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1. INTRODUCTION

1.1 PURPOSE OF HANDBOOK

This Handbook has been produced so as to bring
under one cover comprehensive details of the
linear integrated circuits not described in Volume 1
of ‘the application of linear microcircuits'. Refer-
ence will be made to Volume 1 to avoid duplication
of existing information.

Practical circuits have been included with com-
ponent values but, due to the many applications
that are possible, supplementary notes are in-
cluded. By this means and the general information
available in Volume 1 it is hoped that the engineer
will be in a position to design circuits to his specific
requirements.

1.2 INSTRUCTIONS FOR HANDBOOK
USAGE

It will be noted that the contents are divided into
Sections and Sub-Sections which are identified by
means of a two-or three-digit code.

The location of any of the specified material
shown in the ‘List of Contents’ pages can there-
fore be readily found. The date of issue is indicated
at the foot of the second page.

The Company should be consulted to obtain the
latest information available concerning the Linear
Integrated Circuit Family.

Unless otherwise specifically stated, the pin
numbers shown in various circuit diagrams refer
to the TO-5 package. For the connections ap-
plicable to alternative packages, the appropriate
data sheet should be consulted.

The circuit details and configurations described within this Handbook may
be covered by various patent rights held by this Company or others. Pub-
lication of the information does not imply permission to use, or responsibility
for usage of the circuit ideas presented without first taking precautions to
ensure that no patent infringement can take place.

Whilst every effort has been made to obtain technical accuracy of the
contents, the Company cannot assume liability for the possible consequen-
ces of adopting the circuits and component values described herein.



2. INTEGRATED CIRCUIT
DESCRIPTIONS AND
PERFORMANCES

21  The L103T2 r.f./i.f. Amplifier

2.1.1 Introduction

The r.f./i.f. amplifiers and mixers in most receiving
systems generally employ few components in
addition to the tuned circuits. Since tuned circuits
cannot be economically integrated with existing
technology, use of the remaining components in
integrated form is worthwhile only if a substantial
improvement in performance or stability can be
obtained or if simplified design procedures can be
used.

These improvements are provided by the emitter-

coupled amplifier shown in Figure 2.1.1. Designed
for use with transformers and/for tuned circuits the
L103T2 eliminates the biasing resistors, bypass
capacitors, and coupling capacitors required in
conventional amplifiers. Operation is essentially
unilateral, and the circuit has a symmetrical output
current limiting characteristic. This provides in-
creased available power gain, simplified tuning,
and superior limiting performance wnich greatly
reduces the detuning, phase shift and blocking
that occur when conventional amplifiers saturate.
The device may also be used as a harmonic mixer
and is especially attractive when used as an FM
limiter.

OUTPUT Ry
7
| SR
)—jOL
Q5
4

A —L
EARTH l
v

Fig. 2.1.1 - Schematic Diagram of the L103T2

The biasing arrangement takes advantage of the
closely-matched characteristics of integrated cir-
cuit transistors, while the D.C. return path for
biasing the input and output is provided by inter-
stage transformer coupling. A single voltage
supply is all that is required for operation.

The simplicity of the amplifier is demonstrated
by the fact that it is constructed on a 20-mil square
silicon chip (Figure 2.1.2) - a size which is small by
comparison to many discrete transistors.

2.1.2 Circuit Description

The analysis of the L103T2 is simplified if the circuit
is initially divided into a differential pair (Q; and
Q.) and its associated bias circuitry. Relationships
may then be derived between the transfer function
of the pair and its terminal currents and voltages.

The biasing is easily understood if it is assumed
that all parts within the circuit are well matched
and the transistor current gains are high enough
that the base currents can be neglected. It is also
assumed that the transformer windings, particu-
larly in the input circuit, have a low enough D.C.
resistance to be neglected.

Fig. 2.1.2 - Photomicrograph of the L103T2




section 2 continued

The collector current of the biasing diode-
connected transistor, Q,, is

V+—2Vge V+

R2+2R; Ry

~

IC2=

since R,>>R; and V+>>2Vg..

All of the transistors are assumed to be identical;
hence the collector current of Q5 is equal to that of
Q. because their bases are fed from a common
voltage point. The collector current of Qs splits
evenly between Q3 and Q4 with zero input signal.
When the amplifier is driven into limiting, this
current is alternately switched between Q3 and Q..
To prevent saturation of Q4 when the amplifier is
driven with a large signal, the load resistance must
be low enough that current limiting occurs before
the output voltage drops to 2Vge. Thus, for a
transformer-coupled output.

2(V*+—2Vpge)
RLs———
ICZ

<2R,

For convenience in designing with the L103T2 in
high-frequency IF and RF circuits, it is best
characterised as an active two-port network with
short-circuit admittance parameters used to des-
cribe its behaviour. Figure 2.1.3 shows the equiva-
lent circuit for the amplifier, where the following
y-parameters have been used:

input admittance Y11
reverse transadmittance vy,
forward transadmittance y,;,
output admittance Vo2

For frequencies low enough that reactive effects
can be ignored, the forward transadmittance can
be found with the aid of Equation (8) of section
2.1.2 in ‘the application of linear microcircuits’,
Volume 1, which states that the difference in base-

emitter voltage of two identical fransistors as a
function of their collector currents is

From Equation (2) the relationship between the
input voltage to the L103T2 and the collector
currents in the differential pair is given by

kT lca
Vin = —1log.

q lca

Since the sum of the collector currents of Q3
and Q, is equal to the current source current
(lgs), Equation (8) may be expressed as

kT les—lca
Vio=—-loge | —| ... (4)
q lca
from which
'05
l04 =
avi, | 0 e (5)
1+ exp
kT

2.1.3 Circuit Performance

Equation (5) defines the transfer characteristic of
the amplifier, and is plotted in Figure 2.1.4 for a
typical device.

The forward transadmittance of the L103T2 may
be obtained from Equation (5) according to the
standard two-port parameter definition.

YIQVouI
Vm Yn Y2 VOUI
Y2V )

Fig. 2.1.3 - y Parameter Equivalent Circuit of the
L103T2
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Fig. 2.1.4 - Transfer Characteristic of the L103T2
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8lca
Y21 =
8Vin 2 50
= EMITTER /] (T, = 25°C
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(6) Fig. 2.1.5 - Forward Transadmittance as a Function
"""" of Input Voltage of the L103T2
Figure 2.1.5 shows the forward transadmittance

as a function of input voltage calculated from
Equation (6). Note that y,; is maximum when the
collector currents of Q3 and Q4 are equal to each
other and equal to one-half the source current. A
large resistance between the two input terminals
can cause V,, to be different than zero because of
the D.C. voltage drop across the resistance pro-
duced by the base current of Q5. This results in a
shift of the operating point of the y,; curve to
somewhere below maximum. Therefore, low D.C.
source impedance or transformer coupling should
be used with the L103T2.

The effect of contact resistance in Q3 and Q.4
has not been included in the analysis. By simple
superposition, it can be shown that it merely de-
creases the maximum transadmittance available.
The relative position of the maximum with respect
to Vi, is not altered. In addition, some desensi-
tivity to input voltage will be realised because of
emitter degeneration. This is also shown
Figure 2.1.5.

The input impedance is also a function of input
voltage, increasing with large signals. This is
because one transistor in the differential pair is
being driven towards cutoff, which results in a

-pF

INPUT CAPACITANCE

25 — 20
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w
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Z 15 12
}_
2 &=
%) RESISTANCE
w 10 e 8
o
'_
oo}
Z s <] 4
= T~ CAPACITANCE
0 0
- 0 100 200 300 400 500
m INPUT VOLTAGE - mVrms
Fig. 2.1.6 - Input Resistance and Capacitance as
a Function of Input Voltage of the
L103T2

PARAMETER CONDITIONS VALUE UNIT
(T, =25°C, V+ =12V unless otherwise specified)
Power Consumption e,=0 110 mW
Quiescent Output Current e,=0 2.5 mA
Peak-to-Peak Output Current €in =400 mV rms, f =1 kHz 5 mA,,
Output Saturation Voltage 1.4
Forward Transadmittance ein =10mV rms, f=1kHz 35 mmho
Reverse Transadmittance f<5MHz 0.001 mmho
Input Conductance e, <10mVrms,f < 5 MHz 0.3 mmho
Input Capacitance e, <10mVrms,f < 5 MHz 7 « pF
Output Capacitance f < 5MHz 2 pF
Output Conductance f < 5MHz 0.02 mmho
Noise Figure f =30 MHz, Rg = 5000 6.5 dB
f =100 MHz, Rs = 500Q 8 dB
Table 1
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large emitter resistance. Figure 2.1.6 shows how
both input resistance and capacitance vary with
signal level.

Overall performance of the amplifier is sum-
marised in Table 1.

