TECHNOLOGY

FEATURES

Low Quiescent Current: 6.5uA Typ at 5V

Wide Supply Range: 1.4V to 18V

400mV Reference +2% Accuracy Over Temperature
Input Range Includes Ground

Over-The-Top® Input Range

Over-The-Top Open-Collector Qutputs

Internal Hysteresis: 6.omV Typ

Low Input Bias Current: £10nA Max

40mA Typical Output Sink Current

Supports Wired-AND Connections

Choice of Input Polarities: LT6700-1/LT6700-2/
LT6700-3

Low Profile (1mm) SOT-23 (ThinSOT™) Package

APPLICATIONS

Battery-Powered System Monitoring
Threshold Detectors

Window Comparators

Relay Driving

Optoisolator Driving

Industrial Control Systems
Handheld Instruments

| [ ]\D LT6/700-1/L16700-2/LT6700-3

Micropower, Low Voltage,
SOT-23, Dual Comparator
with 400mV Reference

DESCRIPTION

The LT®6700-1/LT6700-2/LT6700-3 combine two mi-
cropower, low voltage comparators with a 400mV refer-
enceinthe 6-lead SOT-23 package. Operating with supplies
from 1.4V up to 18V, the devices draw only 6.5pA typical,
making them ideal for low voltage system monitoring.
Hysteresis is included in the comparators, easing design
requirements to insure stable output operation.

The comparators each have one input available externally,
the other inputs are connected internally to the reference.
The comparator outputs are open collector and the output
load can be referred to any voltage up to 18V, independent
of supply voltage. The output stage sinking capability is
guaranteed greater than 5mA over temperature.

The three versions of the part differ by the polarity of the
available comparator inputs. The LT6700-1 has one in-
verting input and one noninverting input, making it suit-
able for use as a window comparator. The LT6700-2 has
two inverting inputs and the LT6700-3 has two noninvert-
ing inputs. All versions are offered in commercial, indus-
trial and automotive temperature ranges.

ALY, L TC and LT are registered trademarks of Linear Technology Corporation.
Over-The-Top is a registered trademark of Linear Technology.
ThinSQT is a trademark of Linear Technology Corporation.
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LT6/700-1/L16700-2/LT6700-3

ABSOLUTE MAXIMUM RATINGS (vote 1)

Total Supply Voltage (Vg to GND)......ccocvvvrvernnnen. 18.5V  Specified Temperature Range (Note 5)
Input Voltage (+IN, —IN) LT6700CS6-1/-2/-3 ...oevveverriirerrae -40°C to 85°C
(NOte 3) e, 18.5V to (GND - 0.3V) LT67001S6-1/-2/-3 ...oveevereeiiirerern -40°C t0 85°C
Output Voltage (OUT) ................ 18.5V to (GND - 0.3V) LT6700HS6-1/-2/-3 ..o -40°C t0 125°C
Output Short-Circuit Duration (Note 2)............ Indefinite  Maximum Junction Temperature ..........c.c.coueee. 150°C
Input Current (Note 3) ...oeevvneeiieeeece, -10mA  Storage Temperature Range.................... -65°C to 150°
Operating Temperature Range (Note 4) Lead Temperature (Soldering, 10 sec).................. 300°C
LT6700CS6-1/-2/-3 .....coovvrererne. -40°C to 85°C
LT67001S6-1/-2/-3 ....cvvvveererne. -40°C t0 85°C
LT6700HS6-1/-2/-3 .....coovvrerrae. -40°C to 125°C
PACKAGE/ORDER INFORMATION
TOP VIEW TOP VIEW TOP VIEW
OUTA1[] © 16 0UTB OUTA1[] © [ 16 0UTB OUTA1[] © 16 0UTB
GND 2[] [ 15Vg GND 2[] [ 15Vg GND 2[] [ 15Vs
+INAS[ ] [ 14-INB ~-INA3[] [ 14-INB +INAS[ ] [ 14 +INB
S6 PACKAGE S6 PACKAGE S6 PACKAGE

