7 i s 400 mV § TRANSROMITTANCE = 5 Tt ]
S 08 : W0 oy ] < 04 ,,‘.13-'_' Vour™h Vs s Va .08 v TN 2108 - 500 Boxrons !
w £ " - ] ol s A\
S 200 my g SIDEBAND z T X
S 04 =02 THANSADMITTANCE — W20 kv, ., .05 ve
g 100 mv Y Tour (EACH SIDEBAND) 1 e I |
3 = ' I = Yor & T STENAT . Vous = 0 = LS I I
5 - : 0 . SER ATV
’ £ o0 §0 100 150 200 01 10 10 100 1000 001 01 g 10
> .
53 <o CARRIER LEVEL (mVrms) CARRIER FREQUENCY {MHz) FREQUENCY (MHz)
typical applications (con‘t)
B Ve gt
K
¢
: . CARRIER INPUT % 22) 3
2 300 mVrms ) ¢ i ;
51
51 -[-—MN* 8(10) S8
Tuf == = LM1596 ¢
$SB SIGNAL 0—' 2 W s
1 DEMODULATED
e \ . " ‘ O ar outeur
10014) 5(5) 0.005
oF I wF
1« 1K 3 3 j:‘—
4 )
2% 68K
VAA AN, 3 Numbers in parentheses show DIP connections. 7
-8 Vée
SSB Product Detector
This figure shows the LM1596 used as a single sideband (SSB) suppressed carrier demodulator (product detector). The
carrier signal is applied 1o the carrier input port with sufficient amplitude for switching operation. A carrier input level
of 300 mVrms is optimum. The composite SSB signal is applied to the signal input port with an amplitude of 5.0 to
500 mVrms. All output signal components except the desired demodulated audio are filtered Out, so that an offset
adjustment is not required. This circuit may also be used as an AM detector by applying composite and carrier signals
in the same manner as described for product detector operation. .
- '
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typical applications (con‘t)

+12 Ve
< < :
>R, >
= <P b Ry
— ¢ - O Ave, eos 2 it
e, cosot Ol ® 1) 1 8012) —O -Aye, tos2
— 418
10018) 5(5)
>
10K 10K 51 §1 y ¥ -
Numbers in parentheses show DIP connections.
A 68K :
-8 Vde

Broadband Freguency Doubler

The frequency doubler circuit shown will double low-level signals with low distortion. The value of C should be chosen
for low reactance at the operating frequency.

Signal level at the carrier input must be less than 25 mV peak to maintain operation in the linear region of the switching
differential amplifier. Levels to 50 mV peak may be used with some distortion of the output waveform. If a larger input
signal is available a resistive divider may be used at the carrier input, with full signal applied to the signal input.

'

96VLNT/96S1NT

10-105 -




National

Operétional Amplifiers/Buffers |-
Semiconductor ' ‘

LF155/LF156/LF157 Series Monolithic
JFET Input Operational Amplifiers -

LF155, LF155A, LF255, LF355, LF355A, LF3558 low supply current -
LF156, LF156A, LF256, LF356, LF356A. LF356B wide band : e
LF157, LF157A, LF257, LF357, LF357A. LF3578 wide band decompensated (Avy,,\ = 5)

BI-FET Technology

¥

LF155/LF156/LF157

'

Spa

General Description

These are the first monolithic JEET input operational
amplifiers to incorporate well matched, “high voltage
JFETs on the same chip with standard bipolar transistors
(BI-FET Technology). These amplifiers feature low input
bias and offset currents, low-offset voltage and offset
voltage drift, coupled with otfset adjust which does not
degrade drift or ctommon-mode rejection. The devices

. Photocell amplifiers ]

® Sample and Hold circuits
Common Features'”
(LF155A, LF156A, LF157A).

are also designed for high.-slew ‘rate, wide bandwidth, ®Lowinput bias current 30 pA
x extremely fast-settling time, low. voliage and. cirrent ® Low Input Offset Current 3pA
noise and a low 1/f noise corner. & High input impedance 10129, : i
R Low.input offset voltage imv | ¢
Advantages : s ® Low input offset voltage temperature 3uv/°c
B Replace expensive hybrid and module FET op amps drifg > :
® Rugged JFETs allow blow-out free Handling compared * Lowinput noise current 0.01 pA/\/l_-i_z

