RICOH

NJU77000/NJU77001/NJU77002

1.5V, 0.23pA/ch, Ultra-Low Power, Excellent EMI Immunity,
Rail-to-Rail Input/Output, CMOS Operational Amplifiers

FEATURES (v+=5V)

eSupply Voltage 1.5V to 5.5V
eInput Offset Voltage
NJU77000 / NJU77001 1.0mV max.
NJU77002 1.3mV max.
eInput Offset Voltage Drift 0.65uV/°C typ.
elnput Bias Current 10pA max.
e|ntegrated EMI Filter EMIRR=89dB typ.
@f=900MHz
eRail-to-Rail Input / Output
eCMOS Technology
eSlew Rate 0.7V/ms
eUnity Gain Frequency 1.0kHz
eUltra-Low Power Supply Current
NJU77000 / NJU77001 0.29pA typ.
NJU77002 0.23pA/ch typ.
ePackage
NJU77000 SOT-23-5M
NJU77001 SC-88A, SOT-23-5M
NJU77002 SOP8 JEDEC 150mil("
MSOPS8 (TVSP8)*
*JEDEC MO-187-DA / thin type
DFN8-U1 (ESON8-U1)™
APPLICATIONS

eBattery-Powered Instruments

eMicro-Power Oxygen Sensors and Gas Sensors
ePower Line Monitoring

eMicro Power Current Sensing

eHealthcare Instruments

DESCRIPTION

The NJU77000/NJU77001/NJU77002 are single/dual
ultra-low power CMOS operational amplifiers designed
specifically to extend battery life and performance for
portable applications. The supply voltage range is 1.5V
to 5.5V and supply current is 0.29pA typ. (single),
0.23pA/ch typ. (dual). The supply current is stable
against ambient temperature and voltage change,
making them suitable for micro power oxygen sensors,
gas sensors, and remote sensor applications.

These devices also feature rail-to-rail I/O and input
offset voltage of 1.0mV max. (single), 1.3mV max. (dual).
Moreover, this series has excellent characteristics ideal
for battery-powered applications, such as 0.65uV/°C typ.
input offset voltage drift, input bias current of 10pA max.
and ability of capacity load drive of 470pF.

NJU77000 series has normal grade (NJU7700x) and A-
Grade (NJU7700xA). A-Grade has improved offset
voltage and supply voltage than normal grade, and
other characteristics are also guaranteed from -40 to
105 °C.

The NJU77000 is available in a 5-pin SOT-23 package.
NJU77001 is offered in 5-pin SOT-23 and SC-88A
packages. NJU77000 and NJU77001 have different pin
functions (see pin configurations). The NJU77002 is
offered in 8-pin SOP JEDEC 150mil, MSOP (TVSP JEDEC
MO-187-DA / thin type) and DFN (ESON) that is thin and
2mm square small package.

m TYPICAL CHARACTERISTIC
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= TYPICAL APPLICATION
Sensor 100kQ
o MA—+ To ADC
Vin _ C —»
Vo
AMA
10MQ
Vo=Vin x 101

IsuppLy=0.23pAlCc

100kQ %

40dB micro power sensor amplifier

() Some packages are under development. Refer to MPRODUCT INFORMATION for details.
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RICOH

NJU77000/NJU77001/NJU77002

= PRODUCT INFORMATION (Ta=25°C)