The preceding analysis and figures were based
on an operating temperature of 25°C and a fre-
quency low enough that reactive terms could be
neglected. If the effect of temperature is included,
the output current will vary according to the match-
ing and tracking of the transistor, and the change
in resistor values. Figure 2.1.7 shows the transfer
function for two temperature extremes, the stability
of the quiescent operating point is given in Figure
2.1.8 and that of the forward transadmittance by
Figure 2.1.9. The power consumption changes little
with temperature, as illustrated in Figure 2.1.10.

Additionally, quiescent operating conditions as a
function of supply voltage are given in Figures
2.1.11 and 2.1.12,

Curves showing the frequency dependence of
the two-port parameters of the L103T2 are given in
Figures 2.1.13 to 2.1.15. As can be seen, there is
little change from the low frequency values for
frequencies less than 5-10 MHz. The frequency
variation of the input, output and transfer ad-
mittance justify the equivalent circuit of Figure
2.1.3 and are typical of most two-ports.
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Fig. 2.1.7 - Transfer Characteristic as a Function
of Temperature of the L103T2
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Fig. 2.1.8 - Output Current as a Function of
Ambient Temperature of the L103T2
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Fig. 2.1.9 - Forward Transadmittance as a Function
of Ambient Temperature of the L103T2
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Fig. 2.1.10 - Power Consumption as a Function
of Ambient Temperature of the L103T2
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Fig. 2.1.11 - Output Current as a Function of
Supply Voltage of the L103T2
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Fig. 2.1.12 - Power Consumption as a Function of
Supply Voltage of the L103T2
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RF Amplifiers

Unneutralised small-signal amplifiers have a feed-
back path which can cause the real part of the input
admittance of the device to become negative for
certain combinations of frequency and load im-
pedance. If this situation occurs, and the source
admittance is equal to or less than the negative
real part of the input admittance, self-sustaining
oscillations are possible. For the typical amplifier,
the designer has one of two choices: feedback that
is equal in magnitude and opposite in phase to that
inherent in his device can be applied around the
circuit, or the interstage coupling networks can be
loaded sufficiently to make the input admittance
always greater than zero. These solutions have
major drawbacks - neutralisation is at best a
marginal solution since it is very frequency-
sensitive and must be different for each situation.
Loadingthe interstagesis less frequency-sensitive,
but the resultant mismatch loss is not always
tolerable. The most satisfactory solution would be
to use a device that possesses negligible intrinsic
feedback - if an amplifier of that description does
indeed exist. This ideal is closely approached by
the L103T2, which has internal feedback an order
of magnitude less than most high-frequency tran-
sistors. For example, a reverse transadmittance of
less than 0.001 mmho at 10 MHz is not unusual.

The effect of input and output loading on the
stability of the amplifier can best be seen from the
expression for power gain of the device. The
equivalent circuit of a typical RF amplifier, in-
cluding source and load admittances, is shown in
Figure 2.1.17. The expression for the input power
(P;) is

P, = |V1|2 Re (Yi,)

Y12 Y21
=|Vq2Re |y, ——| ... 7
Yoz + Y,
and the output power is:
Po = |V2|2 Re (YL) ,,,,,,,, (8)
From Figure 2.1.17,
|Y21| |V1|
o=— (9)
|Y22 +YL|
S0
‘Y21|2Re (Yo
Po=—— V4|2 ...l (10)

ly22 + Yi|?

and the power gain becomes

|y21[2 Re (Y1)

Yi2 Y21

ly22 + Y.|2Re [YH -
Yoz + Yo

11

It can be seen from Equation (11) that the ampli-
fier will be stable if

Y12 Y21
Re y11 - — \/‘0 ........ (12)
Y22 + YL
Equation (12) can be manipulated to yield
2911 (022 + G1) — Re (Y12 ¥21) — |y12 Y24] >0
........ (13)

where the ‘g’ terms represent the real parts of the
admittance parameters.

If the power gain is reckoned from the terminals
‘XX, Equation (13) becomes

2(g11 + Gs) (922 + GL) — Re (yq12 ¥21)

— |Y12 Y21| >-0

Inspection of the above equation reveals that
for unconditional stability at all frequencies, for
any combination of source and load conductance,
y12, the reverse transadmittance, must equal zero.
Since in practice y,, is finite, the source and load
conductances must be manipulated to satisfy the
stability criterion.

If itis assumed in Equation (13) that the real part
of y,,is nearly zero, an expression can be obtained
that will lead to a useful figure of merit for a
two-port.

If Re (yy2 y21) approaches zero, Equation (13)
becomes

2911 (G922 + 61) — [Yi2 ¥4l =0 ..l (15)
which for conjugate matching becomes

4911 O22 = Y12 yaol (186)
For conditional stability,

4911 G2z = |Va2¥2al Lol (17)

Fig. 2.1.17- Tuned Amplifier Equivalent Circuit
of the L103T2
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The maximum gain that can be obtained from
the two-port when the device is neutralised and
conjugately matched is, from Equation (11),

Po |Y21\2
= ——— (18)

P; 4014 022

The maximum stable gain (a figure of merit for
high-frequency transistors and amplifiers) is

Y21

GMS =

Y12

Obviously, the smaller y,, is, the greater will be
the available stable gain. For very small values of
Y12, the gain will be determined essentially by the
input and output parameters of the device. For
typical high frequency transistors at 10 MHz, the
GMS is 27dB, while a GMS of 40dB can be obtained
with the L103T2 at this frequency. Thus, fewer
stages are required to achieve a given total gain.

A simplified design procedure for a 30 MHz
amplifier that will serve to illustrate the practical
aspects of the preceding discussion can now be
presented. The first problem that must be con-
sidered is: 'How much gain can.be realised at a
given frequency?’ To evaluate this problem, con-
sider Equation (19) and the device parameters
listed in Table 2 (taken from the curves of Figures
2.1.13 to 2.1.16). At 30 MHz, the forward trans-
admittance, y,q, is equal to 32 mmhos and the
reverse transadmittance, yq2, is 0.004 mmhos. The
maximum stable gain, GMS, is therefore 39dB.

To obtain this gain, two conditions must be
satisfied by the circuit. First, the source and load
admittances have to be conjugately matched to
the device, otherwise maximum transfer of power
from source to load cannot be obtained. Second,
the layout of the components must be such that
feedback from output to input and from amplifier
to external components is minimised.

The turns ratio of the input and output trans-
formers are selected to provide a conjugate match
to the device parameters listed in Table 2. The
actual circuit details are shown in Figure 2.1.18 and
the performance is listed in Table 3. Excellent
agreement is seen to exist between measured and
calculated power gain. Interaction between inter-
stage coupling networks is minimal.

PARAMETER VALUE UNIT
Power Gain 35 dB
Bandwidth 1 MHz
Noise Figure 6 dB
Power Gain (calculated) 37.4 dB
Maximum Stable Gain 39 dB

Table 3

~‘Note that the -amplifier does not utilise the
limiting characteristic of the emitter-coupled pair
and will saturate for large output swings. The input
impedance does not drop, however, as the ampli-
fier is driven into saturation,

Limiting RF Amplifiers
The preceding discussion of the small signal

amplifier can be extended to limiting amplifiers
PARAMETER VALUE UNIT without exception. The only additional requirement
Input Resistance 17 kQ that must be fulfilled is that given by Equation (1)
Input Capacitance 9 pF which ensures that the output transistor will not
Output Conductance 0.08 mmho be saturated. _ ,
Output Capacitance 2.5 pF An amplifier which has a symmetrical output
Forward Transadmittance 32/140° mmho voltage limiting characteristic can be obtained
Reverse Transadmittance 0.004 ~  mmho from the circuit of Figure 2.1.18 by a minor modifi-
Table 2 cation in the output transformer. The effective
e turns ratio is adjusted so that the 50Q load, in
12V I 0.001 pF
40 pF eo(R,. = 500)
ein(Rs = 50 Q) OT'
200 pF -
I T1

- T_. E Wire size

Pri. 11t 12t 24-swg

Sec, 11t 1t 24 swg

Fig. 2.1.18 - 30 MHz RF Amplifier Transformer assemblies Neosid

A7




section 2 continued

parallel with the output resistance of the amplifier,
causes the inequality of Equation (1) to be satisfied.

For the 12 V power supply and 2 5 mA maximum
collector current, the effective load should be less
than 4.5 KQ. Figure 2.1.19 shows the modified

amplifier, designed for a 4.5 KQ load and an output
swing of 22V,,, with the measured performance
characteristics.

Further examples of circuits using the L.103T2
are given in the Applications section.

