nl ’ \Q Application Note 23

TECHNOLOGY

April 1987

Micropower Circuits for Signal Conditioning

Jim Williams

Low power operation of electronic apparatus has become
increasingly desirable. Medical, remote data acquisition,
power monitoring and other applications are good candi-
dates for battery driven, low power operation. Micropower
analog circuits for transducer based signal conditioning
present a special class of problems. Although micropower
ICs are available, the interconnection of these devices to
form a functioning micropower circuit requires care. (See
Box Sections, “Some Guidelines for Micropower Design
and an Example” and “Parasitic Effects of Test Equipment
on Micropower Circuits.”) In particular, trade-offs between
signal levels and power dissipation become painful when
performance in the 10 to 12-bit area is desirable. Addi-
tionally, many transducers and analog signals produce in-
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herently small outputs, making micropower requirements
complicate an already difficult situation. Despite the prob-
lems, design of such circuits is possible by combining
high performance micropower ICs with appropriate circuit
techniques.

Platinum RTD Signal Conditioner

Figure 1 shows a simple circuit for signal conditioning a
platinum RTD. Correction for the platinum sensor’s non-
linear response is included. Accuracy is 0.25°C over a
2°C-400°C sensed range. One side of the sensor is
grounded, highly desirable for noise considerations. For a
2°C sensed temperature, current consumption is 250A,
increasing to 335uA for a 400°C sensed temperature.
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Figure 1. Platinum RTD Signal Conditioner with Curvature Correction
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The platinum sensor is placed in a current driven bridge
with the 1k resistors. The LM334 current source drives the
bridge and its associated resistors set a 1004A operating
level. The diode provides temperature compensation (see
LM334 datasheet). The 39k resistor deliberately sustains
voltage drop, minimizing LM334 die temperature rise to en-
sure good temperature tracking with the diode. The 100,A
current is split by the bridge. This light current saves pow-
er, but restricts the platinum sensor’s output to about
200.V/°C. The circuit's 0.25°C accuracy specification re-
quires the LT1006 low power precision op amp for stable
gain. The LT1006 takes the signal differentially from the
bridge to provide the circuit’s output. Normally, the plat-
inum sensor’s slightly non-linear response would cause
several degrees error over the sensed temperature range.
The 1.2M resistor gives slight positive feedback to correct
for this. The amplifier's negative feedback path domi-
nates, and the configuration is stable. The 14F capacitors
give a high frequency roll-off and the 180k resistor pro-
grams the LT1006 for 80pA quiescent current.

To calibrate this circuit, substitute a precision decade box
(e.g., General Radio 1432) for Rp. Set the box to the 5°C
value (1019.9Q) and adjust the “5°C trim” for 0.05V output
at the LT1006. Next, set the box for the 400°C value
(2499.8Q) and adijust the “400°C trim” for 4.000V output.
Repeat this sequence until both points are fixed. The re-
sistance values given are for a nominal 1000.0Q (0°C) sen-
sor. Sensors deviating from this nominal value can be
used by factoring in the deviation from 1000.02. This devia-
tion, which is manufacturer-specified for each individual
sensor, is an offset term due to winding tolerances during
fabrication of the RTD. The gain slope of the platinum is
primarily fixed by the purity of the material and is a very

small error term.
R4

Thermocouple Signal Conditioner

Figure 2 is another temperature sensing circuit, except the
transducer is a thermocouple. Accuracy is within 1.5°C
over a 0°C-60°C sensed temperature and current con-
sumption is about 125,A.

Thermocouples are inexpensive, have low impedances
and feature self-generating outputs. They also produce
low level outputs and require cold junction compensation,
complicating signal conditioning. The bridge network,
composed of the thermistor and R1-R4, provides cold junc-
tion compensation with the LT1004 acting as a voltage
reference. The lithium battery noted allows the bridge to
float and the thermocouple to be ground referred, elim-
inating the requirement for a differential amplifier. For the
battery specified, life will approach 10 years. This is a
good way to avoid the additional power drain of a
multi-amplifier differential stage. The LT1006 is set up with
a gain scaled to produce the output shown and the 270k
resistor programs it for low current drain. Note that this
circuit requires no trims.

