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ABSTRACT

Thiz thesws mpnesénts the design and invention of Spectrum Analyzer. It can measure ths maximum
frequericy at 10 MHz and has an adjustable resolution bandwidth from 10 kHz to 10 MHz that presents its output
to an oscilloscope. The magnitude of the signal is displayed in log scale { y-axis) and the frequency in Enear scale ( x-

axis ).
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= 035uH =1
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T 50%22%10
= 396pF =C,
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¢=1 (loop damping factor )
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Presettable Counters
High~Performance Silicon-Gate CMOS

The MC54/74HC160 and HC162 are identical in pinout to the LS160 and
LS 162, respectively. The device inputs are compatible with standard CMOS
outputs; with pullup resistors, they are compatible with LSTTL outputs.

The HC160 and HC162 are programmable BCD counters with asynchro-
nous and synchronous Reset inputs, respectively.

« OQutput Drive Capability: 10 LSTTL Loads

« Outputs Directly Interface to CMOS, NMOS, and TTL

» Operating Voltage Range: 2to 6 V

« Low Input Current: 1 pA

« High Noise Immunity Characteristic of CMOS Devices

« In Compliance with the Requirements Defined by JEDEC Standard

No. 7A
« Chip Complexity: 234 FETs or 58.5 Equivalent Gates

LOGIC DIAGRAM

MC54/74HC160
MC54/74HC162

J SUFFIX
Pl 'ﬁ y 7. | CERAMIC PACKAGE
16t CASE 620-10
1
o N SUFFIX
. :ﬁﬁﬁﬁ PLASTIC PACKAGE
. CASE 648-08
1
D SUFFIX
16 \.‘%“ . SOIC PACKAGE
f CASE 751805

ORDERING INFORMATION
MCS4HCXXXJ Ceramic

PO 3 14 Qo MC74HCXXXN Plastic
4 MC74HCXXXD soic
PRESENT | py |3 o1 | BcDOR
DATA 5 1 BINARY
INPUTS | P2 —— ———Q2 | ouTPyTS
6 11
l P3 ——] F—— Q3 PIN ASSIGNMENT
2 5 AIPPLE RESET( 5 @ | vee
CLOCK —— —— CARRY 15 ) RIPPLE
1 . ouT cLock f 2 51 Carry out
. p pol 3 oo
prfls " 3Ot
RESET J p2{] 5 2] @2
LOAD . Pafj e 1w ja3
enaBLep [ 7 10 {] ENABLET
count | ENABLEP er g
ENABLES PIN 16 = Vog e {l 8 9 {1 LOAD
{ ENABLET PIN8 =GND T
FUNCTION TABLE
Count
Device Mode Reset Mode . Inputs Output
. Clock| Reset'| Load | Enable P| EnableT -Q
HC160 BCD Asynchronous Va X X X Reset
HC162 BCD Synchronous a L X X Load Preset Data
a H H H Count
a H L X No Count
a H X L No Count
“HC162 only. HC160 is an Asynchronous Reset Device
H = high level .
L = low level
X = don't care
10/95
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MAXIMUM RATINGS*

This device contains protection
circuitry to guard against damage
due to high static voltages or electric
fields. However, precautions must
be taken to avoid applications of any
voltage higher than maximum rated
voltages to this high—impedance cir-
cuit. Far proper operation, Vi and
Vout should be constrained to the
range GND =< (Vi or Voup) s Voo

Unused inputs must always be
tied to an appropriate logic voltage
level (e.g., either GND or Vgg).
Unused outputs must be left open.

Symbol Parameter Value Unit
Vcc | DC Supply Voltage (Referenced to GND) -05t0+7.0 v
Vin DC Input Voltage (Referenced to GND) -15toVce+15| Vv
Vout | DC Output Voltage (Referenced to GND) ~05toVec+05| V
lin DC lqpux Current, per Pin +20 mA
lout DC Output Current, per Pin +25 mA
Icc | DC Supply Current, Vo and GND Pins +50 mA -
Pp Power Dissipation in Stiil Air, Plastic or Ceramic DIP 750 mw
SOIC Packaget 500
Tstg | Storage Temperature —-651t0+ 150 °C
T Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP or SOIC Package) 260
(Ceramic DIP) 300

* Maximum Ratings are those values beyond which damage to the device may occur.
Functional operation should be restricted to the Recommended Operating Conditions.
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C

Ceramic DIP: — 106 mW/°C from 100° to 125°C
SOIC Package: ~ 7 mW/°C from 65° to 125°C

For high frequency or heavy load considerations, see Chapter 2.
RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max | Unit
vee DC Supply Voltage (Referenced to GND) 2.0 6.0 A
Vin. Vout | DC Input Voitage, Output Voltage (Referenced to GND) 0 vee A
TA Operating Temperature. All Package Types =55 |+125] °C
.t | Input Rise and Fall Time Veg=20V| 0 | 1000 | ns
“{Figure 1) Vec=45V] 0 500
Vec=6.0V ¢ 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
. Vee -55t0
Symoz! Parameter Test Conditions v 25°C < 85°C | < 125°C Unit
ViH Minimum High~Level Input Vout=0.1VorVoe-01V 2.0 15 1.5 1.5 2
Voltage - | foutl = 20pA 45 3.15 3.15 3.15
6.0 4.2 42 4.2
Vi Maximum Low-Level Input Vout=2.1VerVoe~-01V 2.0 03 0.3 0.3 v
Voltage . lHoutl = 20 pA 45 0.9 0.9 0.9
. 6.0 1.2 1.2 1.2
VoH Minimum High—Level Output Vin=ViHor Vi 2.0 1.9 1.9 1.9 v
Voltage Houtl = 20 pA 45 44 4.4 4.4
6.0 5.9 5.9 5.9
Vin=ViHorViL lloytl S 40mA | 45 3.98 3.84 3.70
Houtl s 5.2mA 6.0 5.48 5.34 5.20
Vou Maximum Low-Leve! Output Vin=Vigorv_ 2.0 0.1 0.1 0.1 v
Voltage ligytl = 20 pA 4.5 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorV) llgyd s 40mA | 45 0.26 0.33 0.40
loul S 52mA | 6.0 0.26 0.33 0.40
lin Maximum Input Leakage Current | Vin = Vo or GND 6.0 +0.1 1.0 +1.0 HA
lcc Maximum Quiescent Supply Vin = Vg or GND 6.0 8 80 160 A
Current (per Package) lout = 0 uA

NOTE: Information on typical parametric vaiues can be found in Chapter 2.
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MC54/74HC160 MC54/74HC162

AC ELECTRICAL CHARACTERISTICS (C(_ = 50 pF, Input t, = t; = 6 ns)
rf Guaranteed Limit
Vec | -55to
Symbol Parameter v 25°C < 85°C | <125°C | Unit
fmax Maximum Clock Frequency (50% Duty Cycle)* 2.0 6.0 4.8 4.0 MHz
(Figures 1 and 7) 45 30 24 20
6.0 35 28 24
tPLH Maximum Propagation Delay, Clock to Q 2.0 170 215 255 ns
(Figures 1 and 7) 4.5 34 43 51
6.0 29 37 43
tPHL 20 205 255 310
4.5 41 51 62
6.0 35 43 53
tPHL Maximum Propagation Delay, Reset to Q (HC160 Only) 2.0 210 265 315 ns
i (Figures 2 and 7) 45 42 53 63
6.0 36 45 54
tPLH Maximum Propagation Delay, Enable T to Ripple Carry Qut 2.0 160 200 240 ns
{Figures3and 7) 4.5 32 40 48
6.0 27 34 41
tPHL 2.0 195 245 295
4.5 39 49 59
6.0 33 42 50
toLH Maximum Propagation Delay, Clock to Ripple Carry Qut 2.0 175 220 265 ns
(Figures 1 and 7) 4.5 35 44 53
60 | 30 37 4s
tPHL 2.0 215 270 325
4.5 43 54 65
- 8.0 37 46 55
tPHL Maximum Propagation Delay, Reset to Ripple Carry Out 2.0 220 275 330 ns
(HC160 Only) 4.5 44 55 66
(Figures 2 and 7) T 1 60 37 47 56
TLH. Maximum Qutput Transition Time, Any Output ~ _ 2.0 75 95 110 ns
THL (Figures 1 and 7) 45 15 19 22
6.0 13 16 19
Cin Maximum input Capacitance - — 10 10 10 pF

* Applies to noncascaded/nonsynchronously clocked configurations only. With synchronously cascaded counters, (1} Clock to Rippie Carry Out
propagation delays, (2) Enable T or Enable P to Clock setup times, and (3) Clock to Enabie T or Enable P hold times datermine fmax. However,
it Ripple Carry Out of each stage is tied to the Clock of the next stage (nonsynchronously clocked), the fay in the table above is applicable.

See Applicaticns Information in this data sheet, .

NOTES:
1. For propagation delays with loads other than 50 pF, see Chapter 2.
2. Information on typical parametric values can be found in Chapter 2.

Typical @ 25°C, Voo =5.0V
60 pF

Cpp Power Dissipation Capacitance (Per Package)®
*Used to determine the no—load dynamic power consumption: Pp = Cpp VG2t + Icc Vee. For load considerations, see Chapter 2.

