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INA165x-Q1 SoundPlus™ 高高同同相相除除去去比比ラライインン・・レレシシーーババ

1

1 特特長長
1• 車載アプリケーション用に AEC-Q100 認定済み

– 温度グレード 1: -40℃～+125℃、TA

• 高い同相除去：91dB (標準値)
• 高い入力インピーダンス：1MΩ 差動
• 非常に低いノイズ：-104.7dBu、重み付けなし
• 非常に低い全高調波歪 + ノイズ：

-119dB THD+N (20dBu、22kHz 帯域幅)
• 短絡保護
• EMI フィルタを内蔵
• 広い電源電圧範囲：±2.25V～±12V
• 小型の 14 ピン TSSOP パッケージで供給

2 アアププリリケケーーシショョンン
• 車内用マイクロフォンのプリアンプ
• インフォテインメント・システム
• オーディオ入力回路
• ライン・ドライバ
• 外部オーディオ・パワー・アンプ

簡簡略略化化さされれたた内内部部回回路路図図

3 概概要要
INA1650-Q1 デュアル・チャネルおよび INA1651-Q1 シ

ングル・チャネル (INA165x-Q1) SoundPlus™オーディ

オ・ライン・レシーバは、20dBu の信号レベルにおいて

1kHz で -119dB という非常に低い THD+N を維持しなが

ら、91dB という非常に高い同相除去比 (CMRR) を実現

します。他のライン・レシーバ製品とは異なり、INA165x-
Q1 の CMRR は温度範囲全体にわたって特性が規定さ

れ、生産環境でテストされているため、広範なアプリケー

ションにおいて一貫した性能を発揮します。

INA165x-Q1 デバイスは、±2.25V～±12V の非常に広い

電源電圧範囲で動作します。ライン・レシーバ・チャネルに

加えて、バッファ付きの中間電源基準出力を内蔵している

ため、INA165x-Q1 をデュアル電源とシングル電源のどち

らのアプリケーション用にも構成できます。中間電源出力

は、信号チェーン内のその他のアナログ回路のバイアス電

圧として使用できます。

INA1650-Q1 は独自の内部レイアウトにより、最小のクロ

ストークを実現しており、オーバードライブや過負荷時にも

チャネル間の相互干渉がありません。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ（（公公称称））

INA1650-Q1
TSSOP (14) 5.00mm×4.40mm

INA1651-Q1

(1) 提供されているすべてのパッケージについては、データシートの末
尾にあるパッケージ・オプションについての付録を参照してくださ
い。

CMRRヒヒスストトググララムム(5746チチャャネネルル)

http://www-s.ti.com/sc/techlit/SBOS772.pdf
http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
http://www.tij.co.jp/product/jp/ina1651-q1?qgpn=ina1651-q1
http://www.tij.co.jp/product/jp/INA1650-Q1?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/INA1650-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/INA1650-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/INA1650-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/INA1650-Q1?dcmp=dsproject&hqs=support&#community
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Revision B (April 2019) かからら Revision C にに変変更更 Page

• Changed ESD Ratings table to show individual device ratings ............................................................................................. 5
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• INA1651-Q1 デバイスと関連コンテンツをデータシートに 追加 ................................................................................................... 1

2017年年8月月発発行行ののももののかからら更更新新 Page

• INA1650-Q1 の推奨電源電圧範囲を 36V から 24V に引き下げ。テキスト、グラフ、回路図で 36V 動作に言及している部分
をすべて削除、または最大 24V 電源を反映するように変更........................................................................................................ 1
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1VCC 14  VEE

2IN+ A 13  OUT A

3COM A 12  REF A

4IN± A 11  VMID(IN)

5IN± B 10  VMID(OUT)

6COM B 9  REF B

7IN+ B 8  OUT B

Not to scale
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5 Pin Configuration and Functions

INA1650-Q1 PW Package
14-Pin TSSOP

Top View

Pin Functions: INA1650-Q1
PIN

I/O DESCRIPTION
NAME NO.
COM A 3 I Input common, channel A
COM B 6 I Input common, channel B
IN+ A 2 I Noninverting input, channel A
IN– A 4 I Inverting input, channel A
IN+ B 7 I Noninverting input, channel B
IN– B 5 I Inverting input, channel B
OUT A 13 O Output, channel A
OUT B 8 O Output, channel B
REF A 12 I Reference input, channel A. This pin must be driven from a low impedance.
REF B 9 I Reference input, channel B. This pin must be driven from a low impedance.
VCC 1 — Positive (highest) power supply
VEE 14 — Negative (lowest) power supply

VMID(IN) 11 I Input node of internal supply divider. Connect a capacitor to this pin to reduce noise from the
supply divider circuit.

VMID(OUT) 10 O Buffered output of internal supply divider.

http://www.ti.com/product/ina1650-q1?qgpn=ina1650-q1
http://www.ti.com/product/ina1651-q1?qgpn=ina1651-q1
http://www.ti.com


1VCC 14  VEE

2IN+ A 13  OUT A

3COM A 12  REF A

4IN± A 11  VMID(IN)

5NC 10  VMID(OUT)

6NC 9  NC

7NC 8  NC

Not to scale
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INA1651-Q1 PW Package
14-Pin TSSOP

Top View

Pin Functions: INA1651-Q1
PIN

I/O DESCRIPTION
NAME NO.
COM A 3 I Input common, channel A
IN+ A 2 I Noninverting input, channel A
IN– A 4 I Inverting input, channel A
NC 5 — No internal connection
NC 6 — No internal connection
NC 7 — No internal connection
NC 8 — No internal connection
NC 9 — No internal connection
OUT A 13 O Output, channel A
REF A 12 I Reference input, channel A. This pin must be driven from a low impedance.
VCC 1 — Positive (highest) power supply
VEE 14 — Negative (lowest) power supply

VMID(IN) 11 I Input node of internal supply divider. Connect a capacitor to this pin to reduce noise from the
supply divider circuit.

