UMW " sc0s

TSV639x/TSV639x A

Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Description

The TSV639x series of dual and quad
operational amplifiers (op amps) offers low

voltage operation and rail-to-rail input and output.

For applications configured with gain, the
TSV639x series offers an excellent speed/power
consumption ratio, 2.4 MHz gain bandwidth
product while consuming only 60 pA at5 V. The
devices also feature an ultra-low input bias
current and have a shutdown mode (TSV6393,
TSV6395).

These features make the TSV639x family ideal
for sensor interfaces, battery supplied and
portable applications, as well as active filtering.

Applications

Battery-powered applications
Portable devices

Signal conditioning

Active filtering

Medical instrumentation

Package pin connections

Figure 1: Pin connections for each package (top view)
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Features

Rail-to-rail input and output

Low-power consumption: 60 pA typ at 5V
Low supply voltage: 1.5V -55V

Gain bandwidth product: 2.4 MHz typ, stable
for gain equal or above -3 or 4

Low-power shutdown mode: 5 nA typ

Low offset voltage: 800 pV max (A version)
Low input bias current: 1 pA typ

EMI hardened operational amplifiers

High tolerance to ESD: 4 kV HBM
Extended temperature range:

-40 °Cto 125 °C

outt [1 [14] outs
In1- ‘ \<I:E| In4-
In1+ D [12] Ina+
vCC+ [11] vee-
In2+ [10] In3+
In2- E% (<tz| In3-
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®
UMW se0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Absolute maximum ratings and operating conditions

Table 2: Absolute maximum ratings (AMR)

Symbol Parameter Value Unit
Vee | Supply voltage @ 6
Vid Differential input voltage @ +Vee V
Vin Input voltage © (Vec) - 0.2t0 (Vec™) +0.2
lin Input current 10 mA
SHDN | Shutdown voltage @ (Vo) -0.210 (VecH) +0.2 |V
Tstg Storage temperature -65 to 150 oc
T; Maximum junction temperature 150
SOP-8 125
Rinja Thermal resistance junction to °CwW
ambient ®© TSSOP14 100
HBM: human body model ) 4 kv
ESD | MM: machine model © 300 v
CDM: charged device model © 15 kV
Latch-up immunity 200 mA
Notes:

N[ voltage values, except the differential voltage are with respect to the network ground terminal.
@pifterential voltages are the non-inverting input terminal with respect to the inverting input terminal.
(3)Vcc - Vin must not exceed 6 V, Vin must not exceed 6 V.

®The input current must be limited by a resistor in-series with the inputs.

(S)Rth are typical values.

©short-circuits can cause excessive heating and destructive dissipation.

Dhuman body model: 100 pF discharged through a 1.5 kQ resistor between two pins of the device, done for all
couples of pin combinations with other pins floating.

®Machine model: a 200 pF capacitor is charged to the specified voltage, then discharged directly between two
pins of the device with no external series resistor (internal resistor <5 Q), done for all couples of pin combinations
with other pins floating.

(g)Charged device model: all pins plus package are charged together to the specified voltage and then discharged
directly to the ground.

Table 3: Operating conditions

Symbol Parameter Value Unit
Vee Supply voltage 15t05.5 v
Viem Common-mode input voltage range (Vee) - 0.1to (Vec) + 0.1
Toper Operating free-air temperature range -40to 125 °C
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UMW " sc0s

TSV639x/TSV639x A

Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Electrical characteristics

Table 4: Electrical characteristics at VCC+ = 1.8 V with VCC-=0V, Vicm = VCC/2,
Tamb =25 °C, and RL connected to VCC/2 (unless otherwise specified)