6-LEAD PLASTIC TSOT-23
Tymax = 150°C, 6a = 230°C/W

6-LEAD PLASTIC TSOT-23
Tymax = 150°C, 6y = 230°C/W

6-LEAD PLASTIC TSOT-23
Tamax = 150°C, 6y = 230°C/W

ORDER PART S6 PART ORDER PART S6 PART ORDER PART S6 PART
NUMBER MARKING™ NUMBER MARKING™ NUMBER MARKING*

LT6700CS6-1 LTK7 LT6700CS6-2 LTADL LT6700CS6-3 LTADM

LT67001S6-1 LT67001S6-2 LT67001S6-3

LT6700HS6-1 LT6700HS6-2 LT6700HS6-3

*The temperature grades are identified by a label on the shipping container. Consult LTC Marketing for parts specified with wider operating temperature ranges.

GLGCTRICHL CHHBHCTERISTICS Ta = 25°C, unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VTH(R) Rising Input Threshold Voltage RL =100k, Vg = 2V Swing
Vg=1.4V 394 400 406 mV
Vg =5V 395 400 405 mV
Vg =12V 393 400 407 mV
Vg =18V 392 400 408 mV
VTH(R Falling Input Threshold Voltage Rp =100k, Vg = 2V Swing
Vg=1.4V 386 393.5 401 mvV
Vg =5V 387 393.5 400 mV
Vg =12V 385 393.5 402 mV
Vg =18V 384 393.5 403 mV
HYS HYS = Vryr) = VTH(R) Vg =1.4V, 5V, 12V, 18V, R_ = 100k, Vg = 2V Swing 35 6.5 9.5 mV




LT6700-1/L16700-2/LT16700-3

GLGCTRICHL CHI’-IRHCTERISTICS Ta =25°C, unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Ig Input Bias Current Vg =1.4V, 18V, Vy = Vg +0.01 +10 nA
Vg =14V, V=18V +0.01 +10 nA
Vg =1.4V, 18V, Vjy=0.1V +4 +10 nA

VoL Output Low Voltage 10mV Input Overdrive
Vg =1.4V, Iyt = 0.5mA 55 200 mV
Vg =1.6V, lgyt = 3mA 60 200 mV
Vg =5V, lgyr = 5mA 70 200 mV

lorr Output Leakage Current Vg =1.4V, 18V, Vout = Vs, Viy = 40mV Overdrive 0.01 0.8 PA
Vg =1.4V, Vgyr = 18V, Vi = 40mV Overdrive 0.01 0.8 PA

tpp(HL) High-to-Low Propagation Delay Vg =5V, 10mV Input Overdrive, R = 10k, 29 1]
VoL = 400mV

tpp(LH) Low-to-High Propagation Delay Vg =5V, 10mV Input Overdrive, R = 10k, 18 s
Voy=0.9°Vs

ty Output Rise Time Vg =5V, 10mV Input Overdrive, R = 10k 2.2 s
Vo=(0.1100.9) * Vg

t Output Fall Time Vg =5V, 10mV Input Overdrive, R = 10k 0.22 s
Vo=(0.1t00.9) Vg

Is Supply Current No Load Current
Vg=1.4V 5.7 10.0 PA
Vg =5V 6.5 11.0 PA
Vg =12V 6.9 12.5 PA
Vg =18V 7.1 13.0 PA

The « denotes the specifications which apply over the temperature range of 0°C < Ty < 70°C, unless otherwise specified (Notes 4, 5).