VMID(OUT) 10 O Buffered output of internal supply divider.

http://www.ti.com/product/ina1650-q1?qgpn=ina1650-q1
http://www.ti.com/product/ina1651-q1?qgpn=ina1651-q1
http://www.ti.com
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Short-circuit to VS / 2 (ground in symmetrical dual supply setups), one amplifier per package.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) (1)

MIN MAX UNIT

Voltage
Supply voltage, VS = (V+) – (V–) 40

VInput voltage (signal inputs, enable, ground) (V–) – 0.5 (V+) + 0.5
Input differential voltage (V+) – (V–)

Current
Input current (all pins except power-supply pins) ±10 mA
Output short-circuit (2) Continuous

Temperature
Operating, TA –55 125

°CJunction, TJ 150
Storage, Tstg –65 150

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.2 ESD Ratings
VALUE UNIT

INA1650-Q1

V(ESD) Electrostatic discharge

Human-body model (HBM), per AEC Q100-002 (1)

HBM ESD Classification Level 3A ±4000
V

Charged-device model (CDM), per AEC Q100-011
CDM ESD Classification Level C6 ±1000

INA1651-Q1

V(ESD) Electrostatic discharge

Human-body model (HBM), per AEC Q100-002 (1)

HBM ESD Classification Level 2 ±2500
V

Charged-device model (CDM), per AEC Q100-011
CDM ESD Classification Level C4A ±500

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Supply voltage (V+ – V–) 4.5 (±2.25) 24 (±12) V
Specified temperature –40 125 °C

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.4 Thermal Information

THERMAL METRIC (1)
INA1650-Q1 INA1651-Q1

UNITPW (TSSOP) PW (TSSOP)
14 PINS 14 PINS

RθJA Junction-to-ambient thermal resistance 97.0 99.4 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 22.6 29.9 °C/W
RθJB Junction-to-board thermal resistance 40.4 42.6 °C/W
ψJT Junction-to-top characterization parameter 0.9 1.5 °C/W
ψJB Junction-to-board characterization parameter 39.6 42.0 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

http://www.ti.com/product/ina1650-q1?qgpn=ina1650-q1
http://www.ti.com/product/ina1651-q1?qgpn=ina1651-q1
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
http://www.ti.com/lit/pdf/spra953
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(1) Full-power bandwidth = SR / (2π × VP), where SR = slew rate.
(2) Specified by design and characterization.

6.5 Electrical Characteristics:
at TA = 25°C, VS = ±2.25 V to ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

AUDIO PERFORMANCE

THD+N Total harmonic distortion +
noise

VO = 3 VRMS, f = 1kHz, 90-kHz measurement bandwidth,
VS = ±12 V

0.00039%

–108.1 dB

VIN = 20 dBu (7.746 VRMS) , FIN = 1 kHz, VS = ±12 V,
90-kHz measurement bandwidth

0.000224%

–113.0 dB

IMD Intermodulation distortion

SMPTE and DIN two-tone, 4:1 (60 Hz and 7 kHz)
VO = 3 VRMS, 90-kHz measurement bandwidth

0.0005%

–106.1 dB

CCIF twin-tone (19 kHz and 20 kHz),
VO = 3 VRMS, 90-kHz measurement bandwidth

0.00066%

–103.6 dB

AC PERFORMANCE

BW Small-signal bandwidth 2.7 MHz

SR Slew rate 10 V/μs

Full-power bandwidth (1) VO = 1 VP 1.59 MHz

PM Phase margin
CL = 20 pF 71 degrees

CL = 200 pF 54 degrees

ts Settling time To 0.01%, Vs = ±12 V, 10-V step 2.2 μs

Overload recovery time 330 ns

Channel separation
f = 1 kHz, REF and COM pins connected to ground 140 dB

f = 1 kHz, REF and COM pins connected to VMID(OUT) 130 dB

EMI/RFI filter corner frequency 80 MHz

NOISE

Output voltage noise f = 20 Hz to 20 kHz, no weighting
4.5 μVRMS

–104.7 dBu

en Output voltage noise density (2) f = 100 Hz 47
nV/√Hz

f = 1 kHz 31

OFFSET VOLTAGE

VOS Output offset voltage
±1 ±3

mV
TA = –40°C to 125°C (2) ±4

dVOS/dT Output offset voltage drift (2) TA = –40°C to 125°C 2 7 μV/°C

PSRR Power-supply rejection ratio 2 μV/V

GAIN

Gain 1 V/V

Gain error
0.04% 0.05%

TA = –40°C to 125°C (2) 0.05% 0.06%

Gain nonlinearity VS = ±12 V, –10 V < VO < 10 V (2) 1 5 ppm

INPUT VOLTAGE

VCM Common-mode voltage (V–) + 0.25 (V+) – 2 V

CMRR Common-mode rejection ratio

(V–) + 0.25 V ≤ VCM ≤ (V+) – 2 V, REF and COM pins
connected to ground, VS = ±12 V 85 91

dB
TA = –40°C to 125°C (2) 82 89

(V–) + 0.25 V ≤ VCM ≤ (V+) – 2 V, REF and COM pins
connected to VMID(OUT), VS = ±12 V 82 86

