
OPA858-Q1 5.5GHz ゲイン帯域幅積、7V/V ゲイン安定、FET 入力アンプ
1 特長
• 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
• 高いゲイン帯域幅積：5.5GHz
• 不完全補償型、ゲイン 7V/V 以上 (安定)
• 極めて小さいバイアス電流 MOSFET 入力：10pA
• 小さい入力電圧ノイズ：2.5nV/√Hz
• スルーレート：2000V/µs
• 低い入力容量：

– 同相：0.6pF
– 差動：0.2pF

• 広い入力同相範囲：

– 正電源から 1.4V
– 負電源を含む

• TIA 構成で 2.5VPP の出力スイング

• 電源電圧範囲：3.3V～5.25V
• 静止電流：20.5mA
• パッケージ：8 ピン WSON
• 温度範囲：–40℃～+125℃

2 アプリケーション
• 車載用 LIDAR
• タイム・オブ・フライト (ToF) カメラ

• 光学時間領域反射率測定 (OTDR)
• 3D スキャナ

• レーザーによる距離測定

• ソリッド・ステート・スキャン LIDAR
• 光学 ToF 位置センサ

• ドローン・ビジョン

• シリコン光電子増倍素子 (SiPM) バッファ・アンプ

• 光電子増倍管のポスト・アンプ

3 概要
OPA858-Q1 は、広帯域トランスインピーダンスおよび電

圧アンプ・アプリケーション用、広帯域、低ノイズの CMOS 
入力オペアンプです。デバイスがトランスインピーダンス・
アンプ (TIA) として構成されているとき、5.5GHz のゲイン

帯域幅積 (GBWP) により、数十 kΩ から数百 kΩ までのト

ランスインピーダンス・ゲインで高い閉ループ帯域幅が得
られます。

下のグラフは、アンプが TIA として構成されているときの 

OPA858-Q1 の帯域幅およびノイズ特性を、フォトダイオ

ード容量の関数として示したものです。合計ノイズは、DC 
から左側のスケールで計算された周波数 (f) までの帯域

幅の範囲にわたって計算されます。OPA858-Q1 のパッケ

ージにはフィードバック・ピン (FB) があるため、入力と出

力の間の帰還回路接続が簡単になります。

OPA858-Q1 は、OPA858-Q1 を TDC7201 などの時間 / 
デジタル・コンバータと組み合わせて使用する光学的タイ
ム・オブ・フライト (ToF) システムで動作するよう最適化され

ています。OPA858-Q1 を使うと、THS4541-Q1 などの差

動出力アンプを接続した高分解能 LIDAR システムで高

速 A/D コンバータ (ADC) を駆動できます。

デバイス情報
部品番号(1) パッケージ 本体サイズ (公称)

OPA858-Q1 WSON (8) 2.00 mm × 2.00 mm

(1) 利用可能なすべてのパッケージについては、このデータシートの
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。
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Device Comparison Table

DEVICE INPUT TYPE MINIMUM
STABLE GAIN

VOLTAGE
NOISE (nV/√ Hz)

INPUT 
CAPACITANCE (pF)

GAIN
BANDWIDTH (GHz)

OPA855-Q1 Bipolar 7 V/V 0.98 0.8 8

OPA858-Q1 CMOS 7 V/V 2.5 0.8 5.5

OPA859-Q1 CMOS 1 V/V 3.3 0.8 0.9
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5 Pin Configuration and Functions

1FB 8  PD

2NC 7  VS+

3IN± 6  OUT

4IN+ 5  VS±

Not to scale

Thermal pad

図 5-1. DSG Package
8-Pin WSON With Exposed Thermal Pad

Top View

表 5-1. Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
FB 1 I Feedback connection to output of amplifier

IN– 3 I Inverting input

IN+ 4 I Noninverting input

NC 2 — Do not connect

OUT 6 O Amplifier output

PD 8 I Power down connection. PD = logic low = power off mode; PD = logic high = normal operation.

VS– 5 — Negative voltage supply

VS+ 7 — Positive voltage supply

Thermal pad — Connect the thermal pad to VS–
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1)

MIN MAX UNIT
VS Total supply voltage (VS+ – VS– ) 5.5 V

VIN+, VIN– Input voltage (VS–) – 0.5 (VS+) + 0.5 V

VID Differential input voltage 1 V

VOUT Output voltage (VS–) – 0.5 (VS+) + 0.5 V

IIN Continuous input current ±10 mA

IOUT Continuous output current(2) ±100 mA

TJ Junction temperature 150 °C

TA Operating free-air temperature –40 125 °C

Tstg Storage temperature –65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating 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 Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device 
reliability.