lsUPPLY PACKAGE / PRODUCT NAME
Vo max. Is max. SOP8 MSOP8 DFN8-U1
max. " 03.
sl S JEDEC 150 mil (TVSP8) (ESON8-U1)
NJU77000F("
1.8mV | 0.49pA - NJU77001F3 NJU77001AF(™ - - -
NJU77000AF™
1.0mV | 0.39uA | 10pA | NJU77001AF3 NJU77001AF(™ - - -
2.0mV | 0.66pA - - - NJU77002EM NJU77002RB1 NJU77002KU1
1.3mV | 0.76uA | 10pA - - NJU77002AE(™M | NJU77002ARB1 | NJU77002AKU1()
m PIN CONFIGURATIONS
PRODUCT NJU77000F(™ NJU77001F(™ NJU77001F3 NJU77002E™ NJU77002RB1
NAME NJU77000AF™ NJU77001AF™ | NJU77001AF3 | NJU77002AE | NJU77002ARB1
SOP8
Package SOT-23-5 SOT-23-5 SC-88A JEDEG 150 mil MSOPS8 (TVSP8)
(Top View) (Top View)
(Top View) . X AOUTPUT [1] (8] v
Pin OUTPUT [ 1] (5] v puT 1] 5] v B F so
: . A -INPUT B OUTPUT
Functions v [2 v [2]
aNpuT [3] 7] outpur A +INPUT [3] '6] B-INPUT
+INPUT [3] (4] -NPUT
v- [4] (5] B+INPUT
PRODUCT NJU77002KU1
NAME NJU77002AKU1(™
Package DFN8-U1 (ESON8-U1)
(Top View)
AOUTPUT [11" -~~~ 18] v
Pin A4NPUT 2] ! 17| BoutPuT
Functions ——- | Exposed | -
A+INPUT (37 | Padon ! 6] B-INPUT
- :Underside; "_'_'
V-4l N '5| B+INPUT
= PRODUCT NAME INFORMATION
NJU77000 F - TE1 /[ NJU77000 F (TE1)
Part Number Package Taping Form

() Under development.

Ver.6.0

RICOH




RICOH NJU77000/NJU77001/NJU77002

= ORDER INFORMATION

PRODUCT NAME PACKAGE RoHS HAIF'SSIIEE i TI?:TNN:'SNHAL MARKING WELE';'T I(\/;SSQ)
NJU77000F (" SOT-23-5 Yes Yes Sn2Bi 17 15 3000
NJU77000AF() SOT-23-5 Yes Yes Sn2Bi 1A 15 3000
NJU77001F(" SOT-23-5 Yes Yes Sn2Bi 16 15 3000
NJU77001AF() SOT-23-5 Yes Yes Sn2Bi 18 15 3000
NJU77001F3 SC-88A Yes Yes Sn2Bi AH 7.5 3000
NJU77001AF3 SC-88A Yes Yes Sn2Bi AK 7.5 3000
NJU77002E™M SOP8 JEDEC 150 mil Yes Yes Sn2Bi 77002 76 2000
NJU77002AE™ SOP8 JEDEC 150 mil Yes Yes Sn2Bi 77002A 76 2000
NJU77002RB1 MSOPS8 (TVSP8) Yes Yes Sn2Bi 77002 18 2000
NJU77002ARB1 MSOPS8 (TVSP8) Yes Yes Sn2Bi 77002A 18 2000
NJU77002KU1 DFN8-U1(ESON8-U1) Yes Yes Sn2Bi 77002 5.3 3000
NJU77002AKU1™ | DFN8-U1(ESON8-U1) Yes Yes Sn2Bi 77002A 5.3 3000
= ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL RATING UNIT
Supply Voltage V*- V- 7 \%
Differential Input Voltage@ Vip +70) \Y
Input Voltage VIN V--0.3 to V*+0.3*) \Y
Power Dissipation (Ta=25°C) 2-Layer / 4-Layer(®
SOT-23-5 390 /520
28;388 ?EDEC 150 mil Po ggg ; ?88 mw
MSOPS8 (TVSPS8) 410/ 540
DFN8-U1 (ESON8-U1) 360 /940
Storage Temperature Range Tstg -565t0 125 °C
Maximum Junction Temperature Timax 125 °C
s THERMAL CHARACTERISTICS
PACKAGE SYMBOL VALUE UNIT
Junction-to-Ambient Thermal Resistance 2-Layer / 4-Layer(®
SOT-23-5 256 /192
28;388 'jEDEC 150 mi ©la ?SZ ; ?gg oW
MSOPS8 (TVSPS8) 2441185
DFN8-U1 (ESON8-U1) 278 /106
Junction-to-Top of Package Characterization Parameter 2-Layer / 4-Layer(®
SOT-23-5 67 /58
gglfgﬁEDEC 150 mil it g; ; ;g oW
MSOPS8 (TVSP8) 511745
DFN8-U1 (ESON8-U1) 42 /25

Under development.

