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THS4567 220 MHz, High Input Impedance, Fully Differential Amplifier with
Independent Input and Output Common-Mode Control

1 Features

* Gain Bandwidth Product (GBWP): 220 MHz
» Slew Rate: 500 V/us

+ Bandwidth: 42 MHz (G = 10 V/V)

+ Voltage Noise: 4.2 nV/\ Hz

* Supply Current (Iq): 2 mA

* lg:28 pA (Shutdown)

* Rail-to-Rail Output (RRO)

* High Impedance CMOS Inputs

* Independent Input and Output Common-Mode
Control

» Disable Input Common-Mode Loop to Use as a
Standard Fully Differential Amplifier (FDA)

» Single-Supply Range: 3.3V to 5.5V
» Split-Supply Range: £1.65 V to +2.75 V
* Operating Temperature Range: -40°C to 125°C

2 Applications

* Absolute Optical Encoder

* AC Drive Position Feedback

» Linear Motor Position Sensor

* Clinical Pulse Oximeter

* Optical Coherence Tomography
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Single-Stage Differential-Input to Differential-
Output, TIA and ADC Driver for Optical Encoders

3 Description

The THS4567 device is a novel fully-differential
amplifier (FDA) that includes independent input
common-mode (VICM) and output-common mode
(VOCM) control. Standard FDAs only possess output
common-mode control. The THS4567 is a
decompensated amplifier with a minimum stable gain
of 10 V/V.

The THS4567 operates as a fully differential
transimpedance amplifier (TIA) and analog-to-digital
converter (ADC) driver in a single integrated stage.

The VICM loop decouples the reverse bias across the
photodiode(PD) from the amplifiers input and output
swing compliance ranges thereby allowing the
designer to maximize the PD reverse bias and
minimize the PD capacitance. The VICM loop can be
disabled which then allows the THS4567 to operate
as a standard FDA.

The VOCM loop sets the differential output common-
mode voltage and is typically set at the subsequent
ADC stage common-mode reference voltage.

Device Information ()
PART NUMBER PACKAGE BODY SIZE (NOM)
THS4567 WQFN (10) 2.00 mm x 2.00 mm

(1) For all available packages, see the package option
addendum at the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions
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Figure 5-1. RUN Package

10-Pin WQFN
Top View
Table 5-1. Pin Functions
NAME PIN NO. 110 DESCRIPTION

AMP_EN 3 | Amplifier enable. HIGH (Default) = normal operation; LOW = power-off mode.

Input common-mode loop enable. HIGH (Default) = ICM loop enabled (TIA mode); ICM loop
ICM_EN 2 | .

- disabled (FDA mode).

IN+ 4 | Noninverting (positive) amplifier input (V|y+ = voltage measured at pin 4).
IN— 6 | Inverting (negative) amplifier input (V|y_ = voltage measured at pin 6).
OouT+ 9 (0] Noninverting (positive) amplifier output (Voyt+ = voltage measured at pin 9).
OouT- 1 O Inverting (negative) amplifier output (Voyt_ = voltage measured at pin 1).

Input common-mode voltage input (VICM = voltage applied at pin 8, V|c\y = voltage
VICM 8 | .

measured at pin 8).

Output common-mode voltage input (VOCM = voltage applied at pin 7, Vocm = average
VOCM 7

output voltage).
VS+ 10 - Positive power-supply input (Vs. = voltage applied at pin 10).
VS- 5 - Negative power-supply input (Vs_ = voltage applied at pin 5).

Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: THS4567

Submit Document Feedback

3



13 TEXAS

THS4567 INSTRUMENTS
SBOSA51 — DECEMBER 2020 www.ti.com
6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")
MIN MAX UNIT
Vs Total supply voltage (Vs+ — Vs.) 5.75 \%
Input, output, enable and common-mode pin voltage range (Vs-)—0.5 (Vs+) + 0.5 \%
Differential input pin voltage +1 \%
Iin Continuous input current +10 mA
lout Continuous output current(@) +20 mA
T, 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
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, +3000
all pins( -
V(Esp) Electrostatic discharge P - — \%
Charged device model (CDM), per JEDEC specification +1000
JESD22-C101, all pins(@) -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted).