(2) Long-term continuous output current for electromigration limits.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human-body model (HBM), per AEC Q100-002(1) ± 1500

VCharged-device model (CDM), per AEC 
Q100-011 ±1000

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

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

MIN NOM MAX UNIT
VS Total supply voltage (VS+ – VS– ) 3.3 5 5.25 V

TA Operating free-air temperature –40 125 °C

6.4 Thermal Information

THERMAL METRIC(1)

OPA858-Q1
UNITDSG (WSON)

8 PINS
RθJA Junction-to-ambient thermal resistance 80.1 °C/W

RθJC(top) Junction-to-case (top) thermal resistance 100 °C/W

RθJB Junction-to-board thermal resistance 45 °C/W

ΨJT Junction-to-top characterization parameter 6.8 °C/W

ΨJB Junction-to-board characterization parameter 45.2 °C/W

RθJC(bot) Junction-to-case (bottom) thermal resistance 22.7 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application 
report.
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6.5 Electrical Characteristics 
VS+ = 5 V, VS– = 0 V, G = 7 V/V, RF = 453 Ω, input common-mode biased at midsupply, RL = 200 Ω, output load is referenced 
to midsupply, and TA = 25℃ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
AC PERFORMANCE
SSBW Small-signal bandwidth VOUT = 100 mVPP 1.2 GHz

LSBW Large-signal bandwidth VOUT = 2 VPP 600 MHz

GBWP Gain-bandwidth product 5.5 GHz

Bandwidth for 0.1-dB flatness 130 MHz

SR Slew rate (10% - 90%) VOUT = 2-V step 2000 V/µs

tr Rise time VOUT = 100-mV step 0.3 ns

tf Fall time VOUT = 100-mV step 0.3 ns

Settling time to 0.1% VOUT = 2-V step 8 ns

Settling time to 0.001% VOUT = 2-V step 3000 ns

Overshoot or undershoot VOUT = 2-V step 7%

Overdrive recovery 2x output overdrive (0.1% recovery) 200 ns

HD2 Second-order harmonic distortion
f = 10 MHz, VOUT = 2 VPP 88

dBc
f = 100 MHz, VOUT = 2 VPP 64

HD3 Third-order harmonic distortion
f = 10 MHz, VOUT = 2 VPP 86

dBc
f = 100 MHz, VOUT = 2 VPP 68

en Input-referred voltage noise f = 1 MHz 2.5 nV/√Hz

ZOUT Closed-loop output impedance f = 1 MHz 0.15 Ω

DC PERFORMANCE
AOL Open-loop voltage gain 72 75 dB

VOS Input offset voltage TA = 25°C –5 ±0.8 5 mV

ΔVOS/ΔT Input offset voltage drift TA = –40°C to +125°C ±2 µV/°C

IBN, IBI Input bias current TA = 25°C ±0.4 5 pA

IBOS Input offset current TA = 25°C ±0.01 5 pA

CMRR Common-mode rejection ratio VCM = ±0.5 V, referenced to midsupply 70 90 dB

INPUT
Common-mode input resistance 1 GΩ

CCM Common-mode input capacitance 0.62 pF

Differential input resistance 1 GΩ

CDIFF Differential input capacitance 0.2 pF

VIH Common-mode input range (high) CMRR > 66 dB, VS+ = 3.3 V 1.7 1.9 V

VIL Common-mode input range (low) CMRR > 66 dB, VS+ = 3.3 V 0 0.4 V

VIH Common-mode input range (high)
CMRR > 66 dB 3.4 3.6

V
TA = –40°C to +125°C, CMRR > 66 dB 3.3

VIL Common-mode input range (low)
CMRR > 66 dB 0 0.4

V
TA = –40°C to +125°C, CMRR > 66 dB 0.35

OUTPUT
VOH Output voltage (high) TA = 25°C, VS+ = 3.3 V 2.3 2.4 V

VOH Output voltage (high)
TA = 25°C 3.95 4.1

V
TA = –40°C to +125°C 3.9

VOL Output voltage (low) TA = 25°C, VS+ = 3.3 V 1.05 1.15 V

VOL Output voltage (low)
TA = 25°C 1.05 1.15

V
TA = –40°C to +125°C 1.2
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6.5 Electrical Characteristics (continued)
VS+ = 5 V, VS– = 0 V, G = 7 V/V, RF = 453 Ω, input common-mode biased at midsupply, RL = 200 Ω, output load is referenced 
to midsupply, and TA = 25℃ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Linear output drive (sink and source)
RL = 10 Ω, AOL > 60 dB 65 80

mATA = –40°C to +125°C, RL = 10 Ω,
AOL > 60 dB 64

ISC Output short-circuit current 85 105 mA

POWER SUPPLY
VS Operating voltage 3.3 5.25 V

IQ Quiescent current VS+ = 5 V 18 20.5 24 mA

IQ Quiescent current VS+ = 3.3 V 17.5 20 23.5 mA

IQ Quiescent current VS+ = 5.25 V 18 21 24 mA

IQ Quiescent current TA = 125°C 24.5 mA

IQ Quiescent current TA = –40°C 18.5 mA

PSRR+ Positive power-supply rejection ratio 74 84
dB

PSRR– Negative power-supply rejection ratio 70 80

POWER DOWN
Disable voltage threshold Amplifier OFF below this voltage 0.65 1 V

Enable voltage threshold Amplifier ON above this voltage 1.5 1.8 V

Power-down quiescent current 70 140 µA

PD bias current 70 200 µA

Turnon time delay Time to VOUT = 90% of final value 13 ns

Turnoff time delay 120 ns
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6.6 Typical Characteristics
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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configuration

図 6-1. Small-Signal Frequency Response vs Gain
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図 6-2. Small-Signal Frequency Response vs Supply Voltage

Frequency (Hz)

N
o
rm

a
liz

e
d
 G

a
in

 (
d
B

)

-12

-9

-6

-3

0

3

1M 10M 100M 1G 5G

D103

RL = 200 :
RL = 400 :
RL = 100 :
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図 6-3. Small-Signal Frequency Response vs Output Load
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図 6-4. Small-Signal Frequency Response vs Ambient 
Temperature
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RS = 24 :, C L = 10 pF