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VTH(R) Rising Input Threshold Voltage Rp =100k, Vg = 2V Swing
Vg=1.4V e [ 3910 409.0 mV
Vg =5V o [ 3925 407.5 mV
Vg =12V e [ 3900 410.0 mV
Vg =18V o | 389.0 411.0 mV
VTH(R Falling Input Threshold Voltage R =100k, Vg = 2V Swing
Vg=1.4V o | 3835 403.5 mV
Vg =5V o | 3845 402.5 mV
Vg =12V o | 3825 404.5 mV
Vg =18V o | 3815 405.5 mV
HYS HYS = Vryr) - VTH(R) Vg =1.4V, 5V, 12V, 18V, R = 100k, Vg = 2V Swing | e 3 11 mV
Ig Input Bias Current Vg=1.4V, 18V, V| = Vg ° +15 nA
Vg =14V, V=18V ° +15 nA
Vg =1.4V, 18V, Vjy=0.1V 15 nA
VoL Output Low Voltage 10mV Input Overdrive
Vg = 1.4V, lgy7 = 0.5mA 250 mV
Vg =16V, lpyr = 3mA 250 mV
VS =5V, |0UT =5mA 250 mV
loFr Output Leakage Current Vg =1.4V, 18V, Vgyr = Vs, V) = 40mV Overdrive | o 1 pA
Vg = 1.4V, Vgyr = 18V, V| = 40mV Overdrive ° 1 pA
Is Supply Current No Load Current
Vg=1.4V ° 13.0 HA
Vg =5V ° 14.0 HA
Vg =12V ° 15.5 HA
Vg =18V ° 16.0 HA
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LT6700-1/L16700-2/LT16700-3

ELGCTR'CHL CH I'-IﬂﬂCTERISTICS The « denotes the specifications which apply over the temperature range of

-40°C < Ty < 85°C, unless otherwise specified (Notes 4, 5).

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VTH(R) Rising Input Threshold Voltage RL =100k, Vg = 2V Swing
Vg=1.4V o | 390 410 mV
Vg =5V o | 392 408 mV
Vg =12V o | 389 411 mV
Vg =18V o | 388 412 mV
VT Falling Input Threshold Voltage RL = 100k, Vg = 2V Swing
Vg=1.4V o | 3825 404.5 mV
Vg =5V e | 3835 403.5 mV
Vg =12V e | 3815 405.5 mV
Vg =18V o | 3805 406.5 mV
HYS HYS = VTH(R) - VTH(F) VS =1.4V, 5V, 12V, 18V, R|_ =100k, Vo =2V SWing (] 2 11.5 mV
I Input Bias Current Vg =1.4V, 18V, V|y = Vg ° +15 nA
Vg=1.4V, V=18V ° 115 nA
Vg =1.4V,18V, V)y = 0.1V +15 nA
VoL Output Low Voltage 10mV Input Overdrive
Vg =1.4V, loyr=0.1mA 250 mV
Vs = 1.6V, loyt = 3mA 250 mV
Vg =5V, lgyt = 5mA 250 mV
lorr Output Leakage Current Vg =1.4V,18V, Vgyr = Vs, Vy = 40mV Overdrive | o 1 A
Vs = 1.4V, Vgyr = 18V, Vi = 40mV Overdrive o 1 pA
Is Supply Current No Load Current
Vg=1.4V ° 14.0 pA
Vg =5V ° 15.0 pA
Vg =12V ° 16.5 PA
Vg =18V ° 17.0 pA

The « denotes the specifications which apply over the temperature range of -40°C < Ty < 125°C,

unless otherwise specified (Notes 4, 5).

LT6700H
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VTHR) Rising Input Threshold Voltage Ry = 100k, Vg = 2V Swing
Vg=1.4V o | 390 411 mV
Vg =5V o | 392 410 mV
Vg=12V o | 389 412 mV
Vg =18V o | 388 413 mV
VTH(R Falling Input Threshold Voltage R =100k, Vg = 2V Swing
Vg =14V o | 3815 405.5 mV
Vg =5V o | 3825 404.5 mV
Vg=12V o | 380.5 406.5 mV
Vg =18V e | 3795 407.5 mV
HYS HYS = Vry(r) = V1He) Vs =1.4V, 5V, 12V, 18V, R_ = 100k, Vo =2V Swing | 2 13.5 mV
I Input Bias Current Vg=1.4V, 18V, V) = Vg ° +45 nA
Vg =14V, V=18V o +45 nA
Vg =1.4V, 18V, Vjy = 100mV +50 nA
VoL Output Low Voltage 10mV Input Overdrive
Vg =14V, loyr = 0.1mA 250 mV
Vg =1.6V, loyt = 3mA 250 mV
Vg =5V, gyt = 5mA 250 mV
loFr Output Leakage Current Vg =1.4V, 18V, Vgyr = Vs, Vjy = 40mV Overdrive | o 1 pA
Vg =1.4V, Vgyr = Vs, Viy = 40mV Overdrive ° 1 PA
Is Supply Current No Load Current
Vg =14V o 16.0 pA
Vg =5V o 17.0 HA
Vg=12V o 18.5 pA
Vg =18V o 19.0 pA
6700123fb
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LT6700-1/L16700-2/L16700-3

ELECTRICAL CHARACTERISTICS

Note 1: Absolute Maximum Ratings are those beyond which the life of the
device may be impaired.