Sampled Strain Gauge Signal Conditioner

Strain gauge bridge based transducers present a chal-
lenge where low power operation is needed. The 3500
impedance combined with low signal outputs (typically
1-3mV output per volt of drive) presents problems. Even
with only 1V of drive, bridge consumption still approaches
3mA. Dropping drive to 100mV reduces current to accept-
able levels, but precludes high accuracy operation due to
the miniscule output available. In many situations,
continuous transducer information is unnecessary and
sampled operation is viable. Short sampling duty cycle

100k 233k 4.5V =10V
""' > 2 """
S 3 SR
CATALYST one S 1887 SRy 210k
RESEARCH CORP. —=— L7084 QR
MODEL 2736 = [ OV TO 3V OUT =
2.8¢ R2S o LT1006 0°C—60°C
186° @ > 1. b somee
[‘ - 5.76M*
<
TYPE J THERMOCOUPLE .S
598k ¢ = TRW MAR-6 0.1%
Rr=YELLOW SPRINGS INST. CO

MODEL 44007 5k@25°C

Figure 2. Thermocouple Signal Conditioner with Cold Junction Compensation
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permits high current bridge drive while maintaining low |

power operation. Figure 3 uses such a scheme to achieve
dramatic power saving in a strain gauge bridge applica-
tion (for a discussion of sampled operation considera-
tions, see Box Section B, “Sampling Techniques and
Components for Micropower Gircuits”).

In this circuit, Q2 is off when the “sample command” is
low. Under these conditions only A4 and the CD4016 re-
ceive power, and current drain is inside 125pA. When the
sample command is pulsed high, Q2's collector {trace A,
Figure 4) goes high, providing power to all other circuit ele-
ments. The 100-1xF RC at the LT1021 prevents the strain
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Figure 3. Sampled Strain Gauge Bridge Signal Conditioner
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Figure 4, Waveforms for the Sampled Strain Gauge Signal Conditioner
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bridge from seeing a fast rise pulse which could cause
long term transducer degradation. The LT1021-5 reference
output (trace B} drives the strain bridge, and differential
amplifier A1-A3's output appears at A2 (trace C). Si-
multaneously, S1's switch control input (trace D) ramps
toward Q2's collector. At about one-half Q2's collector
voltage (in this case just before mid-screen) S1 turns on,
and A2's output is stored in C1. When the sample com-
mand drops low, Q2's collector falls, the bridge and its
associated circuitry shut down and S1 goes off. C1's
stored value appears at gain scaled A4’s output. The RC
delay at S1’s control input ensures glitch free operation by
preventing C1 from updating until A2 has settled. During
the 1ms sampling phase, supply current approaches
20mA, but a 10Hz sampling rate cuts effective drain below
200A. Slower sampling rates will further reduce drain, but
C1’s droop rate (about 1mV/100ms) sets an accuracy con-
straint. The 10Hz rate provides adequate bandwidth for
most transducers. For 3mV/V slope factor transducers, the
gain trim shown allows calibration. It should be rescaled
for other types. This circuit’s effective current drain is
about 300uA, and A4’s output is accurate enough for 12-bit
systems.

SAMPLE

Strobed Operation Strain Gauge
Bridge Signal Conditioner

Figure 5's circuit also switches power to minimize strain
bridge caused losses, but is not intended for continuously
sampled operation. This circuit is designed to sit in the
quiescent state for long periods with relatively brief on-
times. A typical application would be remote weight
information in storage tanks where weekly readings are
sufficient. This circuit has the advantage of not requiring a
differential amplifier, despite the strain bridge’s floating
output. Additionally, it provides almost full rated drive to
the strain bridge, enhancing accuracy. Quiescent current
is about 1504A with on-state current typically 50mA.

With Q1’s base unbiased, alt circuitry is off except the
LT1054 plus-to-minus voltage converter, which draws a
1504A quiescent current. When Q1's base is pulled low; its
collector supplies power to A1 and A2. A1’s output goes
high, turning on the LT1054. The LT1054’s output (pin 5)
heads toward -5V and Q2 comes on, permitting bridge
current to flow. To balance its inputs, A1 servo controls the
LT1054 to force the bridge’s midpoint to OV. The bridge
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Figure 5. Strobed Power Strain Bridge Signal Conditioner

LY AR



Application Note 23

N —

ends up with about 8V across it, requiring the 100mA capa-
bility LT1054 to sink about 24mA. The 0.02xF capacitor sta-
bilizes the loop. The A1-LT1054 loop negative output sets
the bridge’s common-mode voltage to zero, allowing A2 to
take a simple single ended measurement. The “output
trim” scales the circuit for 3mV/V type strain bridge
transducers, and the 100k-0.1uF combination provides
noise filtering.