RS = 10 :, C L = 47 pF
RS = 5.6 :, C L = 100 pF
RS = 1.8 :, C L = 1 nF

VOUT = 100 mVPP; see 図 7-3 for circuit configuration

図 6-5. Small-Signal Frequency Response vs Capacitive Load
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6.6 Typical Characteristics (continued)
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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図 6-7. Large-Signal Response for 0.1-dB Gain Flatness

Frequency (Hz)

N
o

rm
a

liz
e

d
 G

a
in

 (
d

B
)

-12

-10

-8

-6

-4

-2

0

2

4

1M 10M 100M 1G 5G

D108

VS = 3.3 V VOUT = 1 VPP

図 6-8. Large-Signal Frequency Response
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図 6-9. Closed-Loop Output Impedance vs Frequency
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図 6-11. Voltage Noise Density vs Frequency
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6.6 Typical Characteristics (continued)
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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図 6-13. Harmonic Distortion (HD2) vs Output Swing
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図 6-14. Harmonic Distortion (HD3) vs Output Swing
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図 6-15. Harmonic Distortion (HD2) vs Output Load

Frequency (Hz)

H
a
rm

o
n
ic

 D
is

to
rt

io
n
 (

d
B

c
)

-120

-110

-100

-90

-80

-70

-60

-50

-40

1M 10M 100M

D116

HD3, RL = 100 :
HD3, RL = 200 :
HD3, RL = 400 :

VOUT = 2 VPP

図 6-16. Harmonic Distortion (HD3) vs Output Load
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6.6 Typical Characteristics (continued)
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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図 6-19. Small-Signal Transient Response
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図 6-21. Small-Signal Transient Response vs Capacitive Load
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6.6 Typical Characteristics (continued)
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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図 6-25. Common-Mode Rejection Ratio vs Frequency
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図 6-26. Power Supply Rejection Ratio vs Frequency
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図 6-27. Quiescent Current vs Supply Voltage
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図 6-28. Quiescent Current vs Ambient Temperature
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図 6-29. Quiescent Current (Amplifier Disabled) vs Ambient 
Temperature

Total Supply Voltage (V)

O
ff

s
e

t 
V

o
lt
a

g
e

 (
m

V
)

3 3.25 3.5 3.75 4 4.25 4.5 4.75 5 5.25

-1.5

-1.2

-0.9

-0.6

-0.3

0

0.3

0.6

0.9

1.2

1.5

D163

Unit 1
Unit 2

Unit 3

3 Typical Units

図 6-30. Offset Voltage vs Supply Voltage

OPA858-Q1
JAJSKI4 – FEBRUARY 2021 www.tij.co.jp

12 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: OPA858-Q1

https://www.ti.com/product/ja-jp/opa858-q1?qgpn=opa858-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSKI4
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKI4&partnum=OPA858-Q1
https://www.ti.com/product/ja-jp/opa858-q1?qgpn=opa858-q1


6.6 Typical Characteristics (continued)
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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図 6-31. Offset Voltage vs Ambient Temperature
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図 6-32. Offset Voltage vs Input Common-Mode Voltage
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図 6-33. Offset Voltage vs Input Common-Mode Voltage
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図 6-34. Offset Voltage vs Input Common-Mode Voltage vs 
Ambient Temperature
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図 6-35. Offset Voltage vs Output Swing
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図 6-36. Offset Voltage vs Output Swing
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6.6 Typical Characteristics (continued)
at VS+ = 2.5 V, VS– = –2.5 V, VIN+ = 0 V, RF = 453 Ω, Gain = 7 V/V, RL = 200 Ω, output load referenced to midsupply, and TA = 
25°C (unless otherwise noted)
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図 6-37. Offset Voltage vs Output Swing vs Ambient 
Temperature
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図 6-38. Input Bias Current vs Ambient Temperature
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図 6-39. Input Bias Current vs Input Common-Mode Voltage
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図 6-40. Quiescent Current Distribution
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図 6-41. Offset Voltage Distribution
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7 Parameter Measurement Information
The various test setup configurations for the OPA858-Q1 are shown in 図 7-1, 図 7-2, and 図 7-3. When 
configuring the OPA858-Q1 in a gain of +39.2 V/V, feedback resistor RF was set to 953 Ω.

図  6-1 shows 5-dB of peaking with the amplifier in an inverting configuration of –7 V/V with the amplifier 
configured as shown in 図 7-2. The 50-Ω matched termination of this circuit configuration results in the amplifier 
being configured in a noise gain of 5.3 V/V, which is lower than the recommended +7 V/V.
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8 Detailed Description
8.1 Overview
The ultra-wide, 5.5-GHz gain bandwidth product (GBWP) of the OPA858-Q1, combined with the broadband 
voltage noise of 2.5 nV/√Hz, produces a viable amplifier for wideband transimpedance applications, high-speed 
data acquisition systems, and applications with weak signal inputs that require low-noise and high-gain front 
ends. The OPA858-Q1 combines multiple features to optimize dynamic performance. In addition to the wide, 
small-signal bandwidth, the OPA858-Q1 has 600 MHz of large-signal bandwidth (VOUT = 2 VPP), and a slew rate 
of 2000 V/µs.