40 pF
e (Rg = 50 ) Q-—T|
200 pF
v
f = 30MHz '
BW = 1.6 MHz
PG =30 dB
NF =6 dB

+ 12V

Fig. 2.1.19 -~ Limiting RF Amplifier

0.001 uF

o

eq(R. = 50(})
v
T, T. Wiresize
Pri. 11t 12t 24 swg
Sec. 11t 3t 24 swg

Transformer assemblies Neosid
A7

2.2 THE L123T2 VOLTAGE REGULATOR

2.21 Introduction

One of the commonest circuits in electronics is the
voltage regulator. Virtually all circuits require a
power supply and many of these must be stabilised.
Many monolithic and hybrid voltage regulators
suffer from the following disadvantages: poor
accuracy, low output current and the inability to
operate from high voltage or negative supplies.
The L123T2 overcomes these disadvantages and
in addition is competitively priced, when compared
to discrete designs.

FREQUENCY
COMPENSATION

v+

1

INVERTING
INPUT

TEMPERATURE
COMPENSATED
ZENER

Ve

SERIES PASS

TRANSISTOR
Vo
NON.-INVERTING
INPUT
VOLTAGE l CURRENT CURRENT
REFERENCE - LIMIT SENSE
AMPLIFIER v

ERROR CURRENT
AMPLIFIER LIMITER

Fig. 2.2.1 - Equivalent Circuit of the L123T2
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2.2.2 Circuit Description

Figure 2.2.1 shows the block diagram of the L123T2
from which can be seen the versatility of the device.

This is enhanced by the interconnection options
which include the following:

(1) Internally generated reference voltage which is
buffered and brought out for use in a variety of
connections.

(2) Both inputs to the error amplifier are available
to allow additional flexibility for negative
supplies or high voltages.

(3) The collector of the internal power transistor is
separated from the internal circuitry and is
available separately.

Figure 2.2.2 shows the full circuit diagram of
the L123T2.

The components Q,, Q,, D4, Ry and R; form the
biasing network for the PNP current sources Qj,
Q5 and Qg. The N-channel FET (Q,) is made with
technology compatible with the production of
standard integrated circuits. The use of an FET
has two advantages. First, the line regulation is
greatly improved because the current drawn by Q,
is independent of power supply variations. Second-
ly, the power dissipation is minimised because the
current drawn does not increase appreciably at
large supply voltages. The diode D, helps to
provide a well-regulated voltage at the base of Q;
with respect to V™.

The reference diode D, is contained in a feed-
back amplifier consisting of Q,4, Qs and Qs, the
constant current for Qg being provided by Q3. By
use of a feedback amplifier and the Darlington
connection of Q, and Qg a reference voltage with
alow outputimpedance is obtained. The necessary
frequency compensation is provided by the MOS
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R,
500 n
D/|6.2V
? Qz
R,
15 ka

¢———0 COMPENSATION

15_-,-09 Q :‘ o CURRENT
Y LIMIT

Ve

O
NON-INVERTING V- INVERTING

Fig. 2.2.2 - Circuit Diagram of the L123T2

CURRENT
SENSE

)

INPUT INPUT

capacitor C, (see section 2.4.2, Frequency Com-
pensation).

The error amplifier is formed by the differential
amplifier Q;; and Q,,. Using a current source
(Qg) instead of a resistor improves line and load
regulation. A further improvement is obtained by
using a current source in the tail of the differential
amplifier. Frequency compensationcanbeachieved
by connecting 100 pF between the compensation
and inverting input pins or 1000 pF between
compensation and earth. When external pass
transistors are used these capacitors must be in-
creased in value.

The power (series pass) transistor Q5 is a
multiple device with individual emitter resistors to
provide current sharing, increase the safe operating
area and prevent secondary breakdown.

2.2.3 Circuit Performance

Details of electrical characteristics of the L123T1
and L123T2 are given on the respective data sheets.
A brief summary of performance for a typical
L123T2 is given below.
Line regulation
(Vin="+12to +15 V)
Load regulation
(I.=1 to 50 mA)

0.01% Vout

0.03% Voot

Ripple rejection 74 dB
Temperature coefficient

of output voltage 0.003%/°C
Reference voltage 715V
Output noise voltage 20uV

Long term stability
Standby current drain

0.1%/1000 hours

(Vin=30 V) 2.3 mA
Output voltage range 2-37V
Output current range 0-150 mA
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As many different circuit configurations are
available, reference should be made to the Appli-
cations section (3.2) for details of specific per-
formance.

2.3 THE L127T2 TEMPERATURE
CONTROLLED DIFFERENTIAL
PREAMPLIFIER '

2.3.1 Introduction

Many applications exist for very low drift amplifiers.
Some of these are in the fields of low level trans-
ducers and high precision analogue computers.
Existing linear integrated circuits, using closely
matched bipolar input transistors in long tail pair
configurations, allow drifts of 3 to 10uV/°C to be
achieved. Where drift figures an order of magni-
tude lower are required several techniques have
been used.

The most common technique is that of chopper
stabilisation which can give excellent stability.
Unfortunately the use of chopper amplifiers is
limited by the following factors:

(1) Involved, time-consuming design and setting-
up procedures.

(2) Size.

(3) Cost.

(4) Poor overload recovery,

(5) Undesirable shot noise.

(6) Poor reliability, owing to the large number of
components used.

Another method is to mount the critical com-
ponents inside an oven, held at a constant tem-
perature. This has the disadvantages of high
power consumption, increased size and weight
together with reliability limitations.
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A relatively new technique is the temperature
stabilised chip which overcomes the disadvan-
tages of the previous two methods. Here the chip
of an integrated circuit is held at a constant temp-
erature by an active regulator included on the chip.
The chip is mounted within a high thermal resist-
ance (500°C/Watt) TO~-100 package to minimise the
heater power and to ensure a rapid ‘warm-up’. The
possibility of integrating an entire operational
amplifier on a temperature stabilised chip was
examined. This was considered impractical be-

cause the changes in internal power dissipation
(resulting from driving external loads) would
require excessive power to be supplied to the
regulator. Therefore a preamplifier was integrated
into a temperature stabilised chip.

2.3.2 Circuit Description

Referring to Figure 2.3.1 the L127T2 is a two-stage
differential input, differential output amplifier
together with a temperature regulator.
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Fig. 2.3.1 - Circuit Diagram of the L12TT2

V +
qu] qi
i? [ Q, D,
6-2V
[
O'I OL
R,
VRJ CONSTANT oK@
Rs g
2KQ
R
100
1
\ ;
V_
Fig. 2.3.2 - Simplified Circuit Diagram of the
L127T2's Temperature Regulator
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It is designed to drive existing integrated circuit
amplifiers and comparators as well as discrete
and hybrid amplifiers. The L127T2's voltage gain
of 100 (typical) is sufficiently high to reduce the
effects of drift in the following amplifier to neglig-
ible proportions, but is not high enough to make
frequency compensation difficult when used with
an operational amplifier.

A differential input pair of transistors is buffered
by a pair of emitter followers to achieve a high input
resistance (300 MQ typical) and correspondingly
low bias and offset currents. The second stage
employs compound pairs of PNP and NPN tran-
sistors to provide level shifting and some additional
gain without loading the first stage.

A simplified circuit diagram of the temperature
regulator is shown in Figure 2.3.2. Q, is a large
geometry transistor designed to evenly distribute
the power dissipation across the chip. The tran-
sistor Q3 supplies the base current for Q4 through
the level shifting zener diode D,. Initial turn on
current limiting is provided by Rs and Qs (shown
in the full regulator circuit Figure 2.3.1). The turn
on current is limited to approximately 60 mA and
the chip temperature stabilises very rapidly,
usually to 1°C of the desired value in 1 second.
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OFFSET VOLTAGE NULLING

As the typical values of input offset voltage and
differential voltage gain are 2 mV and 100 res-
pectively, the differential output voltage would be
2 mV x100=0.2 volts. For many applications this
would be unacceptable, therefore a method of
nulling the input offset voltage is required. Two
methods exist, one using a relatively high value
potentiometer (1 MQ) and the other using a lower
value potentiometer (10 KQ). These are shown in
Figures 2.3.3 and 2.3.4 respectively both using the
frequency compensation pins. The components
used must be low temperature coefficient types so
as not to degrade the performance of the L127T2,
(A T.C. of 50 ppm/°C can cause up to 0.25uV/°C
effective input drift.)

The method shown in Figure 2.3.3 is suitable for
use where the L127T2 is operating from single
supplies andfor where ultimate component
economy is required. Leads to the 1 MQ potentio-
meter should be kept short to minimise pick up.
The method shown in Figure 2.3.4 is suitable for
use where the L127T2 is operating from dual
symmetrical supplies and where the potentio-

meter (10 KQ) is remote from the L127T2.

FREQUENCY COMPENSATION

In applications using a L127T2 driving an opera-
tional amplifier, the frequency response charac-
teristics of both amplifiers must be examined if
overall negative feedback is to be applied. The.
frequency compensation may be carried out at any
suitable point within the loop, following the usual

criteria.

The same two pins on the L127T2 that are used
for input offset voltage nulling may be used for
frequency compensating purposes as shown in

Figure 2.3.5.