Differential voltage is the voltage difference between +INPUT and -INPUT.

)
)
3) For supply voltage less than 15V, the absolute maximum rating is equal to the supply voltage.
) The absolute maximum input voltage is limited at 7V.

) 2-Layer: Mounted on glass epoxy board. (76.2x114.3x1.6mm: based on EIA/JDEC standard, 2-layer FR-4)
4-Layer: Mounted on glass epoxy board. (76.2x114.3x1.6mm: based on EIA/JDEC standard, 4-layer FR-4),
internal Cu area: 74.2x74.2mm
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RICOH

NJU77000/NJU77001/NJU77002

m POWER DISSIPATION vs. AMBIENT TEMPERATURE

Power Dissipation vs. Temperature

Power Dissipation vs. Temperature
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m RECOMMENDED OPERATING CONDITIONS
PARAMETER SYMBOL CONDITIONS VALUE UNIT
Supply Voltage V*-V- | Ta=25°C 15t055 \%
Operating Temperature Range Topr -40 to 105 °C
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RICOH

NJU77000/NJU77001/NJU77002

m ELECTRICAL CHARACTERISTICS

(V*=5V, V=0V, Vcom=2.5V, RL.=100kQ to 2.5V, Ta=25°C, unless otherwise noted.)

NJU7700xA

NJU7700x

PARAMETER SYMBOL TEST CONDITIONS MIN | — | MAX | MIN | — | MAX UNIT
INPUT
CHARACTERISTICS
Input Offset Voltage Vconm=0V
NJU77000 / NJU77001 Ta=25°C - 0.35 1 - 0.35 1.8
Vio Ta=-40°C to 105°C - - 1.2 - - - mV
NJU77002 Ta=25°C - 035 | 1.3 - |035] 20
Ta=-40°C to 105°C - - 1.5 - - -
Input Offset Voltage Drift Yggﬁ"gov’ Ta=40°Cto
NJU77000 / NJU77001 | AVIo/AT - | oes| 17 | - |oe5| - | MVideg
NJU77002 - 0.65 21 - 0.65 -
. Ta=25°C -10 1 10 - 1 -
Input Bias Current Is Ta=-40°C to 105°C 100 ) 100 ) ) ) pA
Ta=25°C -10 1 10 - 1 -
Input Offset Current lio Ta=-40°C to 105°C -100 ) 100 i i i pA
. Vo=0.5V to 4.5V 70 100 - 70 100 -
Open-Loop Voltage Gain Av Ta=-40°C to 105°C 70 _ i _ i dB
Common-Mode Rejection CMR Vcom=0V to 5V 60 80 - 60 80 - dB
Ratio Ta=-40°C to 105°C 60 - - - -
Common-Mode Input Vv CMR=60dB 0 - 5 0 - 5 v
Voltage Range ‘M| Ta=-40°C to 105°C 0 - 5 - - -
OUTPUT
CHARACTERISTICS
v RL=100kQ to 2.5V 4.9 4.95 - 49 | 4.95 - Vv
, ° % | Ta=-40°C to 105°C 4.9 - - - - -
Maximum Output Voltage y RL=100kQ to 2.5V - [ 005 | 01 | - |005| 01 y
% | Ta=-40°C to 105°C - - 0.1 - - -
POWER SUPPLY
Supply Current (All .
Amplifiers) No Signal
NJU77000 / NJU77001 Ta=25°C - 0.29 0.39 - 0.29 | 0.49
lsuppLY | Ta=_40°C to 105°C - - | 039 | - - - KA
NJU77002 Ta=25°C - 0.46 0.66 - 0.46 | 0.76
Ta=-40°C to 105°C - - 0.66 - - -
V*=1.5V to 5.5V,
Supply Voltage Rejection SVR Voon=0V 70 90 - 70 | 90 - 4B
Ratio Ta=-40°C to 105°C 70 - - - - -
AC CHARACTERISTICS
Slew Rate \G/|\K|Z?(3/BPP .
NJU77000 / NJU77001 SR - 0.8 - - o8| - Vims
NJU77002 - 0.7 - - 0.7 -
Unity-Gain Frequency Gv=20dB, C.=20pF
NJU77000 / NJU77001 fr - 1.1 - - 1.1 - kHz
NJU77002 - 1.0 - - 1.0 -
Phase Margin P CL=20pF - 60 - - 60 - deg
Gain Margin Gm CL=20pF - 30 - - 30 - dB
Equivalent Input Noise f=100Hz )
Current J
NJU77000 / NJU77001 Vni - 600 | - - |00 | - | NVhHz
NJU77002 - 700 - - 700 -
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RICOH

