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PIN
/10 DESCRIPTION
NO. NAME
1 Vour O Output
2 V P Negative Supply
3 IN* I Noninverting Input
4 IN- I Inverting Input
5 V* P Positive Supply
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Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)("

Parameter Min Max Unit
Differential Input Voltage + Supply Voltage \%
Output Short Circuit Duration See @
Supply Voltage (V+ - V-) 6 Vv
Voltage at Input/Output Pins (V7)-0.3 (V*) +0.3 Vv
Current at Input Pin ® +10 mA
Storage Temperature, Tstg —65 150 °C
Junction Temperature,TJ 150 °C
Lead Temperature (Soldering, 10 seconds) - 245 °C
o Human-body model (HBM) +1000
Electrostatic discharge : \
Machine model (MM) +100
Junction-to-ambient thermal SC70 478 °C/W
resistance Resa SOT-23 265 °C/W

1. Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under recommended operating

conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

2. Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in
exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of £30mA over long term may adversely affect

reliability.

3. Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings.

Recommended Operating Conditions

Parameter Min Max Unit
Supply Voltages (V* - V7) 2.7 5.5 \Y
Temperature Range(" -40 85 °C

(1) The maximum power dissipation is a function of TJmax), 6sa. The maximum allowable power dissipation at any ambient temperature is
Pp = (Tymax) — Ta) / B4a. All numbers apply for packages soldered directly onto a PCB.
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Electrical Characteristics, 2.7 V

Unless otherwise specified, all limits ensured for Ta = 25°C, Vem=V*/2,V*=27V,V =0V~

Symbol Parameter Test Conditions Min Typ Max | Unit
-6 10.8 +6
Vos |Input Offset Voltage mV
At temp extremes -8 +8
. 30 400
Is Input Bias Current nA
At temp extremes 600
5 200
los Input Offset Current nA
At temp extremes 400
cMRrr |Common-Mode Rejection 14y, Ly <o 7y 52 62 dB
Ratio
PSRR | Power Supply Rejection Ratio [V*=2.7V1to5V 65 85 dB
- V~-0.1 |-0.2 to 2.9|V* +0.1
Vem Input Common-Mode Voltage CMRR > 50 dB v
Range At temp extremes \'A Al
Output Swing High (LMV7239 IL=4 mA, Vip=500 mV V*-0.35| V*-0.26 \Y
only) IL=0.4 mA, Vo = 500 mV V*-0.02 Vv
Vo IL=-4 mA, Vip=-500 mV 230 350
mV
Output Swing Low At temp extremes 450
IL=-0.4 mA, Vip =-500 mV 15 mV
Sourcing, Vo = 0V (LMV7239 only) 15 mA
Isc Output Short Circuit Current
Sinking, Vo = 2.7 V (LMV7235, RL = 10 k) 20 mA
| Supply C ¢ No load 52 85 A
u urren
S PPy At temp extremes 100 H
Overdrive = 20 mV Croap = 15 pF @ 96 ns
tro | Propagation Delay Overdrive = 50 mV Croap = 15 pF @ 87 ns
Overdrive = 100 mV Croap = 15 pF @ 85 ns
Propagation Delay Skew L 3
tskew (LMV7239 only) Overdrive = 20 mV 2 ns
LMV7239 10% to 90% 1.7 ns
tr Output Rise Time
LMV7235 10% to 90%* 112 ns
tr Output Fall Time 90% to 10% 1.7 ns
| Output Leakage Current 3 nA
LEARASE 1 (LMV'7235 only)

(1) CMRR is not linear over the common mode range. Limits are guaranteed over the worst case from 0 to Vccre or Vecr to
Vce.

(2) A 10k pullup resistor was used when measuring the LMV7235. The rise time of the LMV7235 is a function of the R-C
time constant.

(3) Propagation Delay Skew is defined as the absolute value of the difference between troLh and trorL.
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Electrical Characteristics, 5V

Unless otherwise specified, all limits ensured for Ta = 25°C, Vem=V */2,V*=5V, V- =0V.