Thermistor Signal Conditioner for
Current Loop Application

4-20mA “current loop” control is common in industrial
environments. Circuitry used to modulate transducer data
into this loop must operate well below the 4mA minimum
current.

Figure 6 shows a complete 2-wire thermistor temperature
transducer interface with a 4-20mA output. Over a
0°C-100°C range, accuracy is +0.3°C and the circuit is
current loop powered. No external supply is required. The

LM134 current source absorbs the 40V input, preventing
the LTC1040 from seeing too high a supply potential. [t
does this by fixing the current well below the 4mA loop
minimum. The LTC1040 (detailed data on this device ap-
pears in Box Section B, “Sampling Techniques and
Components for Micropower Gircuits”) senses the YS
thermistor network output and forces this voltage across
the output resistor to set total circuit current. Current is
adjusted by varying the gate voltage on the 2N6657 FET.
Note that the comparator output operates in pulse-width-
modulation mode, with the FET gate voltage filtered to DC
by the 1M-1,F combination. An important LTC1040 feature
is that very little current, on the order of nanoamperes,
flows from the V- supply. This allows the V= supply to be
connected to ground with negligible current error in the
output sensing resistor. The differential input of the
LTC1040 can sense the current through Ryt because its
common-mode range includes the V- supply. Trims
shown are for 0°C and 100°C and are made by exposing
the thermistor to those temperatures or by electrically
simulating the conditions (see manufacturer's datasheet).
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Figure 6. Thermistor Based Current Loop Signal Conditioner
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Microampere Drain Wall Thermostat

Figure 7 shows a battery powered thermostat using the
LTC1041 (See Box Section B for details on this device).
Temperature is sensed using a thermistor connected
in a bridge with a potentiometer to set the desired
temperature.

The bridge is not driven from the battery but from pin 7 on
the LTC1041. Pin 7 is the pulsed power (Vpp) output and
turns on only while the LTC1041 is sampling the inputs.
With this pulse technique, average system power con-
sumption is quite small. In this application the total sys-
tem current is below 1xA! This is far less than the self
discharge rate of the battery, meaning battery life is shelf
life limited. A lithium battery will run this circuit for 10 to
20 years.

An external RC network sets the sampling frequency.
When an internal sampling cycle is initiated, power is
turned on to the comparators and to the Vpp output. The
analog inputs are sampled and the resultant outputs are
stored in CMOS latches. Power is then switched off al-
though the outputs are maintained. The unclocked CMOS
logic consumes almost no DC current. The sampling proc-
ess takes approximately 80us. During this 80us interval,
the LTC1041 draws typically 1.7mA of current at V* =6V.
Because the sample rate is low, average power is ex-
tremely smail.

26VAC 2 WIRE —

The low sample rate is adequate for a thermostat because
of the low rate of change normally associated with
temperature.

A power MOSFET in a diode bridge switches 26VAC to the
heater control circuitry. The MOSFET is a voltage con-
trolled device with no DC current required from the battery.

The voltage from DELTA (pin 5) to GND (pin 4) sets the
dead-band. Dead-band is desirable to prevent excessive
heater cycling. The dead-band equals two times DELTA
and is independent of both Viy (pin 3) and SET POINT
(pin 2). This means that as the SET POINT is varied the
dead-band is fixed at two times DELTA. Conversely as
dead-band is varied, SET POINT does not move.

Freezer Alarm

Figure 8 shows a very simple configuration for a freezer
alarm. Such circuits are used in industrial and home
freezers as well as refrigerated trucks and rail cars. The
LTC1042 is a sampled operation window comparator (for
details on this device see Box Section B). The 10M-0.05xF
combination sets a sample rate of 1Hz, and the bridge val-
ues program the internal window comparator for the out-
puts shown. For normal freezer operation, pin 1is high and
pin 6 is low. Over-temperature reverses this state and can
trigger an alarm. Circuit current consumption is about
80uA.
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Figure 7. Wall Type Thermostat
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12.Bit A-D Converter