Symbol Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
DC performance
TSV639x 3
TSV639xA 0.8
Vio Offset voltage mV
Tmin < Top < Tmax, TSV639x 4.5
Tmin < Top < Trmax, TSV639xXA 2
DVio Input offset voltage drift 2 pVv/°eC
1
) Input offset current, 1 10"
N Vout = Vee/2 Trin < Top < Timax 1 100
. 1 00| PA
o Input bias current,
' Vout = Vee/2 Trin < Top < Timax 1 100
Common mode rejection ratio OVto18V,Vou=09V 53 | 74
CMR
20 log (AVic/AVio) Trin < Top < Trmax 51 4B
) ) Ri=10kQ, Vot =05V1t01.3V 85 95
Avd Large signal voltage gain
Tmin < Top < Tmax 80
High-level output voltage, RL=10kQ 5 35
VoH _
Vou = Vce - Vou RL =10 kQ, Tmin < Top < Tmax 50 v
m
RL=10kQ 4 35
VoL Low-level output voltage
RL =10 kQ, Tmin < Top < Tmax 50
Vo=18V 6 12
Isink
Tmin < Top < Tmax 4
lout mA
Vo=0V 6 10
|source
Tmin < Top < Tmax 4
No load, Vout = Vccl2 40 50 60
lcc Supply current (per operator) HA
Tmin < Top < Tmax 62
AC performance
GBP Gain bandwidth product R.=10kQ, C. =100 pF MHz
. - . - Phase margin = 60 °, Rf = 10 kQ, 4
Gain Minimum gain for stability R. = 10 kQ, C. = 20 pF 3 VIV
RL =10 kQ, C. =100 pF,
SR Slew rate Vou = 05V to 1.3V 0.7 V/us
] ) ) f=1kHz 60
en Equivalent input noise voltage nV/\VHz
f=10kHz 33
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®
UMW se0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Table 5: Shutdown characteristics VCC =1.8V

Symbol ‘ Parameter ‘ Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
DC performance
_ SHDN = Vcc 25 | 50 A
loc (S;|J|pgpl)>;f:tgfsr;t in shutdown mode Tom < Top < 85 °C 200
Tmin < Top < 125 °C 15 | pA
ton Amplifier turn-on time \Fjs::z(l\(/i);-) o (Vec) + 0.2V 200 ~
toft Amplifier turn-off time 5;:22(5?&) 05 Vto (Vec) - 0.7V 20
ViH SHDN logic high 1.35 v
Vi SHDN logic low 0.6
i SHDN current high SHDN = Vcc* 10
I SHDN current low SHDN = Vcc 10 pA
loLeak Output leakage in shutdown mode SHDN = Ve >0
Tmin < Top <125 °C 1 nA
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®
UMW seo0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Table 6: Electrical characteristics at VCC+ =3.3V, VCC-=0V, Vicm = VCC/2, Tamb = 25 °C,
RL connected to VCC/2 (unless otherwise specified)

Symbol ‘ Parameter ’ Conditions ‘ Min. ‘ Typ. ‘ Max. ’ Unit
DC performance
TSV639x 3
TSV639xA 0.8
Vio Offset voltage mV
Tmin < Top < Tmax, TSV639x 4.5
Tmin < Top < Tmax, TSV639xA 2
DVio Input offset voltage drift 2 pv/eC
1 [10®
lio Input offset current
Tmin < Top < Tmax 1 100
1 00| PA
lib Input bias current
Tmin < Top < Tmax 1 100
Common mode rejection ratio 0Vto33V,Vou= 165V 57 | 79
CMR
20 log (AVic/AVio) Trin < Top < Trmax 53 "
) ) RL.=10kQ, Vot=05V1t028V 88 98
Avd Large signal voltage gain
Tmin < TOp < Tmax 83
High-level output voltage, RL=10kQ 6 35
Vor | von = Ve - V.
OH — VCC out RL = 10 kQ, Tmi. < Top < Tmax 50 V
m
R.=10kQ 7 35
VoL Low-level output voltage
RL =10 kQ, Tmin < Top < Tmax 50
Vo=3.3V 23 45
|sink
Tmin < Top < Tmax 20
lout mA
Vo=0V 23 38
ISOUTCE
Tmin < Top < Tmax 20
| Supol (o ton) No load, Vout = 1.75 V 43 55 64 A
cc upply current (per operator W
Tmin < Top < Tmax 66
AC performance
GBP Gain bandwidth product RL=10kQ, CL =100 pF 2.2 MHz
. - . . Phase margin = 60 °, Ry = 10 kQ, 4
Gain Minimum gain for stability R. = 10 kQ, C, = 20 pF 3 VIV
R. = 10kQ, C. =100 pF,
SR Slew rate Vou = 0.5V 0 2.8 V 0.9 Vius
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®
UMW seo0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Table 7: Electrical characteristics at VCC+ =5 V with VCC-=0V, Vicm =VCC/2, Tamb = 25 °C,
and RL connected to VCC/2 (unless otherwise specified)