NJU77000/NJU77001/NJU77002

m ELECTRICAL CHARACTERISTICS

(V*=1.8V, V=0V, Vcom=0.9V, R.=100kQ to 0.9V, Ta=25°C, unless otherwise noted.)

NJU7700xA NJU7700x
PARAMETER SYMBOL | TEST CONDITIONS MIN | — | MAX | MIN | TvP | MAX UNIT
INPUT
CHARACTERISTICS
Input Offset Voltage Vconm=0V
NJU77000 / NJU77001 Ta=25°C - 1035 1 - |035| 1.8
Vio Ta=-40°C to 105°C - - 1.2 - - - mV
NJU77002 Ta=25°C - |035] 1.3 - |035]| 20
Ta=-40°C to 105°C - - 15 - - -
Input Offset Voltage Drift Yggﬁ"gov' Ta=40°Cto
NJU77000 / NJU77001 | AVIo/AT - |oes| 17 | - |oes| - | MVideg
NJU77002 - 0.65 21 - 0.65 -
. Ta=25°C -10 1 10 - 1 -
Input Bias Current Is Ta=-40°C to 105°C 100 ) 100 ) ) ) pA
Ta=25°C -10 1 10 - 1 -
Input Offset Current lio Ta=-40°C to 105°C -100 ) 100 i ) i pA
. Vo=0.5V to 1.3V 70 | 100 - 70 | 100 -
Open-Loop Voltage Gain Av Ta=-40°C to 105°C 70 i i i i dB
Common-Mode Rejection CMR Vcom=0V to 1.8V 55 80 - 55 80 - dB
Ratio Ta=-40°C to 105°C 55 - - - - -
Common-Mode Input v CMR2=55dB - 1.8 0 - 1.8 v
Voltage Range ‘M| Ta=-40°C to 105°C 0 - 1.8 - - -
OUTPUT
CHARACTERISTICS
v RL=100kQ to 0.9V 1.7 | 1.75 - 1.7 | 1.75 - Vv
Maximum Outout Vol %" | Ta=-40°C to 105°C 17 | - - - - -
aximum Output Voltage y RL=100kQ to 0.9V - [005] 01 - [005] 01 y
° | Ta=-40°C to 105°C - - 0.1 - - -
POWER SUPPLY
Supply Current (All .
Amplifiers) No Signal
NJU77000 / NJU77001 Ta=25°C - 0.26 | 0.36 - 0.26 | 0.49
lsupPLY | T2=_40°C to 105°C -l - o3| - | - - WA
NJU77002 Ta=25°C - 042 | 0.62 - 042 | 0.76
Ta=-40°C to 105°C - - | 062 | - - -
V*=1.5V to 5.5V,
Supply Voltage Rejection SVR Veom=0V 70 | 90 - 70 | 90 - 4B
Ratio Ta=-40°C to 105°C 70 | - ; N ;
AC CHARACTERISTICS
Slew Rate Gv=0dB, CL=20pF,
SR Vin=1Vrp v/
NJU77000 / NJU77001 - | o7 - - | o7 - ms
NJU77002 - 0.6 - - 0.6 -
Unity-Gain Frequency Gv=20dB, CL.=20pF
NJU77000 / NJU77001 fr - 1.0 - - 1.0 - kHz
NJU77002 - 0.9 - - 0.9 -
Phase Margin ®wm CL=20pF - 60 - - 60 - deg
Gain Margin Gm CL=20pF - 30 - - 30 - dB
Equivalent Input Noise f=100Hz )
Current J
NJU77000 / NJU77001 Vni - 700 | - - | 700 | - | NVAHZ
NJU77002 - 800 - - 800 -
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RICOH NJU77000/NJU77001/NJU77002