High—-Speed CMOS Logic Data 3-191 MOTGROLA
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MC54/74HC160 MC54/74HC162

TIMING REQUIREMENTS (Input t; = t = 6 ns)

Guaranteed Limit

Vee ~5510
’ Symbol Parameter v 25°C s 85°C { < 125°C | Unit
i tsu Minimum Setup Time, Preset Data inputs to Clock 2.0 150 190 225" ns
(Figure 5} 4.5 30 38 45
; 6.0 26 33 38
¢ tey | Minimum Setup Time, Load to Clock 2.0 135 170 205 ns
R (Figure 5) 45 27 34 41
6.0 23 29 35
! tsu Minimum Setup Time, Reset to Clock (HC162 only) 2.0 160 200 240 ns
: (Figure 4) 4.5 32 40 48
E 6.0 27 34 41
! tsu Minimum Setup Time, Enable T or Enable P to Clock 2.0 200 250 300 ns
1 (Figure 6) 4.5 40 50 60
6.0 34 43 51
) th .} Minimum Hold Time, Clock to Preset Data Inputs 2.0 50 65 75 ns
) (Figure 5) 4.5 10 13 15
6.0 9 1 13
E th Minimum Hold Time, Clock to Load 2.0 3 3 3 ns
} (Figure 5) 4.5 3 3 3
6.0 3 3 3
i th Minimum Hold Time, Clock to Reset (HC162 only) 2.0 3 3 3 ns
(Figure 4) 45 3 3 3
6.0 3 3 3
L
th Minimum Hold Time, Clock to Enable T or Enable P 2.0 3 3 3 ns
i (Figure 6) 45 3 3 3
f 6.0 3 3 3
trec Minimum Recovery Time, Reset Inactive to Clack (HC160 only) 2.0 125 1585 190 ns
(Figure 2) 4.5 25 31 38
| 6.0 21 26 32
¥ trec Minimum Recovery Time, Load Inactive to Glock 2.0 125 155 190 ns
(Figure 5) 4.5 25 31 38
' 6.0 21 26 32
[ tw Minimum Pulse Width, Clock 2.0 80 100 120 ns
(Figure 1) 4.5 16 20 24
3 .0 14 17 20
tw Minimum Pulse Width, Reset (HC160 only) 2.0 80 100 120 ns
] (Figure 2) 45 16 20 24
* 6.0 14 17 20
t.% | Maximum lnput Rise and Fall Times 20 1000 1000 1000 | ns
(Figure 1) 45 500 500 500
E 6.0 400 400 400

-

NOTE: Information on typical parametric vaiues can be found in Chapter 2.

-
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FUNCTION DESCRIPTION

The HC160/162 are programmable 4-bit synchronous
counters that feature parallel Load, synchronous or asynch-
ronous Reset, a Carry Output for cascading, and count-

enable controls.
The HC160 and HC162 are BCD counters with asynchro-

nous Reset, and synchronous Reset, respectively.

INPUTS
Clock (Pin 2)

The internal flip—flops toggle and the output count ad-
vances with the rising edge of the Clock input. In addition,
control functions, such as resetting (HC162) and loading
occur with the rising edge of the Clock input.

Preset Data Inputs PO, P1, P2, P3 (Pill'ns 3,4,5,6)

These are the data inputs for programmable counting.
Data on these pins may be synchronously loaded into the in-
ternal flip-flops and appear at the counter outputs. PO (pin 3)
is the least=significant bit and P3 (pin 6) is the most-signifi-

cant bit.

OUTPUTS
Qo, Q1, Q2, Q3 (Pins 14, 13, 12, 11)

These are the counter outputs (BCD or binary). QO (pin 14)
is the least-significant bit and Q3 (pin 11) is the most-signifi-
cant bit.

Rippte Carry Out (Pin 15)

When the counter is in its maximum state (1001 for the
BCD counters or 1111 for the binary counters), this output
goes high, providing an external look-ahead carry puise that
may be used to enable successive cascaded counters. Rip-
ple Carry Out remains high only during the maximum count
state. The logic equation for this output is:

Ripple Carry Cut = Enable T+ Q0+ Q1902 Q3
for BCD counters HC160 and
HC162

MC54/74HC160 MC54/74HC162

CONTROL FUNCTIONS

Resetting

A low level on the Reset pin (pin 1) resets the internal flip—
flops and sets the outputs (QO through Q3) to a fow level.
The HC160 resets asynchronously and the HC162 resets
with the rising edge of the Clock input (synchronous reset).

Loading

With the rising edge of the Clock, a low level on Load {pin
9) loads the data from the Preset Data Input pins (PO, P1, P2,
P3) into the internal flip-flops and onto the output pins, Q0
through Q3. The countfunction is disabled as long as Load is
low.
Although the HC160 and HC162 are BCD counters, they
may be programmed to any state. If they are loaded with a
state disallowed in BCD code, they will return to their normal
count sequence within two clock pulses (see the Output
State Diagram).

Count Enable/Disable

These devices have two count—enable controi pins: En-
able P (pin 7) and Enable T (pin 10). The devices count when
these two pins and the Load pin are high. The logic equation
is: .

Count Enable = Enable P « Enable T » Load

The count is either enabled or disabled by the control in-
puts according to Table 1. In general, Enable P is a count—
enable control; Enable T is both a count-enable and a
Ripple—Carry Output control.

" Table 1. Count Enable/Disable

Control Inputs Result at Qutputs
Load { Enable P | Enable T | Q0~Q3 | Ripple Carry Out
H H H Count | High when Q0-Q3
L H H No Count | are maximum®
X L H No Count | High when Q0~Q3
. are maximum’
X X L No Count L

* QO through Q3 are maximum for the HC160 and HC162 when
Q3 Q2 Q1 Qo =1001.

OUTPUT STATE DIAGRAMS
HC160 and HC162 BCD Counters

High—-Speed CMOS Logic Data
DL129 —Rev6 |
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MC54/74HC160 MC54/74HC162

90%
ANY 50% °
OUTPUT 10%
tTLH THL
Figure 1.

SWITCHING WAVEFORMS

RESET

ANY 50%
ouTPuT e
trec ‘—"
vVee
CLOCK 50%
——GND
Figure 2.

ENABLET
RIPPLE V
CARRY ce
out — GND
Figure 3. Figure 4. HC162 Only
te~——— VALID
INPUTS Vee
PO, P1. > 50%
P2, P3 \— GND
T e tsy —>e—1th
R vVee VALID
LOAD R 0% ENABLET vee
— GND OR 50%
ENABLEP GND
[ lgyy —ste— 1 —»rd——-trec p— gy t
voe y vee
CLOCK 50% CLOCK 50%
—-GND
~— GND G
Figure 5. . Figure 6.
TEST CIRCUIT
TEST POINT
ouUTPUT
DEVICE
UNDER .
TEST I C
* Includes all probe and jig capacitance
Figure 7.
MOTOROLA 3-194 ’ High-Speed CMOS Logic Data
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MC54/74HC160 MC54/74HC162

HC160, HC162 TIMING DIAGRAM

Sequence illustrated in waveforms:

1. Resetoutputs to zero.

2. Preset to BCD seven.

3. Count to eight, nine, zero, one, two, and three.
4

. Inhibit.
RESET (HC160,
e 1] (asvncrronous)
RESET (HC162 |
(Ho162) L] syncHRoNOUS)
LOAD J
L

w T

I
PRESET | P1 - ' L

DATA
NPUTS | pp l __

5 | ,
e inininininininigigiginlin
‘ |
ookt —— 5 A UL LU

[

I

%

— —
counr [ ENABLEP — |
ENABLES
NABLES | enasie T —lL——[ ' : | —
: 00 — — — IL I LN
|
Q1 e — : N | |
OUTPUTS | !
Q2 —— g :
SARAY A e !
ouT 7T e o0 1 2 31
f f Je————— COUNT e INHIBIT
RESET  LOAD
3-196 High-Speed CMCS Logic Data
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MC54/74HC160 MC54/74HC162

TYPICAL APPLICATIONS
CASCADING

N-Bit Synchronous Counters

LOAD
INPUTS INPUTS INPUTS
et s, p— i, r———
V] L Sinn
TOAD PO P1 P2 P3 [OAD PO Pt P2 P3 TOAD PO P1 PZ P3
H = COUNT
- DISABLE ENABLE P ENABLE P ENABLE P
RIPPLE RIPPLE RIPPLE T0
H = COUNT MORE
L DISABLE — | ENABLET  CARRY ENABLET  CARRY ENABLET  CARRY [——w N0 ot
out ouT out N
| STAGES
—> CLOCK 1> CLOCK > CLOCK
R 00 Q1 02 03 R QO R 0Q0Q1 Q2 Q3
RESET T T T :
OUTPUTS OUTPUTS " OuTPUTS
CLOCK -

NOTE: When used in these cascaded configurations the clock fmax guaranteed limits may not apply. Actual performance wili depend on

number of stages. This limitation is due to s&t up times between Enable (Port) and Clock.