Integrating A—D converters with low power consumption
are available. Although capable of 12-bit measurements,
they are quite slow, typically in the 100ms range. Higher
speeds require a successive approximation (SAR) ap-

proach. No commercially produced 12-bit SAR converter
features micropower (e.g., below 1mA) capability at the
time of writing. Figure 9’s design converts in 30048, while
consuming only 890,A.
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Figure 8. Freezer Alarm
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Conceptually, this design is a straightforward SAR type
converter, although some special measures are needed to
achieve low power operation. The SAR chip and the DAC
are arranged in the standard fashion, with C1 closing a
loop. Normally, CMOS DACs are not used for SAR applica-
tions because their output capacitance slows operation.
In this case, the CMOS DAC’s low power consumption is
attractive and speed is traded away. This is not too great a
penalty, because micropower comparator C1 is a good
speed match for the DAC specified. A limitation with
CMOS DACs is that their outputs must terminate into OV.
This mandates a current summing comparison, meaning
the reference must be of opposite polarity to the input.
Since most micropower systems run from single sided
positive rails, it is unrealistic to expect the user to supply
the A~D with a negative input. To be readily usable, the
converter should accept positive inputs and derive a nega-
tive reference internally. This issue is addressed by C2 and
the LTC1044 plus-to-minus voltage converter, which form a
negative reference.

C2, compensated as an op amp, servo controls the
LTC1044 via the boost transistor. The LTC1044’s negative
output is fed back to C2's input, closing a regulation loop.
Scaled current summing from the output and the LT1034
forces a 5.000V output. The Schottky diode prevents possi-
ble summing point negative overdrive during start-up. The
choice of 5V for a reference maintains reasonable LSB
overdrive for C1, but accounts for over half the circuit’s
current requirement. This limitation is set by the DAC’s
relatively low input impedance. Dropping the reference
voltage would save significant power, but would also re-
duce LSB size below a millivolt. This would cause com-
parator offset and gain to become significant error
sources.

A=10V/DIV
B=1ov/oiv [

€= 100mv/DIV
D=10v/Dlv |

Although the DAC has no negative supply, it can accept
the negative reference because its thin film resistors are
not intrinsic to the monolithic structure. Ground referred
C1 cannot accept any negative voltages, however, and is
Schottky clamped.

Performance includes a typical tempco of 30ppm/°C,
300gs conversion time, 8904A current consumption and an
accuracy of +2 LSBs. Trimming involves adjusting the
100k potentiometer for exactly - 5V at Vrer. The DAC's in-
ternal feedback resistor serves as the input. Figure 10
shows operating waveforms. Trace A is the clock. Trace B
is the convert command. The SAR is cleared on trace B’s
falling edge and conversion commences on the rise. Dur-
ing conversion, C1's input (trace C) sequentially converges
towards zero. When conversion is complete, the status
line (trace D) drops low.

10-Bit, 1004A A-D Converter

Figure 11’s A—D has less resoiution than the previous cir-
cuit, but requires only 100zA. The design consists of a cur-
rent source, an integrating capacitor, a comparator and
some logic elements. When a pulse is applied to the con-
vert command input {trace A, Figure 12), the paralleled
74C906 sections reset the 0.0754F capacitor to zero (trace
B). Simultaneously, 74C14 inverter A goes low, biasing the
2N3809 current source on. During this interval the current
source stabilizes, delivering its output to ground via the
paralleled 74C906 sections. On the falling edge of the con-
vert command pulse the 0.0754F capacitor begins to
charge linearly. When the ramp volitage equals the input,
C1 switches. Inverter A goes high, shutting off the current
source. A small current is bled through the 10M-diode con-
nection to keep the ramp charging, but at a greatly re-
duced rate. This insures overdrive for C1, but minimizes

HORIZ =150s/DIV

Figure 10. Micropower SAR A D Waveforms
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current source on-time, saving power. C1’s output, a pulse
(trace C) width, is directly dependent on the value of Ex.
This pulse width gates C2's clock output via the 74C00 -
configuration. The 74C00’s also gate out the portion of
C1's output due to the convert command puise. Thus, the
clock pulse bursts appearing at the output (trace D) are
proportional to Ex. For the arrangement shown, 1024
pulses appear for a 5V full-scale input. The current source
scaling resistor and ramp capacitor specified provide
good temperature compensation because of their oppos-
ing thermal coefficients. The circuit will typically hold
+1 LSB accuracy over 0°C-70°C with an additional
+1 LSB due to the asynchronous relationship between
the clock and the conversion sequence. If the conversion
sequence is synchronized to the clock, the +1LSB asyn-
chronous limitation is removed, and total error falls to
+1LSB over 0°C-70°C. The flip-flop shown in dashed
lines permits such synchronization. Conversion rate varies

™
GV —AAA~—¢

3 470k

v Ov -5V

50K
LT1034

1.2v
130k ™

2N3809 o

with input. At tenth scale 150Hz is possible, decreasing to
20Hz at full-scale.

