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SII ‘. S-89430/89431 Series

MINI ANALOG SERIES
S 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER

© Seiko Instruments Inc., 2009-2010 Rev.2.0 oo

The mini-analog series is a group of ICs that incorporate a general purpose analog circuit in a small package.

The S-89430/89431 Series is a CMOS type operational amplifier that feature Rail-to-Rail' I/O and an internal phase
compensation circuit, and operates at a lower voltage with lower current consumption. These features make this product
the ideal solution for small battery-powered portable equipment.

These features enable driving at a lower voltage (from 0.9 V) and with lower current consumption (0.5 pA).

The S-89430A/89431A Series is a single operational amplifier (one circuit).

The S-89430B/89431B Series is a dual operational amplifier (two circuits).

*1. Rail-to-Rail is a trademark of Motorola, Inc.

B Features

o Lower operating voltage than the conventional general-purpose:
Vop=09Vto55V

e Low current consumption (per circuit): lop = 0.5 pA Typ.
o Wide I/O voltage range (Rail-to-Rail): Vemr = Vss to Vpp
e Low input offset voltage: Vio = 10.0 mV Max. (S-89430 Series)

Vio = 5.0 mV Max. (S-89431 Series)
No external capacitors required for internal phase compensation
e Lead-free, Sn 100%, halogen-free1

*1. Refer to “® Product Name Structure” for details.

W Application

o Mobile phones
¢ Notebook PCs
¢ Digital cameras
¢ Digital video cameras

W Package

e SC-88A
e SOT-23-5
e SNT-8A
e TMSOP-8

Seiko Instruments Inc. 1



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
S-89430/89431 Series Rev.2.0 oo

B Block Diagram

1. S-89430A/89431A Series single operational amplifier (one circuit)
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Figure 1

2. S-89430B/89431B Series dual operational amplifier (two circuits)
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Figure 2
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MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
Rev.2.0 oo S-89430/89431 Series

B Product Name Structure

Users can select the product type for the S-89430/89431 Series. Refer to “1. Product nhame” regarding the contents
of product name, “2. Package” regarding the package drawings and “3. Product name list” regarding the product

type.
1. Product name
(1) SC-88A

S-8943 x A C NC - xxx TF x

T— Environmental code
S: Lead-free, halogen-free

G: Lead-free (for details, please contact our sales office)

IC direction in tape specifications

Product code (abbreviation)?

Package name (abbreviation)
NC: SC-88A

Number of circuits
A: 2

Input offset voltage
0: Vio = 10.0 mV Max.
1: V|o =5.0 mV Max.
*1. Refer to the tape specifications.
*2. Referto “3. Product name list”

Seiko Instruments Inc. 3



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
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(2) SOT-23-5, SNT-8A

S-8943 x x C XX - XXX XX X
T— Environmental code

u: Lead-free (Sn 100%), halogen-free
G: Lead-free (for details, please contact our sales office)

IC direction in tape specifications
TF: SNT-8A
T2: SOT-23-5

Product code (abbreviation)?

Package name (abbreviation)
MC: SOT-23-5
PH: SNT-8A

Number of circuits
A: 1 (for SOT-23-5)
B: 2 (for SNT-8A)
Input offset voltage

0: Vio = 10.0 mV Max.
1: Vo =5.0 mV Max.

*1. Refer to the tape specifications.
*2. Referto “3. Product name list”
(3) TMSOP-8

S-8943 x B C FM - xxx TF U

Environmental code
U: Lead-free (Sn 100%), halogen-free

IC direction in tape specifications*1

Product code (abbreviation)*2

Package name (abbreviation)
FM: TMSOP-8

Number of circuits
B: 2

Input offset voltage
0: Vo =10.0 mV Max.
1: V|o = 5.0 mV Max.