. *C=2pFonLF157

with MOSFET input devices High common-mode rejection ratio 100 dB
8 Excellent for low noise applications using either high Large dc voltage gain o 106dB
. or low source impedance-very Tow 1/f corner. ) g Re e : R
AF U = Offset adjust does not degrade drift or common-mode Uncommon Features : :
A rejection as in most monolithic amplifiers X A i T LF157A 4
- § 223 ® New output stage allows use of Jarge capacitive loads . LF155A LF156A (Ay = 5)* UNITS
¥ (10,000 pF) without stability. problerns . Q7 il v
! ® Internal “compensation and! farge differential input B Extremely. 4 '4.5 15 Hs
g voltage capability fast settling
g time to
= Applications 051
€ Gl : 5 = Fast slew o
&= ® Precision high speed integrators ard & 12 50 V/us
%‘5 ® Fast D/A and A/D converters ® Wide gain 25 20 MHz
: ® High impedance buffers bandwidth . .
54 ® Wideband, low noise, low drift amplifiers ® | ow input 20 s 12 12 nVA/Hz
5{ ® Logarithmic amplifiers - noise voltage
Simplified Schematic
i m
x ~O +Vppo
v BALANCE
P =Ty
) '_h’_:;
c'
o @ LTI 4 <% L
: ; “"L]% .25 |our
s GO ‘ e




l/ ’ 3 s
" o LF355B/6B/78
! : 2 TS v . LF355A/6A/7A
§ AbSOIUte VMaXleum Rat'ngs LF155A/6A/7A LF155/6/7 -. LF255/6/7 S o LFS:SIIBI;,;'
o ” 3 & . LF355B/6B/78 A
| supply Voltage 222V 422V F A2V Sk s 1A 4RV
| power Dissipation (Pg at 25°C) ke ey eapt
| s Thermal Resistance (6ja) (Note 1) Sros 4 ;
B T ; o 5 R vt g
4 i (H and J Package) 150°C 150°C 43 - 115°C C15°c -
i (N Package) 5 2 Foise , ._ EEER00°C {8 3p0Pp Ua
| (HPackage) Py 670mw . . 670mwW T 570 mwW L B70mw
e TN 150°C/W - T 1s0°cw 150°C/W L150°C/W -
; (J Package) Py 670 mW 2 670 mW 570 mW < ;570 mw
a4 27 140°C/wW 140°C/W 140°c/w T T 140°C/W
g (N Package) Py : 500 mw 500 mW
i : iA 185°C/W 3 155°C/W
I Differential Input Voltage 40V ; 40V 40V YA30VIe T
| input Voltage Range (Note 2) 220V e 120V 120V L R2I6Vi T
Output Short Circuit Duration ¥ Continuous - Continuous s : Continuous Co'min’ﬁous 23
Storage Temperature Range 4 7-65°C to +150°C —65°C 10 +150°C = =65°C 10 +150°C - —65°C 10+150°C
Lead Temperature {Soldering, 10 seconds) & & 300°C 300°C 4.300°C - i > '300°C A
DC Electrical Characteristics otes) = e i
5 F155A/6A/7A LF355A/6A/7A 2
SYMBOL PARAMETER CONDITIONS & 1,55 CAY. h = UNITS
] MIN P3| maX MmiN - T MAX
Vos Input Offset Voltage Rg= 800, Tp = 25°C Heai] o | 42 ‘mv
; : Over Temperature 2§ 2.3 mV 5
AVQS/AT- | Average TC of Input Rg = 500 5 5 AvIeC
Offset Voltage ~ i % A
g ATC/AVQS | Change in Average TC Rs = 5002, (Note 4) uvrC
i with Vs Adijust - ¢ . ! per mv.
f 0s tnput Offset Currem Tj= 25°C. (Notes 3, 5} 10 10 pA
1 T <THIGH 10 1 nA
{
: g Input Bias Current 745 25°C, (Notes 3, ) 50 50 pA
i T3S THIGH 25 5 nA 3
RIN Input Resistance Tyz25¢C 2
ii AvoL Large Signal Vloitage Vg=215V, T4 =25"C 50 50 V/imV
¥ Gain VO = £10V; Ry #'2k
i Over Temperature 25 25 V/mV
H Vo Output Voltage Swing Vg =215V, Ry "= 10k 12 %12 v
i Vs =318V, Ry = 2k 210 =10 v .
f Vem Input Common-Mode Vg 215V 1 > L \'
| Voltage Range 5 v
f CMRR _| Common-Mode Rejection 85 85 dB
! , Ratio s :
i PSRR Supply Voltage Rejection {Note 6) 85 85 dB
Ratio

|
i
|
i

. _AC Electrical Characteristics T, = 25°C, Vg = +15V

’ LF155A/355A LF156A/356A

! SYmBOL PARAMETER CONDITIONS - = = UNITS
] P MAX

B s Slew Rate LF155A/6A; Ay = 1,

} = 5% LF157A;Ay =5

| GBW Gain Bandwidth

: > Product

} g . Settling Ti}ne 10 0.01% | (Note 7)

| en Equivalent Input Noise Rg = 1002

| Voltage f=100 Hz

}' = 1000 Hz

| in ‘| Equivalent Input f=100 Hz

i : Noise Current f=1000 Hz

| Cin Input Capacitance

- e

S 2S1471/9S147/SS147
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" LF155/LF156/LF157 Ser