Power consumption of the A—~D is extremely low, due to
the CMOS logic elements and the LT1017 comparator.
Quiescent (Ejy=0V) current is 100xA at Vgyppry =9V, de-
creasing to 80xA for VgyppLy = 7V. Because current source
on-time varies with input, power consumption also varies.
For Ein=>5YV, current consumption rises to 125:A for
EsyppLy =9V and 1054A at EgyppLy = 7V. Additional power
savings are possible by shutting off the current source
during capacitor reset, but accuracy suffers due to current
source settling time requirements. The 0.0754F capac-
itor's accumulated charge is thrown away at each reset. A
smaller capacitor would help, but C1's bias currents would
introduce significant error,

Turning off the current source after C1 switches saves sig-
nificant power. Figure 13, taken at a 25mV input, shows
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Figure 11. 10-Bit, 100,AA-D
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Figure 12. Waveforms for the 100,A A-D
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Figure 13. Detail of the Switched Slope Capacitor Charging
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the ramp zero reset and the clean switching. When the cur-
rent source switches off, the ramp slope decreases but
continues to move upward, insuring overdrive. The 10M-
diode pair provides the charge, but less than a microam-
pereis lost.

20us Sample-Hold

Figure 14 is a companion sample-hold for the SAR A-D.
Acquisition time is 20us, with low power operation (see
Figure 14 table). This circuit takes full advantage of the
programming pin on the LT1006 op amp to maximize
speed-power performance. When the sample command
(trace A, Figure 15)is given, the CD4066 switches close. S1
and S2 allow A1’s output (trace B) to charge the capacitor
(trace C is capacitor current). Simultaneously S3 and S4
close, raising the op amp’s internal bias network. This

V~-10V

puts both amplifiers into hyperdrive, boosting slew rate to
speed acquisition time. A2 (trace D) is seen to settle
cleanly to 1mV in 20us. When the sample command goes
low, all switches go off, A2 follows the voltage stored on
the capacitor, and supply current drops by a factor of five
(see Figure 14 table). In normal operation, sample time is
short compared to hold and current consumption is low.
The 360k resistors set the circuit’s hold mode quiescent
current at the value noted in the table.

10kHz Voltage-to-Frequency Gonverter

Figure 16, another data converter, is a voltage-to-fre-
quency converter. A 0V-5V input produces a OkHz-10kHz
output, with a linearity of 0.02%. Gain drift is 40ppm/°C.
Maximum current consumption is only 1454A, far below
currently available units.
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Figure 14. Micropower Sample-Hold
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Figure 15. Figure 14’s Waveforms
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The evolution of this circuit is described in Box Section A,
“Some Guidelines for Micropower Design and an Exam-
ple”. To understand circuit operation, assume C1's posi-
tive input is slightly below its negative input (C2’s output
is low). The input voltage causes a positive going ramp at
C1's positive input (trace A, Figure 17). C1's output is low,
biasing the CMOS inverter outputs high. This ailows cur-
rent to flow from Q1’s emitter, through the inverter supply
pin to the 0.0014F capacitor. The 10xF capacitor provides
high frequency bypass, maintaining low impedance at
Q1's emitter. Diode connected QB provides a path to
ground. The voltage to which the 0.0014F unit chargesis a

10kHz

function of Q1’s emitter potential and Q6’s drop. When the
ramp at C1’s positive input goes high enough, C1’s output
goes high (trace B) and the inverters switch low (trace C).
The Schottky clamp prevents CMOS inverter input over-
drive. This action pulls current from C1's positive input
capacitor via the Q5-0.0014F route (trace D). This current
removal resets C1’s positive input ramp to a potential
slightly below ground, forcing C1’s output to go low. The
50pF capacitor connected to the circuit output furnishes
AC positive feedback, ensuring that C1's output remains
positive long enough for a complete discharge of the
0.0014F capacitor. The Schottky diode prevents C1’s input
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A=50mv/DIV
B=5V/DIV

C=5v/Dv

D=10mA/DIV

HORIZ =20,s/DIV
Figure 17. Figure 16’s Waveforms

from being driven outside its negative common-mode
limit. When the 50pF unit's feedback decays, C1 again
switches low and the entire cycle repeats. The oscillation
frequency depends directly on the input voltage derived
current.