Symbol Parameter Test Conditions Min Typ Max | Unit
-6 +1 +6
Vos Input Offset Voltage mV
At temp extremes -8 +8
. 30 400
Is Input Bias Current nA
At temp extremes 600
5 200
los Input Offset Current nA
At temp extremes 400
C -Mode Rejecti
CMRR | ommeniede REIsElon gy < veu <5V 52 67 dB
Ratio
PSRR | Power Supply Rejection Ratio |V*=2.7Vto5V 65 85 dB
| -M V- -0.1 [-0.2t0 5.2| V* +0.1
Ven nput Common-Mode CMRR > 50dB (0] Vv
Voltage Range At temp extremes V- V*
Output Swing High IL=4 mA, Vip =500 mV V*-0.25| V*-0.15 V
(LMV7239 only) I.=0.4 mA, Vip = 500 mV V*-0.01 \Y,
Vo IL=-4 mA, 230 350 iy
Output Swing Low Vip = -500 mV At temp extremes 450
I.=-0.4 mA, Vip = =500 mV 10 mV
Sourcing, Vo =0V 25 55 mA
LMV7239 onl At temp extremes 15
Isc Output Short Circuit Current ( — ) pex
Sinking, Vo =5V 30 60 mA
(LMV7235, RL= 10k) | At temp extremes 20
65 95
Is Supply Current No load HA
At temp extremes 110
Overdrive = 20 mV Croap = 15 pF(" 89 ns
trp Propagation Delay Overdrive = 50 mV Cioap = 15 pF( 82 ns
Overdrive = 100 mV Croap = 15 pF(" 75 ns
Propagation Delay Skew )
t Overd =20 mv®@ 1
SKEW (LMV7239 only) verdrive m ns
i i LMV7239 10% to 90% 1.2 ns
tr Output Rise Time
LMV7235 10% to 90% 100 ns
ts Output Fall Time 90% to 10% 1.2 ns
| Output Leakage Current 3 A
LEARAGE 1 (LMV'7235 only)

(1) A 10k pullup resistor was used when measuring the LMV7235. The rise time of the LMV7235 is a function of the R-C
time constant.
(2) Propagation Delay Skew is defined as the absolute value of the difference between trpLn and tephi.
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Typical Characteristics

(Unless otherwise specified, Vs = 5V, CL = 10pF, Ta = 25°C).
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Figure 5. Sinking Current vs. Output Voltage
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Figure 11. Propagation Delay vs. Capacitive Load

PROPAGATION DELAY (ns)

106 1

Vg= 2.7V
L \VOp=20mV /

102 /

Falling Edge
w0 Lo yA

h%e

\\
Rising Edge
| |

2

©
s3]
\

PROPAGATION DELAY (ns)

(o]
(7]
.\-

5

0 20 40 60 80 100
CAPACITANCE (pF)
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Detailed Description

The LMV7235 and LMV7239 are ultra low power, low voltage, 75-ns comparators. They are ensured
to operate over the full supply voltage range of 2.7 V to 5.5 V. These devices achieve a 75-ns propagation
delay while consuming only 65 pA of supply current at 5 V.

The LMV7235 and LMV7239 have a greater than rail-to-rail common-mode voltage range. The input
commonmode voltage range extends 200 mV below ground and 200 mV above supply, allowing both
ground and supply sensing.

Functional Block Diagram
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Figure 16. Simplified Schematic of LMV7239
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Feature Description

Input Stage

The LMV7235 and LMV7239 are rail-to-rail input and output. The typical input common-mode voltage
range of —0.2 V below the ground to 0.2 V above the supply. The LMV7235 and LMV7239 use a complimentary
PNP and NPN input stage in which the PNP stage senses common-mode voltage near V - and the NPN stage
senses common-mode voltage near V - . If either of the input signals falls below the negative common mode
limit, the parasitic PN junction formed by the substrate and the base of the PNP will turn on resulting in an
increase of input bias current.

If one of the inputs goes above the positive common mode limit, the output will still maintain the correct
logic level as long as the other input stays within the common mode range. However, the propagation delay will
increase. When both inputs are outside the common-mode voltage range, current saturation occurs in the input
stage, and the output becomes unpredictable.

The propagation delay does not increase significantly with large differential input voltages. However, large
differential voltages greater than the supply voltage should be avoided to prevent damage to the input stage.
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Output Stage: LMV7239

The LMV7239 has a push-pull output. When the output switches, there is a low resistance path between
Vcc and ground, causing high output sinking or sourcing current during the transition.

OUTPUT
.