DC Electrical Characteristics o 3)

LF255/6/7

SYMBOL PARAMETER COND!TIONS LF355B/6B/7B
Vos Input Offset Voltage | Rg = 500, TA=25°C
S “ . | Over Temperature
AVQs/AT | Average TC of Input Rs = 5002 A
< « | Offset Voltage :
‘ATC/AVQS Change in Average TC Rg = 50& (Note 4)
> \ with Vog Adjust %
I0s Input Offset Current - | Tj = 25°C. (Notes 3, 5)
Ti<THIGH
Ig Input Bias Current T4=25°C, (Notes 3, 5)
) TIS THiGH
RIN Input Resistance LTINSV 1)
AvoL Large Signa! Voltage Vs = *15V, TA = 25°C
Gainj~ - : Vo =£10V, Ry =2k
Over Temperature
Vo Output Voltage Swing Vs= +15V, Ry =10k
2 b Vg'= %15V, R = 2k
VCM" Input. Common:-Mode Vs = 15V
m’ Voltage Range ! *
CMRR Common:Mode Rejec-
tion Ratio
PSRR Supply Voltage Rejec:

Ratio

{Note 6)

DC Electrical Characteristics TA=25°C. Vg = +15V

LF155A/155
. LF156A/156, LF157A/157
LF255, LF355 | LF356A/356 LF357A/357
PARAMETER LF355A/3558 LF256/3568 ¢ LF257/3578 g
TYP MAX TYP. MAX TYP MAX TYP MAX TYP MAX TYP Max
Supply Current 2 gy - 2 4 5 7 5 10 5 7 5 10
AC Electrical Characteristics TA=25°C, Vg = 15V
LF155/255/ LF156/256, | LF156/256/ | LF 157/257, LF157/257/
SVMBOL PARAMETER CONDITIONS 355/3558 LF356B 356/356B LF3578 357/3578
: MIN TYP MIN
SR Slew Rate LF155/6: Ay = 1, 75 fgf’__‘ &
LF157: Ay =5 Tk 30

GBW Gain Bandwidth

Product
15 Settling Time to 0.01% {Note 7} E }_

S

en Equivalent Input Noise Rs = 1000 F

Voltage =100 Hz 308 2

= 1000 Hz ;

in Equivalent Input f=100 Hz o

Current Noise f=1000 Hz
CiN Input Capacitance =G i




r;loTes for Electrical Characteristics

Note 1: The maximum power dissipation for these devices must be

ambient temperature, TA. The maximum available power

dissipation at any temperature is Py = (Timax — TA)0jp or the 2!
\ £ ?

ST Y

derated at elevated temperatures and is dictated by Tg‘.{“\x' 8ja, and the

C PgmAax, which-

ever is less. A :
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal 1o the negative power supply voltage.
- ‘ LY
Note 3: Unless otherwise stated, these test conditions apply: A e -
LF155A/6A/7A 5 3 d :
LF155/6/7 LFZSSIGH_ 5 LF35§A}6A{7A LF355B/6B/7B : LF355/6/7
Supply Voltage, Vs‘ 15V < Vg < #20V $15V < Vg < 220V $15V < Vg < =18V *15V < Vg 220V Vg = 215V

Ta
THIGH

+125°C

5 —85°C < TA < +125°C

~25°C < Tp < +85°C;

+85°¢

0°C < Tp <+70°C

0°C < Tp <+70°C
+70°C oA

0°C< TA<+70°C -]
*#20°C" 0T

and Vs, Ig and Iog are measured at Vo = 0.

Note 4: The Temperature Coetficient of the adjusted i
adjustment from its original unadjusted value. Commo
Note 5: The input bias currents are junction leaka
Due 1o limited production test time, the input bi
temperature rises above the ambient temperature as a resul
resistance from junction to ambient. Use of a heat sink
Note 6: Supply Voltage Rejection is measure

practice.

Note 7: Settling time is defined here, for a unit

1o the inverter. For the LF15
Circuit, page 9).

as currents measured

£ ] 470°C

ge currents which approximately double for every 10°C increase in the
are correlated.to_junction tem
t of “internal power dissipation, Pd. Tj
is recommended if input bias current.is 1o be kept
d for both supply magnitudes increasing or decreasing simulta

Typical DC Performance Characteristics
Curves are for LF155, LF 156 and LF157 unless othenl_vise specified. :
Input Biu Current

PEAK TO PEAK OUTPUT SWING w INPUT BIAS CURRENT (pA)

NEGATIVE OUTPUT VOLTAGE SWING (V)