TA = –40°C to 125°C (2) 76 84

CMRR Common-mode rejection ratio (V–) + 0.25 V ≤ VCM ≤ (V+) – 2 V, REF and COM pins
connected to ground, VS = ±12 V, RS mismatch = 20 Ω 84 dB

http://www.ti.com/product/ina1650-q1?qgpn=ina1650-q1
http://www.ti.com/product/ina1651-q1?qgpn=ina1651-q1
http://www.ti.com
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Electrical Characteristics: (continued)
at TA = 25°C, VS = ±2.25 V to ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

INPUT IMPEDANCE

Differential 850 1000 1150 kΩ

Common-mode 212.5 250 287.5 kΩ

Input resistance mismatch 0.01% 0.25%

SUPPLY DIVIDER CIRCUIT

Nominal output voltage [(V+) + (V–)] / 2 V

Output voltage offset VMID(IN) = ((V+) + (V–) / 2 2 4 mV

Input impedance VMID(IN) pin, f = 1 kHz 250 kΩ

Output resistance VMID(OUT) pin 0.35 Ω

Output voltage noise 20 Hz to 20 kHz, CMID = 1 µF 1.56 µVRMS

Output capacitive load limit Phase Margin > 45°, RISO = 0 Ω 150 pF

OUTPUT

VO Voltage output swing from rail

Positive rail
RL = 2 kΩ 350

mV
RL = 600 Ω 1100

Negative rail
RL = 2 kΩ 430

RL = 600 Ω 1300

ZOUT Output impedance f ≤ 100 kHz, IOUT = 0 A < 1 Ω

ISC Short-circuit current VS = ±12 V ±75 mA

CLOAD Capacitive load drive See 図 19 pF

POWER SUPPLY

IQ Quiescent current

IOUT = 0 A, INA1651-Q1
4.6 6 6.9

mA
TA = –40°C to 125°C (2) 8

IOUT = 0 A, INA1650-Q1
8 10.5 12

TA = –40°C to 125°C (2) 14

http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
http://www.tij.co.jp/product/jp/ina1651-q1?qgpn=ina1651-q1
http://www.tij.co.jp
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6.6 Typical Characteristics
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

5746 channels
VREF pins connected to ground

図図 1. Common-Mode Rejection Ratio Distribution

5746 channels
VREF pins connected to VMID(OUT)

図図 2. Common-Mode Rejection Ratio Distribution

5746 channels

図図 3. Distribution of Mismatch in 500-kΩ Input Resistors

5746 channels

図図 4. Gain Error Distribution

5746 channels

図図 5. Offset Voltage Distribution

52 channels

図図 6. Offset Voltage Drift Distribution

http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
http://www.tij.co.jp/product/jp/ina1651-q1?qgpn=ina1651-q1
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Typical Characteristics (continued)
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

図図 7. Frequency Response 図図 8. Maximum Output Voltage vs Frequency

図図 9. Common-Mode Rejection Ratio vs Frequency 図図 10. Power Supply Rejection Ratio vs Frequency

図図 11. Voltage Noise Spectral Density

3 VRMS, 90-kHz measurement bandwidth

図図 12. THD+N vs Frequency
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Typical Characteristics (continued)
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

3 VRMS, 500-kHz measurement bandwidth

図図 13. THD+N vs Frequency

1 kHz, 90-kHz measurement bandwidth

図図 14. THD+N vs Output Amplitude

SMPTE 4:1 60 Hz and 7 kHz, 90-kHz measurement bandwidth

図図 15. SMPTE Intermodulation Distortion vs Output
Amplitude

CCIF 19 kHz and 20 kHz, 90-kHz measurement bandwidth

図図 16. CCIF Intermodulation Distortion vs Output Amplitude

図図 17. Signal Path Output Impedance vs Frequency

CF = 1 µF

図図 18. Supply Divider Output Impedance vs Frequency
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Typical Characteristics (continued)
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

100-mV input step

図図 19. Overshoot vs Capacitive Load 図図 20. Channel Separation vs Frequency

10-mV input step

図図 21. Small-Signal Step Response

10-V input step

図図 22. Large-Signal Step Response

10-V input step, 0.01% settling = ±1 mV

図図 23. Rising-Edge Settling Time

10-V input step, 0.01% settling = ±1 mV

図図 24. Falling-Edge Settling Time
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Typical Characteristics (continued)
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

図図 25. No Phase Reversal

5 typical units

図図 26. CMRR vs Temperature

5 typical units

図図 27. Output Offset Voltage vs Common-Mode Voltage 図図 28. Short-Circuit Current vs Temperature

図図 29. Positive Output Voltage vs Output Current 図図 30. Negative Output Voltage vs Output Current
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Typical Characteristics (continued)
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

図図 31. Quiescent Current vs Power Supply Voltage 図図 32. Quiescent Current vs Temperature

REF A/B connected to 0 V

図図 33. Input Common-Mode Voltage vs Output Voltage

REF A/B connected to 0 V

図図 34. Input Common-Mode Voltage vs Output Voltage

REF A/B connected to VMID(OUT)

図図 35. Input Common-Mode Voltage vs Output Voltage

REF A/B connected to VMID(OUT)

図図 36. Input Common-Mode Voltage vs Output Voltage
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Typical Characteristics (continued)
at TA = 25°C, VS = ±12 V, VCM = VOUT = midsupply, and RL = 2 kΩ (unless otherwise noted)

REF A/B connected to 0 V

図図 37. Input Common-Mode Voltage vs Output Voltage

REF A/B connected to 0 V

図図 38. Input Common-Mode Voltage vs Output Voltage
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7 Detailed Description