MIN NOM MAX| UNIT
Vs Total supply voltage 3.3 5 5.5 \Y
Ta Operating free-air temperature —40 125 °C
6.4 Thermal Information
THS4567
THERMAL METRIC() RUN (WQFN) UNIT
10 PINS
Resa Junction-to-ambient thermal resistance 118 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 70.6 °C/W
Reys Junction-to-board thermal resistance 57.5 °C/W
Wyr Junction-to-top characterization parameter 3.7 °C/W
Y Junction-to-board characterization parameter 57.3 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance N/A °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: Differential TIA Mode, ICM loop enabled

Vs+ =25V, Vg_=-25V, VOCM = Open, VICM = Open, Rg = 1 MQ, Cg = 0.4 pF, C\y = 10 pF (on each input pin), AMP_EN
=2.5V, ICM loop enabled (ICM_EN = 2.5 V) and Tp = 25°C. (unless otherwise noted).
PARAMETER \ TEST CONDITIONS | MmN TYP  MAX| UNIT

AC PERFORMANCE (ICM LOOP)

Differential-transimpedance gain

GBWP bandwidth product Vout = 100 mVpp 220 MHz
Input Common-Mode control loop _
small-signal bandwidth Vour = 100 mVep 5 MHz
f =100 kHz, ICM loop disabled 0.02

f= 100 kHz, output current of ICM loop,
ICM_CTL @) < 750 nA

f=100 kHz, Output current of ICM

loop, lom et @ < 2.8 pA

iN Input differential current noise f= 100 kHz, Output current of ICM pANHz
) 0.65

loop, Iem_cTL ¥ < 5.5 pA

f=100 kHz, Output current of ICM

0.35

0.5

loop, lew_cr @ < 17 pA 1
f= 100 kHz, Output current of ICM 19
loop, Icm_crL @ < 55 pA '
DC PERFORMANCE (ICM LOOP)
VICM™ VICM pin default voltage above Vs_ :)/i'r?g’)' pin open (voltage measured at 1.4 1.55 175 Vv
) Default input common-mode voltage . _
VICM VICM pin open, VICM = (V|N+ + VIN—)/2 14 1.55 1.75 \%
above Vg_
AV /AT A Input common-mode voltage drift Ta =—-40°C to +125°C, VICM pin open 160 uv/eC
AVicm/ Input common-mode voltage vs. o
Alew et low_cr. current @ @) Icm_cTL variation = 5 pA to 20 uA 2 2.8 3.6| mV/pA
AV cm/ATp Input common-mode voltage offset drift Ta =._40 C to +125°C, VICM pin driven 22 uv/°eC
to midsupply
VICM pin driven to midsupply,
V Input common-mode offset error -25 +2.5 25 mV
IN_OS P lem_cTL = 0@, Vin_os = (Vicm — VICM)
VICM pin DC input resistance VICM pin driven to midsupply 200 kQ
VICM input high < +20-mV shift from midsupply offset, Ver—15 Vg, —1.3 v

lem_cTL = 100 pA

< +20-mV shift from midsupply offset,

VICM input low lom o7t < 100 pA Vg_+08 Vg +1 \Y,
| Input common-mode control current lcm_os = Alem_cT, IN+iN-)y/Average 0.5%
CM_0s offset mismatch between inputs ICM_CTL! ICM_CTL =10 HA 27

(1) V\cm refers to the common-mode or average voltage at the FDA inputs (IN+ and IN-). When the input common-mode (ICM) control
function is enabled (ICM_EN = HIGH), the device generates matched source/sink control currents to drive the input pins towards the
VICM pin reference voltage. Therefore VICM represents the voltage at pin 8, while V¢ represents the average input voltage.

(2) lcm_cTL refers to the magnitude of the matched source/sink control currents generated by the ICM loop at the device I+ and Iy pins.