To assist in this, two 300Q resistors have been
diffused on the chip in series with each pin so as
to eliminate the need for an external resistor in
many applications. Figure 2.3.6 shows the fre-
quency response of the L127T2 for various values
of compensation components. The curves, to-
gether with the corresponding characteristics of
the operational amplifier, may be used to obtain

stable performance in any specific application.

L127712
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Fig. 2.3.3 - Offset Voltage Null Circuit
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Fig. 2.3.5 - Frequency Compensation Circuit for

the L127T2
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Input Offset Voltage
Input Offset Current
Input Bias Current

Input Offset Voltage Drift

Differential Input Resistance

Input Voltage Range
Output Common Mode Voltage

Common Mode Rejection Ratio
Supply Voltage Rejection Ratio
Long Term Drift

Differential Voltage Gain

input Offset Current Drift } —55 <Ta<125°C

Common Mode Input Resistance

Differential Output Voltage Swing

2mVv

2.5 nA
12 nA
0.6 uv/°C
2 pA/°C
300 MQ
1000 MQ
+13V
—5V
+7V
100 dB
80 wVv/V
5 uV/week
100

2.3.3 Circuit Performance

Details of the electrical characteristics for the
L127T2 and L127T5 are given on the respective
Data Sheets. A brief summary of performance for
a typical L127T2 is given above.

Conditions: Vg = 415V, Tams = +25°C

From this the superiority of the L127T2 over non-
stabilised bipolar input stages is obvious. Figure
2.3.7 gives a comparison between the L127T2 and
an FET input stage amplifier. This shows that the
L127T2 has a superior drift performance for source
resistances below 5MQ and for any source
resistance when the ambient temperature is above
+45°C (owing to the exponential behaviour of the
FET's leakage current). Due to the temperature
stabilisation there is virtually no change in any of
the electrical characteristics over the full military
temperature range, with the exception of the power
dissipation which is inversely proportional to
temperature as shown in Figure 2.3.8.

The versatility of the L127T2 is enhanced by the
capability of operating over a supply voltage range
of +9 volts to 418 volts with little degradation in
performance. It is necessary to change the value
of R,q; to maintain a constant substrate tempera-
ture. Figure 2.3.9 shows the values of R,q; for
various values of supply voltage and for operation
up to ambient temperatures of +70°C, +85°C or

+125°C. The supplies to the device need not be
symmetrical provided the total voltage applied is
between 18 and 36 volts. As the output common
mode voltage tracks the negative supply voltage
the L127T2 can be used to drive amplifiers with a
limited input common mode voltage, such as the
pA702,
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2.4 THEL141T2HIGH PERFORMANCE
OPERATIONAL AMPLIFIER

2.41 Introduction

The L141T2 is a monolithic, linear integrated circuit

constructed on a single silicon chip using the

planar epitaxial process. It is pin compatible with

the popular pbA709 operational amplifier but has the

following advantages:

(1) Output short circuit protected.

(2) Inputs latch-up proof.

(3) Large differential input voltage range (£30V
maximum).

(4) Internal frequency compensation.

(5) Simple input offset voltage nulling with one
10K potentiometer.

(6) Wide operating voltage range (-3 V to 4-20 V).

(7) Low power consumption.

The internal frequency compensation ensures
stability of the amplifier for any value of closed
loop gain down to unity. This reduces design,
component costs, size/weight and increases
reliability as no external components are required.
The design of the output stage is such that
oscillations will not occur when the amplifier is
driving small value capacitive loads. In addition a
class AB output stage is used, eliminating the
crossover seen with earlier amplifiers.

2.4.2 Circuit Description

The circuit of the L141T2 is shown in much sim-
plified form in Figure 2.4.1.

From this it can be seen that the amplifier con-
sists of a high gain, differential input stage follow-
ing by a high gain driver, feeding a class AB output
stage. The full circuit diagram of the L141T2 is
shown in Figure 2.4.2,

As the production of high hge PNP transistors
involves costly additional processing steps in an
Fig. 2.4.1 - Simplified Circuit Diagram of the L141T2 integrated circuit, the input stage uses a com-
bination of low hrg PNPs and high hgg NPNs to
obtain small input bias currents. A particular ad-

NON-INVERTING [ 4 L/Q“
INPUT Ry

3 Q] 02 2 30pF 015 >
INVERT- c, 45xQ |

ING INPUT $Rg

Q3 Qs 3250
Q4 Rg \

SR 7.5k0)
3.5 ¢—0 OUTPUT
39kQ _ P4
Q1
!
7 L
Os Q Q10 91; Q22 500
OFFSET NULL OFFSET
1
NULL . ] ] Q0
4 12 11
5kQ 50kQ 1500
4 —oV

Fig. 2.4.2 - Circuit Diagram of the L141T2
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Fig. 2.4.3 - Input Stage of the L141T2

V+
O
2
o—1- 7
L141T2
3 4
o—+
V-
O

Fig. 2.4.4 - Offset Voltage Null Circuit

vantage of using this configuration (compared with
the uA709) is its ability to withstand 4-30 V differen-
tial input signals without breaking down the base/
emitter junction of Q, or Q. This is due to the very
much higher reverse basefemitter breakdown
voltage (BVemo) of a lateral PNP transistor than
that of an NPN transistor.

To achieve a high differential voltage gain from
the input stage, the output resistances of Qs and
Qe are used as loads, giving effective values of
about 2MQ. The high values of collector load
resistance for the input stage are necessary
because of the low collector currents used to
obtain low input bias currents. These collector
currents are defined by the bias network formed
by the current source Q4o and the PNP transistors
Qs and Qg. The current levels under typical
operating conditions are given in Figure 2.4.3.

The bias currents of Q, and Q. remain fairly
constant for wide variations in the lateral PNP
transistors and the technique does not require
close hgg matching.

The driver stage of the amplifier utilises a
Darlington connection to prevent loading of the
input stage. A conventional complementary
symmetry class AB output stage is used. The
quiescent current of approximately 60uA through
the output transistors Q,, and Q,, eliminates the
crossover distortion seen in many class B output
stages.

The output stage incorporates current limiting
circuitry to prevent excessive chip dissipation
under short circuit conditions. For positive output
currents this is achieved by Q,5 and Rg. If the
output current exceeds approximately 25 mA (at
TAo=+425°C) the voltage drop across Ry will cause
Q15 to conduct. The output current will then be
limited to about 25 mA. For negative output
currents the limiting is achieved by R,o and the
voltage drop across R;; causing conduction of
Q22. The amplifier is therefore able to withstand
indefinite short circuits to earth or either supply
rail. Since the maximum allowable dissipation
decreases as the ambient temperature increases
the current limiting has been designed to come in
at a lower value of current at high temperatures,
e.g. the short circuit current at an ambient tem-
perature of +125°C is only 417 mA (approxi-
mately) compared to 4-25 mA (approximately) at
+-25°C. (Because of power dissipation limitations
the protection is only valid up to ambient tem-
peratures of +75°C),

Offset Voltage Nulling

In applications where nulling of the input offset
voltage is required a 10KQ potentiometer may be
connected as shown in Figure 2.4.4.

This enables avariation of approximately +25 mV
referred to the input to be achieved. It would also
be possible to adjust the offset voltage by using
the collectors of Q5 and Qg. This method was not
used on the L141T2 for two reasons. First, the very
high value of potentiometer required (around
5MQ) is not readily available in the popular ‘trim-
pot’ form. Secondly, any external leads attached to
these high impedance nodes may introduce stray
pick-up into the amplifier.

Frequency Compensation

As stated in the introduction, the L141T2 does not
require any external frequency compensation com-
ponents, even for closed loop gains down to unity.
The amplifier has an internal 20 dB/decade
(6 dB/octave) roll off commencing at 10 Hz and
passing through unity gain at 800 kHz. This
ensures a phase margin at unity gain of 80°
(typical).

The roll off is achieved with a 30 pF MOS
capacitor diffused into the same silicon substrate
as the amplifier. The presence of an MOS capacitor
on the chip represents a significant advance in
linear integrated circuit processing. The diffusion
sequence used is no different in principle to that for
comparable 40V circuits but the fabrication of
stable, close tolerance capacitors necessitates
sophisticated and ultra-clean production tech-
nigues. The capacitor is formed between the n—+
region and the larger of the two metallised layers -
using an oxide for the dielectric, as shown in
Figure 2.4.5.
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The built-in monolithic capacitor results in in-
creased reliability, smaller circuit boards and lower
assembly costs, as well as reducing the chances
of an engineering error. Information of the fre-
quency and phase response of the amplifier is
given in Figure 2.4.6.

In applications where a reduced gain/bandwidth
product is required an additional capacitor may be
connected between pins 5 and 6.

2.4.3 Circuit Performance

The electrical parameters of the L141T2 are equal
to or better than those of the pA709, with the
exception of bandwidth and slewing rate, these
being limited by the internal fixed frequency com-
pensation. In addition the amplifier operates over
a wider range of supply voltages (4+-3 V to 4-20 V)
and has a large input voltage range.