*1. Refer to the tape specifications.
*2. Referto “3. Product name list”

4 Seiko Instruments Inc.



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER

Rev.2.0 00 S-89430/89431 Series
2. Package
Package Name Drawing Code
Package ! Tape ! Reel ! Land
SC-88A NP005-B-P-SD , NP005-B-C-SD ; NP005-B-R-SD -
SOT-23-5 MP005-A-P-SD i MP005-A-C-SD 1 MP005-A-R-SD . -
SNT-8A PHO008-A-P-SD ' PHO008-A-C-SD ' PHO008-A-R-SD ' PHO008-A-L-SD
TMSOP-8 FM008-A-P-SD ' FMO008-A-C-SD ' FMO008-A-R-SD ' -
3. Product name list
Table 1
Product name Input offset voltage Number of circuits Package
S-89430ACNC-HBUTFz 10 mV Max. 1 SC-88A
S-89430ACMC-HBUT2x 10 mV Max. 1 SOT-23-5
S-89430BCPH-H4CTFx 10 mV Max. 2 SNT-8A
S-89430BCFM-H4CTFU 10 mV Max. 2 TMSOP-8
S-89431ACNC-HBVTFz 5 mV Max. 1 SC-88A
S-89431ACMC-HBVT2x 5 mV Max. 1 SOT-23-5
S-89431BCPH-H4DTFx 5 mV Max. 2 SNT-8A
S-89431BCFM-H4DTFU 5 mV Max. 2 TMSOP-8
Remark1. x: G or U
2. zzGorS

3. Please select products of environmental code = U for Sn 100%, halogen-free products.
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MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
S-89430/89431 Series Rev.2.0 oo

H Pin Configuration

SC-88A Table 2
Top view
(Product with 1 circuit)
) 4 Pin No. Symbol Description
l:l l:l 1 IN(+) Non-inverted input pin
2 VSS GND pin
3 IN(-) Inverted input pin
4 ouT QOutput pin
5 VDD Positive power supply pin
1 2 3
Figure 3
SOT-23-5 Table 3
Top view (Product with 1 circuit)
5 4 Pin No. Symbol Description
H H 1 IN(+) Non-inverted input pin
2 VSS GND pin
3 IN(-) Inverted input pin
4 ouT Qutput pin
5 VDD Positive power supply pin
1 2 3
Figure 4
Table 4
(Product with 2 circuits)
_I_SONT',E;A Pin No. Symbol Description
view
P 1 OUT1 Output pin 1
g1 O 8|p 2 IN1(-) Inverted input pin 1
dl2 7ln 3 IN1(+) Non-inverted input pin 1
dls slb 4 VSS GND pin
5 IN2(+) Non-inverted input pin 2
q S)p 6 IN2(-) Inverted input pin 2
7 ouT2 Output pin 2
8 VDD Positive power supply pin
Figure 5

6 Seiko Instruments Inc.



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER

Rev.2.0 oo S-89430/89431 Series
Table 5
TMSOP-8 (Product with 2 circuits)
Top view Pin No. Symbol Description
1 OuUT1 Output pin 1
10 8| 2 IN1(=) Inverted input pin 1
2 yd|mm| 3 IN1(+) Non-inverted input pin 1
3 N |==] 4 VSS GND.pln . .
5 IN2(+) Non-inverted input pin 2
4 5| 6 IN2(-) Inverted input pin 2
7 ouT2 Output pin 2
8 VDD Positive power supply pin
Figure 6

Seiko Instruments Inc. 7



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
S-89430/89431 Series
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B Absolute Maximum Ratings

Table 6
(Ta = +25°C unless otherwise specified)
Parameter Symbol Absolute Maximum Rating Unit
Power supply voltage Vbp Vss — 0.3t0 Vss + 7.0 \
Input voltage Vin Vss — 0.3 t0 Vss + 7.0 (7.0 Max.) Vv
Output voltage Vout Vss — 0.3 to Vpp + 0.3 (7.0 Max.) \Y
Differential input voltage VinD 5.5 Vv
. Isource 7.0 mA
Output pin current - 70 Y
SC-88A 350" mw
Power dissipation SOT-23-5 Po 600; mWw
SNT-8A 450 mwW
TMSOP-8 650" mw
Operating ambient temperature Topr —40 to +85 °C
Storage temperature Tstg -551t0 +125 °C

*1.  When mounted on board
[Mounted board]

(1) Board size:
(2) Board name:

Caution

Power Dissipation (Pp) [mW]

Figure 7

114.3 mm x 76.2 mm x t1.6 mm
JEDEC STANDARD51-7

700
600 \
TMSOP-8
500 \\(/ —
SOT-23-5
400 \\ | |
SNT-8A
300 N
AN
A
=0 WA NX
- \
100 M. &\
A\
N
0 Al
0 50 100 150

Ambient Temperature (Ta) [°C]

Power Dissipation of Package (When Mounted on Board)

Seiko Instruments Inc.

