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AD82335

SPECIFICATIONS

+Vs=5V,-Vs=0V (GND), Ve = 2.5V, Ta = 25°C, G = 5, Rroap = 100 kQ to GND, SDN pin tied to +Vs, unless otherwise noted.

Table 1.
Parameter Test Conditions Min Typ Max Unit
COMMON-MODE REJECTION RATIO (CMRR) Vs =425V, Vrer =0V
CMRR DC Vem=-1.8Vto+1.8V
G=5 90 94 dB
G=10 90 100 dB
G=100 100 110 dB
G=200 100 110 dB
NOISE
Voltage Noise Spectral Density, RTI f=1kHz,G=5 76 nV/\Hz
RTI, 0.1 Hzto 10 Hz
G=5 4 WV p-p
G=200 4 WV p-p
Current Noise 15 fA/NHz
VOLTAGE OFFSET
Input Offset, Vos 2.5 mV
Average Temperature Coefficient (TC) —40°C to +125°C 0.7 uv/°C
Offset RTI vs. Supply (PSR) Vs=18Vto5V
G=5 100 120 dB
G=10 110 126 dB
G=100 110 130 dB
G=200 110 130 dB
INPUT CURRENT
Input Bias Current 1 50 PA
Overtemperature —40°C to +85°C 100 PA
—40°C to +125°C 600 pA
Input Offset Current 0.5 25 pA
Overtemperature —40°C to +85°C 50 PA
—40°C to +125°C 130 PA
DYNAMIC RESPONSE
Small Signal Bandwidth, —3 dB
G=5 23 kHz
G=10 9 kHz
G=100 0.8 kHz
G=200 0.4 kHz
Settling Time 0.01% Vour=4V step
G=5 444 us
G=10 456 us
G=100 992 us
G=200 1816 us
Slew Rate
G=5t0 100 9 mV/ps
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AD8235

Parameter Test Conditions Min Typ Max Unit
GAIN
Gain Range G=5+420kQ/Re 5 200’ VIV
Gain Error Vs=425V,Veer =0V, Vour=-2Vto+2V
G=5 0.005 0.05 %
G=10 0.03 0.2 %
G=100 0.06 0.2 %
G=200 0.15 0.3 %
Nonlinearity R.=10kQ or 100 kQ
G=5 2 10 ppm
G=10 1.2 10 ppm
G=100 0.5 10 ppm
G=200 0.5 10 ppm
Gain vs. Temperature —40°C to +125°C
G=5 0.35 1.5 ppm/°C
G>10 =50 ppm/°C
INPUT
Differential Impedance 440(|1.6 GQ||pF
Common-Mode Impedance 110||6.2 GQ||pF
Input Voltage Range —40°C to +125°C 0 +Vs \Y
OUTPUT
Output Voltage High, Vou RL= 100 kQ 4.98 4,99 Vv
—40°C to +125°C 498 Vv
Ri=10kQ 49 495 Vv
—40°C to +125°C 49 Vv
Output Voltage Low, Vor RL= 100 kQ 2 5 mV
—40°C to +125°C 5 mV
Ri=10kQ 10 25 mV
—40°C to +125°C 30 mV
Short-Circuit Limit, Isc +55 mA
REFERENCE INPUT
Rin —IN,+IN=0V 210 kQ
In 20 nA
Voltage Range =Vs +Vs \
Gain to Output 1 VIV
SHUTDOWN OPERATION
Shutdown current 6 500 nA
—-40°C to +125°C 1.5 HA
SDN PIN INPUT VOLTAGE RANGE
Von —40°Cto +125°C +Vs-0.5 +Vs Vv
Vou —40°C to +125°C -Vs -Vs+05 |V
POWER SUPPLY
Operating Range 1.8 55 Vv
Quiescent Current 30 40 HA
Overtemperature —-40°C to +125°C 50 HA
TEMPERATURE RANGE
For Specified Performance —-40 +125 °C

' Although the specifications of the AD8235 list only low to midrange gains, gains can be set beyond 200.
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AD82335

+Vs=1.8V,-Vs=0V (GND), Vrer = 0.9 V, Ta = 25°C, G = 5, Ruoap = 100 kQ to GND, SDN pin tied to +Vs, unless otherwise noted.