Typical performance figures for the L141T2 are
summarised in Table 1. Figure 2.4.7 shows the
change of open loop voltage gain with change of
supply voltage to be very good. The low power
consumption of the device is shown in Figure
2.4.8 for various values of supply voltage.

Aluminium

Ultra
clean dielectric

P Substrate

Fig. 2.4.5 - Construction of an MOS Capacitor
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PARAMETER CONDITIONS VALUE UNITS
(TA = +25°C, VS = _'_i:15 V)

Input Offset Voltage Rs < 10kQ 1.0 mV

Input Offset Current 30 nA
Input Bias Current 200 nA
Input Resistance 1000 kQ
Large Signal Voltage Gain Ry = 2kQ, Vo= +10V 200,000
Output Voltage Swing R, = 10kQ +14 \
R, = 2kQ +13 Vv
Input Voltage Range +13 \
Common Mode Rejection Ratio Rs < 10 kQ 90 dB
Supply Voltage Rejection Ratio Rs < 10kQ 30 uv/v
Power Consumption 50 mwW
Transient Response (unity gain) Vin=20mV, R, =2kQ
C|_ < 100 pF
Risetime 0.3 uSec
Overshoot 5.0 %
Slew Rate (unity gain) R, = 2kQ 0.5 V/uSec

Table 1




3. LINEARINTEGRATED CIRCUIT
APPLICATIONS

31 L103T2 Basic Circuits

3.1.1 100 MHz and 200 MHz RF Amplifiers

Figure 3.1.1 shows the schematic of a 100 MHz RF
amplifier using the L103T2. As with all circuits
using the L103T2 at frequencies above 30 MHz, the
low input terminal (pin 5) should be decoupled to
earth. This is necessary for two reasons:

(1) The two diodes (or saturated transistors)
between pins 5 and 4 are not a perfect short
circuit and so do not completely decouple the
base of the grounded base transistor of the
emitter-coupled pair.

The high frequency current gain is falling off
at 6 dBjoctave at frequencies above 30 MHz.

@

Without the additional bypass capacitance, both
the power gain and the gain figure are decreased
by about 8 dB.

Typical Performance Figures
(12 V supply, =100 MHz)

1. Power Gain 20-21 dB
2. Noise Figure 6dB
5 MHz

3. Bandwidth

4, Maximum Stable Gain = 31dB

Yi2

The y parameters for the L103T2 at 100 MHz are:

This results in more base current at high V2o = 0.24jl.6 mmhos
frequencies and consequently more RF current Y11 = 1.2-+j3 mmhos
in the two decoupling diodes or external de- Y21 = 19 mmhos
coupling capacitance. yi2 = 0.015-mmhos
Ti: 8 turns airspaced
tapped at 3.5 turns
+12v T,: 8 turns airspaced
# 20 SWG tapped at
0.75 turns
, c., Transformer diameters 1”.
R. 1000 pE 1000 pF -
50 02
R
- E. L
in C3 500
1000 pF I I LOAD
- v v v v
Fig. 3.1.1-100 MHz RF Amplifier
1 3 turns airspaced
# 20 SWG tapped
T2y T,: 5 turns airspaced
# 16 SWG tapped at
1 turn
c Transformer diameters 3~
4
1000 pF
L10372
E., R
c 50 Q
1000 pF 5
1000pF T
v v v ] v
Fig. 3.1.2-200 MHz Test Jig for the L103T2
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Fig. 3.1.3 - FM IF Amptifier using L103T2s

The L103T2 may be used as a current mode
limiter if the total output admittance (including
‘g22") is more than about 0.3 mmhos. The power
gain will be a little under 20 dB. Reverse AGC may
be obtained by bleeding current from pin 5, thereby
reducing the value of the current in the emitter-
coupled pair.

The circuit for the measurement of power gain
and noise figure at 200 MHz (Figure 3.1.2) is
essentially the same as that used at 100 MHz with,
of course, changes in the values of the tuning
components.

Typical Performance Figures
(12 V supply, =200 MHz)

1. Power Gain

2. Noise Figure

3. Bandwidth (—3 dB)

4. Maximum Stable Gain

14 dB

7.5 dB
10 MHz
20.5 dB

1 !

T, = 25°C

, Y2 (0)

Y (2)
¥21(4)
¥(6)

’L 4

1

/

0 50 100 150 200
INPUT VOLTAGE - mVrms

TRANSCONDUCTANCE - mmhos

o

250

Fig. 3.1.4 - Forward Transconductance of
Emitter-Coupled Pair for Even-Order
Harmonics
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The y parameters for the L103T2 at 200 MHz are:

yi1 = 24j6.3 mmhos
Y2z = 0.74-j3.2 mmhos
Vo1 = 12 mmhos

Y12 = 0.12 mmhos

3.1.2 FM IF Amplifier

The excellent limiting characteristics of the L103T2
make it particularly suitable for 10.7 MHz IF strips.
Figure 3.1.3 shows the use of four L103T2s in a

high quality FM tuner. Typical performance
characteristics are:
Full limiting 50uV
Power gain per stage - 26.5 dB

Peak-to-Peak separation of detector 800 kHz
THD (+75 kHz deviation at 400 Hz) <0.8%
Current consumption 27 mA

3.1.3 Harmonic Mixer

The small-signal forward admittance of the L103T2
with a time-varying input signal is given by

q Ics 1
Yai(t) = ——
kT 2 qV;n(t)
1 4+ cosh
kT
........ 1)
where:
Vinw Vi, €08 wt+Vs cos ot

local oscillator voltage

lo

o

o= local oscillator frequency
Vs = signal voltage
o signal frequency

For a harmonic mixer, the amplitude of the signal
must be less than the local oscillator so that trans-
admittance modulation of the L103T2 is accom-
plished essentially by V.

Since the cosh function of Equation (1) is an
even function, only components which are even
multiples of the local oscillator frequency will be
present in the output of the L103T2. The graphical
solution of Equation (1) is shown in Figure 3.1.4
for the first three harmonics.
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Fig. 3.1.5-L103T2 Mixer Connection
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TYPICAL CONVERSION GAIN
FOR 2ND HARMONIC MIXING
AT 20MHz ~ 25dB

A general algebraic solution is not attempted
heresince it would provide little more than exercise.
It can be seen from the figure that the large local
oscillator drive generates components of the for-
ward transadmittance which are even functions
only. This ‘harmonic mixing’ is more useful than a
conventional mixer because of the lower fre-
quencies and reduced filtering required. It would
be much easier to design a 50 MHz oscillator than
a 100 MHz oscillator for use as a local oscillator, for
example. One possible configuration for the mixer
is shown in Figure 3.1.5.

3.1.4 10 MHz Oscillator

The design of transistor oscillators is complicated
by the loading of the tank circuit caused by the
decrease in input impedance under large signal
conditions. The usual solution is to provide some
sort of impedance isolation between input and
output, such as high turns ratio transformers or
emitter-followers in the feedback loop.

The input impedance of the L103T2, however,
tends to increase with large-signal inputs. This
simplifies the oscillator design because the effect
of input parameter variations can be neglected
(this depends upon the input voltage swing, be-
coming more varied for larger signals, but is
usually permissible for effective loads of 2 KQ or
less).

Predictable oscillator performance can be ob-
tained by utilising the Barkhausen criterion for
oscillations, which states that the necessary and
sufficient condition for osciliations to occur is:
1—GH=0 ...
where GH is the loop gain of the system, G is the
forward transfer function, and H is the reverse
(feedback) transfer function.

Assuming that the input admittance is small
compared to the load admittance, and the oscilla-
tor frequency is less than the corner frequency of

24

the forward transadmittance, the forward transfer
function is given by

VOUT
G=—-
Vin
Y21 1
g 1 L I 2)
1—j— [1—
golL 42
where:
w2 = 1
LC
C = load capacitance plus amplifier output

capacitance

load conductance plus amplifier output
conductance

Using a feedback transformer with a 1:1 turns
ratio, and assuming that the coefficient of coupling
is unity (which is usually justified if a toroidal core
is used), the reverse transfer function H, will be
equal to one. Therefore, for oscillations to occur
at o=owg, the load conductance must be small
enough such that

Y24

g

= >1

The effect of the phase shift contributed by the
high frequency pole of y,4 is to reduce the actual
frequency of oscillation, but since in most tuned
oscillators a trimmer is used to set the final
frequency, a more exact analysis is not justified.
The effect of variations in input parameters was
assumed negligible in the preceding discussions,
any exact analysis, however, must account for
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them as well as the transformer coupling co-
efficient and losses.