The absolute maximum ratings are rated values exceeding which the product could suffer
physical damage. These values must therefore not be exceeded under any conditions.



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
Rev.2.0 oo S-89430/89431 Series

W Electrical Characteristics

Table 7
(Ta = +25°C unless otherwise specified)
. . . Test
Parameter Symbol Conditions Min. Typ. | Max. | Unit Gircuit
Range of operating power Voo B 09 B 55 vV B
supply voltage
1. VDD = 30 V
Table 8
DC Electrical Characteristics (Vpp = 3.0 V) (Ta = +25°C unless otherwise specified)
. . . Test
Parameter Symbol Conditions Min. Typ. | Max. [ Unit Circuit
Current consumption
(per circuit)” %) Vemr = Vour=1.5V - 050 | 0.75 | pA 6
S-89430 Series -10 5 +10 mV 2
Input offset volt \Y Vemr =15V
nput ofiset vottage 0 OMR S-89431 Series 5 | 3 | 45 | mv 2
Input offset current lio — - 1 — pA —
Input bias current Iias - - 1 - pA -
Common-mode input voltage Vour B 0 B 3 v 3
range
. Vss +0.1 V<Vour<Vpp-0.1V,
Voltage gain (open loop) AvoL Vowr = 1.5V, RL = 1.0 MQ 70 80 - dB 9
Maximum output Vou RL = 100 kQ 2.95 — — V 4
swing voltage Vou RL = 100 kQ — — 0.05 V 5
Common-mode input signal
rejection ratio CMRR |Vss <Vewr £ Vop 45 65 - dB 3
Power supply voltage PSRR |Vop=0.9V1t055V 70 | 80 ~ | B 1
rejection ratio
VOUT = VDD — 0.1 V 400 500 — |J.A 7
Source current |
SOURCE [y T =0V 4800 | 6000 | - LA 7
. Vour=0.1V 400 550 - pA 8
Sink current |
S [Vour = Voo 4800 | 6000 | — | wA 8

*1.  When the output is saturated on the Vpp side, a current consumption of up to 3 pA to 5 pA may flow.
Refer to “4. Current consumption (per circuit) vs. Common-mode input voltage range characteristics (voltage
follower configuration)” in “® Characteristics (Typical Data)”".

Table 9
AC Electrical Characteristics (Vpp = 3.0 V) (Ta = +25°C unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. [ Unit
Slew rate SR RL=1.0 MQ, C, = 15 pF (Refer to Figure 17) — 5 — V/ms
Gain-bandwidth product GBP CL=0pF — 4.8 — kHz
Maximum load capacitance CL — — 47 - pF