Q1’s emitter voltage must be carefully controlled to get
low drift. Q3 and Q4 temperature compensate Q5 and Q6
while Q2 compensates Q1's Vgg. The two LT1004s are the
actual voltage reference and the LM334 current source
provides 35uA bias to the stack. The current drive provides
excellent supply immunity (better than 40ppm/V) and also
aids circuit temperature coefficient. 1t does this by
utilizing the LM334’s 0.3%/°C tempco to slightly tempera-

permits, draws only small transient currents during its
charge and discharge cycies. The 50pF-47k positive feed-
back combination draws insignificantly small switching
currents. Figure 18, a plot of supply current vs. operating
frequency, reflects the low power design. At zero fre-
quency, the LT1017’s quiescent current and the 35uA
reference stack bias accounts for all current drain. There
are no other paths for loss. As frequency scales up, the
charge-discharge cycle of the 0.001uF capacitor intro-
duces the 7uA/kHz increase shown. A smaller value
capacitor would cut power, but the effects of stray capaci-
tance, charge imbalance in the 74C14, and LT1017 bias
currents would introduce accuracy errors.

ture modulate the voltage drop in the Q2-Q4 trio. This cor-PM Circuit startup or overdrive can cause the circuit's AC-

rection’s sign and magnitude directly oppose that of the
- 120ppm/°C 0.0014F polystyrene capacitor, aiding over-
all circuit stability.

The Q1 emitter-follower delivers charge to the 0.0014F
capacitor efficiently. Both base and collector current end

up in the capacitor. The paralleled CMOS inverters provide

low loss SPDT reference switching without significant

drive losses. The 0.001xF capacitor, as small as accuracy
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Figure 18. Current Consumption vs. Frequency for Figure 16

coupled feedback to latch. If this occurs, C1's output goes
high. G2, detecting this via the inverters and the 2.7M-
0.14F lag, also goes high. This lifts C1’s negative input and
grounds the positive input with Q7, initiating normal cir-
cuit action.

2 Because the charge pump is directly coupled to C1's out-

put, response is fast. Figure 19 shows the output (trace B)
settling within one cycle for a fast input step (trace A).

A=2v/DIV

B =/ DIV

HORIZ =200us/DIV

Figure 19. Figure 16’s Step Response
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To calibrate this circuit, apply 50mV and select the value
at C1’s input for a 100Hz output. Then, apply 5V and trim
the input potentiometer for a 10kHz output.

An evolutionary history of this design appears in Box
Section A, “Some Guidelines for Micropower Design and
an Example”.

A nice day at the San Francisco Zoo with Celia Moreno
M.D., instrumental in arriving at the final configuration, is:
happily acknowledged.

1MHz Voltage-to-Frequency Converter

Figure 20 is also a V—F converter, but runs at 1MHz full-
scale. Quiescent current is 90uA, ascending linearly to

1.5M

360uA at 1MHz output. Obtaining higher operating fre-
quency requires trade-offs in power consumption and step
response performance. Linearity is 0.02% over a
100Hz-1MHz range, drift about 50ppm/°C and step re-
sponse inside 350ms to full-scale.

This circuit has similarities to Figure 16, although opera-
tion is somewhat different. An input causes A1 to swing
towards ground, biasing Q8. Q8's collector ramps (trace A,
Figure 21) as it charges the 3pF capacitor plus stray
capacitance associated with Q7 and the 74G14 Schmitt in-
put connected to the node. When the ramp hits the
Schmitt’s threshold its output (trace B) goes low, turning
on diode connected Q7. Q7’s path discharges the node