Input Bias Current

100k
10K
* 220 Vg
“15Vg S~
100 210 Vg = >
25V,
10 ek
! i
1 I LF155
01 I -
~55 -26 5 35 65 95 a2
CASE TEMPERATURE (*C)
Voltage Swing
g TTE
| Ry=2k
Ta=25°C
30
] 7 e
7
n %
vV
[} 5 1} 15 2
SUPPLY VOLTAGE (V)

Negative Current Limit

-15
Vg = 15V
—~
Q TN
-1 N
\ N\ 55T
-5 — 125"
8 5 0 5.2 25 % 3%
OUTPUT SINK CURRENT (mA)

100%
= 10k
3 |
=R —ﬂ:"s &
3 5vg 3
3
= Vg
3. 100 —— ._"‘* >
2 f 2
2 9
"y
=
g |
— &9 ] " E
{ | LF1567
(X} ]
-85 255 35 65 95128
CASE TEMPERATURE ("C)
Supply Current
4
i
g
o Ty,
= . o2 X
= "
H —
3 // Tge25C
b | —
S —
2 =1 Tg=125¢C
et |
LF155
: ’
[ $. Wi

POSITIVE OUTPUT VOLTAGE SWING (V)

= L

sum{vummt v

Positive Current Limit

¢

T
. _ Vg=:15V
\ ‘R —
-55°C

425°C

~mll: 5 A

S W 1S 20 25 20 33 &
OUTPUY SDURCE CURRENT (mA)

nput offset voltage changes only a small amount (0.5uV/°C typically) for each mV of
n-mode rejection and open foop voltage gain are also unaffected by offset adjustment.
junction temperature, T3
perature: ln_normal operation the junction
+ Oja Pd where Ojp is the thermal

=Ta
10 @ minimum,

y gain inverter connection using 2 k{2 sesistors. for the LF155/6. 4t is the time required for the error
n the amph!igr) 10 settle to within 0.07% of i1s finat value from thetime a 10V step input is applied
7. Ay = =5 ithe feedback resistor from output 1o input is 2 kS2 and the-output step is 10V {See Settling Time Test

Input Bias Current

neously, i{] accordance with common

“ V15V

7 =14 25C A
2oty (0L B A
R
: Il"“'l'
o @ L Fhet i sy

G

2 - win wear sve b/
S L - 7
2 — l/ ]
2 e =
= [

L LH1ss

g -1 WITH HERT SINK

=10 -5 o 5 w

COMMON-MODE VOLTAGE (V)

Supply Current

P BT T
v Tg = -55°C
3 8
3 //. Te-25C
Bl LA
g 1| A
oot // Tg=125C
£ 1l A ,
By |
; o T
LF15677
2 )
] 5 w2 2%
SUPPLY VOLTAGE {:V)
Positive Common-Mode Input
Vclitage Limit 2
.’ 20 IV T 9% ‘--
: ~55CITASISE -
gs 3
g5 o
S 0" 7
 Fie
o A)
oF s ¥
- b & / :
Ev
&>
EES |/
& "’ - ;
5 WSy 2
POSITIVE SUPPLY VOLTS (V)

s i i, S S T Al L
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Typical DC Performance Characteristics (continuead) AR e

Negative Common Mode lnpul ’ . 3 ‘
Voltage Limit . Open Loop Voltage Gain - PR I Output Voltage Swing'
2 x 10M : — 1 T
RL =2k : 8 Vg =415V
Rg=50 ; Sagh
s x 20 |TA=25°C

4
2

Ta= —SFC A

|
-
&

[~ Ta=-55°C 1
| Tp-257C
Tp=125°C ~ 1>

20

=

T
Ta=25C
|

1
100k Ta=125°C

|
o

INPUT VOLTAGE LIMIT (V) '

U

a
OPEN LOOP VOLTAGE GAIN (V/V)
PEAK TO PEAK OUTPUT SWING (V)

=
-
=
=
'
J

-5 -10 -15 =20 - 5 L 15 20 -0 1.0
NEGATIVE SUPPLY VOLTS (V) 3 SUPPLY VOLTAGE (-V) . OUTPUT LDAD Ry (k)

" LF155/LF156/LF157 Series

Typical AC Performance Characteristics

Gain Bandwidth Gain Bandwidth

/i 1 L] - LV
: g LF157 CURVES mtrmcu 3 %
g 4 ”i’ss E nuTMumPutuuvc T e
= I 7 N\ Std-1 2 S}
LEIRARATIG B & a Wiy d = 2L
11, '_"/' w3 [\ ] ? ) \\ ! LF15 1.0
H | V= 2207 & NS 08
= [ I z N 06
T 2 | - ¥ 22 —Tf <10v
3 | (= [Grh ] 220V 3 <15V : 04
F s ! =
4 ] ﬁ 2T N 02
] 1 ] I 0
{' 5 ~55.-35 —16 5 2545 5585 195 125 ~55-35 <15 5 25 45765 B5 105 126
5 TEMPERATURE (') TEMPERATURE [°C) ~
£
4
{
LF155 Small Signal Pulse Response, LF 156 Small Signal Pulse Response, '3 LF 157 Small Signal Pulse Response
I Ay =+1 Ay =+1 Ay =+5
o .
§_

OUTPUT VOLTAGE SWING (50 mV/D1V)
OUTPUT VOLTAGE SWING (50 mV)

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0.5 us/DIV) TIME (0.5 4s/DIV) TIME '(B.I #s/DIV) .

