NJU7045

High Output Current, Rail-to-Rail Input/Output
Single CMOS Operational Amplifier with Shutdown

sGENERAL DESCRIPTION

The NJU7045 is a Railto-Rail Input/Output single CMOS
operational amplifier with a low operating voltage from 2.2V to
5.5V and shutdown function which offers low power operation.

It offers a high output current of 40mA (at VDD=3V) which is
higher than our conventional CMOS operational amplifiers, low
operating current of 350uA (typ. active) and 0.9pA (typ. at shut
down), low voltage operation, low input bias current of 1pA and
ground sensing, which is suitable for various applications. The
NJU7045 is available in 8-lead small surface mount packages of
SOP8 JEDEC 150mil, MSOP8 (TVSP8) and a 6-ead tiny

mPACKAGE OUTLINE

NJU7045E
(SOP8)
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NJU7045F1
package of SOT-23-6. (MSOP8(TVSP8))  (SOT-236)
= FEATURES

eOperating Voltage: 2.2V t0 5.5V
eRail-to-Rail Input/Output
eHigh Output Current: 40mA at Vo=0V
eInput Offset Voltage: Vio=10mV max.
e\Wide Input Common Mode Voltage Range:Vss to Vpp
eQOperating Current: (Active) Iop=350uA typ. (at Vpp=3V)
(Shutdown) Iop=0.9uA typ. (at Vpp=2.2V to 5.5V)
eHigh Input Impedance: 1TQ Typ.
eLow Input Bias Current: ls=1pAtyp.
eGround Sensing
oTiny Package: SOP8 JEDEC 150mil
MSOP8 (TVSP8) MEET JEDEC MO-187-DA/ THIN TYPE
SOT-23-6
= PIN CONFIGURATION
(Top View) (Top View)
PIN FUNCTION PIN FUNCTION
E E 1.NC II EI 1. OUTPUT
2] 7]  2.-INPUT [2] 5] 2.Vss
3. +INPUT 3. +INPUT
[3] 6] 4 [3 (4] 4 NPT
E E 5.NC 5. SHDN
6. OUTPUT NJU7045F1 6. Voo
NJU7045E 7-Voo
NJU7045RB1 8. SHDN




NJU7045

m ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATINGS UNIT
Supply Voltage Vob 7 \%
Common Mode Input Voltage Range Viem 0 to 7 (Note 1) \%
Differential Input Voltage Range Vip 7 \
300 [SOP8]

500 [SOP8] (Note 2)
700 [SOP8] (Note 3)
320 [MSOP8(TVSP8)]
Power Dissipation Po 410 [MSOP8(TVSP8)] (Note 2) mW
540 [MSOP8(TVSP8)] (Note 3)
200 [ SOT-23-6]

410 [ SOT-23-6 ] (Note 2)

580 [ SOT-23-6 ] (Note 3)

Output Current lo +75 [TVSP8, SOT-23-6] mA
Operating Temperature Range Topr -40to +85 °C
Storage Temperature Range Tstg -55t0 +125 °C

(Note 1) For supply voltage less than 7V, the absolute maximum input voltage is equal to the supply voltage.
(Note 2) On the PCB " EIA/JEDEC (76.2x 114.3x 1.6mm, two layers, FR4)"
(Note 3) On the PCB " EIA/JJEDEC (76.2x 114.3x 1.6mm, four layers, FR4) "

FIGURE 1. Power Dissipation vs. Ambient Temperature
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FIGURE 1-2. Power Dissipation vs. Ambient Temperature
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NJU7045

m OPERATING VOLTAGE (Ta=25°C)

PARAMETER SYMBOL RATINGS UNIT

Supply Voltage Vbb 2.2t05.5 \%
aSTATE DEFINITION OF NJU7045 OPERATION
¢"State of NJU7045 Operation” vs. “Turn-on/off Control Voltage Vsp* (2.2V < Vpp < 5.5V, Ta=25°C)

State Definition CONTROL CONDITION State of NU7045 Operation

Amplifier Operating Vsp=Vin Amplifier is active.
_ The output impedance is high, output signal is muted
Shutdown Vsp=ViL and the supply current is reduced.