Nibble Ripple Counter

~

INPUTS INPUTS INPUTS
e g, e e, e e,
LOAD .
ENABLE P
EMABLE T
O o) Q
T0AD PO P1 P2 P TOAD PO PT P2 P3 TOAD PO Pi P2 P3
L {enastep L} enasier L] enasLe e
] RIPPLE RIPPLE ) RIPPLE \ MT_)% .
ENABLET  CARRY ENABLET  CARRY ENABLET  CARRY —a-  MORE
ouT P ouT SIGNIFICANT
STAGES
CLOCK ———> CLOCK : ™ CLOCK ™ CLOCK
R0 01 Q2 Q3 R_Q0Q1 02 03 R Q0Q1 Q2 Q3
RESET
e, o D e Ve e
OUTPUTS OUTPUTS OUTPUTS
MOTOROLA 3-198 High-Speed CMOS Logic Data
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TYPICAL APPLICATION

HC162
OTHER
= pors OPTIONAL BUFFER
o1 FOR NOISE REJECTION .
Q2 : D—OUTPUT - )
wl

Modulo-5 Counter

The HC162 facilitates designing counters .of any modulus with minimal external logic. The output is glitch—free due to the
synchronous Reset.

High—Speed CMOS Logic Data 3-199 MOTOROLA
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MC12034A MC12034B

—0 Veg=4.5Vdcio 5.5 Ve

B DR S G
SINE WAVE GENERATOR : . o : L
(Rl ¥ !
. i |
na | ouTl—
| |
c2 || I 2R G
= -E‘ I'—-r— iN i
| | EXTERNAL COMPONENTS
= i MC —=l0 | C1=C2=1000pF
e I T T T C3=0.1uF
C = 12 £F (INCLUDI!IG SCOPE
| AHND JIG CAPACITANCE)
MOweutT ) ) _L RL=1.1%Q
Figure 4. AC Test Circuit
13 ; 1250.0
W0 : 710.0
3 \ - 400.0
0 \ 2250
= =5 - Y 125
] \ no 2
N AN 2
[=JT F 0 =
=] ~ iy =
g ~ s
g -0 1 s 2
< N Fce
- \R:/‘\ . . /-—\\// 7.10
= 400
-2 l/ 225
5 N 125
-3 Q.71
0 280 520 780 1040 1300 1560 1820 203¢ 2340 XN
FREQUENCY {MHz)
Figure 5, Input Signal Amplitude versus Input Frequency
Divide Ratio = 85
20
[ i [ I W o
T TR ! g
= ——— 200 S
@0 2
200
[
0 50 520 780 1040 1300 1580 1820 2020 210 2630
FREQUENCY (MH2)
’ Figure 6. Qutput Ampiitude versus Input Frequency
HIPERCOMM &3 MOTORGLA
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Parallel-Input PLL Frequency

Synthesizer
Interfaces with Dual-Modulus Prescalers

The MC145152-2 is programmed by sixteen parallel inputs for the N and A
counters and three input lines for the R counter. The device features consist of
a reference oscillator, selectable-reference divider, two-output phase detector,
10-bit programmable divide~by-N counter, and 6-bit programmable + A
counter.

The MC145152-2 is an improved-performance drop—in replacement for the
MC145152-1. Power consumption has decreased and ESD and latch-up

performance have improved.

¢ Operating Temperature Range: - 40 to 85°C

+ Low Power Consumption Through Use of CMOS Technology
* 3.01t09.0 V Supply Range

¢ On~ or Off~Chip Reference Oscillator Operation

MC145152-2

P SUFFIX
PLASTIC DIP
CASE 710

% DW SUFFIX
S0G PACKAGE
A CASE 751F

OROERING INFORMATION,

MC145152P2 Plastic DIP
MC145152DW2 SOG Package

» Lock Detect Signal PIN ASSIGNMENT
« Dual Modulus/Parallel Programming ol 1o 28 Dw
* 8 User-Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048 ves [l 2 27 1} 08
+ +NRange =3 to 1023, ~ A Range = 0 to 63 8§ n
» Chip Complexity: 8000 FETs or 2000 Equivalent Gates vop {3 26 [1 05Coyy
« See Application Note AN980 RA0 ) 4 250
Ra1l] s 24 {1 A3
\ aaz(l 6 23 [ a0
’
w7 20
evlle 21 [ At
Mcls 20 D Ng
asf} 10 19 I N8
No (11 18 ]N7§\>
N1{] 12 17 I Ne
N2 13 16 INs
N3 (] 14 15 I N4
vhe , -
REV 1
a9s
MOTOROLA

MC145151-2 through MC145158-2
2-832
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MC145152-2 BLOCK DIAGRAM

E RA2 —
RAT — 12x 8 ROM REFERENCE DECODER
OSCout RAD
»i’ 12
b LOCK
r .
E 0S¢y {>c 12-21T + R COUNTER — oerect [ 'O
I MC
g $
' CONTROL PHASE [ %V
“ LOGIC DETECTOR | ... oR
f ‘ f IBC
l (1] v l/
; 6-817 + A COUNTER 10 BIT + N COUNTER
FPTTTTT FTTTTTTITT1
AS A3 A2 A0 NO N2 NANS N7 M9
NOTE: NO - N9, A0 - AS, and FIAO - RA2 have pull-up resistors that are not shown.
»
PIN DESCRIPTIONS Prescaling section). The A inputs all have internal pull-up
AN ) resistors that ensure that inputs left open will remain al a
¢ INPUT PINS logi
gic 1.
i fin 0SCjn, OSC
{ 1 ; in out
Frequency input (Pin 1) Reference Oscillator Input/Output (Pins 27, 26)
. Input to the positive edge uiggered + N and + A counters. These pins form an on—chip reference oscillator when con-
fin is typically derived from a dual-modutus prescaler and is nected to terminals of an external parallel resonant crystar,
§ accoupled into the device. For larger amplitude signals Frequency setting capacitors of appropriate value must be
; (standard CMOS logic levels) de coupling may be used. connected from OSCjn to ground and OSCoyy to ground.
' O3Cnmy as sri s e e o sty re
[ . b, <l ~
i Reference Adc.!ress Inputs‘(Pms 4.5.8) . . QSCijn, but for larger amplitude signals (standard CMOS
These three inputs establish a code delining one of eight logic levels) de coupling may also ba.used. In the external

-

P

LI -

- -

B oy

possible divide values-for the total reference divider. The
total reference divide values are as tollows:

Reference Address Code

RAQ

ol
3>
»N
3
>
-

1024 # ¥
1160
2048

e aDD OO
- et DO == OO0
-0~ 0—-D~0D

N

(13

@

NO - N9
N Counter Programming Inputs (Pins 11 - 20)

The N jnputs provide the data that is preset into the + N
counter when it reaches the count of 0. NO is the least signifi-
cant digit and N9 is the most significant. Pull-up resistors en-
sure that inputs left open remain at a logic 1 and require only
a SPST switch to alter data to the zero state.

A0 - A5
A Counter Programming Inputs
{Pins 23, 21, 22, 24, 25, 10)
The A inputs define the number of clock cycles of fin that
require a logic 0 on the MC output (see Duai-Modulus

reference mode, no connection is required to OSCgqyt.

OUTPUT PINS

9R, OV
Phase Detector B Qutputs (Pins 7, 8)

These phase delector ou:lputs can be combined externally
for a loop—error signat.

if the frequency Iy is greater than IR or if the phase of Iy is
leading, then error information is provided by ¢y pulsing fow.
9R remains essentially high.

I the Irequency ly is less than [q cr if the phase of fy is
lagging, then error information is provided by oR pulsing low.
¢y remains essentially high.

It the frequency of fy = fg and both are in phase, then both
¢v and R remain high except for a small minimum time
period when both pulse low in phase.

MC
Dual-Modulus Prescale Control Cutput (Pin 9)

Signal generated by the on—chip controt logic circuitry for
controlling an external dual-modulus prescaler. The MC
level will be low at the beginning of a count cycle and wiit
remain low until the » A counter has counted down from its
programmed value. At this time, MC goe's high and remains
high until the + N counter has counted the rest of the way
down from ils programmed vaijug (N — A addilional counts
since both + N and + A are counting down during the first

MOTOROLA

MC145151-2 through MC145158-2
2-633
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-portion of the 'cycle).‘ﬁc:?é'then set back low, the coupters € -

preset to their respective programmed values, and the above
sequence repeated. This provides for a total programmable
divide value (NT) =N . P + Awhere P and P + 1 represent the _
dual-modulus prescaler divide values respectively for high
and low MC levels, N the number programmed into the + N
counter, and A the number programmed into the + A counter.

b

LD
Lock Detector Qutput (Pin 28)

Essentially a high level when loop is locked (fR, fy of same
phase and frequency). Pulses low when loop is out of lock.

POWER SUPPLY -
VbD
Positive Power Supply (Pin 3)

The positive power supply potential. This pin may range
from + 3 10 + 9 V with respect to Vgs.

Vss
Negative Power Supply (Pin 2)

The most negative supply potential. This pin is usually
ground.

TYPICAL APPLICATIONS

- - e o

NO CONNECTS
l j B A 150 - 175 MHz
—* LOCK DETECT SIGNAL
1 1026 Mz T 5 kHz STEPS
NOTE 1 = Rz ¢ .
0SCout RA2 RA1 RA0 LD At
%R -
05C;
Cin o A1 veo
: +
MC3NT
= MC145152-2 e R2 NOTE 2
+V—{ Voo " .
Vs fn °T
= LN NO AS A0 l =
.Tllllll__lmllilllll, T l
CHANNEL PROGRAMMING 1 MC12017
+ 64165 PRESCALER
NOTES: .

1. Oft—chip oscillator optional.

2. The $r and ¢y outputs are fed to an externat combinerAoop filter. See the Phase-Locked Loop — Low-Pass Filter
Design page for additional information. The ¢g and ¢y outputs swing rail-to—rail. Therefore, tha user should be carefut
not to exceed the common mode input range of the op amp used in the combinerlloop filter.