LF 155 Large Signal Pulse Response, LF156 Large Slgml Pulse Response, 5 LF157 Large Sngnal Pulse Responu
Ay =+1 Ay =+1 > Ay =+5

OUTPUT VOLTAGE SWING (5V/DIV)
OUTPUT VOLAGE SWING (5V/D1V)

‘OUTPUT VOLTAGE SWING (5v/DIV)

TIME (1 s/DIV) TIME (1 8/DIV) - e _TIME (0.5 us/DIV)

=

318 s s ,




DUTPUT SWING (V) FROM av

GAIN (4m)

P-POUTPUT VOLTAGE SWING (V)

COMMON MODE REJECTION RATIO dn

-5

-10

Undistorted Output Voltage Swing

%
il 11T
2 - lvg= sy
o B =2
* el A2t
16 [ = l'm ! A,v-i
EEHN =INDIST
12 |L1iFss )
e\ T
[t o
Py NN
| i
o L{TTT Il
10k 100k M 10M
FREOUENCY (H2) -

Inverter Settling Time
ww T T JT]
Ta=25°C T +
| Vg= <15V 1 m\/ 1mV
(I R
‘~ .
N
‘l‘q;nN\th
|
AN
0 05 10 5 10
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Typical AC Performance Characteristics (continued)
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OUTPUT IMPEDANCE (02)

10k 100k

Detailed Schematic

_Output Impedance

100

P

g E 4
E % =z
= = 3 ] ‘;nu
R E llllllltllllll‘,m
2 =
5 5
3 E
» =)
0.01
wm oM
FREQUENCY (Hz) FREQUENCY (H2)
BALANCE
o) 5
»
N

| Lt ] :..‘:!7 ¢

11

KL/

AA
€2

*C =2pF on LF157

Connection Diagrams (Top Views)