7.1 Overview
The INA165x-Q1 family combines high-performance audio operational amplifier cores with high-precision resistor
networks to provide exceptional audio performance and rejection of noise that may be externally coupled into the
audio signal path. The two line-receiver channels of the INA1650-Q1, and the single line receiver channel of the
INA1651-Q1, use an instrumentation amplifier topology with a fixed unity gain to provide high input impedance
and a high common-mode rejection ratio (CMRR). Unlike other line receiver products that use a simple four-
resistor difference amplifier topology, the INA165x-Q1 topology provides excellent CMRR even with mismatched
source impedances.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Audio Signal Path
図 39 highlights the basic elements present in the audio signal pathway of the INA165x-Q1 line receivers. The
primary elements are input biasing resistors, electromagnetic interference (EMI) filtering, input buffers, and a
difference amplifier. The primary role of an audio line receiver is to convert a differential input signal into a single-
ended output signal while rejecting noise that is common to both inputs (common-mode noise). The difference
amplifier (which consists of an op amp and four matched 10-kΩ resistors) accomplishes this task. The basic
transfer function of the circuit is shown in 式 1:

(1)

図図 39. INA165x-Q1 Audio Signal Path (Single Channel Shown)

The input buffers prevent external resistances (such as those from the PCB, connectors, or cables) from ruining
the precise matching of the internal 10-kΩ resistors that degrade the high common-mode rejection of the
difference amplifier. As is typical of many amplifiers, a small bias current flows into or out of the buffer amplifier
inputs. This current must flow to a common potential for the buffer to function properly. The input biasing
resistors provide an internal pathway for this current to the COM pin. The COM pin connects to ground in a dual-
supply system, or to the output of the internal supply divider, VMID(OUT), in single-supply applications. Finally,
EMI filtering is added to the input buffers to prevent high-frequency interference signals from propagating through
the audio signal pathway.
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Feature Description (continued)
7.3.2 Supply Divider
The INA165x-Q1 have an integrated supply-divider circuit that biases the input common-mode voltage and output
reference voltage to the halfway point between the applied power supply voltages. The nominal output voltage of
the supply divider circuit is shown in 式 2:

(2)

図 40 illustrates the internal topology of the supply-divider circuit. The supply divider consists of two 500-kΩ
resistors connected between the VCC and VEE pins of the INA165x-Q1. The noninverting input of a buffer
amplifier is connected to the midpoint of the voltage divider that is formed by the 500-kΩ resistors. The buffer
amplifier provides a low-impedance output that is required to bias the REF pins without degrading the CMRR.
For dual-supply applications where the supply divider circuit is not used, no connection is required for the
VMID(IN) or VMID(OUT) pins.

図図 40. Internal Supply Divider Circuit
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Feature Description (continued)
7.3.3 EMI Rejection
The INA165x-Q1 use integrated electromagnetic interference (EMI) filtering to reduce the effects of EMI from
sources (such as wireless communications) and densely-populated boards with a mix of analog signal-chain and
digital components. The INA165x-Q1 devices are specifically designed to minimize susceptibility to EMI by
incorporating an internal low-pass filter. Depending on the end-system requirements, additional EMI filters may
be required near the signal inputs of the system; as well as incorporating known good practices, such as using
short traces, low-pass filters, and damping resistors combined with parallel and shielded signal routing. Texas
Instruments developed a method to accurately measure the immunity of an amplifier over a broad frequency
spectrum, extending from 10 MHz to 6 GHz. This method uses an EMI rejection ratio (EMIRR) to quantify the
ability of the INA165x-Q1 to reject EMI. 図 41 and 図 42 show the INA165x-Q1 EMIRR graph for both differential
and common-mode EMI rejection across this frequency range. 表 1 shows the EMIRR values for the INA165x-Q1
at frequencies commonly encountered in real-world applications. Applications listed in 表 1 can be centered on or
operated near the particular frequency shown.

図図 41. Common-Mode EMIRR Testing 図図 42. Differential Mode EMIRR Testing

表表 1. EMIRR for Frequencies of Interest

FREQUENCY APPLICATION OR ALLOCATION
DIFFERENTIAL

EMIRR
COMMON-MODE

EMIRR

400 MHz Mobile radio, mobile satellite, space operation, weather, radar, ultrahigh-
frequency (UHF) applications 73 dB 111 dB

900 MHz
Global system for mobile communications (GSM) applications, radio
communication, navigation, GPS (up to 1.6 GHz), GSM, aeronautical mobile,
UHF applications

86 dB 123 dB

1.8 GHz GSM applications, mobile personal communications, broadband, satellite,
L-band (1 GHz to 2 GHz) 106 dB 121 dB

2.4 GHz
802.11b, 802.11g, 802.11n, Bluetooth®, mobile personal communications,
industrial, scientific and medical (ISM) radio band, amateur radio and satellite,
S-band (2 GHz to 4 GHz)

112 dB 119 dB

3.6 GHz Radiolocation, aero communication and navigation, satellite, mobile, S-band 117 dB 121 dB

5.0 GHz 802.11a, 802.11n, aero communication and navigation, mobile communication,
space and satellite operation, C-band (4 GHz to 8 GHz) 116 dB 108 dB
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7.3.4 Electrical Overstress
Designers often ask questions about the capability of an amplifier to withstand electrical overstress. These
questions typically focus on the device inputs, but can involve the supply voltage pins or the output pin. Each of
these different pin functions have electrical stress limits determined by the voltage breakdown characteristics of
the particular semiconductor fabrication process and specific circuits connected to the pin. Additionally, internal
electrostatic discharge (ESD) protection is built into these circuits to protect them from accidental ESD events,
both before and during product assembly. A good understanding of basic ESD circuitry and the relevance of
circuitry to an electrical overstress event is helpful. 図 43 illustrates the ESD circuits contained in the INA165x-
Q1. The ESD protection circuitry involves several current-steering diodes that are connected from the input and
output pins, and routed back to the internal power-supply lines. This protection circuitry is intended to remain
inactive during normal circuit operation. The input pins of the INA165x-Q1 are protected with internal diodes that
are connected to the power-supply rails. These diodes clamp the applied signal to prevent the input circuitry from
damage. If the input signal voltage exceeds the power supplies by more than 0.3 V, limit the input signal current
to less than 10 mA to protect the internal clamp diodes. A series input resistor can typically limit the current.
Some signal sources are inherently current-limited and do not require limiting resistors.