Figure 1. Synthesizer for Land Mobile Radio VHF Bands

A

E)

MC145151-2 through MC145158-2
2-634
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. RECEIVER 2ND LO.
REF. OSC.
NO CONNECTS
ner.ose. 30.720 MHz
(ON-CHIPOSC.| | xo T RECEIVER FIRST L0,
OPTIONAL) O * LOCK DETECT SIGNAL 825030  844.980 MHz
T l l | R G (30 kHz STEPS)
0SCow  RAZ RAT RA0 LD A1
¢R -
F— osciy . X4
N AR L veo NOTE 6
ey 451522 NOTE?
oo NOTE 5 Me R2
Vs
= fin T¢ TRANSMITTER | _j X¢
"o N AS 20 I = & MODULATION NOTE 6
\IHHIHHHHJT T
——
+64/85 PRESCALER TRANSMITTER SIGNAL
CHANNELPROGRAMMING | NOTE 6 825030  844.980 MHz
NOTES: (30 kHz STEPS)

* 1. Recelver 1st |.F, = 45 MHz, low side ln]ectlory/ Recelver 2nd I.F. = 11.7 MHz, low side Injection.
2. Duplex operation with 45 MHz receiver/transmit separation.

3.1 = 7.5 kHz; + R = 2048,

4. Npotal = N « 64 + A = 27501 to 28166; N = 429 10 440; A = 0 t0 63.

5. MC145158-2 may be used where serial data entry Is desired.

6. High frequency prescalers (e.g., MC12018 [520 MHz] and MC12022 [1 GHz]) may be used for higher frequency VCO and {ref

implementations.
7. The ¢R and ¢y outputs are fed to an external combinerfoop filter. See the Phase-Locked Loop — Low—Pass Filter Design page for

additional information. The ¢r and ¢y outputs swing rail-to—rail. Therefora, the user should be careful not to exceed the common mode
Input range of the op amp used in the combiner/oop filter.

Figure 2, 666—-Channel, Computer—-Controu,%c‘j, Mobile Radiotelephone Synthesizer
for 800 MHz Cellutlar Radio Systems

MOTOROLA . _:*MC145151-2 through Mc'14s158—2
o - 2-635



+7'dBm Lo, up to +1 dBm RF

144

E FREQUENCY CONVERSIONLOSS | LO-RFISOLATION, dB | LO-IF ISOLATION,dB | CAPD | Case S | Price
i £ MHz - o R N PATA | style ||
e Mid-Band Total (0@ RF/IF £t
MODEL LO/RF IF . m Range L M u L M v Jé:ZISZ?k, T e
'No_ -t X ¢ Max. Max. | Typ. Min. Typ. Min.Typ. Min.| Typ. Min. Typ. Min. Typ. Min. | Page Notes | O | (1-9
WMX-3 0.04-400 DC-400 484 05 70 8.0 60 50 S50 35 35 25 45 40 35 25 25 20 1-68 8843 qQ | 25.95
DAX-113 5-1000 OC-1000 572 05 70 8.0 50 40 40-25 35 25 45 3§ 35 30 30 20 1-78 8843 qi 1695
X124 0.5-500 DC-500 518 06 65 7.0 50 40 45 25 45 22 45 40 40 30 30 20 1-80 BB48 ql 2795
$4X-149 10-1500 DC-1500 658 09 75 9.0 85 40 45 35-30°20 S0 40 4025 20 12 182 BB48 q [-29.95
LMX-156 800-2500 DC-1500 709 .37 90 9.0 35 25 35 25 35 25 217 2217 22117 1214 B848 q | 44.95
_y.-uf—g 2-600 DC-600 58 04 70 80 p 60 50 42 30 37 25 60 45 47 30 34 22. -1-192 BO2 F4 425
4 TUF- 50-1000 DC-1000 585 07 1715 9.0 58 40 47 30 42 25 S0 35 44 20 29 18 1-194 BO2 4 520
4 UF3 0.15400 DC-400 4.7 02 70 8.0 & S0 46 0 35 25 60 40 47 25 35 20 1-200 BO2 z 610
J U 20-1500 DC-1000 5.7 .04 90 9.0 54 W0 42 30 39 25 40 25 32 18 23 8 1-206 BO2 z 9.45
J-”.’F-{X 1-1500 1-1000 59 1070 9.0 60 40 40 20 28 17 60 45 45 25 38 20 1-83 BO2 {om{ 11.95
J TUFN1A 1400-1900  40-500 6.8 30 8.4 8.4 33 (typ.) 20 (min.) 29 (typ.) 15 (min.) 1-167 BO2 z ] 1695
3 T‘U'FE%O 800-1050 DC-250 5.6 24 775 7.75 35 (typ.) 25 (min.) 27 (typ.) 20 (min.) 1-165 802 z 9.45
; L=lowrange (f to 10f) M=mid range (101 _tof/2) U =upperrange (f,/21o )
E : m =mid band (2f fo f,/2)
P
s E
j - -
f
H .
: - -
NSN GUIDE . -
MCLNO. NSN PRECISION TECHNOLOGIES PTE LTD
] 211 HENDERSON ROAD
ASK-] 5895-01-320-0366 - #1302 HENDERSON INDUSTRIAL PARK
Ty serorisees SINGAPORE 159552
TFM-4 5895-01-317-9388 TEL. 2734573 (5 LINES) FAX: 2728898
M- 5895-01-409-1158 '

e E
.
%
N —

5895-01-179-5686

9|n connections see case style outline drawings

q w z ag gm
'~° 3 1 2 1 4
& 5 ) 1 ! 2
Ll 4 5 2 2 1
GND EXT. 12367 236 3 3 3
CASE GND 12367 — 3 3 3
NOT UseDp —_ —_ — —_ —

T T, L NS PP

" In Stock... Immediate Delivery ;. - ¢
i For \_ustom Versions OF Standard Models Consulf Our Appllcohons Dept _—

i et
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HIGH PERFORMANCE I YL

OPERATIONAL AMPUFIER}
LINEAR ITEGRATED CIRCUTS |

PIN CONFIGURATIONS

DESCRIPTION .
The gA741 is & high perf: lonal lifier with
high open loop gain, internal compensation, high common A PACK‘AGE
mode range and exceptional temperature stability. The {Top View)
HAT41 is shortcircuit protected and allows for nulling of
1. N
offset voltags. O al by Ng
FEATURES 0 = R i
o INTEANAL FREQUENCY COMPENSATION 8. Nonetnv. Input
® SHORY CIRCUIT PROTECTION g my 8 v°
® OFFSET VOLTAGE NULL CAPABILITY ] n 7 NG
® EXCELLENT TEMPERATURE STABILITY FD‘L & Ne
® HIGH INPUT VOLTAGE RANGE g [Je o Qftem bt
& NO LATCH-uP O 1y " v
12, Nc
ABSOLUTE MAXIMUM RATINGS s [Je  nnc
HAT41C 1AT4Y . Ne
suDDlY VO‘W. +18V +22V ORDEA PART NO. IAT41CA
tnternal Power T PACKAGE
Oissipation {Nots 1) 500mwW 500mwW
Ditferential lnput Voltage 130V 230V 1. Otfret Null
Input Voltage (Nots 2) 15V 15V 2 taverting tnput
Voltage between Offset 3. Non-taverting tnput
Nuil and V= 0.5V 0.5V Y s
Operating Temperature : 3'."“'
Rangs 0°Cto +70°C -85°Cto +125°C e NG
S:,:-: Temperature -65"C 10 +150°C  ~65°C to +150°C Sl '”:;::;:;"""‘m“
Lead Temparature
{Solder, 60 sac) 300°C 300°C g [ 1. Cttvat Nult
Output Short Clrcuit . Indefinite Indetinits o] M B ot
Duration {Nots 3) “_—D_‘_‘_ g
Notas T ' Ll S Ofteer Null
1. Mating apailes for case temparetures to 126°C; derate linaarty st R ul 8. Outpwt
8.5mW/C tor amblant temperawres sbave +76°C. 7. v*
2. For supoly voitages lews then $18V, the sbeciute maximum Input 8 ne

woitage Is equal to the mipoly veitage.
3. Short elrcuit may be to ground er sither suppiy, Rating spplim te
+125%C case temperature or +76°C amblent temparature,

EQUIVALENT CIRCUIT

NONNVIATING
»ouT

v

Fig. 1-2. 4A741 high-performance
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LINEAR INTEGRATED CIRCUITS # uA741

ELECTRICAL CHARACTERISTICS (Vg = 215V, T4 = 25°C unless otherwiss specitied)