Order Number

LF155AH LF156AH LF157AH

LF155H LF156H LF157H

LF255H LF256H LF257H

LF355AH LF356AH LF357AH

LF355H LF356H LF357H
See NS Package HO8C

Metal Can Package (H)
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54390,/ 74390 Dual 4-Bit Decade Counter :
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package % Package ¢ Package
Device T Device T Device T Device T Device T
P [ETPMECF YP® [ETRM[cF YPe [CTPIMCF P [ETPIMICF P [ETPMIeF
T.1 SN54390 J@|
e SN74L $3%0 JOIND SN743%0 10 [ 5
FAIRCHLD
MOTOROLA ;
NS.C =
PHLIPS 5
SIGNESTICS
SIEMENS
FUJTSU
HTACH
MITUBISH M74L 390 P
NEC
TOSHBA
Electrical Characteristics SN54LS390/SN74L.S390 Pin Assignment (Top View) _ Funétion Tabia
absolute maximum ratings over operating free-air temperature range @ BT — SaenMVIES
Supply voltage, Vog v Operating free-air ] SNS4LS ~55C 10 125C >0 e, oy fo o )
Input voltage v temperature range | snus 0T to 1T GUTPUT =
& Go Gc Su Ga Qa G Qc Gn
Storage temperatwe range 65T 10 125C S I e ey
i it ' L L LN ' L LLw
recommended operating conditions T [ gy h3! i oge
3 L LMW 3 L LN
SN54L8380 SN74L$390 UNIT Blon v PR e iy
MIN  NOM MAX [ MIN NOM MAX BiL-» L u s[4 oLoL
. L . HLLN
M voltage, Voo g 45 5 550495 5 52| v . Dl LS BB
High-level output owrrent, o —400 —400 | uA aln itk P R
Low-level output ourrent, Ig, 4 8| mA L8 MR LI L
A input 0 25 0 25 Mgt !, Lelow Wvel .
Countidre MH,
Y foount B input 0 20 0 20 ‘
A inpul high or Tow 20 20
Pulse widmn, t,, B input high or fow 25 25 - positive logic: High nput to clear resets all four
Cleer hgh 20 20 Outpuls low
Clear_inective-state setup time, tyono 25 25! ns
pearating free-si tempersiure, T —55 [ 0] ¢ : X
2 g Tomnr mmpersire. Ta — AT - Functional Block Diagram
electrical characteristics over recommended operating
free-air temperature range 0, |G, 1) ouTPUT
PARAMETER » TEST CONDITIONS ¢ MIN TYPS MAX | UNIT (1. 15) 0’
Vi High-level imput voliage 2 v INPUT. A %
v Low-level input voltage 08| Vv P
Vi Input olamp voltage Vog=MIN, = — [8mA =, 5V v Y
VOH  High-evel output voliage Voo=wN. v 23 3.4 v
Vi =0.8V. lon= ~400uA . (5. 1) ourpur
Veo=MIN, Vy =2y, (4, 12) 0, ¥
VoL  .Low-level cutput voltage V=08V, . o= ind 0.35 0.5 ma S B Sk
Ingut owrent at | Clear VCC=MAX, V=1V : 0.1
] maximum input Input A - z 0.2 wA
volsgh oot 8] VEC=MAX, V,=5.5v 6
Clear 20 I
k4 High-level input ourrent | A Veo=MAX, V=24V, 100 | mA “
B L= 10) “OUTPUT
Ciear -0.4 b o pei S i
‘h. Low-level input ourrent (A VoCo=MAX, V=27V -1.6| ma T
B -2.4 GoH e~
SNS4' -20 -100 [ - (17
ort - B A ;
los Shor t-oirouit output ourent ¢ Veo=MAX [ SNIE Py Zi%0 m —Y——‘
Supply ourrent Voo =MAX, See Note | 15 26 | mA a. v
from A 0 output Qp 25 35 S £ op|l]®) outPuT -
el Y 10 output Op 20 30 iy 1 % g
S .
LH 12 20 A
A =
from A 10 output Op Voo=sv. 1 ~ ms r moD |4
tPLK TaA=25T, 37 & @ -
fom A © Q :
ot O CL=1%F, e} cugan 1) b
H from B 10 output 0g Aumad 2 = ns F }
4 2 NOTES: 1.igc is measured with all outpuls open, both clear inputs grounded following momentary
#om B 10 oupwt O SN0 F R ‘connection 1o 4.5V, and alx other inputs grounded :
- 28 . A. Output Qp Is connected to input B for BCD count.
PLH from B 10 output Qp :: :: ns ; B. Output Op is connected 1o Input A for br-quinary count.
PHL | from Clear 10 Any output 2 39| ns
4 The arrow indicstes the falling edge of the clock pulse is used for reference.
® Imax & maximum count frequency PHL ® propagation daly time, high-to-low-leve! output 1P = propagation delsy time, low-to-high-level output
§The Oa outputs of the 390 are tested 2t lo =16 mA plus the hmit vake for i for the B moul. This permits driving the B nput while ma ntaining full fan-out capabihity
1For conditions shown as MIN or MAX, use the appropriate value sp under 9 >