図図 43. INA165x-Q1 Internal ESD Protection Circuitry
(Single Channel and Supply-Divider Shown for Simplicity)

7.3.5 Thermal Shutdown
If the junction temperature of the INA165x-Q1 exceed approximately 170°C, a thermal shutdown circuit disables
the amplifier to protect the device from damage. The amplifier is automatically re-enabled after the junction
temperature falls to less than the shutdown threshold temperature. If the condition that caused excessive power
dissipation is not removed, the amplifier oscillates between the shutdown and enabled state until the output fault
is corrected.

7.4 Device Functional Modes

7.4.1 Single-Supply Operation
The INA165x-Q1 can be used on single power supplies ranging from 4.5 V to 24 V. Use the COM and REF pins
to level shift the internal voltages into a linear operating condition. Ideally, connecting the REF and COM pins to
a midsupply potential, such as the VMID(OUT) pin, avoids saturating the output of the internal amplifiers.
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8 Application and Implementation

注注
Information in the following applications sections is not part of the TI component
specification, and TI does not warrant its accuracy or completeness. TI’s customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

8.1.1 Input Common-Mode Range
The linear input voltage range of the INA165x-Q1 input circuitry extends from 350 mV inside the negative supply
voltage to 2 V below the positive supply, and maintains 85-dB (minimum) common-mode rejection throughout
this range. The INA165x-Q1 operates over a wide range of power supplies and VREF configurations; providing a
comprehensive guide to common-mode range limits for all possible conditions is impractical. The common-mode
range for most operating conditions is best calculated using the INA common-mode range calculating tool.

8.1.2 Common-Mode Input Impedance
The high CMRR of many line receivers can degrade by impedance mismatches in the system. 図 44 shows a
common-mode noise source (VCM) connected to both inputs of a single channel of the INA165x-Q1. An external
parasitic resistance (REXT) represents the mismatch in impedances between the common-mode noise source and
the inputs of the INA165x-Q1. This mismatched impedance may be due to PCB layout, connectors, cabling,
passive component tolerances, or the circuit topology. The presence of REXT in series with the IN+ input
degrades the overall CMRR of the system because the voltage at IN+ is no longer equal to the voltage at IN–.
Therefore, a portion of the common-mode noise converts to a differential signal and passes to the output.

図図 44. A Single Channel of the INA165x-Q1 Shown With Source Impedance Mismatch (REXT) and Optional
Resistor (RCOM)

While the INA165x-Q1 is significantly more resistant to these effects than typical line receivers, connecting a
resistor (RCOM) from the COM pin to the system ground further improves CMRR performance. 図 45 shows the
CMRR of the INA165x-Q1 (typical CMRR of 92 dB) for increasing source impedance mismatches. If the COM pin
is connected directly to ground (RCOM equal to 0 Ω), a 20-Ω source impedance mismatch degrades the CMRR
from 92 dB to 83.7 dB. However, if RCOM has a value of 1 MΩ, the CMRR only degrades to 89.6 dB, which is an
improvement of approximately 6 dB.
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Application Information (continued)

図図 45. CMRR vs Source Impedance Mismatch for Different RCOM Values

RCOM does not need to be a high-precision resistor with a very tight tolerance. Low-cost 5% or 1% resistors can
be used with no degradation in overall performance. The addition of RCOM does not increase the noise of the
audio signal path.

In single-supply systems where AC coupling is used at the inputs of the INA165x-Q1, adding RCOM lengthens the
start-up time of the circuit. The input AC-coupling capacitors are charged to the midsupply voltage through the
RCOM resistor, which may take a substantial amount of time if RCOM has a large value (such as 1 MΩ). Do not
use RCOM in these systems if start-up time is a concern. In dual-supply systems with input AC-coupling
capacitors, the capacitor voltage does not need to be charged to a midsupply point, because the capacitor
voltage settles to ground by default. Therefore, RCOM does not increase start-up time in dual-supply systems.

8.1.3 Start-Up Time in Single-Supply Applications
The internal supply divider of the INA165x-Q1 is constructed using two 500-kΩ resistors connected in series
between the VCC and VEE pins. These resistors are matched on-chip to provide a reference voltage that is
exactly one half of the power supply voltage. Noise from the power supplies and thermal noise from the resistors
degrades the overall audio performance of the INA165x-Q1 if allowed to enter the signal path. Therefore, TI
recommends a filter capacitor (CF) is connected to the VMID(IN) pin, as shown in 図 46 The CF capacitor forms a
low-pass filter with the internal 500-kΩ resistors. Noise above the corner frequency of this filter is passed to
ground and is removed from the audio signal path. The corner frequency of the filter is shown in 式 3:

(3)

図図 46. Connect a Capacitor (CF) to the VMID(IN) Pin
to Reduce Noise from the Voltage Divider

図図 47. A Zener Diode (ZD1) Connected to the
Positive Supply Can Decrease Start-Up Time

http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
http://www.tij.co.jp/product/jp/ina1651-q1?qgpn=ina1651-q1
http://www.tij.co.jp