PARAMETER [ smn | rve. | max | omits | TEST CONDITIONS
PATAIC
Input Offset Valiege W0 (X ] myv Ag <10
Input Otfset Currant 0 200 nA
Input Bias Current 8 500 nA
Input Retistance 02 20 L)
tnput Capacitance 1.4 pF
Otfsst Voliage Adjurtment Range pAL) mv
1nput Volitags Range n2 213 v
Camman Mode Rejection Retio 70 20 d8 Ag <10k
Supply Volisge Rejection Ratio 10 150 uiv Rg < 10xn
Large-Signal Voltage Galn 20,000 | 200,000 RL > 2KA, Vo, = $10V
Output Voitage Swing 312 e v Ry > 10&
210 m v Ry > kA
Output Resistance 7% n
Output Short-Clrcuit Current 5 mA
Supply Current 1.4 24 mA
Powe Consumption as ™y
Transient Rewponss (unity gain) Via * 20mV, Ry = 201, C_ < 100pF
Alstime 02 us
Qverthoot 5.0 %
Slow Rate .14 Vias AL > xn
Tha following specifications spply
tor 0°C < T, < +70°C
Input Ottt Voitsge “ 18 mv
input Offset Current 00 aA
Input Bias Currant ‘800 nA
Large-Signal Voitage Gein 15,000 Ry > 0, Vo 0 * 210V
Output Voltsge Swing 10 M v A > 2xn
1A741
Input Otfset Voltage 1.0 5.0 mv R; < 1xn
tnput Ottset Curremt 10 200 aA
Input Blas Current 8 S00 aA
Input Resistance 02 .0 Mo
Input Capacitance 1.4 “pF
Otfsst Voitage Adjustment Rangs s mv N
Large-Signel Voltage Gein 50,000 | 200,000 Ay > TN Vo = 210V
Output Awsistance 5
Output Short Cireuit Current 25 mA
Supply Current 1.4 28 mA
Power Consumption 0 as mv
Transient Responae {unity gain) Viq ® 20mV, R_=2k0, C| < 100pF
Risstime 03 »
Ovarshoot 50 *
Slow Rate o8 Vius R >0
Tha following specificstions sppty
for-85°C € T, < 1125°C
Input Offsat Voltsge 1.0 6.0 mv fig < 10xn
1nput Ofteet Current 7.0 200 nA Ta = +125°C
20 500 A Ty ==55'C
tnpyt Blag Current 0.03 Q.5 BA Ta" *125°C
0.3 18 uA Ty =-55"C
Input Voltage Rarge 212 113 v
Comman Mode Rejection Ratio 90 , a8 Rg < 10xn
Supply Voltge Refection Ratio 10 130 uiv Rg < 10x0
Large-Signat Vattsge Gein 25,000 R >0, Vg0~ 10V
Output Voltsge Swing 0n2 214 v R >ikn
210 M v A_>%n
Supply Current 15 28 mA Tp=*125°C
20 13 mA Ta<-55°C
Power Consumption 45 7% . Ta* +125°C
45 100 mw Ta" -85°C

operational amglifier.

Courtesy Signetics Corp.
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LINEAR INTEGRATED CIRCUITS » pA741

TYPICAL CHARACTERISTIC CURVES

el LAY nt P6AC 10 P AR SUTIVY Smst v

P OFPUET LA NT a4

OUTPUT VOLTAGE SWING INPUT COMMON MODE POWER CONSUMPTION
AS A FUNCTION OF VOLTAGE RANGE AS AS A FUNCTION OF
SUPPLY VOLTAGE A FUNCTION OF SUPPLY VOLTAGE SUPPLY VOLTAGE
“weersaame [ owecracome
noma / > Taem%
/’
d i !
A H 3
i 4 A
/ ! // . L1
P
L i 4 i L~
i /
vV
. | .
» w = R »
BPTLY VOLTAGH 4V BT vOLTAM tY WAILY VO, TAGE £V
INPUT BIAS CURRENT INPUT RESISTANCE INPUT OFFSET CURRENT
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE AMBIENT TEMPERATURE SUPPLY VOLTAGE
[l v e
vgorev
- 1
i £
] 1
L é
H i
t i
<]
l —
e — e e e ‘ s
TIwtatng T TEweratung ¢ BITLY VoL TAGK tY
INPUT OFFSET CURRENT POWER CONSUMPTION OUTPUT. VOLTAGE SWING
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE AMBIENT TEMPERATURE LOAD RESISTANCE
bd T bl ™
veerrw » ':.-1 et
. x
! |
Pe==ca i
o,
\5"—"—1—.-_
.-. - J - - ) - . - e - * a e .- - e i
TINreRA AL % TLatRATURE ¢ 04D MESTANCE - w0}

Fig. 1-2 (ConL). £A741 high-performance
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LINEAR INTEGRATED CIRCUITS = uA741

TYPICAL CHARACTERISTIC CURVES (Cont'd.)

T0TaL WOV ALFERRLD 10 APVT ~ s¥em

AR VO PEAK GUTRIY SeeG—v

OUTPUT SHORT-CIRCUIT CURRENT

INPUT NOISE VOLTAGE

INPUT NOISE CURRENT _

AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF
AMBIENT TEMPERATURE FREQUENCY FREQUENCY
»| w! N
= bpted Tew
N 1
< 3 .r..\ g ..\
£ - . \
N 3 3
x H 3
N i L
- I J— o
e B e e e e S S mas S
TR AT ¢ FREOUEACY = a FRADANEY ~ g
OPEN LOOP VOLTAGE GAIN OPEN LOOP PHASE RESPONSE
BROADBAND NOISE FOR AS A FUNCTION OF AS A FUNCTION OF
VARIOUS BANDWIDTHS FREQUENCY FREQUENCY
) vyt hd vy . veerwv
Ta-wre = Taewe \ -
/ w
— : N :
1] N i
. %t i N
» § \
= - -
.
“ w1l
= . - = R e R | e
st memeranct Inouncs-m oy
OUTPUT VOLTAGE SWING COMMON MODE REJECTION
AS A FUNCTION OF RATIO AS A FUNCTION OF
FREQUENCY FREQUENCY TRANSIENT RESPONSE
i s -
e wma a2
! an
H N
i N\
\ i N ! /
\ i AN R
\ N ]
\ | AN -
ke
.- ol o - e = ox WMot o [ i) ) r) kT
FRUOUERCY iy FALNECY g T - b

Courtesy Signetics Corp.
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o MV104.
MV1046.

[ wese

"TTSILICON EPICAP DIODES—— ~

- -+ . designed for FM tuning, general frequency control and tuning, or
any top-of-the-line application requiring back-1o-back diode configu-
rations for minimum signal distortion and detuning. This device is
supplied in the popular TO-92 plastic package for high volume,
economical requirements of consumer and industrial applications.
¢ High Figure of Menit — . .~

Q=140 (Typ} @ VR = 3.0 Vdc, f = 100 MH2

®  Guaranteed Capacitance Range
-3439pF @ VR=3.0Vdc (MVIDAG)
—37-42 pF @ VR = 3.0 Vdc (MV104) -
.

Duat Diodes —~ Save Space and Reduce Cost

TO-92 Package for Easy Handling and Mounting
Guaranteed Matching® Tolerance From Diode to Diode and
' . Group to Group o

Monolithic Chip Provides Near Perfect Matching — Guaranteed
© 21% {Max) Over Specilﬁed Tuning Range.

“Upon request, diodes ore available in maiched sets or in matched groups.
All diodes > 3 set or group can be matched for cepacitance to +1 5% or
0.1 pF {whichever is greater | over the specified tuning range.

IMAXIMUM RATINGS (Each Devicel

Rating . . N Symbol Value Unit
Reverse Voltage VR 32 Volts
Foresrd Current 13 200 mA
Total Power Dimsipstion €T, = Pp 280 mw
25 C Derate sbove 25 C 28" mw/°C
Junction Temperature Ty +125 oc
Storage Temperature Range Terg -65 1o +150 °c

- . 7 DUAL
VOLTAGE-VARIABLE
CAPACITANCE DIODES

FIGURE 1 — D!ODE CAPACITANCE (Each Devicel

100
-~ 3
L NN
BASS
~S
= NS
g v o
- s MVI04G \}
- - - \\\~ MVI04
= N
e NG
5 N N
AN
0

03 03 ¥ W 0 50 0 0 X
VR, REVERSE VOLTAGE (VOLTS)

SEATING
PLANE
£ H

o LIy
[N

o, @:t
STYLE 18 SECT.

PN ANODE ¥ L3
2 CATHODE T

3 ANODE? — 1
]
- N

MILLIMETLRS INCHE!
DIV} MIN MAX WiN MAX
A [] 20 218
amay BT
28 1
; TART7E
48 16 018
40 A5
~17u] - o
RS TREEEETY
1210 = -
35 1 - 10250} -
9175 oo TR
o - Tonsl -
Al i1 - Jomsl -
¥ [ g4 41 00
AR SEDEC imansans st w0t apgdy.
CASE 2902
YO92

MOTOROLA RF DEVICE DATA
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Mv104, MV104G

ELECTRICAL CHARACTERISTICS (TA  25°C unless otherwise noted, Each Device)

Charscteristic-All Types Symbol Min 3 Jve Max Unit
RAeverse Breakdown Voliage avp 32 - - Vde ©
{tq = 10 wAdc}
Aeverse Voltage Leakage Current Tp = 259C ta - - 0 nAdc
{VQ = 30 vdc) T Ta = 60°C - - 500
Series Inductance Lts - 6.0 - nH
{f = 250 MHz Lead Length = 1/16°) e e . — R
Case Capacitance - - =Cg— - - -—0.18 e - ~--pF
{f = 1.0 MKz, Lead Length = 1/16™)
Diode Capacitance Temperature Coefficient. TCC ’ ~ 280 400 pom/oC
" (V.= 4.0 Vdc, f » 3.0 MHZ) . X
Ct.Dwode Ca.paciune' *Q, Figure of M-vilh CR.Capacitance Ratio
Vg=3.0Vde, =~ 1.0MHz VR = 3.0 Vde C3/Cao
pF ' e 100 MHz 1= 1.0 MH2
4 - Device Min Max Min Typ Min Max
MV 104 37 42 100 140 25 28
MV104G 34 39 100 140 25 28
1
e PETT TYPICAL CHARACTERISTICS (Each Device)