m TYPICAL CHARACTERISTICS
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RICOH NJU77000/NJU77001/NJU77002

m TYPICAL CHARACTERISTICS

Input Offset Voltage Drift Distribution Input Offset Voltage Drift Distribution
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RICOH NJU77000/NJU77001/NJU77002

m TYPICAL CHARACTERISTICS
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RICOH NJU77000/NJU77001/NJU77002

m TEST CIRCUIT

® |suppLY e Vio, CMR, SVR
Re=50Q, RFr=50kQ
v Re .
@ AW VIO=—(RG+RF) X(Vqy-Veom)
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R R
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> L
< +
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- - F
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Vou; Vint =V*/2 + 0.1V, Vin- = V*/2, Vcon=V*/2 Re=1kQ, RF=100kQ
Vou; Vin+ =V*/2, Vin- =V*/2 + 0.1V, Vcom=V*/2
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NJU77000/NJU77001/NJU77002

= APPLICATION NOTE

Capacitive Load

The unity gain follower is the most sensitive
configuration to capacitive loading. The combination of
capacitive load placed directly on the output of an
amplifier along with the output impedance of the
amplifier creates a phase lag which in turn reduces the
phase margin of the amplifier. If phase margin is
significantly reduced, the response will be either
underdamped or the amplifier will oscillate.

The NJU77000/NJU77001/NJU77002 can directly drive
capacitive loads of up to 470pF without oscillating. To
drive heavier capacitive loads, an isolation resistor, Riso
as shown Figure1, should be used. Riso improves the
feedback loop’s phase margin by making the output
load resistive at higher frequencies. The larger the value
of Riso, the more stable the output voltage will be.
However, larger values of Riso result in reduced output
swing, reduced output current drive and reduced
frequency bandwidth.

Figure2 shows Riso values at unity gain follower without
oscillating. After selecting Riso for your circuit, double-
check the resulting frequency response peaking and
step response overshoot. Modify Riso’s value until the
response is reasonable.

Vour

Vin O— + CL

1

Figure1. Isolating capacitive load

Isolation Resistance vs. Capacitive Load
Gy=+1, Ta=25°C

100
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o
c
]
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2
5
[}
L

0.1

100p 1n 10n 100n 14

Capacitive Load C_[F]
Figure2. Isolation resistance to improve stability
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EMIRR (EMI Rejection Ratio) Definition

EMIRR is a parameter indicating the EMI robustness of
an Op-Amp. The definition of EMIRR is given by the
following equation1.

VRF,PEAK) _eql

EMIRR = 20 - log (
[AVio|

VRrr peak: RF Signal Amplitude [VP]
AVio: Input offset voltage shift quantity [V]

The tolerance of the RF signal can be grasped by
measuring an RF signal and offset voltage shift
quantity. Offset voltage shift is small so that a value of
EMIRR is big. And it understands that the tolerance for
the RF signal is high. In addition, about the input offset
voltage shift with the RF signal, there is the thinking
that influence applied to the input terminal is dominant.
Therefore, generally the EMIRR becomes value that
applied an RF signal to +INPUT terminal.