COM

IN-

IN+

500 
k
�

500 
k
�

Copyright © 2016, Texas Instruments Incorporated

CIN

CIN

VS

  
� S � �

� S � � �

C
IN IN ININ

1 1
f

C 2 R C2 (2 R ) 2

COM

IN-

IN+

500 
k
�

500 
k
�

Copyright © 2016, Texas Instruments Incorporated

CIN

CIN

VS

VMID(OUT)

 � �  � : �98% IN INt 4 R C 4 500 k C

22

INA1650-Q1, INA1651-Q1
JAJSDR4C –AUGUST 2017–REVISED MAY 2019 www.tij.co.jp

Copyright © 2017–2019, Texas Instruments Incorporated

Application Information (continued)
When power is applied to the INA165x-Q1, the filter capacitor (CF) charges through the internal 500-kΩ resistors.
If the CF capacitor has a large value, the time required for VMID(OUT) to reach the final midsupply voltage may be
extensive. Adding a zener diode from the VMID(IN) pin to the positive power supply (as shown in 図 47) reduces
this time. The zener voltage must be slightly greater than one half of the power supply voltage.

Using large AC-coupling capacitors increases the start-up time of the line receiver circuit in single-supply
applications. When power is applied, the AC-coupling capacitors begin to charge to the midsupply voltage
applied to the COM pin through a current flowing through the input resistors as shown in 図 48. The INA165x-Q1
functions properly when the input common-mode voltage (and the capacitor voltage) is within the specified
range. The time required for the input common-mode voltage to reach 98% of the final value is shown in 式 4:

(4)

図図 48. AC-Coupling Capacitors Charge to the Mid-Supply Voltage Through the Input Resistors

8.1.4 Input AC Coupling
The signal path in most audio systems is typically AC-coupled to avoid the propagation of DC voltages, which
can potentially damage loudspeakers or saturate power amplifiers. The capacitor values must be selected to
pass the desired bandwidth of audio signals. The high-pass corner frequency is calculated with 式 5:

(5)

図図 49. AC-Coupling Capacitors Form a High-Pass Filter With INA165x-Q1 Input Resistors
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Application Information (continued)
Although the input resistors of the INA165x-Q1 are matched typically within 0.01%, large capacitors are usually
mismatched. The mismatch in the values of the AC-coupling capacitors causes the corner frequencies at the two
signal inputs (IN+ and IN–) to be different, which can degrade CMRR at low frequency. For this reason, TI
recommends placing the high-pass corner frequency well below the audio bandwidth and to use a resistor in
series with the COM pin (RCOM), as shown in 図 44 if possible. See the Common-Mode Input Impedance section
for more information on placing a resistor in series with the COM pin. 図 50 shows the effect of a 5% mismatch in
the values of the input AC-coupling capacitors with and without an RCOM resistor. Comparing CMRR at 100 Hz:
1-µF AC-coupling capacitors with a 5% mismatch degrade the CMRR to 75 dB, while 10-µF capacitors and a 1-
MΩ RCOM resistor shows 92 dB of CMRR.

図図 50. CMRR Degradation Due to a 5% Mismatch in AC-Coupling Capacitors

8.1.5 Supply Divider Capacitive Loading
The VMID(OUT) pin of the INA165x-Q1 is stable with capacitive loads up to 150 pF. An isolation resistor (RISO in
図 51), must be used if capacitive loads larger than 150 pF are connected to the VMID(OUT) pin. 図 51 shows
the recommended configuration of an isolation resistor in series with the capacitive load. The REF pins of the
INA165x-Q1 must connect directly to the VMID(OUT) pin before the isolation resistor. Any resistance placed
between the VMID(OUT) pin and the reference pins degrades the CMRR of the device. 図 52 shows the
recommended value for the isolation resistor for increasing capacitive loads.

図図 51. Place an Isolation Resistor Between the VMID(OUT) Pin and Large Capacitive Loads

http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
http://www.tij.co.jp/product/jp/ina1651-q1?qgpn=ina1651-q1
http://www.tij.co.jp


1

10

100

1000

0.01 0.1 1 10 100 1000

R
IS

O
 (
�

) 

CLOAD (nF) 

60° Phase Margin

45° Phase Margin

C041 

24

INA1650-Q1, INA1651-Q1
JAJSDR4C –AUGUST 2017–REVISED MAY 2019 www.tij.co.jp

Copyright © 2017–2019, Texas Instruments Incorporated

Application Information (continued)

図図 52. Recommended Isolation Resistor Value vs Capacitive Load
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8.2 Typical Applications
The low noise and distortion of the INA165x-Q1 make the devices an excellent choice for a variety of
applications in professional and consumer audio products. However, these same performance metrics make the
INA165x-Q1 useful for industrial, test and measurement, and data-acquisition applications. The examples shown
here are possible applications where the INA165x-Q1 provides exceptional performance.

8.2.1 Line Receiver for Differential Audio Signals in a Split-Supply System
The INA165x-Q1 are designed to require a minimum number of external components to achieve data sheet-level
performance in audio line-receiver applications. 図 53 shows the INA165x-Q1 used as a differential audio line
receiver in split-supply systems that are common in many audio applications. The line receiver recovers a
differential audio signal that may have been affected by significant common-mode noise.