(3) A positive Iy oL current is defined as a sinking (pull-down) current, generated by the ICM control loop to balance the total currents
(external common-mode + feedback) that flow into the FDA input pins.
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6.6 Electrical Characteristics: FDA operation, ICM loop disabled

Vs+ =25V, Vg_=-2.5V, VOCM = Open, VICM = Open, Rg =5 kQ, Gain = 10 V/V, ICM loop disabled (ICM_EN = -2.5 V),
R =1 kQ and Tp = 25°C. (unless otherwise noted).

PARAMETER \ TEST CONDITIONS | MmN TYP  MAX| UNIT
AC PERFORMANCE
SSBW Small-signal bandwidth Vout @ =100 mVpp 43 MHz
LSBW Large-signal bandwidth Vout @ =8 Vpp 28 MHz
GBWP Gain bandwidth product 220 MHz
Slew rate Vout = 8V Step, 20% < 80% 500 V/us
tr, tF Rise and fall time Vout = 100 mVpp, 10% < 90% 8 ns
0.1% settling time 65
— Vour = 8V Step ns
0.001% settling time 175
f=100 kHz, Vout =2 Vpp -115
HD2 Second-order harmonic distortion dBc
f=100 kHz, Vout = 8 Vpp -105
f=100 kHZ, VOUT =2 Vpp -118
HD3 Third-order harmonic distortion dBc
f=100 kHZ, VOUT =8 Vpp -108
en Input differential voltage noise 4.2 nV/AHz
iN Input current noise, each input f= 100 kHz 10 fANHZ
Zour _Closed-loop differential output 0.2 0
impedance
DC PERFORMANCE
AoL Open-loop gain 104 117 dB
Vos Input-referred offset voltage Vos = (Vin+ — VinD) -10 0.2 10 mV
AVos/ATa | Input-referred offset voltage drift Tp =—-40°C to +125°C 1 uv/°eC
IN, IBi Input bias current Noninverting and inverting inputs 20 pA
los Input offset current (Ien = Ig1) +20 pA
INPUT
Differential input resistance Effective shunt resistance between inputs 1
. . Effective shunt resistance to AC GND at GQ
Common-mode input resistance ) 1
each input
Differential input capacitance Ef;ict:;lve shunt capacitance between 0.6
F
. . Effective shunt capacitance to AC GND at P
Common-mode input capacitance ) 0.9
each input
CMRR Common-mode rejection ratio CMRR = (AVew/AVos). Inputs shifted 70 80 dB
+500 mV around midsupply
Ta = 25°C, Ao, > 90 dB V1S+8; Vgs— 16
CMIR+ Common-mode input high : v \Y
Ta =—-40°C to +125°C, Ag. > 90 dB 18%5
. Ta=25°C, AgL >90dB Vs_+0.2 Vg_-0.2
CMIR- Common-mode input low \%
Ta =—-40°C to +125°C, Ag_ > 90 dB Vg_—0.1
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6.6 Electrical Characteristics: FDA operation, ICM loop disabled (continued)