FIGURE 2 - FIGURE OF MERIT versus VOLTAGE

5% ~
a0 -
[ /4/
3
f 3%0 //
o
]
-
5 250 // Tar» 5%
s - 1+ 100 &ty
e L~
150 — ]

sol
0 30 60 98 2 15 18 21 2 27 30
VR, REVERSE VOLTAGE (VOLTS)

FIGURE 4 — DIDDE CAPACITANCE versus TEMPERATURE

1040
om0 VR0V
-] /
s
3 100 >
H LoV
e
E 1010 — -
? 1.000 ;u'v-—
I~ s
5 | e
S o0 =
S 7 NORMALIZED
w o C1
g 0.980 a1 Ta» 290C
H
S0em

£.960
- -50 2% 0 25 L ] 100 125

T4 JUNCTION TEMPERATURE (°C)

FIGURE 3 — FIGURE OF MERIT versus FREQUENCY

2000

1000

Ta s 25%C
VA 38vdc N

Q. FIGUAE OF MERIT

0 20 N 5 7 100 200 304

. 1, FREQUENCY (MHz)

FIGURE 5 ~ REVERSE CURRENT versus REVERSE VOLTAGE

==—---|
50

Tas 125°C
1 R,

—

20
0
50
20 750C
19 ]
050 ——

IR. REVERSE CURRENT InA)

.20 750¢
0.10

0.05

082
o

0 50 10 i H 2 i ¥
VR, REVERSE VOLTAGE (VOLTS)

MOTOROLA RF DEVICE DATA
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: Nahonal
o &gﬁ Semiconductor

Etmw1WMeBmmwmm JFET
% lnput Operational Amplifier

% General Description

s Tha LF351is a low cost high speed JFET Input opera-
x| tional amplifier with an Internally trimmed Input offset
voltage (BI-FET ™ technology). The device requires a
low supply cutrent 2nd yel maintains a large gain band-
width product and a fast stew rate. In addilion, well
matched high voltage JFET input devices provide very
Iow Input blas and offset currents. The LF351 is pin
compauble with the standard LM741 and uses the same

ofiset vollage adlusimen! circuitry. This feature allows
f«designers to Immediately upgrade the overall perior- )
manca ol exisllng LM741 designs.

ke i,

¥

~§§":'_‘.

A The LF351 may be used in applications such as high
1 speed Inlegralors fast O/A converters, sample-and-hoid
I'qmls and many other circults requiring low Input
1 o”sel voltage, low Input blas current, high inpul Imped-

& ance high slew rate and wide bandwidth, The device
tl has Iow noise and offset voltage dyilt, but for appiica-

T

arrET ™

Technology

tions where these requirements are critical, the LF3551s
recommended. If maximum supply current is Imporiant,
however, the LF351 Is the better choice.

Features

¥ Internally trimmed of(set vellage 10my
% Low inpul blas current 50pA )
% Low input noise vollage 16nVIVHzZ
u Low Inpul noise current 0.01pAVHz
a Wide gain bandwidth 4 MHz
% High slew rale. 13 Vius
% Low supply current 1.8mA
= High inputimpedance 10129
= Low lolal harmonic distortion Ay =10,  <0.02%

Ry = 10k, Vg =20Vp-p, BW = 20Hz2-20kHz

z Low Ul nolse corner 50 Hz
x Fas! seiliing lima 10 0.01% 2ps

: :Typlcal Connection

o T

:..rfi‘fi%i&"ﬁx’,‘&\,;;; -

Simplified Schematic

Ve O 4

bSEAT

’-.

;&m-‘ s

Sﬁw‘ s a

«,e~ . : ISTERNALLY
.o i INTEANALLY 1amMMED
-f‘ w & lnmutng
B
b Vi O &
bt [ { R,
,» Connechon Dxagrams {Top Views)
"”-“ Metal Can Package Dual-In-Line Package
] :
P S :
i SALANCT «—] -« p=—ne
S
?ﬁ: v savance (1) . ,
3‘* INPYUT ormd oy a—a
& INVLATING JD_L

3 neyt
. s ) 5
R INPYT o QUTPUT
wo | e #OR INVERTING
.; #' * (LT '
sr | w N — "—-lA\Aut(
an] e Note. Pin 4 connecied to cate, .
R . ™. 10r viuw
N 3 Order Number LF351H Orda Mymbes LFISIN
Topaal See NS Packnge HO8C Sen 13 Pickage NOGA
L . b

Foygam 335
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Absolute Maximum Ralings

Supply Vollage

Fowae Claalpatlon (Mato 1)
Operating Temperalura Range

T)(MAX)

Ditlerential Input Voltage
Input Voltage Range (Note 2)
Output Shont Clrcuit Duration

Storage Temparature'Range

0°Clo +70°C

18v .
x \\

80N

115°C
*30v
=15V
Continuous

-85°Cto +150°C

|
|
|

Lead Temperalure (Soldering, 10 seconds) 3J00°C
DC Hlectrical Characteristics (Note 3;

: LFas1 o
sysmseou PARAMETEF{ CONOITIONS MiN IYe MAX UNITS
Vos Input Ofiset Vellaga Rg=10kQ. Ty =25°C H] 10 my

Over Temperature 13 my
AVos/aT Average TC of Input Olisel Rg=10kQ 10 uviI'c
Voltage ,
los Input Otfset Current T,‘azs *C, (Notes 3, 4) 25 100 pA :
’ " Tl <70°C 4 nA l
g Input Bias Current T| =25°C, (Notes 3, 4) 50 200 pA H
T|<70°C 8 nA
A Input Resistance Tj=25°C w2 |’ Q
AvoL Large Signal Voltage Gain Vg==15¥, Ty =25°C 25 100 vimy
Vo= =10v, R_=2kQ )
Over Temperalure 15 vimY
Vo Oulput Voltage Swing Vg==15V,R =10k | =12 | =135 v oo
Ve :,::;gCommon-Mode Voltage Vg= = 15Y o1 t:i z !
CMRR Common-Mode Rejecticn Ratlo Rg < 10kQ 70 100 é8 i
PSRR guppl-/ Voltage Rejection Ratio {Note 5) 70 100 ’ a8
‘|S' Supgly Current 1.8 3.4 mA i
!
AC Electrical Characteristics Note 3) '
LFast
SYMBOL PARAMETER CONDITIOMS N TYp AR LMi
SR Slew Rate Vg= =15V, T4 =225°C 13 s
Gaw Gain Bandwidth Product Yg= =15V, T4 =25'C o | MHe
en Equiv:glcpl ir_\pul Nolse Voltage Ta=25°C, Rg = 1004, 16 . aviiEL
f = 1000 Hz
in’ .. Equivalant Inpuyl Moise Current T, =25°C, I = ICCOHz 0.01 J'_“_L

Note 1: Foropzraling af 2levaled lamperature, the device must be deratd< Sasad on a thermal resistanca of 150°Civi junctlon te 3T
or 45°Cr¥ junstion {0 case.
Note 2: Unf23g otherwise specilled the absolute maximum negalive input woltage is equal to the nagative power supoly voltag?
Mote 3. These specilicaticns apply for Vg = =15V and 0°C < To < +70°C, ¥gg, Ig and 10s are measurad at Vo = 0. e
Note 4: The input Dias currents are junclion leakage currents «snich agpracimately doubla lor every 10°C increase in tha junctict "

"perature. Tp. Oue to the limited production test tima. tha inpul bias Cufrents measured are correlaled to junction tamoeratura. 10 7

ooeralion tha junction temperatura risas above the ambient temperaturs a3 a result of internal powaer dissipatlon, Pq. Tp=Ta '95'.:'.
where 8;4 is the thermal resistance {rom [unction tn amolent. Usa of a haat sink Is recommended if input bias current i3 lo be veft’

minimum,

X
Note 5.0 Suoply valtage rejection ratio is measured for doth supply magnitudas increasing or decreasing simullaneausty in accer)
wilh comerion practice.

336




T s g

.

R N S

T e e

/

o « g
. Typical Performance Characleristics

GSPE

3 Fac

%

e~
fi8

TRPUT DEAS CURALNTE £y -,

.,,h.,
PR

‘gg;

N t -, .
" [ ] 4
I i
" b~
w [
1
)
-0 -5 3 $ "

CoMUORAD DL YOLTACE iV

Positive Common-Mode Input
Voltage Limit

1Cstasme L

V

5 1" 13 0
| POSITIVESUPPLY VOLTACE (V)

L]

e 28°C
vellise
i
NI
1" b{] bl (1}

DUTZUT SINK CURRINT (mAl

Gsin Bandwidth

1
Vgeuldv
LIR1]

Ty = 10057

.

P 1 ¢ X 3w owon
W (RATURL T C)

NPUT DIAS CURRENT {pAl

NEGATIVE LOMMON MODE INPUT
YOLYAGE LiaiT (v)

DUTFUT VOLTASE SWINS (¥ )

CAIN (45}

W 20 3 w0 & N
TEMPEAATURC C T}

Negative Common-Mode {nput
Voltage Limlit
1

e
1Cetige

YA
1A

T
! il

L} § " " tL
KECATIVE SUPPLY YOLTAGL (V)

Voltage Swing

L
[0 I
RIS
]
"1 l/
/
i
4
"
[]
' s " 1 Y

SYPPLY VOLTAGC (: V)

T
Vs iy |!I
lag-nn K2 e
[{RAL 1]
» .