図図 53. INA1650-Q1 Device Used as a Line Receiver for Differential Audio Signals in a Split-Supply
System
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Typical Applications (continued)
8.2.1.1 Design Requirements
• Power supply voltage: ±12 V
• Frequency response: < 0.1 dB deviation from 20 Hz to 20 kHz
• Common-mode rejection ratio: > 80 dB at 1 kHz
• THD+N: < –100 dB (4-dBu input signal, 1-kHz fundamental, 90-kHz measurement bandwidth)

8.2.1.2 Detailed Design Procedure
The passive components shown in 図 53 are selected using the information given in the Application Information
and Layout Guidelines sections. All 10-µF input ac-coupling capacitors (C1, C2, C3, and C4) maximize the
CMRR performance at low frequency, as shown in 図 50. The high-pass corner frequency for input signals meets
the design requirement for frequency response, as 式 6 shows:

(6)

The 1-MΩ RCOM resistors (R3 and R4) further improve CMRR performance at low frequency. Resistors R1, R2,
R4, and R5 provide a discharge pathway for the ac-coupling capacitors in the event that audio equipment with a
dc offset voltage is connected to the inputs of the circuit. These resistors are optional and may degrade the
CMRR performance with mismatches in source impedance. Finally, capacitors C5, C6, C7, and C8 provide a
low-impedance pathway for power supply noise to pass to ground rather than interfering with the audio signal. No
connection is necessary on the VMID(IN) and VMID(OUT) pins because the supply-divider circuit is not used in
this particular application.

8.2.1.3 Application Curves
図 54 through 図 59 illustrate the measured performance of the line receiver circuit. 図 54 shows the measured
frequency response. The gain of the circuit is 0 dB as expected with 0.1-dB magnitude variation at 10 Hz. The
measured CMRR of the circuit (図 55) at 1 kHz equals 94 dB without any source impedance mismatch. Adding a
10-Ω source impedance mismatch degrades the CMRR at 1 kHz to 92 dB. The high-frequency degradation of
CMRR shown in 図 55 for the 10-Ω source impedance mismatch cases is due to the capacitance of the cables
used for the measurement. The total harmonic distortion plus noise (THD+N) is plotted over frequency in 図 56.
For a 4-dBu (1.23 VRMS) input signal level, the THD+N remains flat at –101.6 dB (0.0008%) over the measured
frequency range. Increasing the signal level to 20 dBu further decreases the THD+N to –113.2 dB (0.00022%) at
1 kHz, but the THD+N rises to greater than 7 kHz. Measuring the THD+N vs output amplitude (図 57) at 1 kHz
shows a constant downward slope until the noise floor of the audio analyzer is reached at 5 VRMS. The constant
downward slope indicates that noise from the device dominates THD+N at this frequency instead of distortion
harmonics. 図 58 and 図 59 confirm this conclusion. For a 4–dBu signal level, the second harmonic is barely
visible above the noise floor at –140 dBu. Increasing the signal level to 20 dBu produces distortion harmonics
above the noise floor. The largest harmonic in this case is the second at
–111.2 dBu, or –131.2 dB relative to the fundamental.
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Typical Applications (continued)

図図 54. Frequency Response

1-VRMS Common-Mode Signal

図図 55. Common-Mode Rejection Ratio vs Frequency

90-kHz Measurement Bandwidth

図図 56. THD+N vs Frequency

22-kHz Measurement Bandwidth

図図 57. THD+N vs Amplitude

4–dBu Output Amplitude

図図 58. Output Spectrum

20–dBu Output Amplitude

図図 59. Output Spectrum
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Typical Applications (continued)
8.2.2 Two-Channel Microphone Input for Automotive Infotainment Systems
The high CMRR, low-noise, and ease-of-use in single supply applications make the INA165x-Q1 an excellent
choice for applications in automotive infotainment systems. 図 60 illustrates a high-CMRR input circuit for in-
cabin microphones used for hands-free phone systems. The microphones are connected with matched bias
resistors, RBIAS, to preserve the high-CMRR performance of the INA165x-Q1. The exact value of the microphone
bias voltage, VBIAS, and the RBIAS resistors depends on the particular microphones used. Bandwidth-limiting the
audio signal to the range of frequencies for speech is common in hands-free systems. As shown in 図 60, all
filtering components are placed at the output of the INA165x-Q1 rather than the input to preserve high CMRR.
The values shown in 図 60 limit the signal bandwidth to approximately 100 Hz to 10 kHz.

図図 60. Two-channel Microphone Input for Automotive Infotainment Systems

http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
http://www.tij.co.jp/product/jp/ina1651-q1?qgpn=ina1651-q1
http://www.tij.co.jp


12 V

C1 
10 �F

C2 
10 �F

C7 1 �F

C6 0.1 �F

R1
100 k
�

R2
100 k
�

C3 
10 �F

C4 
10 �F

C5 1 �F

Left 
Output

9

8

IN- A

IN+ A

VCC

OUT A

VMID(OUT)

COM A

IN+ B

IN- B

COM B

OUT B

VMID(IN)

VEE

REF A

REF B

INA1650-Q1

1

2

3

4

5

6

7

14

13

12

11

10

TRS Jack

Ring

Tip

Sleeve

C
8 

10
 n

F

R
3 

33

Right 
Output

29

INA1650-Q1, INA1651-Q1
www.tij.co.jp JAJSDR4C –AUGUST 2017–REVISED MAY 2019

Copyright © 2017–2019, Texas Instruments Incorporated

Typical Applications (continued)
8.2.3 TRS Audio Interface in Single-Supply Applications
The INA165x-Q1 can be used for auxiliary audio inputs that may use a tip-ring-sleeve (TRS) connector where
both audio channels share a common ground connection. 図 61 shows the INA1650-Q1 configured as a line
receiver for a TRS interface to remove common-mode noise on the sleeve connection.

図図 61. TRS Audio Interface in Single-Supply Applications
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9 Power Supply Recommendations
The INA165x-Q1 operate from ±2.25-V to ±12-V supplies while maintaining excellent performance. However,
some applications do not require equal positive and negative output voltage swing. With the INA165x-Q1, power-
supply voltages do not need to be equal. For example, the positive supply can be set to 19 V with the negative
supply at –5 V.