mELECTRICAL CHARACTERISTICS [Enable/Shutdown Control Information]
e Turn-on/off Control Voltage Range for SHDN Pin

(2.2V < Vpp < 5.5V, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Tum-on Voltage to Enable part Vin (Note 5) Vpp x 0.7 - Vobp V
Tum-off Voltage ViL (Note 5) 0 - Vpp x 0.3 \%
(Note 5) The SHDN pin can't be left unconnected.
oDC CHARACTERISTICS of “SHDN Pin” (2.2V < Vpp < 5.5V, Ta=25"C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Input Bias Current of SHDN Pin Issp 0< Vsp < Vop - - +2 HA
e Tum-on/off Time (2.2V < Vpp < 5.5V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
. TVSDHL < 100ns
Amplifier Tum-off Time Torr FIGURE 2.3 - 1 - us
. TVSDLH < 100ns
Amplifier Turn-on Time Ton FIGURE 2.3 - 10 - us
FIGURE 2. Tore/Ton CONDITION FIGURE 3. Tore/Ton TEST CIRCUIT
+
TVSDHL TVSDLH VDD
—> | —> N _ ,
R, =600Q, C =0pF
+ \ [Re 1=0pF]
Vpp 70%
Vsp " T ~ R ——cC
Voo 30% 0.1V L L
Voo 90% —| o - o o
Vout Vso
Vo 10%
—P —P
TOFF TON
Ver.2012-10-30 /Vewé y R Co, ’



NJU7045

mELECTRICAL CHARACTERISTICS [Shutdown Characteristics]

oDC CHARACTERISTICS (2.2V < Vpp < 5.5V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Output Leak Current lLEAK FIGURE 4 - - +3 MA
Operating Current Ippsp No Signal Apply, - - 0.9 HA
No Load, Vsp £ 0.2V
oAC CHARACTERISTICS (2.2V < Vpp < 5.5V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Mute Level MUTE | Vin=1Vep, =1kHz, - -100 - dB
FIGURE 5
FIGURE 4. LEAK CURRENT TEST CIRCUIT
Vob Vout Measurement Point
[R=100kQ]
._
| _ Vour - 1/2Vpp
LEAK — R|_
1/2 VDD — 1/2 VDD
; Vsp=ViL
FIGURE 5. MUTE LEVEL TEST CIRCUIT
Vin Measurement Point
Vout Measurement Point
[R=600Q]
MUTE LEVEL=Vour/ Vin
1/2 Vpp
1/2 Vpp
- Vsp=ViL ;
/Vewé y R 00 ’ Ver.2012-10-30



mELECTRICAL CHARACTERISTICS [Amplifier Operating]

NJU7045

oDC CHARACTERISTICS (Vpp=5V, 3.5V < Vgp < 5V, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Operating Current Ipp No signal Apply, Vsp=Vpp - 450 700 A

Input Offset Voltage Vio - - 10 mV

Input Bias Current Is - 1 - pA

Input Offset Current lio - 1 - pA

Large Signal Voltage Gain Av R.=10kQ to 2.5V, 70 90 - dB

Vo0=2.5V+2.4V
Common Mode Rejection Ratio CMR CMR+: 2.5V < Vcu £ 5V 44 60 - dB
CMR-: OV £ Vgu £ 2.5V
(Note 6)
Supply Voltage Rejection Ratio SVR 4.0V < Vpp £5.5Y, 55 85 - dB
Vem=Vop/2, Vsp=Vbp

Output Voltage1 Von1 R =10kQ to 2.5V 4.95 - - \Y,

Vo1 R =10kQ to 2.5V - - 0.05 \Y,

Output Voltage2 Von2 R =600Q to 2.5V 4.9 - - \Y,

VoL2 R.=600Q to 2.5V - - 0.10 \Y,

Output Source Current Isource Vo=2.5V 70 - - mA
Output Sink Current Isink Vo=2.5V 70 - - mA

Input Common Mode Voltage Range Vicm CMR = 44dB 0 - 5 \Y,

(Note 6) CMR is represented by either CMR+ or CMR- has lower value.