Symbol ‘ Parameter ’ Conditions ’ Min. ’ Typ. ’ Max. ‘ Unit
DC performance
TSV639x 3
TSV639xA 0.8
Vio Offset voltages mV
Tmin < Top < Tmax, TSV639x 4.5
Tmin < Top < Tmax, TSV639xA 2
DVio Input offset voltage drift 2 pv/eC
) Input offset current, 1 |10®
'° Vout = Veel2 Toin < Top < Trmax 1 100
. o] PA
| Input bias current, 1 10
ib
' Vout = Veel2 Trin < Top < Tmax 1 100
Common mode rejection ratio | 0 Vo5V, Vou= 2.5V 60 80
CMR
20 log (AVid/AVie) Trin < Top < Timax 55
Supply voltage rejection ratio | Vec=1.8t105V 75 93
SVR
20 log (AVcc/AVio) Toin < Top < Trma 73
) ) R.=10kQ, Vouu=05V1to4.5V 89 98
Avd Large signal voltage gain dB
Thmin < Top < Tmax 84
Vrr = 100 MVms , f = 400 MHz 61
EMIRR | EM! rejection ratio, Vre = 100 MVims , f =900 MHz 85
EMIRR = -20 log (Vrrpeak/AVio) | Vge = 100 MVims, f = 1800 MHz 92
Vrr = 100 MVims , f = 2400 MHz 83
v High-level output voltage, Von | R =10 kQ 7 35
OH
= Vcc - Vout RL =10 kQ, Tmin < Top < Tmax 50 v
m
R.=10kQ 6 35
VoL Low-level output voltage
RL = 10 kQ, Tmin < Top < Tmax 50
Vo=5V 40 65
Isink
Tmin < Top < Tmax 35
lout mA
Vo=0V 40 72
|source
Tmin < Top < Tmax 35
CcC
(per operator) Trin < Top < Trmax 72
AC performance
GBP Gain bandwidth product R.=10kQ, C. =100 pF 2.4 MHz
. . ) o Phase margin = 60 °, Rt = 10 kQ, 4
Gain Minimum gain for stability R. = 10 kQ, C. = 20 pF, 3 VIV
SR Slew rate R =10 kQ, C. =100 pF 11 V/us
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®
UMW se0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Symbol Parameter Conditions Min. | Typ. | Max. Unit
] ] ) f=1kHz 60
en Equivalent input noise voltage nV/AHz
f=10 kHz 33
. . . Vec =5 V, fin =1 kHZ, AcL = -10,
THD+N Igltsaé harmonic distortion + Re = 100 kQ, Viem = Vec/2, 0.015 %
BW =22 kHz, Vout = 1 Vims

Table 8: Shutdown characteristics at VCC =5V

Symbol Parameter Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
DC performance
_ SHDN = V¢ 5 50 A
loc (S;|J|pc?pl));f;tgfsr;t in shutdown mode T < Top < 85 °C 200
Tmin < Top < 125 °C 15 | pA
ton Amplifier turn-on time \F;;UI::Z(I\(/S(,:_) Vio (Vec) + 02V 200 N
toft Amplifier turn-off time 5(:::2(5&3 05V to (Vec) - 0.7 V 20
Vin SHDN logic high 2 Y
Vi SHDN logic low 0.8 Y
i SHDN current high SHDN = V¢c* 10
I SHDN current low SHDN = V¢c 10 pA
loLeak Output leakage in shutdown mode SHDN = Vee >0
Tmin < Top <125 °C 1 nA
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UMW " sc02