7V T0 10V

ViN A
OV TO 5V v

3
2 2k

>
<
$ 10k

/1 10k
1N4148. 1 W

00 /
A A'A Az

MHz 7

100Hz TRIM
TRIM /2

240k* TYPICAL

E' Vv 12171178 Jmuoa
14F - 228

< l? b
<:¥l =
b:
0
»

a7

*1% FILM RESISTOR

a=2v/ov [l

B=5V/DIV
c=sv/o [

D=1my/DIv IR

A AND B HORIZ =500ns/DIV
C AND D HORIZ = 100,s/DIV

Figure 21. Figure 20’s Waveforms
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capacitances, forcing ramp reset. The 74C14 returns high,
and oscillation commences. The 74C14 also drives the
CD4024 divider, and serves as the circuit’s output. The
divider's + 128 output (trace C) controls a reference-
charge pump arrangement similar to Figure 16’s. A2
furnishes a buffered reference. The 500pF capacitor is
alternately charged and discharged by the LTC201 switch
sections. The charge increments pulled through S1 con-
tinually force A1’s 2uF capacitor to zero (trace D), balanc-
ing the input derived current. The 0.022uF capacitor at the
D1-D2 LTC201 node eliminates excessive differentiated
response, preventing spurious modes. This action closes
alooparound A1, and it servo controls the Q7, Q8, 74C14
oscillator to run at whatever frequency is required to
maintain its negative input at zero. This servo behavior
eliminates oscillator drift and non-linearity as error terms,
allowing the performance specifications noted. The 0.33uF
capacitorat A1 stabilizes the loop. This capacitor accounts
for the circuit's 350ms settling time.

The resistor from the input to A2 sums a small input re-
lated voltage to the reference, improving linearity. The 10M
resistor at Q8's collector deliberately introduces leakage
to ground, dominating all node leakages. This ensures low
frequency operation by forcing Q8 to source current to
maintain oscillations.

The circuit’s current drain, while low, is larger than Figure
16's. The increase is primarily due to high frequency oscil-
lator and divider operation. The series diodes in the
oscillator-divider supply line lower supply voltage, de-
creasing current consumption. Oscillator current is also
heavily influenced by the capacitance and swing at Q8’s
collector. The swing is fixed by the 74C14 thresholds.
Capacitance has been chosen at the lowest possible value
commensurate with desired low frequency operation.

To trim this circuit, put in 5004V and select the indicated
value at A1’s positive input for 100Hz out. Then, put in 5V
and trim the 50k potentiometer for IMHz out. Repeat this
procedure until both points are fixed.

Switching Regulator

No discussion of micropower circuitry is complete without
mention of switching regulators. Often, battery voltages
must be efficiently converted to different potentials to
meet circuit requirements. Figure 22 shows a micropower
buck type switching regulator with a quiescent drain of

704A and-20mA output current capability. When the output
voltage drops (trace A, Figure 23) C1’s negative input also
falls, causing its output (trace B) to rise. This turns on the
paralleled 74C907 open source buffers, and their outputs
(trace C) go high. Current ramps up through the inductor,
maintaining the regulator output. When output voltage
rises a small amount, C1’s output returns low and the
cycle repeats. This action maintains regulator output de-
spite line and load changes. The LT1004 serves as a refer-
ence and the 5pF capacitor ensures clean switching at C1.
The 2810 Schottky diode prevents negative overdrives due
to the 5pF unit’s differentiated response; the 1N5817 is a
catch diode, preventing excessive inductor caused nega-
tive voltages.

This circuit’s low quiescent drain is due to the LT1017’s
small operating currents and the 74C907’s low input drive
requirements. Circuit resistor values are kept high to save
current. C2 shuts down the regulator when output current
exceeds 50mA. It does this by comparing the potential
across the 0.20 shunt to a resistively divided portion of the
LT1004 reference. Excessive current drain trips C2 high,
forcing C1’s negative input high. This removes drive from
the 74C907 buffers, shutting down the regulator.

Utilization of a CMOS buffer as a pass switch for a
switching regulator is somewhat unusual, but perform-
ance is quite good. Figure 24 plots efficiency vs. output
current at two input voltages. Efficiencies above 90% are
possible, with output current to 20mA depending on input.

Post Regulated Micropower Switching Regulator

Figure 25 is another buck type switching regulator, but
features a low loss linear post-regulator, quiescent current
of 40xA and 50mA output capacity. The LT1020 linear regu-
lator provides lower noise than a straight switching ap-
proach. Additionally, it offers internal current limiting and
contains an auxiliary comparator which is used to form
the switching regulator.