The magnitude of the output voltage can be
predicted quite well if the total voltage swing at the
output collector of the device is allowed to be no
more than 5V, (for a 1:1 transformer, the maxi-
mum input voltage rating of the device will other-
wise be exceeded and the emitter-base junctions
may be damaged). Further, the effective collector
load resistor must be small enough to ensure that
current limiting occurs, but large enough that
oscillations are maintained. The value of the load
resistor can be determined from the expression

0.001 uF

HI-

O e

N's

508

v
Fig.3.1.6-10 MHz Oscillator
3 N N
= N -
o~ / N /
o

€o

t = 0.02 p.sec/div

Fig. 3.1.7 - Oscillator Output Wavetform

V,, (allowed)
RL -

max pp output current

An oscillator designed using the preceding
criteria is shown in Figure 3.1.6, together with the
results obtained. The circuit was designed for a
collector voltage swing of 2V, hence, from
Equation (4) an effective load resistance of 400Q is
required, using the typical maximum output
current of 5 mA. Figure 3.1.7 shows the output
waveform, frequency stability as a function of
power supply is shown in Figure 3.1.8.

€, == 500 mV,,
fosc = 10 MHz
ns = n, = 9t 24 swg bifilar wound
n's = 4.5t 24 swg wound over

ns and n,
Transformer assembly Neosid A7

16

> T, = 25°C

3 14 \

9 \

i_

)

3 12

>

z \

a 10

3 N\

o

w 8

<

O

a
6
88 38833388¢2
& o ® » 68 O O 8 S © O
OSCILLATOR FREQUENCY - MHz

Fig. 3.1.8-10 MHz Oscillator Frequency Stability

25




section 3 continued

3.2 L123T2 Power Supply Circuits

3.2.1 Basic Low Voltage Regulator

(2 to 6.5 Volts)

This is shown in Figure 3.2.1 and is the standard
low voltage configuration for positive output
voltages. The use of a resistive divider on the
reference voltage(V ;) ensures that no attenuation
of the output voltage occurs. Therefore no attenua-
tion of changes of output voltage occurs at the
input of the error amplifier. If desired the output
voltage can be adjusted to a specific value by
means of a potentiometer RV, as shown in Figure
3.2.2. Details of resistor and potentiometer values
can be obtained from Table 1 for the specific value
of output voltage chosen. The frequency compen-
sation used (100 pF) assures stability with the
minimum number of components. Short circuit
protection is provided by Rge and the transistor
within the L123T2. The value of the limit current,

VSENSE
I = ,» where Vsense = Vipeon) of the

Rsc

current limit transistor (0.7 V typical).

—
4 |
vREF
R I
L2372 |
|
RV, 3 '
! NI
R,

|

Fig. 3.2.2 - Voltage Adjust Circuit
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vln
O
S
vt —‘Vc
. 8 7 Voul
v_|? & R
REF olcL sC v
out
R, L123T2 ] cS
3 2 Lo
NIl 5 9 R,

MP
v co ]-100pF
R

Note.
R.= R Ry -
3= ——= for minimum temperature
RieRy . drift
R, may be eliminated for minimum
component count

«(

Fig. 3.2.1 - Low Voltage Regulator

Typical Performance

Regulated Output Voltage: +5V
Line Regulation (AV,y =3V): 0.5 mV
Load Regulation ( Al, =50 mA): 1.5 mV

3.2.2 Basic High Voltage Regulator
(8 to 37 Volts)

This is shown in Figure 3.2.3 and is the standard
high voltage configuration for positive output
voltages. As the output voltage is greater than the
reference voltage, the output voltage must be
attenuated by R; and R,. If desired, the output
voltage can be set to a specific value by means of
a potentiometer RV, as shown in Figure 3.2.4.
Details of resistor and potentiometer values can
be obtained from Table 1 for the specific value of
output voltage chosen. The frequency compensa-
tion used (100 pF) assures stability with the mini-
mum number of components. Short circuit pro-
tection is provided by Rg¢ and the transistor within
the L123T2. The value of the limit current

VSENSE
ILIMIT =

Rsc

current limit transistor (0.7 V typical).

where VSENSE:Vbe(ON) of the
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T\.’in
+ \%
v < vou(
4 8 76 cL Rsc
Vrer 10 —OVour
Ry | wLe3t2 |
3
N "5 92
VT COomMP
100pF
v Note: v
R,= R R, L
3= —_—= for minimum temperature
1 drift
R; may be eliminated for minimum
count
Fig. 3.2.3 - High Voltage Regulator

Fig. 3.2.4 - Voltage Adjust Circuit

Typical Performance

Regulated Qutput Voltage: +15V
Line Regulation (AV,y, =3V):1.5mV
Load Regulation ( Al_L =50 mA): 4.5 mV

3.2.3 Positive Voltage Regulator (External
NPN Pass Transistor) (8 to 37 Volts)

The circuit shown in Figure 3.2.5 is similar to that
described in Section 3.2.2 but uses an external
NPN transistor as the series element. Therefore
higher values of load current may be drawn. The
circuit operation is similar to that of 3.2.2. The
larger value of frequency compensation capacitor
(500 pF) is to allow for the external transistor.

3.2.4 Regulator with High Power Supply
Rejection

Where short circuit protection of the output is not
required the internal current limit transistor may be
used to increase the power supply rejection ratio.
Using the connection shown in Figure 3.2.6 power
supply rejection ratios as high as 100 dB (100,000:1)
may be achieved. The base/emitter junction of the
current limit transistor is reverse biased and used
as a zener diode to provide V+ with a stable input
voltage. It should be noted that the zener current
must not exceed 5 mA. The circuit shown in
Figure 3.2.6 is a low voltage regulator and that
shown in Figure 3.2.7 a high voltage version.

Vlﬂ
o}
v Ive
8 76
v 10
L123T2
NL |5 1
5 92
v~ |CO
v

Fig. 3.2.5 - Positive Voltage Regulator

n

Power Supply Rejection

o 22KQ
vt Vel
48 7§BFY56A
VREF voul
Ovﬂul
10fr
R, L2372
Jles
N.L Lov
35 9
iv— L COMP
R, T 3000pF
T v
v

Fig. 3.2.6 - Low Voltage Regulator with High

Typical Performance .
Regulated Output Voltage: +15V
Line Regulation (AV,y =3V): 1.5 mV
Load Regulation (Al =1A): 1.5 mV
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Typical Performance
Regulated Output Voltage: +5V

Line Regulation (AV;y =15V): 1 mV
Load Regulation ( Al, =50 mA): 1 mV
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BFY56A

VREF 10 Voul
L123T2 fcs R,

NI |5 o e

5

J.v_

v

Fig. 3.2.7 - High Voltage Regulator with High
Power Supply Rejection

Typical Performance

Regulated Output Voltage: +15V
Line Regulation (AV,y =15V): 1 mV
Load Regulation ( Al =50 mA): 10 mV

3.2.5 Negative Voltage Regulator
(—9 to —40 Volts)

This is shown in Figure 3.2.8 and uses an external
PNP series pass element. As the L123T2 is sup-
plied by the regulated output voltage, the maximum
input voltage is limited by the breakdown voltage
of the PNP series pass transistor.

3.2.6 Negative Voltage Regulator
(Low Voltage Version)

This is shown in Figure 3.2.9 and uses an external
PNP series pass element. The L123T2 requires a
minimum applied voltage of 9.5 Volts to ensure
satisfactory operation. Therefore when regulating
negative voltages less than 9 V it is necessary to
connect the device, as shown, to a positive supply
such that the voltage across the device is always
greater than 9.5 Volts.

Vi
J_ vt VJ
v 8 7
v 4 \Y
REF 6 BFX39
R
RS R, 12372
N.1
3 7
. 5 9
s -
wa <RV COMPTiO0pF

- O Vout

Fig. 3.2.8 - Negative Voltage Regulator

Vi
O3V to+34V)

Vin2
(-10V to-30V)

vt v

«(

R, L2372

NL 3

2
9

. 5 -
‘ VT COMP 1000pF

3KQ

Fig. 3.2.9 - Negative Voltage Regulator

Typical Performance

Regulated Output Voltage: —15 V

Line Regulation (AV,;y, =3V): 1 mV
Load Regulation ( Al =100 mA): 2 mV
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Typical Performance
Regulated Output Voltage: —6V

Line Regulation (AV,y =10V): 4 mV
Load Regulation ( Al =100 mA): 2 mV
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3.2.7 Positive Low Voltage Regulator with
remote shut down

This is shown in Figure 3.2.10 and uses an external
NPN transistor. The transistor is switched on by
a CCSL ‘high’ input level and shuts the regulator
off. Where current limiting is not required the
BFY 56A may be replaced by the internal current
limiting transistor. If this is done the C_ pin is
grounded and the Cg pin should be driven with
approximately 1 mA of base current.