3 AN typowcal values are at Voo=5V, To=25C.
ouummunmmawuumx-a.utm
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5476 /7476 Dual J-K Master-Slave Flip-Flop with Preset and Clear
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package Package
Device Type Device Type Device Type Device Type ——| Device Type
C|P [M|CF] C|P |[M|CF] C | P |M|CF] C|P [M|CF] C|P[M|CF|
T ; SN54HT6 J ) WO SNSELST6 1) w@f SN5476 J @) wDf
it SN14HT6 J D) NQ | SN74LS76 J D ND! SN7476 ND |
FAIRCHILD F M54H76/F M9H16[CD) F FMs476/FMINTE (DD - |  [FO]
FC14H76/F CSH76 [DD| PO Uk FC7476/F CSNT6  |DDIPD Vq
MOTOROLA T =
NS.C DM54H76 JOND DMSILST6 @ DM5476 JDING 3
DM 74H76 ) D IND DM74LST76 @ + DM 7476 J @ NG
PHILIPS NT4H76 [0) N74LS76 © FJJ191/7476 ()
m S54H76 |BD SN5476 FO|BOD
N74H16 8D NTALS76 A D) SN1476 FO 3 o
SIEMENS R ol
HITACHI HDJ4L S76 PO HD7476 7 HD2516 |, @ PO
MITSUBISHI 53276 PT
NEC uPB22A DD [cD
L
TOSHIBA TET b=
Electrical Characteristics SN54LS76/SN74LS76 3 %
ebsoluts meximum ratings over operaling free 817 temperature rang Pin Assignment (Top View)
Supply volge VOO w Operatng tree-ar [ snsacs —$5C 1o it
ot voHage S5 ioponneabP | “SNjeL s ¥C 1o vc - LY 10 GND 2 2 o
Swoee tomow oot roe v 6L fis] Na] N3} iz] {1] fiol [e 9
operating
SN54L576 SN74L576 e PR
-~ NOM  MAX | W O MAX X J o
Sucoly vonese. VGO . s s fans s 528 v oK PCK
High-vel outpul Current 10w ~ 400 ~ 400 uh 3 PR o ‘cu‘ﬂ
[r———T 4 . m }
Pun w1, Qarhe % -
Prosel or ciasr tow Py S i SpptialeBeGgiial
igh-level ‘e ICK 1PR 1 W Vec .20k 2PR 2
e D e s High-level data 20. 20 CLA CLA
Low-level cata 0. 20. ns
v il rolianad 3. L2 8 . Function Tables {(See Note 2)
Opararng woe-ar moscatwre. T, -85 1”2 o ”* -
electrical characteristics over recommended operating
free-air temperature range a0} s e °: ”‘."
PARAMETER » TEST CONDITIONS T [MIN TYP I MAX [UNIT | | Tooet CLEMR cuock 4« e i
VIH High<evel input voltage 2 % Vv N L x x| " L X BRI L
Vi Low-evel input voltage 08| v L L X x_x L L X X x| wu® pe
- . H L n £x L} M ) L Lio 0,
M Input clamp voltage Vee=MIN, 1) =—igmA = s N " " n WL H " 1 WoLlW oL
VCC=MIN, Vig=2v, L] N N L on L L ) LonlL oK
Vor  High-ievel output voltage Vil =08V, " lon=MAX 2.3 3.4 v o " n oM " “ i M ®| TOOOLE
VCC=MIN, Vyy=2V, LSO A o de L
VoL  Low-devel output voltage Vi =0.8V Py P, - 0.25° 0.4}] Vv 2
- e AL . ] ' Functional Block Diagrams
Input current at — :
1 Sl g% VEC=MAX. V=7V VERGE L P
T LT ; 0.3 HE =1l . .,
Clock 0.4 7 e P
D.J.K, 20 ’
High-ieve! Clear 60 . —
1 =MA =
e mput current Preset NCORMpX TV =L 50| * B
Clock 5 20 sis ] —r T
D.1K, “o4 e o e G w0 o
Low-level Clear -0.8
! = =
'Y wpur curremt | Preset NCOSMAR - Vim0 Ay Soal AR !
Clock -0.8 . 5
Short-circunt SeresscL € -20 - 100 S —
! =MAX outan
98 output current @ | SeriestaL s Vee —20 - 100 ey stendaidto el sonied o l 3
ICC Supply current(Average per fhp-flop) Voo =MAX, See Note 1 4 8| mA '%%_'
fmax  Maximum clock frequency Veo=5v. 30 45 MH2z R .
a B LS76 DUAL 3% WITH CLEAR AND PRESET
PLH | yrom clear. preset or clack Ta zscj 15 20
(as appropriate) 10 0 or O Co =150, ns NOTES: 1 With all outputs open, IGC s measurag with the O and O outputs high ir turn.
PHL RL= 2k 15 20 Al M ume of measwrement, the ciock mpul 1S grounded.
2 H=nhigh level (sieady state), L =low ieve’ (steate), X =wrelevant
1 =transiton from high to low level 2
T=migh-level pulse: data inputs should be hela constant while cluok 1s high:
data is transfered 1o output on the faliing edge of the pulse
Qo=the level of O before the nput were 3
TOGGLE :Each output changes 1o the complement of ns previous level on sach
active transition (pulse) of the clock. 2 J
« This configuration 1S nonstable; that is. 1l will NOL persist when prese: and
olear npuls relurn 10 thewr Ndctive (hoih! level
1For condimons shown as MIN or MAX, use the appropriate valve Sp under operating

AN typical valves are at Voo=5V, TA=25C.

#Not more than one oulbul shouid be shorted at a time.
*1p| | =propagation delay time, low-to-mgh-level output,
delay time, high-1o-k output.

1PHL :
§ 11The arrow ndicates the edge of the clock pulse used for reference: 1for the msing edge. 4 for the faliing edge.