A

Figure 17. LMV7239 Push-Pull Output Stage
Output Stage: LMV7235

The LMV7235 has an open drain that requires a pull-up resistor to a positive supply voltage for the output
to switch properly. The internal circuitry is identical to the LMV7239 except that the upper P channel output
device M4 is absent in the Functional Block Diagram above. When the internal output transistor is off, the
output voltage will be pulled up to the external positive voltage by the external pull-up resistor. This allows the
output to be OR'ed with other open drain outputs on the same bus. The output pull-up resistor can be
connected to any voltage level between V- and V+ for level shifting applications.

Vos

OUTPUT

Figure 18. LMV7235 Open Drain Output
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Device Functional Modes

Capacitive and Resistive Loads

The propagation delay on the rising edge of the LMV7235 depends on the load resistance and
capacitance values.
Noise

Most comparators have rather low gain. This allows the output to spend time between high and low when
the input signal changes slowly. The result is the output may oscillate between high and low when the
differential input is near zero. The high gain of this comparator eliminates this problem. Less than 1 yV of
change on the input will drive the output from one rail to the other rail. If the input signal is noisy, the output
cannot ignore the noise unless some hysteresis is provided by positive feedback. (See Hysteresis.)
Hysteresis

To improve propagation delay when low overdrive is needed hysteresis can be added.
Inverting Comparator With Hysteresis

The inverting comparator with hysteresis requires a three resistor network that is referenced to the supply
voltage V * of the comparator as shown in Figure 19. When V|y at the inverting input is less than Va, the voltage
at the noninverting node of the comparator (Vin < Va), the output voltage is high (for simplicity assume VO
switches as high as V* ). The three network resistors can be represented as R+ /R3 in series with Rz .

Vo

Rioan Vaz

Vin

Vo HIGH

Vo LOW

Vee
Ve
R1 R3 R1
Vaq Vaz
R2 R2 R3

Figure 19. Inverting Comparator With Hysteresis
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The lower input trip voltage VA1 is defined as:
Va1 =VecR2/[(R1// Rz ) + R2)] (1

When VIN is greater than VA, the output voltage is low or very close to ground. In this case the three network
resistors can be presented as Rz // Rz in series with Ry .

The upper trip voltage Va2 is defined as:
Va2=Veec (R2// Rz )/ [(R1) + (R2// Rs )] (2)

The total hysteresis provided by the network is defined as AVa = Va1 - Va2,

— + VCCR'IRZ
RR,+RR, +R,R,

AV,

Non-Inverting Comparator With Hysteresis

A noninverting comparator with hysteresis requires a two resistor network, and a voltage reference (Vrer) at the
inverting input. When Vi is low, the output is also low. For the output to switch from low to high, Vin must rise
up to Vint where Ving is calculated by:

Veer (R, +R
A\/IN1 — REF( 1 2) (4)
RZ
As soon as Vo switches to Vcc, Vasteps to a value greater than Vrer which is given by:
A~ YIN
R, +R,

To make the comparator switch back to its low state, Vin must equal Vrer before Va will again equal Vrer Vinz
can be calculated by:

— VREF(R1 + R2 ) — VCCR1

\Y (6)
IN2 R,
The hysteresis of this circuit is the difference between Vin1 and Vinz.
AVin = VeeR1 / Re. (7)
Vee
VREF 0—— -
Va
ViN 0—\\A, + Vo
Ry .. RL
sAA =
Rz

Figure 20. Noninverting Comparator With Hysteresis

Vg HIGH Vp LOW
+Vee Viny
5V >-4—
R2 Rl
Va = Vier Va=Veer Vo A 4 A
Vinz Vin1
Rl R2
el

Vin

Vin2

Figure 21. Noninverting Comparator Thresholds
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Zero Crossing Detector

In a zero crossing detector circuit, the inverting input is connected to ground and the noninverting input is
connected to a 100 mVpp Ac signal. As the signal at the noninverting input crosses 0V, the comparator’s output
changes state.

- ouT

—O—
e 4

Figure 22. Simple Zero Crossing Detector

Zero Crossing Detector With Hysteresis

To improve switching times and centering the input threshold to ground a small amount of positive
feedback is added to the circuit. Voltage divider R4 and Rs establishes a reference voltage, V1, at the positive
input. By making the series resistance, R plus Rz equal to Rs, the switching condition, V1 = V2, will be satisfied
when Viy = 0.

The positive feedback resistor, Rs , is made very large with respect to Rs || Rs = 2000 Rs ). The resultant
hysteresis established by this network is very small (AV1 < 10 mV) but it is sufficient to insure rapid output
voltage transitions.