Note 2: A heat sink may be required to keep the junction temperature
below the absolute maximum rating when the output is shorted
indefinitely.

Note 3: The inputs are protected by ESD diodes to the ground. If the input
voltage exceeds —0.3V below ground, the input current should be limited
to less than 10mA.

Note 4: The LT6700CS6-1/-2/-3 and LT67001S6-1/-2/-3 are guaranteed
functional over the operating temperature range of —40°C to 85°C. The

LT6700HS6-1/-2/-3 are guaranteed functional over the operating
temperature range of —40°C to 125°C.

Note 5: The LT6700CS6-1/-2/-3 are guaranteed to meet the specified
performance from 0°C to 70°C. The LT6700CS6-1/-2/-3 are designed,
characterized and expected to meet specified performance from —40°C to
85°C but are not tested or QA sampled at these temperatures. The
LT67001S6-1/-2/-3 are guaranteed to meet specified performance from
—-40°C to 85°C. The LT6700HS6-1/-2/-3 are guaranteed to meet specified
performance from -40°C to 125°C.

PIN FUNCTIONS

-ns [4}— e [+ —

+inB 4 —

400mV

400mV

400mV

REFERENCE __|__

COMP A

1]outA

+INA [3— -ina 3

6700123 PFO1

REFERENCE __|__

REFERENCE __|__

COMP A COMP A

1]ouTa 1]outa

+INA 3 ]—

6700123 PFO2 6700123 PFO3

OUTA (Pin1): Open-Collector Output of Comparator Sec-
tion A. This pin provides drive for up to 40mA of load
current. Off-state voltage may be as high as 18V above
GND (Pin 2), regardless of Vg used.

GND (Pin 2): Ground. This pin is also the low side return
of the internal 400mV reference.

INA (Pin 3): External Input for Comparator Section A. The
voltage on this pin can range from —0.3V to 18V with
respect to GND (Pin 2) regardless of Vg used. The input is
noninverting for the LT6700-1 and LT6700-3, and invert-
ing for the LT6700-2. The other section A comparator
input is internally connected to the 400mV reference.

INB (Pin 4): External Input for Comparator Section B. The
voltage on this pin can range from —0.3V to 18V with
respect to GND (Pin 2) regardless of Vg used. The input is
noninverting for the LT6700-3, and inverting for the
LT6700-1 and LT6700-2. The other section B comparator
input is internally connected to the 400mV reference.

Vg (Pin5): Comparator Core Supply Voltage. The parts are
characterized for operation with 1.4V < Vg < 18V with
respect to GND (Pin 2).

OUTB (Pin 6): Open-Collector Output of Comparator Sec-
tion B. This pin provides drive for up to 40mA of load
current. Off-state voltage may be as high as 18V above
GND (Pin 2), regardless of Vg used.
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LT6/700-1/L16700-2/LT6700-3

TYPICAL PERFORMANCE CHARACTERISTICS
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LT6700-1/L16700-2/L16700-3

TYPICAL PERFORMANCE CHARACTERISTICS
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LT6/700-1/L16700-2/LT6700-3

TYPICAL PERFORMANCE CHARACTERISTICS

Output Saturation Voltage
vs Output Sink Current
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LT6700-1/L16700-2/L16700-3

APPLICATIONS INFORMATION

The LT6700-1/LT6700-2/LT6700-3 devices are a family of
dual micropower comparators with a built-in 400mV ref-
erence. Features include wide supply voltage range (1.4V
to 18V), Over-The-Top input and output range, 2% accu-
rate rising input threshold voltage and 6.5mV typical built-
in hysteresis. The comparator’s open-collector outputs
can sink up to 40mA typical.