The OPA858-Q1 is offered in a 2-mm × 2-mm, 8-pin WSON package that features a feedback (FB) pin for a 
simple feedback network connection between the amplifiers output and inverting input. Excess capacitance on 
an amplifiers input pin can reduce phase margin causing instability. This problem is exacerbated in the case of 
very wideband amplifiers like the OPA858-Q1. To reduce the effects of stray capacitance on the input node, the 
OPA858-Q1 pinout features an isolation pin (NC) between the feedback and inverting input pins that increases 
the physical spacing between them thereby reducing parasitic coupling at high frequencies. The OPA858-Q1 
also features a very low capacitance input stage with only 0.8-pF of total input capacitance.

8.2 Functional Block Diagram
The OPA858-Q1 is a classic voltage feedback operational amplifier (op amp) with two high-impedance inputs 
and a low-impedance output. Standard application circuits are supported, like the two basic options shown in 図 

8-1 and 図 8-2. The DC operating point for each configuration is level-shifted by the reference voltage (VREF), 
which is typically set to midsupply in single-supply operation. VREF is typically connected to ground in split-supply 
applications.
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8.3 Feature Description
8.3.1 Input and ESD Protection

The OPA858-Q1 is fabricated on a low-voltage, high-speed, BiCMOS process. The internal, junction breakdown 
voltages are low for these small geometry devices, and as a result, all device pins are protected with internal 
ESD protection diodes to the power supplies as 図 8-3 shows. There are two antiparallel diodes between the 
inputs of the amplifier that clamp the inputs during an overrange or fault condition.
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図 8-3. Internal ESD Structure

8.3.2 Feedback Pin

The OPA858-Q1 pin layout is optimized to minimize parasitic inductance and capacitance, which is a critical care 
about in high-speed analog design. The FB pin (pin 1) is internally connected to the output of the amplifier. The 
FB pin is separated from the inverting input of the amplifier (pin 3) by a no connect (NC) pin (pin 2). The NC pin 
must be left floating. There are two advantages to this pin layout:
1. A feedback resistor (RF) can connect between the FB and IN– pin on the same side of the package (see 図 

8-4) rather than going around the package.
2. The isolation created by the NC pin minimizes the capacitive coupling between the FB and IN– pins by 

increasing the physical separation between the pins.

1
FB  PD8

2
NC 7  VS+

3
IN±

6  OUT

4
IN+

5  VS±

+

±

RF

図 8-4. RF Connection Between FB and IN– Pins
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8.3.3 Wide Gain-Bandwidth Product

図 6-10 shows the open-loop magnitude and phase response of the OPA858-Q1. Calculate the gain bandwidth 
product of any op amp by determining the frequency at which the AOL is 60 dB and multiplying that frequency by 
a factor of 1000. The second pole in the AOL response occurs before the magnitude crosses 0 dB, and the 
resultant phase margin is less than 0°. This indicates instability at a gain of 0 dB (1 V/V). Amplifiers that are not 
unity-gain stable are known as decompensated amplifiers. Decompensated amplifiers typically have higher gain-
bandwidth product, higher slew rate, and lower voltage noise, compared to a unity-gain stable amplifier with the 
same amount of quiescent power consumption.

図 8-5 shows the open-loop magnitude (AOL) of the OPA858-Q1 as a function of temperature. The results show 
minimal variation over temperature. The phase margin of the OPA858-Q1 configured in a noise gain of 7 V/V 
(16.9 dB) is close to 55° across temperature. Similarly 図 8-6 shows the AOL magnitude of the OPA858-Q1 as a 
function of process variation. The results show the AOL curve for the nominal process corner and the variation 
one standard deviation from the nominal. The simulated results suggest less than 1° of phase margin difference 
within a standard deviation of process variation when the amplifier is configured in a gain of 7 V/V.

One of the primary applications for the OPA858-Q1 is as a high-speed transimpedance amplifier (TIA), as 図 9-4 
shows. The low-frequency noise gain of a TIA is 0 dB (1 V/V). At high frequencies the ratio of the total input 
capacitance and the feedback capacitance set the noise gain. To maximize the TIA closed-loop bandwidth, the 
feedback capacitance is typically smaller than the input capacitance, which implies that the high-frequency noise 
gain is greater than 0 dB. As a result, op amps configured as TIAs are not required to be unity-gain stable, which 
makes a decompensated amplifier a viable option for a TIA. What You Need To Know About Transimpedance 
Amplifiers –  Part 1 and What You Need To Know About Transimpedance Amplifiers –  Part 2 describe 
transimpedance amplifier compensation in greater detail.
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8.3.4 Slew Rate and Output Stage

In addition to wide bandwidth, the OPA858-Q1 features a high slew rate of 2000 V/µs. The slew rate is a critical 
parameter in high-speed pulse applications with narrow sub-10-ns pulses, such as optical time-domain 
reflectometry (OTDR) and LIDAR. The high slew rate of the OPA858-Q1 implies that the device accurately 
reproduces a 2-V, sub-ns pulse edge, as seen in 図 6-20. The wide bandwidth and slew rate of the OPA858-Q1 
make it an excellent amplifier for high-speed signal-chain front ends.

図 8-7 shows the open-loop output impedance of the OPA858-Q1 as a function of frequency. To achieve high 
slew rates and low output impedance across frequency, the output swing of the OPA858-Q1 is limited to 
approximately 3 V. The OPA858-Q1 is typically used in conjunction with high-speed pipeline ADCs and flash 
ADCs that have limited input ranges. Therefore, the OPA858-Q1 output swing range coupled with the class-
leading voltage noise specification for a CMOS amplifier maximizes the overall dynamic range of the signal 
chain.