Seiko Instruments Inc. 9



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER

S$-89430/89431 Series Rev.2.0 0o
2. Vpp=18V
Table 10
DC Electrical Characteristics (Vpp = 1.8 V) (Ta = +25°C unless otherwise specified)
. . . Test
Parameter Symbol Conditions Min. Typ. | Max. | Unit Gircuit
Current consumption
(per circuit)” Iop Vemr = Vour = 0.9 V - 0.50 | 0.75 pA 6
S-89430 Series -10 +5 +10 mV 2
Input offset volt \ Vv =09V
nput offset vottage ° oMR S5-89431 Series 5 | 3 | 5 [ mv | 2
Input offset current lio — — 1 — pA —
Input bias current lgias - - 1 - pA -
Common-mode input voltage Vour B 0 B 18 v 3
range
. Vss+0.1V<Vour<Vpp-0.1V,
Voltage gain (open loop) AvoL Vewn = 0.9 V. R = 1.0 MQ 66 75 - dB 9
Maximum output Vou RL = 100 kQ 1.75 — — V 4
swing voltage VoL RL =100 kQ - - 0.05 \ 5
Common-mode input signal CMRR Vss < Vemr < Vbp 35 55 — dB 3
rejection ratio Vss < Vour < Vpp — 0.3V 45 60 — dB 3
Power supply voltage PSRR |Vop=0.9 V1055V 70 | 80 - | aB 1
rejection ratio
Vour=Vop-0.1V 220 300 — uA 7
S t I
ource curren SOURCE [\ ir =0 V 1200 | 1800 | - | uA 7
. Vour=0.1V 220 300 - pA 8
Sink t I
i cdrren SN TV oyt = Voo 1200 | 1800 | - | uA 8

*1.  When the output is saturated on the Vpp side, a current consumption of up to 3 pA to 5 pnA may flow.
Refer to “4. Current consumption (per circuit) vs. Common-mode input voltage range characteristics (voltage
follower configuration)” in “M Characteristics (Typical Data)”.

Table 11
AC Electrical Characteristics (Vpp = 1.8 V) (Ta = +25°C unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. [ Unit
Slew rate SR RL=1.0 MQ, C, = 15 pF (Refer to Figure 17) — 4.5 — V/ms
Gain-bandwidth product GBP CL=0pF — 5 — kHz
Maximum load capacitance CL — — 47 — pF

10 Seiko Instruments Inc.



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER

Rev.2.0 00 S-89430/89431 Series
3. Vpp=09YV
Table 12
DC Electrical Characteristics (Vpp = 0.9 V) (Ta = +25°C unless otherwise specified)
. . . Test
Parameter Symbol Conditions Min. Typ. | Max. | Unit Gircuit
Current consumption
(per circuit)”? Iop Vemr = Vour = 0.45V - 0.50 | 0.75 pA 6
S-89430 Series -10 +5 +10 mV 2
| ff I \Y Vomr = 0.45 V
nput offset voltage ° oun =045V S 89431 Series 5 | 3 | 5 [ mv | 2
Input offset current lio — — 1 — pA —
Input bias current Isias — — 1 — pA —
Common-mode input voltage Vour B 0 B 09 v 3
range
. Vss+0.1V<Vour<Vpp-0.1V,
Voltage gain (open loop) AvoL Voun = 0.45 V. R, = 1.0 MQ 60 75 - dB 9
Maximum output Von R =100 kQ 0.85 — - \ 4
swing voltage VoL RL =100 kQ - - 0.05 \ 5
Common-mode input signal CMRR Vss < Vemr < Vbp 25 55 — dB 3
rejection ratio Vss < Veomr < Vpp — 0.35V 40 60 — dB 3
Power supply voltage PSRR |Vop=0.9 V1055V 70 | 80 - | aB 1
rejection ratio
Vour=Vop-0.1V 25 65 — uA 7
S t |
ource curren SOURCE VoUT —ovV 20 140 — p.A 7
. Vour=0.1V 10 65 - pA 8
k t |
Sink curren SNC Vo0t = Voo 12 [ 120 | - | uA 8

*1.  When the output is saturated on the Vpp side, a current consumption of up to 3 pA to 5 pnA may flow.

Refer to “4. Current consumption (per circuit) vs. Common-mode input voltage range characteristics (voltage
follower configuration)” in “® Characteristics (Typical Data)”.

Table 13
AC Electrical Characteristics (Vpp = 0.9 V) (Ta = +25°C unless otherwise specified)
Parameter Symbol Conditions Min. | Typ. | Max. [ Unit
Slew rate SR RL=1.0 MQ, C, = 15 pF (Refer to Figure 17) - 4 - V/ms
Gain-bandwidth product GBP CL=0pF — 5 — kHz
Maximum load capacitance CL — — 47 — pF
Seiko Instruments Inc. 11



MINI ANALOG SERIES 0.5 pA Rail-to-Rail CMOS OPERATIONAL AMPLIFIER
S-89430/89431 Series

Rev.2.0 oo

B Test Circuit (Per Circuit)

12

1.