Internal Reference

Each of the comparator sections has one input available
externally, with the three versions of the part differing by
the polarity of those available inputs (i.e., inverting or
noninverting). The other comparator inputs are connected
internally to the 400mV reference. The rising input thresh-
old voltage of the comparators is designed to be equal to
that of the reference (i.e.,=400mV). The reference voltage
is established with respect to the device GND connection.

Hysteresis

Each comparator has built-in 6.5mV (typical) hysteresis to
simplify designs, insure stable operation in the presence
of noise at the inputs, and to reject supply rail noise that
might be induced by state change load transients. The
hysteresis is designed such that the falling input threshold
voltage is nominally 393.5mV. External positive feedback
circuitry can be employed with noninverting comparator
inputs to increase effective hysteresis if desired, but such
circuitry will provide an apparent effect on both the rising
and falling input thresholds (the actual internal thresholds
remain unaffected).

Comparator Inputs

A comparator input can swing from ground to 18V,
regardless of the supply voltage used. The typical input
current for inputs well above threshold (i.e., >800mV) is
a few pA leaking into an input. With decreasing input
voltage, a small bias current begins to be drawn out of the
input, reaching a few nA when at ground potential. The
input may be forced 100mV below ground without causing
an improper output, though some additional bias current
will begin to flow from the parasitic ESD input protection
diode. Inputs driven further negative than 100mV below
ground will not cause comparator malfunction or damage

(providedthe currentis limited to 10mA), but the accuracy
of the reference cannot be guaranteed, in which case the
output state of the alternate comparator may be effected.

Comparator Qutputs

The comparator outputs are open collector and capable of
sinking 40mA typical. Load currents are directed out the
GND pin ofthe part. The output off-state voltage may range
between—0.3Vand 18V with respectto ground, regardless
of the supply voltage used. As with any open-collector
device, the outputs may be tied together to implement
wire-AND logic functions.

Power Supplies

The comparator family core circuitry operates from a
single 1.4V to 18V supply. A minimum 0.1uF bypass
capacitor is required between the Vg pin and GND. When
an output load is connected to the supply rail near the part
and the output is sinking more than 5mA, a 1uF bypass
capacitor is recommended. Ininstances where the supply
is relatively “soft” (such as with small batteries) and
susceptible to load steps, an additional 47Q series de-
coupling resistor can further improve isolation of supply
transients from the Vg pin.

Flexible Window Comparator

Using the LT6700-1 as shown in the circuits of Figure 1,
the wire-AND configuration permits high accuracy win-
dow functions to be implemented with a simple 3-resistor
voltage divider network. The section A comparator pro-
vides the V| trip-point and the section B comparator
provides the Vy trip-point, with the built-in hysteresis
providing about 1.7% recovery level at each trip point to
prevent output chatter.

For designs that are to be optimized to detect departure
from a window limit, the nominal resistor divider values
are selected as follows (refer to the resistor designators
shown on the first circuit of Figure 1):

R1 <400k (this sets the divider current >> Ig of inputs)
R2=R1¢(0.98 ¢ Vy/\V -1)
R3=R1e¢(2.5Vy-0.98Vy/V|)

6700123fb
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LT6/700-1/L16700-2/LT6700-3

APPLICATIONS INFORMATION
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Figure 1. Simple Window Gomparator

To create window functions optimized for detecting entry
into a window (i.e. where the output is to indicate a
“coming into spec” condition, as with the examples in
Figure 1), the nominal resistor values are selected as
follows:

R1 <400k (this sets the divider current >> | of inputs)
R2=R1e(1.02Vy/V -1)
R3=R1e(2.54Vy—-1.02°Vy/V})

The worst-case variance of the trip-points is related to the
specified threshold limits of the LT6700 device and the
basic tolerance of divider resistors used. For resistor
tolerance Rrg (e.g. 0.01 for 1%), the worst-case trip-
pointvoltage (either Vy or V) deviations can be predicted
as follows (italicized values are taken from the datasheet,
expressed in volts):

Max dev Vrgip+ = £V1RiPnom * {2 RroL * [(VTRIPnom —0.4)
I N'tRipnom] +1-25 ¢ (Vrnm)max— ViH(R)min)}