8 7 |V
—4 6 BFYS6A
REF
R\
4orn L12372
NI |5 o | e
o 5 9
20 = %COMP Re

Line Reguigtion
(aV, =5V)0-3mV

%RL
Load Regulation v

(AR =200 to ®)0-2mV

Fig. 3.2.11 - Current Regulator

3.2.8 Current Regulator

3
This is shown in Figure 3.2.11 where Iy, = —

Ro

(where Rpisin Q). The line regulation will deterior-
ate with programmed currents under 10 mA as
both the programmed current and the quiescent .
current flow through the load.

3.2.9 Shunt Regulator

Shunt regulation may be achieved as shown in
Figure 3.2.12. Care must be taken in calculating
the power dissipation of the current limiting
resistor, as this is the only passive component
which dissipates a high power (excluding the load).

Vin O
vt ¢
8 7 Vuu! RSC
4 6 Vou(
10
cL
12372 fcs
13 2
5 o] Inv
Vo COMP 2KQ
1000pFS 22 CCsL.
—— LOGIC INPUT
< BFY56A
- - - -
v v v v

Fig. 3.2.10 - Positive Low Voltage Regulator.
with Remote Shutdown

Typical Performance

Regulated Output Voltage: +5V

Line Regulation (AV,y =3V): 0.5 mV
Load Regulation ( Al_ =50 mA): 1.5 mV
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Veee [ B 7 BZX10 BFYS56A

4 6
R, L123T2 =
ln‘v 2 3 NI
5 9
v— | COMP
RZ
I5000pF
v v v

Fig. 3.2.12 - Shunt Regulator

Typical Performance

Regulated Output Voltage: +5V

Line Regulation ( AV,y =10 V): 2mV
Load Regulation ( Al, =100 mA): 5 mV
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TABLE 1
RESISTOR VALUES IN KQ FOR STANDARD OUTPUT VOLTAGES
Positive .
Output Applicable Fixed Output Adjustable Output
Voltage Figures +5% 4+10%
R1 Rz R1 RV1 Rz
+3 3.2.1, 3.2.6, 3.2.12 412 3.01 1.8 0.5 1.2
+3.6 3.2.1, 3.2.6, 3.2.12 3.57 3.65 15 0.5 1.5
+5 3.2.1, 3.2.6, 3.2.12 2.15 4,99 0.75 0.5 2.2
-+6 3.2.1, 3.2.6, 3.2.12 1.15 6.04 0.5 0.5 2.7
-+9 3.2.3, 3.2.5, 3.2.7 1.87 7.15 0.75 1.0 2.7
+12 3.2.3,3.25,3.27 4.87 715 2.0 1.0 3.0
+15 3.2.3, 3.2.5, 3.2.7 7.87 715 3.3 1.0 3.0
--28 3.2.3, 3.2.5, 3.2.7 21.0 7.15 5.6 1.0 2.0
Negative
Output Applicable Fixed Output Adjustable Output
Voltage Figures +5% +10%
R1 R2 R1 RV1 R2
—6 3.2.9 3.57 243 1.2 0.5 0.75
—9 3.2.38 3.48 5.36 1.2 0.5 2.0
—12 3.2.8 3.57 8.45 1.2 0.5 3.3
—15 3.2.8 3.65 11.5 1.2 0.5 4.3
—28 3.2.8 3.57 24.3 1.2 0.5 10

ADDITIONAL FORMULAE

0.7
Short circuit current it =
Rsc(€2)
R,
Figure 3.2.1and 3.2.6 Voyr = X 7 Volts
Ri+Rz

where (R;+R,) >1.5KQ
R;+R2

Figure 3.2.3, 3.2.5, X 7 Volts

3.2.7

Vour =
R2

3.5(R; + Ry)
Figure3.2.9and 3.2.8 Voyr = ——  Volts
R4

3.3 L127T2 Basic Circuits

3.3.1 Low Drift Operational Amplifier

The L127T2 may be used with an integrated circuit
operational amplifier to achieve alow drift (0.6uV/°C
typical) and high input resistance (300 MQ typical).
Such an arrangement is shown in Figure 3.3.1
where the drift of the post amplifier is negligible.
For example, a pnA709 having maximum drifts of
10uV/°C and 2nA/°C will only contribute 0.11uV/°C
to the drift of the overall amplifier.

In order to achieve optimum drift performance
several points must be considered. Firstly, since
the L127T2 must regulate its power dissipation to
maintain a constant chip temperature, best control
is achieved if the case to ambient thermal resist-
ance is kept as high as possible. Therefore a heat
sink should not be fitted to the device and moving
air over the circuitry should be minimised. Second-
ly, thermo-electric effects produced by two
dissimilar metals in contact should be considered.
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These can occur when component leads are sol-
dered to a copper printed circuit board. In order to
minimise this the junctions should be kept at the
same temperature by keeping them physically
close and preventing unequal air movement or
heat sinking.

The methods of nulling the input offset voltage
and achieving the frequency compensation can
be obtained by referring to section 2.3.2. The value
of R,q4; can be found by referring to Figure 2.3.8.

This composite ‘Low Drift Operational Amplifier’
may be used in a variety of applications including
many of the circuits given in ‘the application of
linear microcircuits’, volume 1.

3.3.2 High Performance Voltage Follower

An example of a voltage follower is given in Sec-
tion 3.4.1 using a L141T2. Where higher perform-
ance is required the circuit shown in Figure 3.3.2
may be used. This gives an input offset voltage drift
of 0.6uV/°C and an input offset current drift of
15 pA/°C. The input impedance is 2,000 MQ and
the maximum input voltage range is +12V.Because
of the high value of open loop gain (134 dB) the
closed loop gain is well defined at unity (0 dB) and
the output impedance very low.

3.3.3 Precision Integrator

In many fields of electronics integrators using
operational amplifiers with a capacitor in the feed-
back loop are used. High performance can be
obtained, but where long time constants are re-
quired the input resistance of the operational
amplifier is often too low (e.g. BAT09, R;,~250 KQ).
This can be overcome by using the L127T2 with its
high input resistance and low drift. A practical
circuit is shown in Figure 3.3.3 having an output
error of 0.01%/Volit/°C.
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OP AMP

V+-
RADJ
6
2 8
O_
L127T2
o2
/ 9

Fig. 3.3.1 - Low Drift Operational Amplifier

Cc1
4
2 Og 2
L127T2 —0O
3 3
9
6 HA709/ L141T2
Rao. Input voltage range *13v
Input impedance 2000MN
C,=0-05uF Input voltage drift O-6uv/eC
v+ Input current drift 15pA/I°C
Fig. 3.3.2 - High Performance Voltage Follower
C
11
L
V+
RADJ
10MQ 2 6 a8
L12772 ——O
3
9
10MQ . 10 HWA709/1.141T2
C;=0 F
= C1 =005k Output error 0Q-01%/Vi°C
v

Fig. 3.3.3 - Precision Integrator
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v+
F\}AD.I
6
2 3
O— 8 -
7
L12772 RA710
3 2
O— S +
4 CLAMP
“ DIODES
Fig. 3.3.4 - High Input Resistance Comparator

3.3.4 High Input Resistance Comparator

Where a voltage comparator that presents neg-
ligible loading is required and/or where low drift
is required, the L127T2 may be used. A typical
circuit is shown in Figure 3.3.4 and has the follow-
ing performance.

Input Voltage Range 48V
Differential Input Voltage Range 410V

(maximum)
Input Resistance 300 MQ
Voltage Gain 170,000

3.4 L141T2 Basic Circuits

3.4.1 Voltage Follower

This is shown in Figure 3.4.1 and is frequently used
as a buffer amplifier to reduce error caused by
source loading to isolate high resistance (or high
impedance) sources from the following circuitry.
The output voltage duplicates, or follows, the input
voltage, hence the name voltage follower.

The voltage follower is a worst case application
for an operational amplifier for two reasons:

(1) The maximum amount of negative feedback is
applied, normally necessitating external fre-
quency compensation components to reduce
the gain at high frequencies to unity to ensure
stability. The L141T2 does not require such
components owing to its internal frequency
compensation network.

(2) The voltage follower is subject to a condition
known as latch up (‘the application of linear
microcircuits’, volume 1, Section 2.6.2). This
occurs if the common mode input voltage limit
is exceeded. As explaind earlier, the input stage
of the L141T2 has been designed to prevent

latch up from occurring.

The accuracy of the voltage follower is deter-
mined by the operational amplifier's open loop
voltage gain and common mode rejection ratio.
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The expression for accuracy is:

1
1+——
Eout CMRR
Ein 1
14—
Ao

where CMRR is the common mode rejection ratio
expressed as a ratio and A, is the open loop
voltage gain.

Using typical figures for the L141T2 the d.c.
accuracy of the voltage is found to be better than
0.003 per cent.

——O

SLEWING RATE
=0-5V/usec.