Frequency (Hz)

O
p
e
n
-L

o
o
p
 O

u
tp

u
t 
Im

p
e
d
a
n
c
e
 (

o
h
m

s
)

0

2

4

6

8

10

12

14

16

18

20

10k 100k 1M 10M 100M 1G 10G

D601

図 8-7. Open-Loop Output Impedance (ZOL) vs Frequency

8.3.5 Current Noise

The input impedance of CMOS and JFET input amplifiers at low frequencies exceed several GΩs. However, at 
higher frequencies, the transistors parasitic capacitance to the drain, source, and substrate reduces the 
impedance. The high impedance at low frequencies eliminates any bias current and the associated shot noise. 
At higher frequencies, the input current noise increases (see 図 8-8) as a result of capacitive coupling between 
the CMOS gate oxide and the underlying transistor channel. This phenomenon is a natural artifact of the 
construction of the transistor and is unavoidable.
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8.4 Device Functional Modes
8.4.1 Split-Supply and Single-Supply Operation

The OPA858-Q1 can be configured with single-sided supplies or split-supplies as shown in 図 10-1. Split-supply 
operation using balanced supplies with the input common-mode set to ground eases lab testing because most 
signal generators, network analyzers, spectrum analyzers, and other lab equipment typically reference inputs 
and outputs to ground. In split-supply operation, the thermal pad must be connected to the negative supply.

Newer systems use a single power supply to improve efficiency and reduce the cost of the extra power supply. 
The OPA858-Q1 can be used with a single positive supply (negative supply at ground) with no change in 
performance if the input common-mode and output swing are biased within the linear operation of the device. In 
single-supply operation, level shift the DC input and output reference voltages by half the difference between the 
power supply rails. This configuration maintains the input common-mode and output load reference at midsupply. 
To eliminate gain errors, the source driving the reference input common-mode voltage must have low output 
impedance across the frequency range of interest. In this case, the thermal pad must be connected to ground.

8.4.2 Power-Down Mode

The OPA858-Q1 features a power-down mode to reduce the quiescent current to conserve power. 図 6-23 and 
図 6-24 show the transient response of the OPA858-Q1 as the PD pin toggles between the disabled and enabled 
states.

The PD disable and enable threshold voltages are with reference to the negative supply. If the amplifier is 
configured with the positive supply at 3.3 V and the negative supply at ground, then the disable and enable 
threshold voltages are 0.65 V and 1.8 V, respectively. If the amplifier is configured with ±1.65 V supplies, then 
the threshold voltages are at –1 V and 0.15 V. If the amplifier is configured with ±2.5 V supplies, then the 
threshold voltages are at –1.85 V and –0.7 V.

図 8-9 shows the switching behavior of a typical amplifier as the PD pin is swept down from the enabled state to 
the disabled state. Similarly, 図 8-10 shows the switching behavior of a typical amplifier as the PD pin is swept 
up from the disabled state to the enabled state. The small difference in the switching thresholds between the 
down sweep and the up sweep is caused by the hysteresis designed into the amplifier to increase immunity to 
noise on the PD pin.
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Connecting the PD pin low disables the amplifier and places the output in a high-impedance state. When the 
amplifier is configured as a noninverting amplifier, the feedback (RF) and gain (RG) resistor network form a 
parallel load to the output of the amplifier. To protect the input stage of the amplifier, the OPA858-Q1 uses 
internal, back-to-back protection diodes between the inverting and noninverting input pins as 図 8-3 shows. In 
the power-down state, if the differential voltage between the input pins of the amplifier exceeds a diode voltage 
drop, an additional low-impedance path is created between the noninverting input pin and the output pin.
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9 Application and Implementation

注

以下のアプリケーション情報は、TI の製品仕様に含まれるものではなく、TI ではその正確性または完全性を

保証いたしません。個々の目的に対する製品の適合性については、お客様の責任で判断していただくことに
なります。また、お客様は自身の設計実装を検証しテストすることで、システムの機能を確認する必要がありま
す。

9.1 Application Information

9.1.1 Using the OPA858-Q1 as a Transimpedance Amplifier

The OPA858-Q1 design has been optimized to meet the industry's growing demand for wideband, low-noise 
photodiode amplifiers. The closed-loop bandwidth of a transimpedance amplifier is a function of the following:
1. The total input capacitance. This includes the photodiode capacitance, input capacitance of the amplifier 

(common-mode and differential capacitance) and any stray capacitance from the PCB.
2. The op amp gain bandwidth product (GBWP), and,
3. The transimpedance gain RF.

+

±

GND

+

±

RF

CF

OPA858

5 V

GND

3.4 V

100 V

図 9-1. Transimpedance Amplifier Circuit

図 9-1 shows the OPA858-Q1 configured as a TIA with the avalanche photodiode (APD) reverse biased such 
that the APD cathode is tied to a large positive bias voltage. In this configuration the APD sources current into 
the op amp feedback loop so that the output swings in a negative direction relative to the input common-mode 
voltage. To maximize the output swing in the negative direction, the OPA858-Q1 common-mode is set close to 
the positive limit, 1.6 V from the positive supply rail.