oAC CHARACTERISTICS (Vpp=5V, 3.5V < Vgp < 5V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Unity Gain Bandwidth GB R.=10kQ to 2.5V - 0.8 - MHz
Total Harmonic Distortion THD f=1kHz, Vin=1Vpp, Ay=0dB - 0.05 - %
Equivalent Input Noise Voltage Vi f=1kHz - 40 - nV/VHz
o TRANSIENT CHARACTERISTICS (Vpp=5V, 3.5V < Vgp < 5V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Slew Rate SR R.=10kQ to 2.5V - 0.8 - V/ius
Ver.2012-10-30 /Vewé y R Co, ’



NJU7045

mELECTRICAL CHARACTERISTICS [Amplifier Operating]

oDC CHARACTERISTICS (Vpp=3V, 2.1V < Vgp =< 3V, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Operating Current Iob No signal Apply, Vsp=Vop - 350 600 MA

Input Offset Voltage Vio - - 10 mV

Input Bias Current Is - 1 - pA

Input Offset Current lio - 1 - pA

Large Signal Voltage Gain Av R.=10kQ to 1.5V, 70 90 - dB

Vo=1.5V+1.4V
Common Mode Rejection Ratio CMR CMR+: 1.5V < Vcu £ 3V 42 60 - dB
CMR-: OV £ Vcm £ 1.5V
(Note 7)
Supply Voltage Rejection Ratio SVR 2.7V = Vpp 4.0V, 50 80 - dB
Vem=Vop/2, Vsp=Vbp

Output Voltage1 Von1 R =10kQ to 1.5V 2.95 - - \Y,

Vor1 R =10kQ to 1.5V - - 0.05 \Y,

Output Voltage2 Von2 R =600Q to 1.5V 2.9 - - \%

VorL2 R, =600Q to 1.5V - - 0.10 \Y,

Output Source Current Isource Vo=1.5V 30 40 - mA
Output Sink Current Isink Vo=1.5V 30 40 - mA

Input Common Mode Voltage Range Vicm CMR = 42dB 0 - 3 \Y,

(Note 6) CMR is represented by either CMR+ or CMR- has lower value.

oAC CHARACTERISTICS (Vpp=3V, 2.1V < Vgp =< 3V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Unity Gain Bandwidth GB R.=10kQ to 1.5V - 0.8 - MHz
Total Harmonic Distortion THD f=1kHz, Vin=1Vpp, Ay=0dB - 0.05 - %
Equivalent Input Noise Voltage Vi f=1kHz - 40 - nV/VHz
o TRANSIENT CHARACTERISTICS (Vop=3V, 2.1V < Vgp < 3V, Ta=25°C)
PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT
Slew Rate SR R.=10kQ to 1.5V - 0.7 - V/ius
/Vewé y R Co, ’ Ver.2012-10-30



NJU7045

mELECTRICAL CHARACTERISTICS [Amplifier Operating]

oDC CHARACTERISTICS (Vpp=2.2V, 1.54V < Vgp < 2.2V, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Operating Current Iob No Signal Apply, Vsp=Vpp - 300 500 WA

Input Offset Voltage Vio - - 10 mV

Input Bias Current Is - 1 - pA

Input Offset Current lio - 1 - pA

Large Signal Voltage Gain Av R.=10kQ to 1.1V, 70 90 - dB

Vo=1.1V+1.0V
Common Mode Rejection Ratio CMR CMR+: 1.1V < Vgu £ 2.2V 30 60 - dB
CMR-: 0V £ Vceum £ 1.1V
(Note 7)
Supply Voltage Rejection Ratio SVR 2.2V = Vpp £ 2.7V, 45 70 - dB
Vem=Voo/2, Vsp=Vop

Output Voltage1 Vou1 R.=10kQto 1.1V 2.15 - - Y,

Vor1 R =10kQto 1.1V - - 0.05 \Y,

Output Voltage2 Von2 R.=600Qto 1.1V 2.1 - - \%

VorL2 R =600Qto 1.1V - - 0.1 \Y,

Output Source Current Isource Vo=1.1V 10 15 - mA
Output Sink Current Isink Vo=1.1V 10 15 - mA

Input Common Mode Voltage Range Vicm CMR = 30dB 0 - 2.2 \Y,

(Note 7) CMR is represented by either CMR+ or CMR- has lower value.