37343)01 15YR2

TRIQUINCY (M)

OUTPUT YOLTAGE SWING ¥y o} POSITIVE OUTPUT VOLTAGY SOUACE {V} SUPPLY CUAREAT Im4a)

SLOW RALS (Vi

Cutageet

A

L

L} H 1% 3] b b}

sursLY VOLILGE W)

Positive Current Limit

AN
l\ ‘F-‘ zls ¢
n Il re
I
|

L} 1 n b L1

QUIPUT SOUACT CUARENT (mA)

. .

Output Voftage Swing

S ey l ] 1
Ygo ity J
- Tas 15C 42 Il /
"
14
1
|
[ 81 1 10
Ry - OUTFUTLOAD B
.Slew Rate
Vg et 18Y l ]
LIRS ¢
Ayet l FALLING
=%-\_.=l - RISING —
[ 1
¥ W 20 30 a4 se e T8

TIMPCRATYRE { C)




e e —

Cistortion vi Fraquency

Typical Performance Characteristics (Continued)
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QOpen Loop Frequency Respey.
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pulse Response

$mall Signal Inverting Small Signal Non-Inverting

,
OUTPUY VOLTAGE SWING (S0 mV/DIV)
OUTPYT VOLTAGE SWING (S0 mV/DIV)

TIME (0.2 4/DIV) . TIME (0.2 us/0IV) :

K Large Signal Inverting Large S?gn:l Non-Inverting

OUTPUT VOLTAGE SWING {SV/D1V}
QUTPUT VOLTAGE SWING (SV/DIV})

Ll :
b Pt TIME (2 u/B1V] TUAE 12 /01V)
AN Current Limit (R = 10002} 4
Ut .
¥ : . P "
s
: E
. >
=
g .
w .
- (=}
. < .
P
-t .
E Q
>
- —
N =1
e [N
S =
. . - .
Q
o _ TINE (5 p/0IV) - .

»;,Apphcahon Hints

M .

Th! LF351 is an op amp with an internally trimmed allowed to exceed the negative supply as this will cause
"Dutoﬂ!elvohaqe and JFETinput devices (BI-FET 11TM), large cuirents to flow which can result in a destroyed
* These JFETs have large reverse breakdown voliages from unit,

93te to source and drain efiminating the nced for cfamps
¥ross the inputs, Therefore, large dilferential input
'volnges can easily be accommodated without a large
'ﬂcvuu in input current, 'Ehe maximum dilferenial

Exceeding the negative common-mode limit on either
input will cause s reversal of the phase 1o the output
. and lorce the amplifier output to the corresponding
in,

H::,‘ ~volage ;“ mdc;pendem of the supply voltages. high or low state. Exceéding the negative common-mode
7 \:" neither of the input voltages should be limit on both inputs will lorce the amplilier olitput to &

3-38 :
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Application Hinls (continuedt *

high stata. !n neither case does a latch occur since
raising tha input back within the comnmion-mods rangs
again puts the input stage and thus the Jdmplifier in-a
narmal aperating mode. ,
Exceading the pasitiva common-maode limit on J single
input will nat change the phage of the output: however,
-if both inputs exceed the limit, the output of the ampli-
fiee will be farced to a high state.

The amplifier will operate with’3 ccmmon.mode input
voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condi-
tion. When- the negative common-made voltage swings
to within .3V of the negative supply, an increase in input
offsat voltage may occur,

The LF3S1 is biased by a3 zener reference which allows
normal circuit operation on £4V power supplies. Sucply
voltages less than these may result in lower gain band-
width and slew rate.

The LF351 will drive a 2 k{2.l0ad resistance to 10V
over the full temperatura range of 0°C to +70°C. If the
amplifier is forced to drive heavier load currents, how
ever, an iqcrease in input offsat voltage may occur on
the negative voltage swing and finally reach an active
current limit on both positive and negative swings,

Precautions should be taken to ensure tha¢ tha power
supply for the integrated circuit never tecomes reversed
in pofarity ar that the unit is not inadvertently installed

Detailed Schematic

backwards in 3 socket as an unlimited current surge
through the resulting forward diode within tha IC could
cause fusing of the internal conductors and result in 3
destroyed unit.

Because thesa amplifiges are JFET rather than MOSFET
input op amps they do not require special handling,

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in
order to ensure stability. For example, resistars from the
output to an input should be placed with the body close
to the input to minimits "pick-up’ and maximite the
frequency of the feedback pole by minimizing the
capacitance from tha input to ground,

A feedback pole is created. when the feedback around
any amplifier it resistive, The parallel resistance and
capacitance from the input of the device {usually the
inverting input) to AC ground set the frequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 4B !requency of the

. closad loop gain and consequently there is negligible

effect on stability margin. However, if the feedback
pole is less than approximately 6 times the expectad
3 48 irequency a lead capacitor should be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con.
stant of this capacitor and the rasistance it parallals
is greater than or aqual to the original feedback pole
tima constant,
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* VYouyT twitches high when Rglg > Vp

'.'nn-L‘ow {or High) Duty Cycle Pulse Generator

Hi-Zypy Inverting Amplilier

Parasitic input capacitance C1 & 2 2F fo» LFacg]
plus any additional avout cazsciauar interseu
with feedback elements sng ¢ragtee unoe razie
high frequency pole. To comeaasisn, ¥z C2 wich
that: R2C2 » RICI.

Long Time Integrator

: INITL "t
: N Reser .
i LA 87
b =2 0UTPYT
INEGRATL 1w tflzn
v
>
™ i)
% (L]
v-
N < 48 -2vg 3
" * 'QUTPUT HIGH ~ RICIa e
Eao 48~ Vg
.:_, Vg -1.8 * Low teakage capacitor
' ‘OUTPUT Low *~ R2Ctn © 50k pot used for less sentitive Vg s L1t
Vg ~18
where Vg = vte v ‘
‘low leakage capacitor
« .
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724 National .
48 Semiconguctor
LF353 Wide Bandwidth Dual

' JFET Input Operational Amplitier

1

General Description

These devices ara low cost, high spead, dual JFET Input
oporationatl ampliliars with an internally trimmaed Input

high voltage JFET Input devicas provide very low fnput
blas and ollset currents, The LF353 Is pln compatible
with the standard LM1558 atlowing designers to
Immedtately upgrade lhe overall performanca of axisting
LM1558 and LM358 designs. ’

These ampliliers may be used in applications such as
high speed integrators, [ast D/A converters, sample and

| hold circuits and many other clrcuits requiring low.input

offset voltage, low Input tias current, high input imped-
ance, high slew rata and wide bandwidth. The devices
also exhibit low noise and olfset voltage drift.

olfsel voltage (BI-FET Ii™ technology). They require low
i | supply current yat maintain a large gain bandwidth »
.| product and last slew rate. In addlticn, well matched

Operational Amplifiers/Buffers

BLFET 117 Technoloyy

Features
& Internally trimmad offsat voltage 10mVv
x Low Inputl blas current S0pA
£ Low Input nolsavoltage ) 18nVIVHZ
% Low lnput nolse current 0.01 pANVHz
x Wide gain bandwidth 4 MHz
% High slew rate * 13Vius
" % Low supal'y current J.6mA
% High lnputimpedance 10120
% Low total harmonic distortion Ay =10,  <Q.02%

Ry =10k, Vo = 20Vp ~ p, BW = 20Hz-20kHz
¥ Low 1/t noise corner 50Hz
& Fast seltling time to 0.01% 2u8

Typical Connection’

Y

Simplified Sche.matic .

1/2 Qual

Ve

R LYING
[EIVTY ]

mpgnNaLr
TRins( 3

-vig O

Connection Diagrams

LF353H Metal Can Package {Tap View)
. v

(R )

Ordar Number LFISIH
See NS Package H03C

LF353N Dual-in-Line Package (Tap View)