The feedback resistance RF and the input capacitance form a zero in the noise gain that results in instability if 
left unchecked. To counteract the effect of the zero, a pole is inserted by adding the feedback capacitor (CF.) into 
the noise gain transfer function. The Transimpedance Considerations for High-Speed Amplifiers application 
report discusses theories and equations that show how to compensate a transimpedance amplifier for a 
particular gain and input capacitance. The bandwidth and compensation equations from the application report 
are available in a Microsoft Excel ® calculator. What You Need To Know About Transimpedance Amplifiers – Part 
1 provides a link to the calculator.
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Photodiode capacitance (pF)
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図 9-2. Bandwidth and Noise Performance vs 
Photodiode Capacitance

Feedback Resistance (k:)

C
lo

s
e

d
-l

o
o

p
 B

a
n

d
w

id
th

, 
f -

3
d

B
 (

M
H

z
)

In
te

g
ra

te
d

 I
n

p
u

t 
R

e
fe

rr
e

d
 N

o
is

e
, 

I R
N

 (
n

A
R

M
S
)

50 0

100 20

150 40

200 60

250 80

300 100

350 120

10 100

D210

f-3dB, CF = 1 pF
f-3dB, CF = 2 pF

IRN, CF = 1 pF
IRN, CF = 2 pF

図 9-3. Bandwidth and Noise Performance vs 
Feedback Resistance

The equations and calculators in the application report and blog posts referenced above are used to model the 
bandwidth (f-3dB) and noise (IRN) performance of the OPA858-Q1 configured as a TIA. The resultant performance 
is shown in 図 9-2 and 図 9-3. The left side Y-axis shows the closed-loop bandwidth performance, while the right 
side of the graph shows the integrated input referred noise. The noise bandwidth to calculate IRN, for a fixed RF 
and CPD is set equal to the f–3dB frequency.

図 9-2 shows the amplifier performance as a function of photodiode capacitance (CPD) for RF = 10 kΩ and 20 
kΩ. Increasing CPD decreases the closed-loop bandwidth. It is vital to reduce any stray parasitic capacitance 
from the PCB to maximize bandwidth. The OPA858-Q1 is designed with 0.8 pF of total input capacitance to 
minimize the effect on system performance.

図 9-3 shows the amplifier performance as a function of RF for CPD = 1 pF and 2 pF. Increasing RF results in 
lower bandwidth. To maximize the signal-to-noise ratio (SNR) in an optical front-end system, maximize the gain 
in the TIA stage. Increasing RF by a factor of X increases the signal level by X, but only increases the resistor 
noise contribution by √ X, thereby improving SNR.

9.2 Typical Application
The high GBWP, low input voltage noise and high slew rate of the OPA858-Q1 makes the device a viable 
wideband, high input impedance voltage amplifier.
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9.2.1 Design Requirements

Design a high-bandwidth, high-gain, voltage amplifier with the design requirements listed in 表 9-1. An inverting 
amplifier configuration is chosen here; however, the theory is applicable to a noninverting configuration as well. 
In an inverting configuration the signal gain and noise gain transfer functions are not equal, unlike the 
noninverting configuration.

表 9-1. Design Requirements
TARGET BANDWIDTH 

(MHz) SIGNAL GAIN (V/V) FEEDBACK RESISTANCE 
(Ω)

FREQUENCY 
PEAKING (dB)

> 750 –2 453 < 2

9.2.2 Detailed Design Procedure

The OPA858-Q1 is compensated to have less than 1 dB of peaking in a gain of 7 V/V. Using the device in lower 
gains results in increased peaking and potential instability. 図 9-4 shows the OPA858-Q1 configured in a signal 
gain of –2 V/V. The DC noise gain (1/β) of the amplifier is affected by the 62-Ω termination resistor and the 50-Ω 
source resistor and is given by 式 1. At higher frequencies the noise gain is affected by reactive elements such 
as inductors and capacitors. These include both discrete board components as well as printed circuit board 
(PCB) parasitics.

� �
1 453 

Noise Gain =  = 1 2.79 V/V 5.04 dB
226 62  || 50 

§ ·:
�   ¨ ¸¨ ¸E : � : :© ¹ (1)

The stability and phase margin of the amplifier depend on the loop gain of the amplifier, which is the product of 
the AOL and the feedback factor (β) of the amplifier. The β of a negative-feedback loop system is the portion of 
the output signal that is fed back to the input, and in the case of an amplifier is the inverse of the noise gain. The 
noise gain of the amplifier at high frequencies can be increased by adding an input capacitor and a feedback 
capacitor as 図 9-5 shows. If done carefully, increasing 1/β improves the phase margin just as any amplifier is 
more stable in a high gain configuration versus a unity-gain buffer configuration. The modified network with the 
added capacitors alters the high-frequency noise gain, but does not alter the signal gain. The AN-1604 
Decompensated Operational Amplifiers application report provides a detailed analysis of noise gain-shaping 
techniques for decompensated amplifiers and shows how to choose external resistors and capacitor values.

図 9-6 shows the uncompensated frequency response of the OPA858-Q1 configured as shown in 図 9-4. Without 
any added noise gain shaping components, the OPA858-Q1 shows approximately 13 dB of peaking.

図 9-7 shows the noise gain compensated frequency response of the OPA858-Q1 configured as shown in 図 
9-5. The noise gain shaping elements reduce the peaking to less than 1.5 dB. The 2.7-pF input capacitor, the 
input capacitance of the amplifier, the gain resistor, and the feedback resistor create a zero in the noise gain at a 
frequency f, as 式 2 shows.
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� �F G IN

1
f

2 R || R C
 

S (2)

where

• RF is the feedback resistor
• RG is the input or gain resistor (includes the effect of the source and termination resistor)
• CIN is the total input capacitance, which includes the external 2.7-pF capacitor, the amplifier input 

capacitance, and any parasitic PCB capacitance.