oAC CHARACTERISTICS (Vpp=2.2V, 1.54V < Vgp < 2.2V, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Unity Gain Bandwidth GB R.=10kQto 1.1V - 0.8 - MHz

Total Harmonic Distortion THD f=1kHz, Vin=1Vpp, Ay=0dB - 0.05 - %

Equivalent Input Noise Voltage Vi f=1kHz - 40 - nV/VHz
o TRANSIENT CHARACTERISTICS (Vop=2.2V, 1.54V < Vgp < 2.2V, Ta=25°C)

PARAMETER SYMBOL TEST CONDITION MIN. TYP. MAX. UNIT

Slew Rate SR R.=10kQ to 1.1V - 0.6 - Vius

New Japan Radio Co., Ltd.

Ver.2012-10-30



NJU7045

mTYPICAL CHARACTERISTICS

Supply Current
vs. Supply Voltage (Temperature)
Gy=0dB, Vsp=Vpp

Supply Current
vs. Ambient Temperature (Supply Voltage)
G,=0dB, Vgp=Vpp
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NJU7045

mTYPICAL CHARACTERISTICS

Maximum Output Voltage vs. Supply Voltage

(Temperature)
Gy=OPEN, R,;=600Q, Vsp=Vpp
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Maximum Output Voltage
vs. Ambient Temperature (Supply Voltage)
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NJU7045

mTYPICAL CHARACTERISTICS

Common Mode Rejection Ratio [dB]

Common Mode Rejection Ratio
vs. Ambient Temperature (Supply Voltage)

Load Capacitance [pF]
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NJU7045

mTYPICAL CHARACTERISTICS

GBP [MHz]

Output Voltage [V/div]

Output Voltage [V/div]

GBP vs. Load Capacitance (Temperature)
Vpp=5.0V, V;,=-30dBm, G,=40dB, R, =10kQ, Rr=100kQ,
Rg=1kQ, C =3pF, Vsp=Vpp
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GBP vs. Load Capacitance (Supply Voltage)

V,,=-30dBm, Gy=40dB, R,=10kQ, R;=100kQ, Rg=1kQ,
C,=3pF, Vgp=Vpp, Ta=25°C

T T
| |
| |
| |
| |
Vpp=5.0V | |
___M : :
L | |
| |
| |
| |
| |
| |
| |
L Vpp=3.0V b
Vpp=2.2V | |
| |
| |
| |
| |
| |
L | |
| |
| |
| |
10 100
Load Capacitance [pF]
Pulse Response (Supply Voltage)
Vin=1Vp.p, Gy=0dB, R =10kQ, C =15pF, Vsp=Vpp, Ta=25°C
| Input
Vpp/Vss=£1.1V
L A | i
SN
Vpp/Vss=£2.5V
L | i
L Vpp/Vss=%1.5V
w
| Output
-2.5 0 25 5 75 10 125

Time [2.5us/div]

15
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mTYPICAL CHARACTERISTICS

THD+N vs. Output Voltage (Frequency) THD+N vs. Output Voltage (Supply Voltage)
Vpp=5.0V, Gy=0dB, R, =10kQ, Vsp=Vpp, Ta=25°C, fi.=1kHz, Gy=0dB, R, =10kQ, Vsp=Vpp, Ta=25°C,
BPF=20Hz:10-22kHz, 1kHz:400-22kHz, 20kHz:400-80kHz BPF=400-22kHz
. 1
0.1 0.1
Z 0.01 Z oo
a a
I =
- =
0.001 0.001
0.0001 0.0001
0.01 0.1 1 10 0.01 0.1 1 10
Output Voltage [Vrms] Output Voltage [Vrms]
Equivalent Input Noise Voltage vs. Frequency Equivalent Input Noise Voltage
(Supply Voltage) vs. Source Resistance
G,=40dB,R:=100kQ, R=10kQ, Rs=600Q, (Supply Voltage)
Vsp=Vpp, Ta=25°C Rr=1kQ, Rg=100Q, JIS A, V5p=Vpp, Ta=25°C

500 100

400

300

200

100

Equivalent Input Noise Voltage [nVAHz]

Equivalent Input Noise Voltage [uV]
S

10 100 1k 10k 0.01 0.1 1 10 100
Frequency [Hz] Source Resistance [kQ]
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mTYPICAL CHARACTERISTICS