54;74/ T474° Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear
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Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package Package ’ Package
Device Type Device Type Device Type Device Type Device Type ?
P [CTPIMIcH Pe [c]PIMIcH c[P[m[cH c[Pm[cA e [P mlcH
| SNS4ST4 )@ WD] SNS4H74 J O SN54LST4 J SN5474 5 SNS4LT4 JDINDIT
Tl SN74SH ) O IND SN74H4 J D IND) SNT4LST4 J DIND! SN7474 JOIN ISN‘ML'M J DIND|T)
IRCHILD FM54574/F MSS4|DD F M54H74/F MSH74 DO F @ rusasre/Fassn 00 [ FO | FMS5474/F MINT4  |DC F
FAl FCT4S 74/F C9574 [DD| *D F C74H74/F C9H74_|DD rgguu/mu 00| PO | FO| FCra74/F CoNTA D(JPQI i
MOTOROLA § . PO : | :
sc DM54H74 J QND DMSALS74 PO DM5474 D! N(D] W] DM 54L 74 J DIND FQ
“’ = DM 74574 ND| DM 74HT74 J DIND DM74LS74 | DM 7424 JDIN DM74L74 J@ FQ|
MUPS N74574 [0) GJJI31/74HT4 N74L S74 [0} FJJ131/7474 -
GNETICS 554574 S54H74 FOA WOl S5414” [FOlA w|
sl N74S74 1 NiaH74 F QA N74LST4 |A D + | N7474 F D) Ag*
SIEMENS FLJI4I [©
FUJITSU T4L S74 0| MB420 DM}
HITACHI HD74S74 OPe HD74L S74 PO HD7474/HD2510 | O[|PO)
Mlmm M74574 PO M74LS74 P @ M5321/M5374 Py
'Ec 74574 C O TALS 74 C @) uPB2I4 DD{CA
TOSHIBA e T
Electrical Characteristics SN54L.S74/SN74L574
ratings over fre range &
Suowiy vollage. VGO v Oparaing toewe [ SNS&S =$T W T . s f
nments (Top View
Ioput voltage 5.8V wrowetsrs e TSRS °C W wWe Pim Assip % ( P )
S1orage temosraiure range ~85T . I1MC
opersting @
2 SIRSLSTY SpTNNS T4 e PR 10 10 OND 20 20 PR
a5 Smenpia Bl R ] fis) To2] 1] o]l [o] [
Suoly woltuge. VOO s 5 55 fam s 325 v
High-level output ourTent. 10y —a00 — a0 A 1
Lowevel output ourrent. 1o * A 8 -4 ® R A
P Y Goch g 25 25 % PR CLAP, [CLR PR
Prowet o clasr low 25 %
J 1B cK CK o
E High-level dath 251 251 rd —
e Low-level data 20t 20! L ]
Ol hOIE time. tasss 51 st us 1 3 4115 6 7
Oporatng Wroe-aw lomperaiure, Ty ~38 125 0 % | T 1CK IC ! Ve 2 2 ¢
CLR CLR
oloctri‘cl! characteristics over recommended operating Functional Table
free-air temperature range 784078 LS74, "S74 (Sée Note 2
PARAMETER TEST CONDITIONS 1 | MIN -TYP$ MAX [UNIT : J ; =ge Note 2)
Vin High-level input voltage 2 v INPUTS OUTPUTS
vy Low-level nput voltage 08| V PRESET CLEAR CLOCK D Q Q
Vi Input clamp voltage VCC=MIN, « [j=-i8mA 1S L H x X H L
= Vee=MIN,  Vig=2y, H L X X L H
v High-level ) : » .
RSy o yolnos ViL=0.8V, lgy=MAX bl = L T 2S£ 4 5 T
VEC=MIN, V|q=2V, H . H 1 H  Js
v Low-level ol ] :
o 5 kel ViL=0.8V, Igp=4mA .80 X H H 1 L Lo
0. J.K, 0.1 H H L X }0o Qg
Input current at Ciear 02
Iy input Voe=MAX, V=7V — mA
= "‘9' Preset 0.2 |* : )
Blook 0. Functional Block Diagram
D. 4, K, 20
High-leve! Clear 40
! =MA =27V
™ out owremt Preset SEOAMAR Wit 0l 4
Clock 20
D.J.K, -0.4
Low-evel Clear ; —0.8
! = =
I A e radir Vee=MAY, V=04V =08 mA
. Clock -0.4
1os Short-circuit Series S4L S Voo =MAX ~20 - 100 =
oulpul current @ . [Series 74LS -20 — 100
Supply current \ )
I =MAX, Ni
cc (Aieads: por Tip-tiop) vee X, See Note T 4 8| mA
' clock frequency Va e 25 33 MH2z ‘74, 'S74. ‘M7, "LS74. 'L74-DUAL DFLIP-FLOP WITH CLEAR AND PRESET
CcCc=5V, > '3
'PLH.| from clear, preset or clock ;"Wc' e :
(as appropriate) 10 0 or O G o \
PHL AL =2k % 4
NOTES I 1 With all outputs ooen, Icc 1s measured with the G and O oulputs high in turn.
. Al the time of maeswement, the clock inputl is grounded . &
2 H=high level (steady state), L =lowlevel (steady state), X=irrelevant
T =transition from low 10 high leve!.
Qo=the leve: of Q before the input were
= This conhguration is nonstable; that is, it wili not persist when preset
S 5 and clear inputs return 10 thewr inactive (high) level.
TFor condibons shown as MIN or MAX, ‘use the valve under operating 2

AN typical vaives are at Veoe=5v. T

A=25C.

*Not more than one output snould be shorted a1 a time.

* Ip|_=nropagation delay time, low tc-hi

gh-leve! output;

lpm.-nvmncm delay time, high-to-low-level output ;
The arrow indicate the edge of the Clock puise usad,for refence: 11 the nsing edge
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