Vg+ =25V, Vg_=-2.5V, VOCM = Open, VICM = Open, Rg = 5 kQ, Gain = 10 V/V, ICM loop disabled (ICM_EN = -2.5V),
R =1 kQ and Tp = 25°C. (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
OUTPUT
. R =20 kQ, T = 25°C, input driven Vg — Vg —
Output voltage range to either supply fo +Vg/Gain 0125 0.075 \%
. RL= 20 kQ, TA = 25°C, VS - VS -
Output voltage range to either supply Vs shift < 150 pV from default offset 0.175 0.125 v
. R =20 kQ, Tp =—40°C to +125°C, Vs -
Output voltage range to either supply |\, * it <’ 150 pv from default offset 0.175 v
. Ri=1KkQ, Ta =25°C,
Output voltage range to either supply Vs shift < 150 uV from default offset Vs—-0.25 Vg-0.2 \%
. R =1kQ, T =-40°C to +125°C,
Output voltage range to either supply Vs shift < 150 pV from default offset Vs —-0.25 \
OUTPUT COMMON-MODE (VOCM) CONTROL
() pi i
Output common-mode loop SSBW \r;%gm)pl;m driven £ 0.5 mV around 5 MHz
Output common-mode loop LSBW \é%gﬂ/:)gll; driven 0.5 V around 45 MHz
AVour | ¢ output balance @ @) VOCM = 1V 80 B
AVocm Output common-mode gain ) VOCM pin driven +1 V around midsupply 0.99 1 1.01| VIV
/AVOCM
Input DC bias current of VOCM pin VOCM pin driven to midsupply 100 nA
Input impedance of VOCM pin \r;%Cszﬂ/plagll; driven + 0.5 mV around 200]|1 kQ || pF
VOCM input pin voltage offset from VOCM bin open _8 2 4 mv
mid-supply ) pin op
Output common-mode voltage offset .
Vocwm os from midsupply VOCM pin open -30 +2.5 30 mV
AVocm_os | Output common-mode voltage offset Th = —40°C to +125°C, VOCM pin open _99 Ve
ITa drift A '
Output common-mode voltage offset N .
Vocm_os from midsupply VOCM pin driven to midsupply -25 +1.5 25 mV
AVocm os | Output common-mode voltage offset Ta =—40°C to +125°C, VOCM pin driven _18 VG
ITa drift to midsupply H
VOCM input headroom to Vg. < +10 mV shift from Vocm os 0.9 1 \%
VOCM input headroom to Vg Ta =-40°C 1o +125°C, < £10 mV shift 1 \%
from VOCMfOS
VOCM input headroom from Vg_ < +10 mV shift from Vocm os 0.9 1 \Y
VOCM input headroom from Vg_ Ta=—40°Cto +125°C, <10 mV shift 1 \Y
from VOCM_OS
/AA\<IC’CM—°S Positive power-supply rejection ratio 76
st VOCM = 0 V (driven) dB
/AA\QOCM—OS Negative power-supply rejection ratio 80
S—

Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: THS4567

Submit Document Feedback

7



13 TEXAS
THS4567 INSTRUMENTS
SBOSA51 — DECEMBER 2020 www.ti.com

6.6 Electrical Characteristics: FDA operation, ICM loop disabled (continued)

Vg+ =25V, Vg_=-2.5V, VOCM = Open, VICM = Open, Rg = 5 kQ, Gain = 10 V/V, ICM loop disabled (ICM_EN = -2.5V),
R =1 kQ and Tp = 25°C. (unless otherwise noted).

PARAMETER \ TEST CONDITIONS | MmN TYP  MAX| UNIT
POWER SUPPLY
la Quiescent current Ta=25°C 1.4 1.9 25 mA
la Quiescent current VICM loop enabled 1.5 2 27 mA
la Disabled quiescent current AMP_EN =Vg_ 10 28 40 MA
+PSRR Power-supply rejection ratio to Vg. VOCM is driven 70 94 dB
-PSRR Power-supply rejection ratio to Vs_ VOCM is driven 90 110 dB
POWER DOWN

Enable voltage (Amplifier ON above

Vi this voltage) Vs+—=0.7 Vs =05
Disabl ltage threshold (Amplii AMP_EN and ICM_EN \
isable voltage thresho mplifier _ _
Vi OFF below this voltage) Vsi=2 Vsi—18
iy Control pin HIGH Input bias current QI\ZAEVEN and ICM_EN driven fo (Vs.) - 3.5 7 MA
External pull-down current required to
switch ON—OFF () 175 WA
I Control pin LOW Input bias current AMP_EN and ICM_EN driven to Vs_ -5 -1.1 MA
. . e Time to Voyrt stabilized within 1% of the
tamp_oN Turn-ON time delay (Main amplifier) final value 15 us
tamp_oFF Turn-OFF time delay (Main amplifier) | Time to supply current < 100 pA 0.9 us

(1) Leaving the AMP_EN pin floating is not recommended. When using a pull-up resistor ensure that the necessary bias current can be
supplied.

(2)  Vour is the differential output voltage, (Vout-— VouTt+)-

(3) VOCM refers to the voltage measured at pin 7. Vocm = [(VouTt+ + VouT-)/2] refers to the average output voltage.