Diode D4 is used to ensure that the inverting input terminal of the comparator never goes below
approximately =100 mV. As the input terminal goes negative, D1 will forward bias, clamping the node between
R1 and Rz to approximately =700 mV. This sets up a voltage divider with Rz and Rz preventing V2 from going

below ground. The maximum negative input overdrive is limited by the current handling ability of D1 .
Vee

ViN
Va »—0 Vo

Vi g

— W ——

Rs

Figure 23. Zero Crossing Detector With Hysteresis
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Threshold Detector

Instead of tying the inverting input to 0 V, the inverting input can be tied to a reference voltage. As the
input on the noninverting input passes the Vgrer threshold, the comparator’s output changes state. It is

important to use a stable reference voltage to ensure a consistent switching point.
V
IN

out

VRer

Figure 24. Threshold Detector
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Application Information

The LMV7235 and LMV7239 are single supply comparators with 75 ns of propagation delay and only 65
WA of supply current.

Typical Applications

C1

N

—0O Vo

Vi o—\W M

i R fflj

Figure 25. Square Wave Oscillator

Design Requirements

A typical application for a comparator is as a square wave oscillator. The circuit in Figure 25 generates a
square wave whose period is set by the RC time constant of the capacitor C1 and resistor Ry .

Detailed Design Procedure

The maximum frequency is limited by the large signal propagation delay of the comparator and by the
capacitive loading at the output, which limits the output slew rate.

[}
Ve ——— —
- - - - Vee
Ver  Vm 2—=
v ’ 2 Ve
A2 ~ < < 3
~ ~
t=20 |
— T | t——
—
time

Figure 26. Square Wave Oscillator Timing Thresholds

Consider the output of Figure 25 to be high to analyze the circuit. That implies that the inverted input (Vc) is
lower than the noninverting input (Va). This causes the C1 to be charged through R4 , and the voltage Vc
increases until it is equal to the noninverting input. The value of VA at this point is:

Vec *R,

—_ ¢cc 2 8
M R2+RJIR, ®)

If Ri =R2=Rs3, then Va1 =2 Vcc/3

At this point the comparator switches pulling down the output to the negative rail. The value of Va at this point
is:
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— Vee(RAlIR;)
2R +(RJIR,)

(9)

If R = R2=Rs3, then Va2 = Vce/3.

The capacitor C1 now discharges through R4 , and the voltage V¢ decreases until it is equal to Va2, at which
point the comparator switches again, bringing it back to the initial stage. The time period is equal to twice the
time it takes to discharge C+ from 2Vcc/3 to Vcc/3, which is given by R4C1 -In2. Hence the formula for the
frequency is:

F =1/(2'R4 -C1 *In2) (10)

The LMV7239 should be used for a symmetrical output. The LMV7235 will require a pullup resistor on the
output to function, and will have a slightly asymmetrical output due to the reduced sourcing current.

Application Curves

Figure 27 shows the simulated results of an oscillator using the following values:
1.R1=R2=R3=R4 =100 kQ

2.C1 =100 pF, CL =20 pF

3.V+=5V,V-=GND

4. Cstray (not shown) from Va to GND = 10 pF

6
Vour
5 |
N ]
A \

N W 7

VOUT (V)

0 10 20 30 40 50
TIME (us)

Figure 27. Square Wave Oscillator Output Waveform

Crystal Oscillator

A simple crystal oscillator using the LMV7235 or LMV7239 is shown in Figure 28. Resistors R1 and Rz set
the bias point at the comparator’s noninverting input. Resistors, Rz and R4 and capacitor C1 set the inverting
input node at an appropriate DC average level based on the output. The crystal’'s path provides resonant
positive feedback and stable oscillation occurs. The output duty cycle for this circuit is roughly 50%, but it is
affected by resistor tolerances and to a lesser extent by the comparator
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100K Crystal
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AN

100K
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Figure 28. Crystal Oscillator

Infrared (IR) Receiver

The LMV7235 and LMV7239 can also be used as an infrared receiver. The infrared photo diode creates a
current relative to the amount of infrared light present. The current creates a voltage across RD. When this
voltage level cross the voltage applied by the voltage divider to the inverting input, the output transitions.