EMIRR vs. Frequency
V*IV= $2.5V, Ta=25°C
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RICOH NJU77000/NJU77001/NJU77002
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RICOH NJU77000/NJU77001/NJU77002
SC-88A
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RICOH NJU77000/NJU77001/NJU77002
SOP8 JEDEC 150mil (EMPS8)
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RICOH NJU77000/NJU77001/NJU77002
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RICOH NJU77000/NJU77001/NJU77002

= RECOMMENDED MOUNTING METHOD

INFRARED REFLOW SOLDERING PROFILE

a | Temperature ramping rate 1to 4°C/s
ZBO:C Pre-heating temperature 150 to 180°C
gggog b Pre-heating time 60 to 120s
180°C ¢ | Temperature ramp rate 1to4°Cls
150°C d | 220°C or higher time shorter than 60s
e | 230°C or higher time shorter than 40s
f | Peak temperature lower than 260°C
g | Temperature ramping rate 1to0 6°C/s

The temperature indicates at the surface of mold package.
Room

Temp.

RICOH
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10.

11.

. The products and the product specifications described in this document are subject to change or discontinuation of

production without notice for reasons such as improvement. Therefore, before deciding to use the products, please
refer to Ricoh sales representatives for the latest information thereon.

. The materials in this document may not be copied or otherwise reproduced in whole or in part without prior written

consent of Ricoh.

. Please be sure to take any necessary formalities under relevant laws or regulations before exporting or otherwise

taking out of your country the products or the technical information described herein.

. The technical information described in this document shows typical characteristics of and example application circuits

for the products. The release of such information is not to be construed as a warranty of or a grant of license under
Ricoh's or any third party's intellectual property rights or any other rights.

. The products listed in this document are intended and designed for use as general electronic components in standard

applications (office equipment, telecommunication equipment, measuring instruments, consumer electronic products,
amusement equipment etc.). Those customers intending to use a product in an application requiring extreme quality
and reliability, for example, in a highly specific application where the failure or misoperation of the product could result
in human injury or death (aircraft, spacevehicle, nuclear reactor control system, traffic control system, automotive and
transportation equipment, combustion equipment, safety devices, life support system etc.) should first contact us.

. We are making our continuous effort to improve the quality and reliability of our products, but semiconductor products

are likely to fail with certain probability. In order to prevent any injury to persons or damages to property resulting from
such failure, customers should be careful enough to incorporate safety measures in their design, such as redundancy
feature, fire containment feature and fail-safe feature. We do not assume any liability or responsibility for any loss or
damage arising from misuse or inappropriate use of the products.

. Anti-radiation design is not implemented in the products described in this document.
. The X-ray exposure can influence functions and characteristics of the products. Confirm the product functions and

characteristics in the evaluation stage.

. WLCSP products should be used in light shielded environments. The light exposure can influence functions and

characteristics of the products under operation or storage.

There can be variation in the marking when different AOI (Automated Optical Inspection) equipment is used. In the
case of recognizing the marking characteristic with AOI, please contact Ricoh sales or our distributor before attempting
to use AOL.

Please contact Ricoh sales representatives should you have any questions or comments concerning the products or
the technical information.

@) Ro

Halogen

Compliant

HS Ricoh is committed to reducing the environmental loading materials in electrical devices
with a view to contributing to the protection of human health and the environment.

Ricoh has been providing RoHS compliant products since April 1, 2006 and Halogen-free products since

Free  April 1, 2012.

RICOMH RICOH ELECTRONIC DEVICES CO., LTD.

Official website
https://www.n-redc.co.jp/en/

Contact us

https://www.n-redc.co.jp/en/buy/
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