The zero in 式 2 increases the noise gain at higher frequencies, which is important when compensating a 
decompensated amplifier. However, the noise gain zero reduces the loop gain phase which results in a lower 
phase margin. To counteract the phase reduction due to the noise gain zero, add a pole to the noise gain curve 
by inserting the 0.5-pF feedback capacitor. The pole occurs at a frequency shown in 式 3. The noise gain pole 
and zero locations must be selected so that the rate-of-closure between the magnitude curves of AOL and 1/β is 
approximately 20 dB. To ensure this, the noise gain pole must occur before the 1/β magnitude curve intersects 
the AOL magnitude curve. In other words, the noise gain pole must occur before |AOL| = |1/β|. The point at which 
the two curves intersect is known as the loop gain crossover frequency.

 

F F

1
f

2 R C
 

S (3)

where

• CF is the feedback capacitor (includes any added PCB parasitic)

For more information on op amp stability, watch the TI Precision Lab series on stability video.
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9.2.3 Application Curves
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図 9-6. Gain = –2 V/V, Uncompensated Frequency Response
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図 9-7. Gain = –2 V/V, Compensated Frequency Response

10 Power Supply Recommendations
The OPA858-Q1 operates on supplies from 3.3 V to 5.25 V. The OPA858-Q1 operates on single-sided supplies, 
split and balanced bipolar supplies, and unbalanced bipolar supplies. Because the OPA858-Q1 does not feature 
rail-to-rail inputs or outputs, the input common-mode and output swing ranges are limited at 3.3-V supplies.
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図 10-1. Split and Single Supply Circuit Configuration
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11 Layout
11.1 Layout Guidelines
Achieving optimum performance with a high-frequency amplifier like the OPA858-Q1 requires careful attention to 
board layout parasitics and external component types. Recommendations that optimize performance include:

• Minimize parasitic capacitance from the signal I/O pins to ac ground. Parasitic capacitance on the 
output and inverting input pins can cause instability. To reduce unwanted capacitance, cut out the power and 
ground traces under the signal input and output pins. Otherwise, ground and power planes must be unbroken 
elsewhere on the board. When configuring the amplifier as a TIA, if the required feedback capacitor is less 
than 0.15 pF, consider using two series resistors, each of half the value of a single resistor in the feedback 
loop to minimize the parasitic capacitance from the resistor.

• Minimize the distance (less than 0.25-in) from the power-supply pins to high-frequency bypass 
capacitors. Use high-quality, 100-pF to 0.1-µF, C0G and NPO-type decoupling capacitors with voltage 
ratings at least three times greater than the amplifiers maximum power supplies. This configuration makes 
sure that there is a low-impedance path to the amplifiers power-supply pins across the amplifiers gain 
bandwidth specification. At the device pins, do not allow the ground and power plane layout to be in close 
proximity to the signal I/O pins. Avoid narrow power and ground traces to minimize inductance between the 
pins and the decoupling capacitors. The power-supply connections must always be decoupled with these 
capacitors. Larger (2.2-µF to 6.8-µF) decoupling capacitors that are effective at lower frequency must be 
used on the supply pins. Place these decoupling capacitors further from the device. Share the decoupling 
capacitors among several devices in the same area of the printed circuit board (PCB).

• Careful selection and placement of external components preserves the high-frequency performance 
of the OPA858-Q1. Use low-reactance resistors. Surface-mount resistors work best and allow a tighter 
overall layout. Never use wirewound resistors in a high-frequency application. Because the output pin and 
inverting input pin are the most sensitive to parasitic capacitance, always position the feedback and series 
output resistor, if any, as close to the output pin as possible. Place other network components (such as 
noninverting input termination resistors) close to the package. Even with a low parasitic capacitance shunting 
the external resistors, high resistor values create significant time constants that can degrade performance. 
When configuring the OPA858-Q1 as a voltage amplifier, keep resistor values as low as possible and 
consistent with load driving considerations. Decreasing the resistor values keeps the resistor noise terms low 
and minimizes the effect of the parasitic capacitance. However, lower resistor values increase the dynamic 
power consumption because RF and RG become part of the output load network of the amplifier.

11.2 Layout Example

Place gain and feedback resistors 

close to pins to minimize stray 

capacitance

Place bypass capacitor 

close to power pins

Connect the thermal pad to the 

negative supply pin

1 8

2 7

3 6

4 5

CBYPRF

RG RS

CBYP

Thermal
Pad

Connect PD to VS+ to enable the 

amplifier

NC (Pin 2) isolates the IN- and FB 

pins thereby reducing capacitive 

coupling

Ground and power plane removed 

from inner layers. Ground fill on 

outer layers also removed

Ground and power plane exist on 

inner layers. 