%§

Figure 29. IR Receiver

V'
£R1

VREF2 +

Figure 30. Window Detector

Window Detector

A OUTPUTA

8 OUTPUTB

VREF1

A window detector monitors the input signal to determine if it falls between two voltage levels. Both outputs are
true (high) when Vrer1 < Vin < VRer2
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4 ViN /OUTPUT B

VREF2

VREF1

/ OUTPUTA

B
L

BOTH OQUTPUTS
ARE HIGH

Figure 31. Window Detector Output Signal

The comparator outputs A and B are high only when Vgrer1 < Vin < Vrerz, or "within the window", where these
are defined as:

Vrer1 = R3 /R1+R2+R3 ) x V+ (11)

Vrer2 = R2+R3 )/R1+R2+R3 ) x V+ (12)
To determine if the input signal falls outside of the two voltage levels, both inputs on each comparators can be
reversed to invert the logic.
The LMV7235 with an open drain output should be used if the outputs are to be tied together for a common
logic output.
Other names for window detectors are: threshold detector, level detector, and amplitude trigger or detector.

Power Supply Recommendations

To minimize supply noise, power supplies should be decoupled by a 0.01-uF ceramic capacitor in parallel
with a 10-pF capacitor.

Due to the nanosecond edges on the output transition, peak supply currents will be drawn during the time
the output is transitioning. Peak current depends on the capacitive loading on the output. The output transition
can cause transients on poorly bypassed power supplies. These transients can cause a poorly bypassed
power supply to "ring" due to trace inductance and low self-resonance frequency of high ESR bypass
capacitors.

Treat the LMV7235 and LMV7239 as high-speed devices. Keep the ground paths short and place small
(low ESR ceramic) bypass capacitors directly between the V+ and V- pins.

Output capacitive loading and output toggle rate will cause the average supply current to rise over the
quiescent current.
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Physical Dimensions
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Dimensions In Millimeters(SOT23-5)

Symbol: A A1 B C C1 D Q a b e
Min: 1.05 0.00 2.82 2.65 1.50 0.30 0° 0.30
0.95BSC | 1.90BSC
Max: 1.15 0.15 3.02 2.95 1.70 0.60 8° 0.40
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Dimensions In Millimeters(SC70-5)
Symbol: A A1 B C C1 D Q a b e
Min: 0.90 0.00 2.00 2.15 1.15 0.26 0° 0.15 0.65
1.30 BSC
Max: 1.00 0.15 2.20 2.45 1.35 0.46 8° 0.35 BSC
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IMPORTANT STATEMENT:

Huaguan Semiconductor reserves the right to change its products and services without notice. Before ordering, the customer shall obtain the latest relevant
information and verify whether the information is up to date and complete. Huaguan Semiconductor does not assume any responsibility or obligation for the
altered documents.

Customers are responsible for complying with safety standards and taking safety measures when using Huaguan Semiconductor products for system design
and machine manufacturing. You will bear all the following responsibilities: Select the appropriate Huaguan Semiconductor products for your application; Design,
validate and test your application; Ensure that your application meets the appropriate standards and any other safety,security or other requirements. To avoid the
occurrence of potential risks that may lead to personal injury or property loss.

Huaguan Semiconductor products have not been approved for applications in life support, military, aerospace and other fields, and Huaguan Semiconductor
will not bear the consequences caused by the application of products in these fields. All problems, responsibilities and losses arising from the user's use beyond
the applicable area of the product shall be bormne by the user and have nothing to do with Huaguan Semiconductor, and the user shall not claim any compensation
liability against Huaguan Semiconductor by the terms of this Agreement.

The technical and reliability data (including data sheets), design resources (including reference designs), application or other design suggestions, network
tools, safety information and other resources provided for the performance of semiconductor products produced by Huaguan Semiconductor are not guaranteed
to be free from defects and no warranty, express or implied, is made. The use of testing and other quality control technologies is limited to the quality assurance
scope of Huaguan Semiconductor. Not all parameters of each device need to be tested.

The documentation of Huaguan Semiconductor authorizes you to use these resources only for developing the application of the product described in this
document. You have no right to use any other Huaguan Semiconductor intellectual property rights or any third party intellectual property rights. It is strictly
forbidden to make other copies or displays of these resources. You should fully compensate Huaguan Semiconductor and its agents for any claims, damages,
costs, losses and debts caused by the use of these resources. Huaguan Semiconductor accepts no liability for any loss or damage caused by infringement.
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