quirera

1 1
INYLATIRG TAIYT & —— quiryra

nananvinnmg 1|

t
mryta e SAVLANAG INPUT R

$ _ Nomisveariag

v wnryt s

Otder Number LFISIN
Sae MS Package MOSA
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Apsolute Maximum Ratings S , o
E v P o N
; ';;';“Voilage . +18V" InpulVoitage Range (Nota 2) =15V |
' ! ":",,‘,,,, Dissipation {Note 1) 500mwW  Qulput Shott Clrcult Duration Continuous
k s -:fln;l .'tmperiiure Range 0°Clo +70°C  Storage Temperalure Range ~65*Clo +150°C
. Lax! 115°C  Lead Temperature (Soldering, 10 secconds) 300°C
{§ 121 serential Input Vollage =30v
1 B
3 Iy
, ! b, Electrical Characleristics ote
5 LFJ53
PARAMETER ; UNITS
1 MIN TYP MAX
Input Olfset Voltage 5 10 mVy
13 mv
Average TCol Input Ollsel 10 pVi°C
Vollage . .
Attt e
Input Oliset Current Tj=25°C. (Nofes 4. 8) . 25 100 pA !
b T <70°C 4 nA
| | tnput Bias Current T)=25°C. (Notes 4. 5) " 50 200 pA |
. T. £ 70 8 nA
i Tj £70'C 471
, Input Resistance Tj=25°C . 1012 Q 7%
. Large Signal Voltage Gain Vg= =15V, Tp=25'C’ 25 100 vimy |
Vg = =10V, R_=2kQ .
¥ . Over Temperature 15 vimv
Output Voltage Swing Vg = =15V, R_=10kQ =12 =135 v
| . Y A
nput Common-Mode Vollage Vg= =15V =11 +15 |
Range -12 v |
Common-Mode Rejection Ratio Rg & 10xQ 0 100 d8 I
Supply Voltage Rejeclion Ratio (Note 6) 70 100 da8 I
Supply Current 3.6 6.5 mA
)
¥
|
I [ S NS v
J ;e AC Electrical Characteristics (Note ¢
Tk Y. .
, Rk SYNB‘OL - LF353
o J PARAMETER CONDITIONS . § UNITS
PRET SCREN ) Moo N TYP MAX i
| RN Amplifier.to Amplilier Coupling | TpA=25°C, f=1Hz2- -120 d¢B
[ . 20kHz (Input Relerred)
a .
! LR Slew Rate : Vg=a =15V, Tp=25"C 12 Viys
L . S A
| OBW Gain Bandwidth Product Vg= =15V, TA=25°C 4 MHz
Wi e b
! R Equivalent input Noise Vollage Tao=25°C, Rg = 100Q, 16 nVIVHz
R B c = 1000 Hz '
' | " Equivalent Input Noise Current Tj=25°C, {=1000Hz T 0.0% pAVHL
K
'.\ ‘” f“' operating 3t elevated temperature, the device must be deratec based oA a (hermairesistance ol 160 °CIW junction to ambient
P ‘._‘“‘ tachage, and 150 °CiV/ junction 1o ambient lor Ihe H pachage.
wr ‘.:.t Unless otherwise specitied the absolute maximum negalive inpul vollage is equal 1o the negative powet supply voltage.
# it ke 2ower dissipation limil, however, cannol be exceeded.
. xoy s: I*'!!e specifications agply for Vg = =15V and 0°C ¢ T4 < +70°C. VOs. Ig and Igg are measured at VO = 0.
} N XA he input bias cutrents are Junclion leakhage curtents which appraximately couble lor every 10°C increase in the Junclion tem-
3 Y ‘;._,‘: . 154 Oue 10 the timited production lesi time, the inpul blas cutrents measured arc conetated 10 junction lemperature. In normal
% |u 2 the junction temperalure rses above ine ambient lemperalure a3 a 1esult of Interai power dissipation. Pp. Tj=Ta + Oja Pp
[ 2 ":":“nk 'S the thermal resistance lrom junction to ambient, Use ol a heat sink is recommended il input bias current is 1o be kepl to 8
g e .
\..I !';mit:nly voltage rejection ratio is measured lor boih supply magnitudes increasing or gecreasing simullancously in accordance
on practice.
) g B 343
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Typical Perfcrmance Characterislics
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Pulse Respcnse .

Small Signal tnverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

TIME {0.2 .3/01V)

Large Signal Inverting

DUTPUT VOLTAGE SWING (SV/DIV)

; TIME {2 u/01V)

DUTPUT VELTAGE SWING (1V/D1V)

TIME (5 ue/01V)

Application Hints

These davices 42 09 Imos with an intarnalty timmed
input offs+¢ voltas2 and JFET input devices (81-FET (1),
These JFETs have large ceversa breakdown voltages from
gate to sourse ang drain 2liminating the need for clamps
across th2 inputs. Thaeratare, large differential input
voltages can easily be accommaodatad without a farge
increase in input currant, The maximum diffzrential
input voltage is indepandent of the supply voliygas.
" However, neither of the input voltages should be

Small Signal Non«laverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

THAE (0.2 ps/DIV)

Large Signal Non-Inverting

OUTPUY VOLTAGE SVING (SV/0IV)

TIME (2 2/0tV)

allowad to exceed tha ncqative swoply 3s this will cause
large currents to flow which can result in 3 destroved
unit,

Excaading he negative common-meda limit on eithe’
input will causa a reversal of the phase to the output
and force the amplifier output to the corresponding
high or low state. Excesding the negative comman-moce
tinut on both inputs will force tha amplilier output to
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 ppplication Hints (Continvea)

pegh state. tn neither case does a latch occur since
{,mng the input back within the common-mode range
seaw puts the input stage and thus the amplifier in 3
-‘\u-n;l operating mode,
.' frceeding the positive common-mode limit on a single
“ nput will not change the phase ol the output; however,
-1 hoth inputs exceed the limit, the output of the ampli-
o .1 will be forced 10 3 high state, |

Tne .mphhers will operate with a common.mode input .
wottage equal to the positive supply; however, the gain
nandwidth and slew rate may be decreased in this condi-
::on, When the negative common-mode voltage swmqs
«a within 2V of the negative supply, ‘an increase in input

.. ollset voltage may occur,

- Cach amplifier is individually blased by a zener reflerence

which allows nommal circuit operation on 24V power

supplies. Supply voltages less than these may result n
r1owet gain bandwidth and slew rate,

f
Satatn .
"‘» “ i Tne amplifiers will drive a 2 kS load resistance 10 210V

aver the full temperature range of 0°C to +70°C. I the
awslifier is {orced to drive heavier load currents, how-
pver, 3a increase in input offset vdltage may occur on

1.3 the negative voltage swing and finally reach an active

curtent limit on both positive and negative swings,

recautions should be taken to ensure that the power
woly {or the inmgrated circuit never becomes reversed
~ polmty ot that the unit is not inadvertently installed

Deialled Schematlc
Vnc

N

backwards in 3 socket 23 an unlimited current surge
through the resulting lorward diode within the IC could
cause fusing of the internal conductors and result in 3
destroyed unit

Because these ampliliers are JFET rather than MOSFET
input op ampt they do not require special handling,

As with most ampliliers, care shou!d bs taken with fead
dress. component placement and suoply decoupling in
order 10 ensure stability. For example, resistors from the
output to an input should be placed with the body close
to the input 1o minimize “pick-up’ and maximize the

{requency of the [leedback pole by minimizing the

capacitance from the input to ground,

A leedback pole is created when the leedback around
any amplilier is resistive. The parallel resistance and
capacitance from tne input of the device {usually the
inverting inputl to AC ground set the lrequency of the
pole. In many instances the frequency of this pole is
much greater than the expected 3 d8 Irequency of the
closed loop gain and consequently there is negligible
eflect on stability margin, However, il the feedback
pole is less than approximately 6 umes the expected
3 dB frequency 2 fead capacitor should be placed from
the output to the input of the op amp. The value of the
added capacitor should be such that the RC time con-
stant of this capacitor and the resistance it parallels
is greater tham or equal to the original feedback pole
time constant,
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Typical Applications

T

|

GAIN (vo}

Gt n AN L

AT AN,
3 ] NN

hree-Band Active Tona Control
§00ST - cufr

8.05

0,005

PR} Y

« LRL] 100
}—m \ —ANY—

e

MID-RANGE

1}k

100%
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821
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§00%
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190\

to 100 Ik 10x
" FACQUENCY (it

Mote t: All contrnls ilac,

Note 2: Bats and treble boost, mid {lat,
Nata 3: Bags and treble cut, mad llat,
Note 4! Mid boose, bass and trebln flac,
Note 51 Mid eut, Dass and reble Hae,

All potentiomaters ara linear taoer
Ute the LF3d7 Quad for werno sosiicationt

TaLaLe

0O 0UT
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Typical Applications (continuea

Improved CMRR {nstrumentation Ar.npliﬁer

3

[B{1RE%A]

g

- ve vy
-V‘ —t
= =

il

-ug -V"
. SIPARATE )
’ 2R2? [
(2 )
A1 R4
i wd s sreaepante 1solsted grounds

Maiching of R2s, R4's and RS's control CMRR
Viith AVT = 1200, resisior matching = 0.01%: CMRA = 136 ¢8

« Very high input impedance
s Super high CMAR

Fourth Order Low Pass Butterwonh Filter

o
o e Corner trequency ) =/ .___‘___. ’ _‘. N ._._l_——— * ..l...
AIH2CCY 2= R1°'R2°CCH 2r

it

geS

~
*  Pauthand gain (HQ) = (1 ¢ A4MN3 (1 ¢ RATARYY
Joss Fimsage Q130 ’
* Second stage Q « 0,541 .
o Circuit thawn et nearert 5% tolerance repstor values lor s filtes with & cornet lrequency ol 100 Hz and s pastband gain of 100
L *  Ottiet nulling necessary for sccurste OC performance .
1 . 3-19
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Typical Applications continved) -

Ceedsr b0 Pans Butterworth Filter

an
Tt

<
ot

| 1 1 1
¢ Comer frequency () » y — = ¢
¢ JRwner |/ AvRrc? 2

Prband qain (Hg) = (1 + R4/A3N1 + RLARIY

Frext stage Q = 1.31

. Second trage Q = 0,541 .

"'l e Circuit shown uses closest $% tolerance rasistor vatues for 3 tilter with 3 corner irequency of | XHE and 3 satsband gain of 1Q

Ohms to Volts Converter

v, -1y
4er
O rdil scant

v
Vg * ————— x Ay

RLaoosn

Where RLAODER it tha resistance from rwitch S1 pate to pin 7 of the LFIS),

350
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