CBYP

RFRG

+

±

VS-

CBYP

VS+

Representative schematic 

RS

図 11-1. Layout Recommendation

When configuring the OPA858-Q1 as a transimpedance amplifier additional care must be taken to minimize the 
inductance between the avalanche photodiode (APD) and the amplifier. Always place the photodiode on the 
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same side of the PCB as the amplifier. Placing the amplifier and the APD on opposite sides of the PCB 
increases the parasitic effects due to via inductance. APD packaging can be quite large which often requires the 
APD to be placed further away from the amplifier than ideal. The added distance between the two device results 
in increased inductance between the APD and op amp feedback network as shown in 図 11-2. The added 
inductance is detrimental to a decompensated amplifiers stability since it isolates the APD capacitance from the 
noise gain transfer function. The noise gain is given by 式 4. The added PCB trace inductance between the 
feedback network increases the denominator in 式 4 thereby reducing the noise gain and the phase margin. In 
cases where a leaded APD in a TO can is used inductance should be further minimized by cutting the leads of 
the TO can as short as possible.

The layout shown in 図 11-2 can be improved by following some of the guidelines shown in 図 11-3. The two key 
rules to follow are:
• Add an isolation resistor RISO as close as possible to the inverting input of the amplifier. Select the value of 

RISO to be between 10 Ω and 20 Ω. The resistor dampens the potential resonance caused by the trace 
inductance and the amplifiers internal capacitance.

• Close the loop between the feedback elements (RF and CF) and RISO as close to the APD pins as possible. 
This ensures a more balanced layout and reduces the inductive isolation between the APD and the feedback 
network.

F

IN

Z
Noise Gain 1

Z

§ ·
 �¨ ¸
© ¹ (4)

where
• ZF is the total impedance of the feedback network.
• ZIN is the total impedance of the input network.

Vbias

CF

1FB 8  PD

2NC 7  VS+

3IN± 6  OUT

4IN+ 5  VS±

Thermal
Pad

APD 

Package

Trace inductance isolates 

APD capacitance from the 

amplifier noise gain

RF

図 11-2. Non-Ideal TIA Layout

Vbias

Place RISO close to IN±

Close the loop close 

to APD pins

1FB 8  PD

2NC 7  VS+

3IN± 6  OUT

4IN+ 5  VS±

Thermal
Pad

APD 

Package

CF

RF

RISO

図 11-3. Improved TIA Layout
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12 Device and Documentation Support
12.1 Device Support
12.1.1 Development Support

• LIDAR Pulsed Time of Flight Reference Design
• LIDAR-Pulsed Time-of-Flight Reference Design Using High-Speed Data Converters
• Wide Bandwidth Optical Front-end Reference Design

12.2 Documentation Support
12.2.1 Related Documentation

For related documentation see the following:
• Texas Instruments, OPA858EVM user's guide
• Texas Instruments, Training Video: High-Speed Transimpedance Amplifier Design Flow
• Texas Instruments, Training Video: How to Design Transimpedance Amplifier Circuits
• Texas Instruments, Training Video: How to Convert a TINA-TI Model into a Generic SPICE Model
• Texas Instruments, Transimpedance Considerations for High-Speed Amplifiers application report
• Texas Instruments, What You Need To Know About Transimpedance Amplifiers – Part 1
• Texas Instruments What You Need To Know About Transimpedance Amplifiers – Part 2

12.3 Receiving Notification of Documentation Updates
To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper 
right corner, click on Alert me to register and receive a weekly digest of any product information that has 
changed. For change details, review the revision history included in any revised document.

12.4 サポート・リソース
TI E2E™ サポート ・フォーラムは、エンジニアが検証済みの回答と設計に関するヒントをエキスパートから迅速かつ直接

得ることができる場所です。既存の回答を検索したり、独自の質問をしたりすることで、設計で必要な支援を迅速に得るこ
とができます。

リンクされているコンテンツは、該当する貢献者により、現状のまま提供されるものです。これらは TI の仕様を構成するも

のではなく、必ずしも TI の見解を反映したものではありません。TI の使用条件を参照してください。

12.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
® is a registered trademark of Microsoft Corporation.
すべての商標は、それぞれの所有者に帰属します。

12.6 静電気放電に関する注意事項
この IC は、ESD によって破損する可能性があります。テキサス・インスツルメンツは、IC を取り扱う際には常に適切な注意を払うこと

を推奨します。正しい ESD 対策をとらないと、デバイスを破損するおそれがあります。

ESD による破損は、わずかな性能低下からデバイスの完全な故障まで多岐にわたります。精密な IC の場合、パラメータがわずか

に変化するだけで公表されている仕様から外れる可能性があるため、破損が発生しやすくなっています。

12.7 用語集
TI 用語集 この用語集には、用語や略語の一覧および定義が記載されています。

13 Mechanical, Packaging, and Orderable Information
The following pages include mechanical, packaging, and orderable information. This information is the most 
current data available for the designated devices. This data is subject to change without notice and revision of 
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

OPA858QDSGRQ1 Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 858Q

OPA858QDSGRQ1.B Active Production WSON (DSG) | 8 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 858Q
 
(1) Status:  For more details on status, see our product life cycle.

 
(2) Material type:  When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead finish/Ball material:  Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

 
(5) MSL rating/Peak reflow:  The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

 
(6) Part marking:  There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

 
Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.
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• Catalog : OPA858
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GENERIC PACKAGE VIEW

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

WSON - 0.8 mm max heightDSG 8
PLASTIC SMALL OUTLINE - NO LEAD2 x 2, 0.5 mm pitch

4224783/A
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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. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
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SCALE:20X

SYMM 9

NOTES: (continued)
 
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
    number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
    on this view. It is recommended that vias under paste be filled, plugged or tented. 
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EXAMPLE STENCIL DESIGN
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NOTES: (continued)
 
6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
    design recommendations. 
 

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
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