Power supply voltage rejection ratio

Vb
O
Rs
AMA——] >
>—0—O VOUT
[ +
1§
=3 0 45V
777
Figure 8

Input offset voltage

Voo
(@)
Re
. F\M\
) '\/\/\, ' N >—4D—O VOUT
Rs ]
Rr
!
"= Vemr=Vpp /2
hd il

Figure 9

e Power supply voltage rejection ratio (PSRR)
The power supply voltage rejection ratio (PSRR) can be
calculated by the following expression, with Vout measured at
each Vpp.

Test conditions:

When Vpp = 0.9 V: Vpp = Vpo1, Vout = Vour,

When Vpp = 5.5 V: Vpp = Vppz, Vout = Vour
Vb1 — Vb2 RF +Rs

Vourt — Vourz| © Rs

PSRR = 20 log (

e Input offset voltage (Vio)
V R
Vio = (VOUT‘ %) * Fet s

Seiko Instruments Inc.
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3. Common-mode input signal rejection ratio, common-mode input voltage range

Re

Rs
Re

Vi Vbp/ 2
e T

F

4. Maximum output

Voo
o

™

+/>—4D—o VOUT

igure 10

swing voltage (Von)

—Vint Vine

3%

F

5. Maximum output

Voo
@)
- Von
v
R
Vpp /2
777
igure 11

swing voltage (Vo)

Voo Vpp/2
@)

Ru

pp— VIN1 _VIN2

7 F

F

VoL

RN
]

/a
igure 12

« Common-mode input signal rejection ratio (CMRR)

The common-mode input signal rejection ratio (CMRR) can be
calculated by the following expression, with Vour measured at

each V.

Test conditions:

When Vi = Vemr Max.: Vin = Vint, Vout = Vourt,
When Vi = Vemr min.: ViN = Ving, Vout = Voure

Vint — Vine

Rs

CMRR =20 log ( Voutt = Vourz

« Common-mode input voltage range (Vcur)

Re + st
X

The common-mode input voltage range is the range of Viy in
which Vouyr satisfies the common-mode input signal rejection

ratio specifications.

¢ Maximum output swing voltage (Von)

Test conditions:

Ving = % ~01V

Ving = % +01V
R. = 100 kQ

e Maximum output swing voltage (Vo.)

Test conditions:
Ving = % +01V
Ving = % ~01V
R. = 100 kQ

Seiko Instruments Inc.
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14

Current consumption

Voo ¢ Current consumption (lpp)

b

;_-VCMR =Vpp/ 2
77

Figure 13

Source current

Voo Vour ¢ Source current (Isource)
O
Test conditions:
Vour =Vop— 0.1 VorVour=0V
V
N Ving = % -0.1V
= Ving = % +01V
s
—_VIN1 VIN2
sl g
Figure 14
Sink current
Voo e Sink current (Isink)
0O
Test conditions:
VOUT =0.1Vor VOUT = VDD
Ving = % +04V
- Vinz = % -0.1V
s
Vour
—Vini Vine
e A
Figure 15

Seiko Instruments Inc.
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S-89430/89431 Series

9. Voltage gain (open loop)

NN/
Vob Rr Voon

Rs

M
< -0 Vour

Rs

Re

q
—Vomr = Vop/ 2 Vpp /2 -V
hd +F

Figure 16

« Voltage gain (open loop) (AvoL)

The voltage gain (AvoL) can be calculated by the following expression, with measured Vour at each V.

Test conditions:

When Vu = Vpp — 0.1 V: Vm = Vmi1, Vout = Vouri,
When Vy = Vss — 0.1 V: Vi = Ve, Vout = Voure
RL=1MQ

Vi — Ve
Vout1 — Voure

RF + Rs
AvoL =20 Iog ( X RS j

10. Slew rate (SR)
Measured by the voltage follower circuit.

tr =tr =1 ps (Vss to Vpp)

Voo Ny
Vine
Vss
(=0V)
trhL
\ Y/
VOUT VDD X 09
(=Viney) Vpp x 0.1
/ N
trin
Figure 17

Seiko Instruments Inc.