Table 2.
Parameter Test Conditions Min Typ Max Unit
COMMON-MODE REJECTION RATIO (CMRR) Vs =409V, Vrer =0V
CMRR DC Vem=-0.6Vto+0.6V
G=5 90 94 dB
G=10 90 100 dB
G=100 100 110 dB
G=200 100 110 dB
NOISE
Voltage Noise Spectral Density, RTI f=1kHz,G=5 76 nV/vHz
RTI, 0.1 Hzto 10 Hz
G=5 4 WV p-p
G=200 4 UV p-p
Current Noise 15 fA/NHz
VOLTAGE OFFSET
Input Offset, Vos 2.5 mV
Average Temperature Coefficient (TC) —40°Cto +125°C 0.7 pv/°C
Offset RTI vs. Supply (PSR) Vs=18Vto5V
G=5 100 120 dB
G=10 110 126 dB
G=100 110 130 dB
G=200 110 130 dB
INPUT CURRENT
Input Bias Current 1 50 pPA
Overtemperature —40°C to +85°C 100 pPA
—40°C to +125°C 600 pPA
Input Offset Current 0.5 25 pA
Overtemperature —40°C to +85°C 50 PA
—40°C to +125°C 130 PA
DYNAMIC RESPONSE
Small Signal Bandwidth, -3 dB
G=5 23 kHz
G=10 9 kHz
G=100 0.8 kHz
G=200 0.4 kHz
Settling Time 0.01% Vour= 1.4V step
G=5 143 us
G=10 178 s
G=100 1000 us
G=200 1864 us
Slew Rate
G=5t0 100 1 mV/ps
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AD8235

Parameter Test Conditions Min Typ Max Unit
GAIN
Gain Range G=5+420kQ/Re 5 200’ VIV
Gain Error Vs =209V, Vrer =0V, Vour=-0.6Vto +0.6 V
G=5 0.005 0.05 %
G=10 0.03 0.2 %
G=100 0.06 0.2 %
G=200 0.15 0.3 %
Nonlinearity R.=10kQ or 100 kQ
G=5 1 10 ppm
G=10 1 10 ppm
G=100 0.5 10 ppm
G=200 0.4 10 ppm
Gain vs. Temperature —40°C to +125°C
G=5 0.35 1.5 ppm/°C
G>10 =50 ppm/°C
INPUT
Differential Impedance 440||1.6 GQ||pF
Common-Mode Impedance 110||6.2 GQ||pF
Input Voltage Range —40°C to +125°C 0 +Vs \Y
OUTPUT
Output Voltage High, Vou RL= 100 kQ 1.78 1.79 \
—40°C to +125°C 1.78 Vv
R.=10kQ 1.65 1.75 \"
—40°C to +125°C 1.65 \"
Output Voltage Low, Vor RL= 100 kQ 2 mV
—40°C to +125°C mV
Ri=10kQ 12 25 mV
—40°C to +125°C 25 mV
Short-Circuit Limit, Isc +6 mA
REFERENCE INPUT
Rin —IN,+IN=0V 210 kQ
In 20 nA
Voltage Range Vs +Vs \Y
Gain to Output 1 VIV
SHUTDOWN OPERATION
Shutdown Current 6 500 nA
—40°C to +125°C 1.5 HA
SDN PIN INPUT VOLTAGE RANGE
Von —40°Cto +125°C +Vs—-0.5 +Vs Vv
Vou —40°C to +125°C =Vs -Vs+05 |V
TEMPERATURE RANGE
For Specified Performance —-40 +125 °C

' Although the specifications of the AD8235 list only low to midrange gains, gains can be set beyond 200.
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AD82335

ABSOLUTE MAXIMUM RATINGS

Table 3.
Parameter Rating
Supply Voltage 6V
Output Short-Circuit Current 55mA
Input Voltage (Common Mode) +Vs
Differential Input Voltage +Vs
Storage Temperature Range —-65°C to +125°C
Operating Temperature Range —40°C to +125°C
Junction Temperature 125°C
ESD
Human Body Model 1.5kv
Charge Device Model 0.5 kv
Machine Model 200V

THERMAL RESISTANCE

O1ais specified for the worst-case conditions, that is, a device
soldered in a circuit board for surface-mount packages. This
was measured using a standard 4-layer board, unless otherwise
specified.