Max dev Virrip, = +VrRipnom ® 2 * RroL ® [(VTRiPnom —0.39)
INtRiPnom] +1-27 * (Vrremax— ViH@min)}

Generating an External Reference Signal

In some applications, it would be advantageous to have
access to a signal that is directly related to the internal
400mV reference, even though the reference itself is not
available externally. This can be accomplished to a reason-
able degree by using an inverting comparator section as a
“bang-bang” servo, establishing a nominal voltage, on an
integration capacitor, that is scaled to the reference. This
method is used in Figure 2, where the reference level has

0.1pF
1.4V T0 18V
2 ¢ VRer (Is=10pA)

5 g £
éRSET <%499k 5 Vg : 220k < 220k
+INA OUTA

& T<TgeT

10k
] 1 -INB OUTB 6—@'

ANP< GND 1
Riu( 71 <{499k 3.3uF
2 T

6700123 F02

LT6700-1

3.3uF
T

Rrp = 1M (e.g., YSI 44015, 1.00MQ AT 25°C)

RseT = RrH AT TgeT

*RESISTANCE MAY REQUIRE OPTIMIZATION FOR OPERATION
OVER INTENDED Ry AND Vgyppry RANGES

HYSTERESIS ZONE =0.4°C

Figure 2. Micropower Thermostat/Temperature Alarm

been doubled to drive a resistor bridge. The section B
output cycles on and off to swing the section B input
between its hysteresis trip points as the load capacitor
charges and discharges in a shallow, controlled fashion.
The multiplied reference signal also contains ripple that is
the hysteresis multiplied by the same factor, so additional
filtering is performed at the sense node of the bridge to
prevent comparator chatter in the section A comparator,
which is performing the actual conditional decision for the
circuit.

Instrumentation Grade Pulse Width Modulator (PWM)

Comparators with hysteresis are frequently employed to
make simple oscillator structures, and the LT6700 lends
itself nicely to forming a charge-balancing PWM function.
Thecircuitshownin Figure 3formsa PWM that is intended
to transmit an isolated representation of a voltage differ-

6700123fb
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LT6700-1/L16700-2/L16700-3

APPLICATIONS INFORMATION

ence, rather like an isolated instrumentation amplifier. The
section B comparator is used to generate a 2V reference
supply level for the CMOS NOT gate (inverter), which
serves as the precision switch element for the charge
balancer. The heart of the charge balancer is the section A
comparator, which is detecting slight charge or discharge
states on the 0.22uF “integration” capacitor as it remains
balanced at =400mV by feedback through the NOT gate.
The input sense voltage, V|, is converted to animbalance
current that the NOT gate duty cycle is continually correct-
ing for, thus the digital waveform at the section A com-
parator outputis a PWM representation of Vyy with respect

to the 2V “full scale.” In this particular circuit, the PWM
information drives the LED of an optocoupler, allowing the
Vy information to be coupled across a dielectric barrier.
Asanadditional optiontothe circuit, the feedback loop can
be broken and a second optocoupler employed to provide
the charge balance management. This configuration al-
lows for clocking the comparator output (externally to this
circuit) and providing synchronous feedback such that a
simple AX voltage-to-frequency conversion can be formed
if desired. Approximately 11-bit accuracy and noise per-
formance was observedinaone second integration period
for duty factors from 1% to 99%.

APPLICATIONS INFORMATION
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Figure 3. Isolated PWM or A> Converter
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LT6/700-1/L16700-2/LT6700-3

PACKAGE DESCRIPTION
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PowerPath IS A TRADEMARK OF LINEAR TECHNOLOGY CORPORATION
PART NUMBER DESCRIPTION COMMENTS
LT1017/LT1018 Micropower Dual Comparator 1.1V (Min) Supply Voltage, +1.4mV (Max) Input Offset
LTC1441/LTC1442 Micropower Dual Comparator with 1% Reference 1.182 +1% Reference, £10mV (Max) Input Offset
LTC1998 Micropower Comparator for Battery Monitoring 2.5pA Typ Supply Current, Adjustable Threshold and Hysteresis
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