At fall

SR = trHL

At rise
SR

trin

_ Vbpx0.8

N Vpp x 0.8
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B Precautions
¢ When the output is saturated on the Vpp side, a current consumption of up to 3 pA to 5 pA may flow.
Refer to “4. Current consumption (per circuit) vs. Common-mode input voltage range characteristics

(voltage follower configuration)” in “B Characteristics (Typical Data)”.

e Do not apply an electrostatic discharge to this IC that exceeds performance ratings of the built-in electrostatic
protection circuit.

¢ Use this IC with the output current 7 mA or less.

¢ Sll claims no responsibility for any disputes arising out of or in connection with any infringement by products
including this IC of patents owned by a third party.

16 Seiko Instruments Inc.
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S-89430/89431 Series

B Characteristics (Typical Data)

1. Current consumption (per circuit) vs. Power supply voltage

\
Ioo—Vbp, Vss =0V, Vemr = Vour = %
1.0
0.8 85°C
25°C
< 0.6 AN
= AV
804 —
0.2 Ta =-40°C
0.0
0 1 2 3 4 5 6
Voo [V]

2. Voltage gain vs. Frequency
Avo—f, Vop=3.0V, Ves =0V

Avo—f, Vop=1.8V,Vgs=0V

100 TTTTm T 17 100 TTTI T 11
A.. = 40°C I L Ta = —40°C
80 S 80 e
- TN = Nl
. 60 i 5, 60 [25°C
” 85°C N\ S 85° N
S 40 i S 40
< \ < | \
20 S 20 S
0 il . [
0.01 0.1 1 10 100 1000 10000 0.01 0.1 1 10 100 1000 10000
f [Hz] f [Hz]
AvoL—f, Vbb =09V, Vss=0V
100 TTTTm T 17
| =-40°C
80 - H
— N
o g0 T
E \ o
S gsec| a2C | [N
> 40
< N
20 m S
N
0 N
0.01 0.1 1 10 100 1000 10000
f [Hz]
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3. Output current
3.1 Isource vs. Power supply voltage
Isource—Vop, Vour = Vop —~ 0.1V, Vss =0 V

1500 ‘
Ta = -40°C
< 1000 N~
w 25°C —
5 >///
2 500 )
/ = 85°C
0 2 ‘
o 1 2 3 4 5 6

Voo [V]

3.2 Isink vs. Power supply voltage
Isink—Vop, Vour =0.1V, Vss =0V

1500
Ta = —40°C -
— 1000 \ /
e 25°C //
= —
2 500 éé/y
0 4 ‘

o
-
N
w
SN
()]
»
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3.3 Output voltage (Vour) Vs. Isource
Vout-Isource, Vop =3.0 V, Vss =0V

3.0
25
;‘ 2.0 Ta =-40°C
T s 85°C |
3 25°C
1.0
0.5
0.0
0 500 1000 1500 2000
Isource [MA]
Vour-Isource, Vop = 0.9 V, Vgs =0 V
0.9
06 AN | 85°C |
s 06 NN
50 o\ A X
304 |—Ta=-40°C
> 03 | (WA
0.2 | 25°c \ \
0.1 \ Vol
0.0 ) { \
0 50 100 150 200
Isource [HA]

3.4 Output voltage (Vour) vs. lsink
Vout—Isink, Vop =3.0 V, Vss =0V

3.0
25
2.0
1.5
1.0
0.5
0.0

852C

Vour [V]

2590
SCT

I

0 500 1000 1500
Ising [HA]

a=-40°C

2000

Vout—Isink, Vop =0.9 V, Vss =0V

N “ ~85°C

200

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1 —
0.0

Ta =-40°C
25°C

Vour [V]

|

100
Isink [MA]

0 50 150
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Vour [V]

1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Vout—Isource, Vop = 1.8 V, Vss =0 V
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4. Current consumption (per circuit) vs. Common-mode input voltage range
(voltage follower configuration)
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