Supply Current vs. Turn - ON/OFF Control Voltage

(Temperature, Vpp=5V)
Vpp=5.0V, G,=0dB

Ta=+85°C

|
Ta=+25°C

1000 ¢
100 |_
2 L
S 10 &
€
g
5 1
(8}
>
g
g 0.1
[72]
0.01
0.001

1 2 3 4 5
Turn - ON/OFF Control Voltage [V]

Supply Current vs. Turn - ON/OFF Control Voltage

(Temperature, Vpp=2.2V)
Vpp=2.2V, G\=0dB

1000 ¢

100 £

10 |

0.1

Supply Current [uA]

0.01

0.001
0

0.5 1 1.5 2
Turn - ON/OFF Control Voltage [V]

2.5

Input Bias Current of SHDN Pin
vs. Ambient Temperature

Vsp=Vbp

1000 ¢

100

10 ¢

0.1

0.01

0.001

Input Bias Current of SHDN Pin [nA]

0.0001
-50

-25 0 25 50 75
Ambient Temperature [°C]
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Supply Current vs. Turn - ON/OFF Control Voltage

(Temperature, Vpp=3V)
Vpo=3.0V, G,=0dB

1000 ¢
100
P r
2 10 ¢
€
e
5 1
o
>
g
2 01
7]
0.01
0.001
0 0.5 1 1.5 2 25 3
Turn - ON/OFF Control Voltage [V]
Supply Current when Disabled
vs. Ambient Temperature
Gy=0dB, V5p=0.2V
10 es===========================
<
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% 0-01 E-_--—-—-__ ___=-¢zZ - - -—_-—-—-—-—-—Z-—Z-<Z-
- -Vpp=5.0V —- - - -
£ 0001 | ‘
e i
3 0.0001 |-
%_' ' Vpo=3.0V
£ 0.00001 ¢
n e Vpp=2.2V
0.000001
-50 -25 0 25 50 75 100 125
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Ambient Temperature [°C]
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mTYPICAL CHARACTERISTICS

Output Leak Current vs. Ambient Temperature Mute Level vs. Frequency
Viem=1/2Vpp, Vour=1/2Vpp, Gy=OPEN, Vsp=GND Vin=1Vp-p, R =600Q, G,=0dB, Vsp=Vpp, Ta=25°C
10— -50
1 -60 v
g -70
= 0.1 = &0
c -
g g //
3 oo T -9 ¢ Vpo=5.5V
= 3 Vpp=3.0V
3 0.001 > -100 op=3-
5 S 110 |
£ 0.0001 Vpp=5.0V
3 120 |
0.00001 130 | / Vpp=2.2V
0.000001 71 T T N | U TN T N N TN T T N T T Y N N T Y T N T T 1 _140 L ‘ ‘ Ll
-50 -25 0 25 50 75 100 125 10 100 1k 10k 100k
Ambient Temperature [°C] Frequency [Hz]
SHDN Pulse Response (Temperature) SHDN Pulse Response (supply Voltage)
i~ V=5V, Vsp=5V,.,, f=20kHz, Gy=OPEN, R, =600Q Vsp=5V,,.,, f=20kHz, Gy=OPEN, R, =600Q, Ta=25°C
3 >
S 5 25 1
S 4 Vsp 7 ';' 4 r v b
g 3 g 3 L sD i
S 2 5 2
5 1 % 1 .
3 — S - Vpo=5.5V 1 —
L Ta=+25°C E 2 o L E 2
L ‘ \ 15 § | 1 s §
L Ta=-40°C 14 3 L / 3 Vpo=5.0V 14 o
o ‘ )
- 13 & - 13 =
. l Ta=+85°C 12 % Vour | /. = \ 1, %
> >
L v, i | -
out (1) '§- Vpp=2.2V Vpp=3.0V L ; g_
g T ° 3
o o
Time [5Sus/div] Time [5us/div]

[CAUTION]

The specifications on this data book are only given for information,
without any guarantee as regards either mistakes or omissions. The
application circuits in this data book are described only to show
representative usages of the product and not intended for the
guarantee or pemission of any right including the industrial rights.
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