The switching loop is similar to Figure 22's circuit. A drop
at the switching regulator's output (pin 3 of the LT1020
regulator; trace A, Figure 26) causes the LT1020’s com:-
parator to go high. The 74C04 inverter chain switches,
biasing the P-channel MOSFET switch’s grid (trace B). The
MOSFET comes on (trace C), delivering current to the in-
ductor (trace D). When the voltage at the inductor-220,F
junction goes high enough (trace A), the comparator

AN23-14
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Figure 22. Micropower Switching Regulator
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8=10v/DIV
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Figure 23. Figure 22’s Waveforms
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switches high, turning off MOSFET current flow. This
switching loop regulates the LT1020’s input pin at a value
set by the resistor divider in the comparator’s negative in-
put and the LT1020's 2.5V reference. The 680pF capacitor
stabilizes the loop and the 1N5817 is the catch diode. The
270pF capacitor aids comparator switching and the 2810
diode prevents negative overdrives.

The low dropout LT1020 linear regulator smoothes the

switched output. Output voltage is set with the feedback
pin associated divider. A potential problem with this cir-
cuit is start-up. The switching loop supplies the LT1020’s
input but relies on the LT1020’s internal comparator to
function. Because of this, the circuit needs a start-up
mechanism. The 74C04 inverters serve this function. When
power is applied, the LT1020 sees no input, but the invert-
ers do. The 220k path lifts the first inverter high, causing
the chain to switch, biasing the MOSFET and starting the
circuit. The inverter's rail-to-rail swing also provides ideal
MOSFET grid drive.

IRFD9120 100mH — DALE TE-5Q4-TA

Even though this circuit’s 40uA quiescent current is lower
than Figure 22's, it can source more current. The ex-
tremely small quiescent current is due to the low LT1020
drain and the MOS elements. Figure 27 plots efficiency vs.
output current for two LT1020 input-output differential
voltages. Efficiency exceeding 80% is possible, with out-
puts to 50mA available.

Figures 28 and 29 show two other LT1020 micropower
regulator based circuits. In many processor based sys-
tems it is desirable to monitor or control the power down
sequence. Figure 28 produces a logical “1” output when
the regulator output begins to dropout (e.g., battery is
low). Here, the regulator is programmed for a 5V output
with the 1MQ feedback resistors. The 0.0014F capacitor
provides frequency compensation. The LT1020’s internal
comparator senses the difference between the chip’s 2.5V
reference and a small portion of the IC’s pass transistor
current (supplied at pin 13). At the edge of dropout, the

V=6V 10V —t . .
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Figure 25. Micropower Post-Regulated Switching Regulator
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LT1020’s pass transistor goes towards saturation, raising
pin 13's voltage. This trips the comparator, and its output
goes high. This signal can be used to alert a processor
that power is about to go down.

Figure 29 is similar, except that power is turned com-
pletely off when dropout begins to occur, preventing un-
regulated supply conditions. The comparator feedback is
arranged for a hysteresis type response. Although the out-
put turns off at dropout, it will not turn on until:

_VINXR2

This prevents battery ‘“creep back” from causing
oscillation.

Figure 30 shows a simple way to shut the LT1020 down. In
this state it draws only 404A. The logic signal forces the
feedback pin above the internal 2.5V reference, and all
drive is removed from the output transistor. Figure 31
shows a low loss way to implement a “glitchless” memory
battery backup. During line powered operation, the right
LT1020 does the work. The feedback string is arranged so
that the left LT1020 does not conduct under line powered

TurnOn = R+ R0 =2.5V conditions. When the line goes down, the associated
+ LT1020 begins to go off, allowing the battery driven regula-
tor to turn on, maintaining the load.
Vin>5.2v 3 R
1g=404A Vin Vour _I_ 5v
LT1020 To‘uow 3 MJ_
+ < +
104F GND e |- 10uF
I ? N4148 (i‘M’Jj
= = SHUTDOWN ==
Figure 30. LT1020 Shutdown
i
MAIN 2 2 3 BATTERY
POWER— Vi Vour Vour ViIv iyt
LT1020 0.C01uF M LT1020
" = 11 ‘
GND F8 Tw”F F8 GND
_|_9 50k = -LQ
INTERNAL PAR-;\%ITIC =
DIODES OF LT1020 .
Vit Vour
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