10 Layout

10.1 Layout Guidelines
For best operational performance of the device, use good printed circuit board (PCB) layout practices, including:
• Connect low-ESR, 1-µF and 0.1-µF ceramic bypass capacitors between each supply pin and ground, placed

as close as possible to the device. Connecting bypass capacitors only from V+ to ground is acceptable in
single-supply applications. Noise can propagate into analog circuitry through the power pins of this device.
The bypass capacitors reduce the coupled noise by providing low-impedance pathways to ground.

• Connect the device REF pins to a low-impedance, low-noise, system reference point (such as an analog
ground or the VMID(OUT) pin) with the shortest trace possible.

• Place the external components as close to the device as possible, as shown in 図 62 and 図 63.
• Use ground pours and planes to shield input signal traces and minimize additional noise introduced into the

signal path.
• Keep the length of input traces equal and as short as possible. Route the input traces as a differential pair

with as minimal spacing between them as possible.
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10.2 Layout Example

図図 62. Layout Example for a Dual-Supply Line Receiver
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Layout Example (continued)

図図 63. Layout Example for a Single-Supply Line Receiver
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11 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

11.1 デデババイイスス・・ササポポーートト

11.1.1 開開発発ササポポーートト

11.1.1.1 TINA-TI™(無無料料ののダダウウンンロローードド・・ソソフフトトウウェェアア)
TINA™は、SPICEエンジンをベースにした単純かつ強力な、使いやすい回路シミュレーション・プログラムです。また、
TINA-TIは、TINAソフトウェアの完全な機能を持つ無償バージョンで、パッシブ・モデルとアクティブ・モデルに加えて、マク
ロ・モデルのライブラリがプリロードされています。TINA-TIには、SPICEの標準的なDC解析、過渡解析、周波数ドメイン解
析などの全機能に加え、追加の設計機能が搭載されています。

TINA-TIはWEBENCH® Design Centerから無料でダウンロードでき、ユーザーが結果をさまざまな方法でフォーマットで
きる、広範な後処理機能を備えています。仮想計測器により、入力波形を選択し、回路ノード、電圧、および波形をプロー
ブして、動的なクイック・スタート・ツールを作成できます。

注注
これらのファイルを使用するには、TINA ソフトウェア ( DesignSoft™製) またはTINA-TIソフトウェ
アがインストールされている必要があります。TINA-TIフォルダから、無料のTINA-TIソフトウェアを
ダウンロードしてください。

11.1.1.2 TI Precision Designs
TI Precision Designs は、http://www.ti.com/ww/en/analog/precision-designs/ からオンラインで入手できます。TI
Precision Designsは、TIの高精度アナログ・アプリケーションの専門家により作成されたアナログ・ソリューションで、多くの
有用な回路に関して、動作理論、コンポーネント選択、シミュレーション、完全なPCB回路図とレイアウト、部品表、性能測
定結果を提供します。

11.2 ドドキキュュメメンントトののササポポーートト

11.2.1 関関連連資資料料
関連資料については、以下を参照してください。

• テキサス・インスツルメンツ、『回路基板のレイアウト技法』

• テキサス・インスツルメンツ、『On-Chip Thin Film Resistors Enable High-Performance Audio Circuitry』テクニカル・
ブリーフ (英語)

11.3 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
ドキュメントの更新についての通知を受け取るには、ti.comのデバイス製品フォルダを開いてください。右上の「アラートを受
け取る」をクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取れます。変更の詳細に
ついては、修正されたドキュメントに含まれている改訂履歴をご覧ください。

11.4 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.5 商商標標
SoundPlus, E2E are trademarks of Texas Instruments.
TINA-TI is a trademark of Texas Instruments, Inc and DesignSoft, Inc.
Bluetooth is a registered trademark of Bluetooth SIG, Inc.

http://www.tij.co.jp/product/jp/ina1650-q1?qgpn=ina1650-q1
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http://focus.ti.com/docs/toolsw/folders/print/tina-ti.html
http://www.ti.com/ww/en/analog/precision-designs/
http://www.ti.com/lit/pdf/sloa089
http://www.ti.com/lit/pdf/sboa312
http://www.ti.com/lit/pdf/sboa312
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
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11.5 商商標標 (continued)
TINA, DesignSoft are trademarks of DesignSoft, Inc.
All other trademarks are the property of their respective owners.

11.6 静静電電気気放放電電にに関関すするる注注意意事事項項
すべての集積回路は、適切なESD保護方法を用いて、取扱いと保存を行うようにして下さい。

静電気放電はわずかな性能の低下から完全なデバイスの故障に至るまで、様々な損傷を与えます。高精度の集積回路は、損傷に対して敏感
であり、極めてわずかなパラメータの変化により、デバイスに規定された仕様に適合しなくなる場合があります。

11.7 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

12 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。この情報は、そのデバイスに
ついて利用可能な最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合もありま
す。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。
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TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

INA1650QPWRQ1 TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1

INA1651QPWRQ1 TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

INA1650QPWRQ1 TSSOP PW 14 2000 353.0 353.0 32.0

INA1651QPWRQ1 TSSOP PW 14 2000 353.0 353.0 32.0
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PACKAGE OUTLINE
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NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M. 
2. This drawing is subject to change without notice. 
3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
    exceed 0.15 mm per side. 
4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
5. Reference JEDEC registration MO-153.
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)
 
6. Publication IPC-7351 may have alternate designs. 
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)
 
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations.   
9. Board assembly site may have different recommendations for stencil design.
 

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
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