I eoul

Fig. 3.4.1 - Voltage Follower
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3.4.2 Integrator

The integrator, shown in Figure 3.4.2, provides an
output that is proportional to the time integral of
the input signal. Although it may not be im-
mediately obvious, the integrator, if it is to operate
reliably, requires both large common mode and
differential mode input voltage ranges. There are
several ways that the input voltage limits may be
exceeded. The most obvious is that transients
occurring at the output of the amplifier can be fed
back to the input via the integrating capacitor C;.
Therefore, either the common mode or the differen-
tial input voltage limits can be exceeded. Another
dangerous condition can occur when the integra-
tor is driven from fast rising or falling input signals
(e.g. square waves). The output of the amplifier
cannot respond instantaneously owing to the finite
value of slewing rate. Therefore, during the period
before the output changes, the summing point at
pin 2 of the amplifier may not be held at ground
potential. If the input voltage change is large
enough, the voltage at the summing point could
exceed the safe limits for the amplifier.

The L141T2 is more resistant to this type of
damage because of its large differential and
common mode input voltage ranges.

The transfer function for the integrator is given

by:
1
E;, dt
R;.C,

For example, let the response of the integrator to
a symmetrical square wave input be considered. If
the input has a peak amplitude of A volts, a period
of T, then the peak to peak output can be calculated
by integrafing over one-half of the input period.

Eout =

EOUt

pk-pk A.dt

1 fT/2
Ri.CiJo

A T
=——— | —| volts
R,.C; \2

The waveshape, at the output, will be triangular
corresponding to the integral of a square wave.
For the component values in Figure 3.4.2 and
assuming A=5 volts and T=1 mSec,

Eout 5 103
pk-pk =
10%0-1.10-¢ \ 2

=2.5 volts peak to peak.

The resistor R, is included to provide d.c.
stabilisation for the integrator. Its function is to
limit the d.c. gain of the amplifier and thus mini-
mise drift. The frequency above which the circuit
will function as an integrator is given by:

1
ft = Hz

27T.R2.C1

For optimum linearity, the frequency of the input
signal should be >10 times f'. The linearity of the
circuit shown in Figure 3.4.2 is better than 't per
cent for an input having a frequency of 1 kHz,

A—— E— E—
ns
"O'mF
R,
AN
100 KQ
Ry
O— AN 1~
100KQ
L1417 2 ——O
J_ 3 ¢
+
5v eII'\ eoul 2‘5v
R
ok 3 £ 100KQ
O i O
v

Fig. 3.4.2 - Integrator
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3.4.3 Differentiator

The differentiator circuit, shown in Figure 3.4.3,
provides an output proportional to the derivative
of the input signal. As with the integrator, the
differentiator is subject to damage from fast rising
input signals. Again the wide input voltage ranges
of the L141T2 offer improved resistance to damage.

The transfer function for the differentiator is
given by:

dein

Eoue=—R2.C.
dt

Since the differentiator performs the reverse of
the integrator function, a triangular input will pro-

de;, 2.5volts volts
= = 5
dt 0.5mSec mSec
volts

. Egye = — (104.0-1.10-6) 5

mSec

E,.: = 5 volts peak to peak

The resistor R, is necessary to limit the high
frequency gain of the differentiator. It makes the
circuit less susceptible to high frequency noise
and ensures dynamic stability. The corner fre-
quency where the gain limiting comes into effect
is given by:

duce a square wave output. For the circuit in 1
Figure 3.4.3 and a triangular wave of 2.5 volts peak fl=——
to peak with a period of 1 mSec, 27.R,.C4
R2
—NVW
c 10K
R, !
1 -
I 2
270Q QauF 6
L141T2 ———O
J__ 3 __L
€. + ( l
2-:6V \/\/\/ €ount 5V
f=1KHz Ry & 10KQ
o— S, -0
-
Fig. 3.4.3 - Differentiator

For accurate operation f' should be >10 times
the highest input frequency. A maximum value for
the corner frequency (f') is determined by the
stability criteria. In general, it should be no greater

1
than the geometric mean between
27T.R2.C1
the gain bandwidth product of the operational
amplifier. The L1417T2 has a gain bandwidth pro-
duct of approximately 1 MHz, therefore the limit on

and

1 is given by:

106

< [—
27T.R2.C1
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3.4.4 Inverting Amplifier

The inverting amplifier, as shown in Figure 3.4.4, is
one of the most suitable connections where high
accuracy and low distortion are required. This is
because the amplifier does not see any large signal
swings at its input. It is also the most suitable con-
figuration for summing applications as the sum-
ming junction is a virtual earth, giving good isola-
tion between the inputs. However, the input
resistance is low compared to the non-inverting
configuration, being approximately equal to R;,.

A summary of the performance is given below.

3.4.5 Non-Inverting Amplifier

The non-inverting configuration, as shown in
Figure 3.4.5, is particularly useful in applications
where high input impedances are required. For
closed loop gains of less than about 50 dB, the
input impedance is dominated by the common
mode input impedance, which is typically 200 MQ.
Common mode input impedance is defined as the
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. Typical Input
Gain R R¢ Bandwidth Resistance
1 10 kQ 10 kQ 1 MHz 10 kQ
10 1kQ 10 kQ 100 kHz 1kQ
100 1kQ 100 kQ 10 kHz 1kQ
1000 100 Q 100 kQ 1kHz 100 Q
R, R,
AN AVAYAYA
Rin 2 R 2
€, O—" AN\ - r\/\/\/‘
L141T2 6 4 o e . v L141T2 O €
=l e, OAMA—
RlN R' R!N Rf
R]N+Rl RIN-’-RC
Fig? 3.4.4 - Inverting Amplifier Fig. 3.4.5 - Non-Inverting Amplifier

Gain R|N Rf
1 o) 0
10 1kQ 9kQ
100 100 Q 9.9 kQ
1000 100 Q 100 kQ

parallel sum of the impedances from each input
to earth. In the voltage follower mode, only one of
these impedances is seen, hence the 400 MQ in
the table below. A summary of the performance
is given below:

3.4.6 Clipping Amplifier

It is occasionally necessary to limit the output
voltage swing of an amplifier to a specific value.
This can be achieved by adding non-linear ele-
ments to the feedback network as shown in Figure
3.4.6. The zener diodes rapidly reduce the gain of
the amplifier if the output voltage tries to exceed
the limits set by the zener voitages. When the
zener diodes are not conducting the voltage gain
is determined by the resistors Ry and R,.

It can easily be overlooked that such an ampli-
fier must be frequency compensated for a closed
loop gain of unity. This is because the gain of the
circuit falls to unity when the zener diodes com-
mence conducting. The L141T2 is suitable, without

35

Typical Input
Bandwidth  Impedance
1 MHz 400 MQ
100 kHz 400 MQ
10 kHz 280 MQ
1 kHz 80 MQ
M —
RZ
AAAYA
100KQ
R,
1KQ 2
L141T2 e — o
3+
eout
R, S 1k
- O
=
Fig. 3.4.6 ~ Clipping Amplifier
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the need for any external components, because of
its internal ‘unity gain’ frequency compensation.

3.4.7 Voltage Comparator

Many applications arise where a comparison must
be made between two voltages and an output
supplied indicating which is the greater. The
L141T2 can be used as a comparator in many
applications where high speed is not essential. It
cannot compete with comparators designed for
high speed operation (e.g. SGS

uA710) as the internal compensation net-
work limits the response time. The features that
make the L141T2 attractive as a comparator are its
large common mode and differential input voltage
ranges. The input signals to be compared may
vary over a wide range without the necessity of
external protective circuitry.

A typical comparator circuit is shown in Figure
3.4.7. The zener voltage may be selected so that
the output voltage is compatible with high level
logic, MOS logic or normal CCSL logic thresholds.

3.4.8 Voltage Regulator Amplifier

Operational amplifiers are frequently used as
reference amplifiers in voltage regulated power
supplies. A typical circuit with variable output
voltage is shown in Figure 3.4.8. The purpose of
the amplifier is to isolate the voltage reference (a
zener or temperature compensated (TC) reference
diode) from changes in loading at the supply out-
put. This ensures a lower output impedance and
therefore improved load regulation. Also, because
of the high gain of the L141T2, the voltage applied
to the inverting input from the output voltage
divider is always maintained to within a few milli-
volts of the reference voltage. The output voltage
can be adjusted by changing the division ratio of
the divider. The 800 KQ input resistance of the
L141T2 keeps loading of the reference zener diode
to a minimum. The output resistance of the circuit
is less than 0.1,

1KQ
&0 OAAAN

L14172

out

+

ke e,= ZENER VOLTAGE

IF e>0
€,=-07V IF ez0

«

Fig. 3.4.7 - Voltage Comparator

>

BFYS6AH

— >+

12KQ > Ry

e =+28V
e, varies from
20 to 36volts

Iy = O—100mMA
e =9— 25V at
100 mA

¥* HEATSINK REQUIRED

T

Fig. 3.4.8 - Voltage Regulator Amplifier
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