Table 4. Thermal Resistance

Stresses at or above those listed under Absolute Maximum
Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these
or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

Package Type PCB Power (W)  |8a (°C/W)
11-Ball WLCSP CB-11-1 1S0P’ 0.25 139.1
1.25 130
2S2P? 0.25 69.5
1.25 68.3

' Simulated thermal numbers per JESD51-9:
1-layer PCB (1S0P), low effective thermal conductivity test board.
2 4-layer PCB (2S2P), high effective thermal conductivity test board.

ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
A without detection. Although this product features

patented or proprietary protection circuitry, damage

‘!z I\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to

avoid performance degradation or loss of functionality.
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AD8235

APPLICATIONS INFORMATION

AC-COUPLED INSTRUMENTATION AMPLIFIER

An integrator can be tied to the AD8235 in feedback to create a
high-pass filter, as shown in Figure 43. This circuit can be used
to reject dc voltages and offsets. At low frequencies, the impedance
of the capacitor, C, is high. Therefore, the gain of the integrator
is high. DC voltage at the output of the AD8235 is inverted and
gained by the integrator. The inverted signal is injected back into
the REF pin, nulling the output. In contrast, at high frequencies,
the integrator has low gain because the impedance of C is low.
\/oltage changes at high frequencies are inverted but at a low
gain. The signal is injected into the REF pins, but it is not enough to
null the output. At very high frequencies, the capacitor appears as
a short. The op amp is at unity gain. High frequency signals are,
therefore, allowed to pass.

When a signal exceeds fuicr-rass, the AD8235 outputs the high-

pass filtered input signal.
+Vg
|
0.1pF i
$ SDN :
|
+IN I
O * friH-pass = ﬁ

AD8235

o |- REF

+V,

S
0.1uF @E
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10uF g

v
Figure 43. AC-Coupled Circuit

LOW POWER HEART RATE MONITOR

The low power and small size of the AD8235 make it an excellent
choice for heart rate monitors. As shown in Figure 44, the
AD8235 measures the biopotential signals from the body. It
rejects common-mode signals and serves as the primary gain
stage set at G = 5. The 4.7 pF capacitor and the 100 kQ resistor
set the —3 dB cutoff of the high-pass filter that follows the
instrumentation amplifier. It rejects any differential dc offsets
that may develop from the half-cell overpotential of the electrode.

A secondary gain stage, set at G = 403, amplifies the ECG signal,
which is then sent into a second-order, low-pass, Bessel filter
with —3 dB cutoff at 48 Hz. The 324 Q resistor and 1 pF capacitor
serve as an antialiasing filter. The 1 puF capacitor also serves as a
charge reservoir for the ADC switched capacitor input stage.

This circuit was designed and tested using the AD8609, low
power, quad op amp. The fourth op amp is configured as a Schmitt
trigger to indicate if the right arm or left arm electrodes fall off
the body. Used in conjunction with the 953 kQ resistors at the
inputs of the AD8235, the resistors pull the inputs apart when
the electrodes fall off the body. The Schmitt trigger sends an
active low signal to indicate a leads off condition.

The reference electrode (right leg) is set tied to ground. Likewise,
the shield of the electrode cable is also tied to ground. Some
portable heart rate monitors do not have a third electrode. In
such cases, the negative input of the AD8235 can be tied to GND.

Note that this circuit is shown, solely, to demonstrate the capability
of the AD8235. Additional effort must be made to ensure
compliance with medical safety guidelines.
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Figure 44. Example Low Power Heart Rate Monitor Schematic
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