TSV639x/TSV639xA

Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Electrical characteristic curves

Figure 2: Supply current vs. supply voltage
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Figure 4: Output current vs. output voltage
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Figure 6: Closed loop response for gain = -3
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gure 3: Output current vs. output voltage
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Figure 5: Closed loop response for gain = -10,
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®
UMW se0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Figure 8: Positive slew rate vs. supply voltage in Figure 9: Negative slew rate vs. supply voltage in
closed loop closed loop
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Figure 10: Slew rate vs. supply voltage in open loop Figure 11: Slew rate timing in open loop
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Figure 12: Slew rate timing in closed loop Figure 13: Noise vs. frequency
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®
UMW se0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

Figure 14: Distortion and noise vs. output voltage Figure 15: Distortion and noise vs. frequency
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Figure 16: Distortion and noise vs. output voltage Figure 17: Distortion and noise vs. frequency
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Figure 18: EMIRR vs. frequency at VCC =5V, T=25°C
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TSV639x/TSV639xA

Micropower (60 yA), wide bandwidth (2.4 MHz) CMOS op amps

Figure 19: Input offset voltage vs input common-mode
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Figure 21: Test configuration for turn-on time (Vout

pulled down)
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Figure 20: Input offset voltage vs input common-mode
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Figure 22: Test configuration for turn-off time (Vout

pulled down)
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Figure 23: Turn-on time, VCC =5V, Vout pulled down, Figure 24: Turn-off time, VCC =5V, Vout pulled down,
T=25°C
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TSV639x/TSV639XA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

UMW " s60.

SOP-8

£l
E

A2

Symbol Dimen_sions In Millimeters Dimen_sions In Inches
Min Max Min Max
A 1.350 1.750 0.053 0.069
Al 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
c 0.170 0.250 0.006 0.010
D 4,700 5.100 0.185 0.200
E 3.800 4.000 0.150 0.157
El 5.800 6.200 0.228 0.244
e 1.270(BSC) 0.050(BSC)
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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®
UMW se0. TSV639x/TSV639xA
Micropower (60 pA), wide bandwidth (2.4 MHz) CMOS op amps

TSSOP-14
' —. —r
A A3 A2 Dimensions Dimensions
LELI:QiL]in:EQj:Ij f Symbol | In Millimeters In Inches
Al f Min Max Min Max
D A - 1.200 - 0.0472
b . c Al 0.050 | 0.150 | 0.002 | 0.006
T T i A2 0.900 | 1.050 | 0.037 | 0.043
H H H H H H H UI L A3 0390 | 0490 | 0016 | 0.020
; b 0200 | 0290 | 0.008 | 0012
! C 0.130 | 0.180 | 0.005 | 0.007
| D 4860 | 5060 | 0.198 | 0207
E B [ NI E 6200 | 6.600 | 0253 | 0269
IT El 4300 | 4500 | 0.176 | 0.184
| 0.650 typ. 0.0256 typ.
- : L1 1.000 ref. 0.0393 ref.
I - 0450 [ 0750 | 0.018 | 0.031
1 HHHHBHHEH o O I S
Ordering information
Order code Package Baseqty Deliverymode Marking
UMW TSV6392AIDT SOP-8 2500 Tape and reel V632Al
UMW TSV6392IDT SOP-8 2500 Tape and reel V6392I
UMW TSV6394IPT TSSOP-14 4000 Tape and reel TSV6394
UMW TSV6394AIPT TSSOP-14 4000 Tape and reel TSV6394
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