(4) The offset between the voltage measured at the VOCM pin and the midsupply voltage.
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6.7 Typical Characteristics: (Vs+) —(Vs_) =5V

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R_ = 1 kQ, single-ended
input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).

3 3
TN
0 ot 0 o
R N
oy ™~ ™ o ™
ke )
= 3 A\ c 3 A
O] \ o \ \
el el
g 2
T -6 s -6
£ £
2 2
= |—a=7w o| — Vour=100mvee
Il—ac=1owwv Vour = 1 Vpp
G =40 VIV — VOUT =5 Vpp \
— G=100V/V — Vour =8 Vpp k
-12 -12
1M 10M 100M ™ 10M 100M
Frequency (Hz) Frequency (Hz)
VOUT =100 mVpp
Figure 6-1. Small-Signal Frequency Response vs Gain Figure 6-2. Frequency Response vs Voyt
3 1
L - 0.5
0 = ’—"'ﬁ.{ ,,l LU | !
L va L
& i A \ = 0
s c
% 3 % -0.5
O (o] ;
el Ee) -
g g \
5 6 g 15
(Z‘S _CL=10pF,H|so=OQ 2 2
— CL =47 pF, R|so =13Q
-9 CL =100 pF, Rigo = 13 Q
—— CL=470pF,Riso=8Q 2.5
—— C_.=1nF,Rigp=56Q
12 -3
™ 10M 100M 1k 10k 100k M 10M
Frequency (Hz) Frequency (Hz)
Vour =8 Vpp
Figure 6-3. Small-Signal Frequency Response vs C, Figure 6-4. Large-Signal Frequency Response Flatness
1000 10
—— Differential Noise
iy —— Common-mode Noise TI\T
i k4
¥ NN S
< 100 2 E
Z i 3 Ll
> IS
2 £ I _f
2 g 1 Ml
g < EE
g 10 & |
K <) |/
> - é —
<
s
o
1
100 1k 10k 100k ™ 10M 0.1
Frequency (Hz) 0.1 1 10 100
Input Common-Mode Current (Each Input) (uA)
f=100 kHz, ICM loop enabled
Figure 6-5. Input Referred Voltage Noise vs Frequency
Figure 6-6. Input Referred Current Noise vs Icy_cTL

Copyright © 2020 Texas Instruments Incorporated Submit Document Feedback 9

Product Folder Links: THS4567



13 TEXAS
THS4567 INSTRUMENTS
SBOSA51 — DECEMBER 2020 www.ti.com

6.7 Typical Characteristics: (Vs:) — (Vs_) = 5 V (continued)

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R_ = 1 kQ, single-ended
input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).
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6.7 Typical Characteristics: (Vs:) — (Vs_) = 5 V (continued)

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R, = 1 kQ, single-ended

input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).
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6.7 Typical Characteristics: (Vs:) — (Vs_) = 5 V (continued)

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R_ = 1 kQ, single-ended
input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).
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voltage measured.

Figure 6-19. VOCM Loop Small-Signal Frequency Response
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Figure 6-20. VICM Loop Small-Signal Frequency Response
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Figure 6-21. Quiescent Current vs Total Supply Voltage
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Figure 6-22. Quiescent Current vs Ambient Temperature
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6.7 Typical Characteristics: (Vs:) — (Vs_) = 5 V (continued)

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R_ = 1 kQ, single-ended
input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).

15
1
Z 05
g J
£ 0
>
s
£ 05
&
1 /
—
15

2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5
Input Common-Mode Voltage (V)

3 Typical Units

Figure 6-25. Offset Voltage vs Input Common-Mode Voltage
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Figure 6-26. Offset Voltage vs Input Common-Mode Voltage vs
Ambient Temperature
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Figure 6-27. Offset Voltage vs Differential Output Voltage
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Figure 6-28. Offset Voltage vs Differential Output Voltage vs
Ambient Temperature
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Figure 6-29. Offset Voltage vs Differential Output Voltage
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Figure 6-30. Offset Voltage vs Differential Output Voltage vs
Ambient Temperature
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6.7 Typical Characteristics: (Vs:) — (Vs_) = 5 V (continued)

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R_ = 1 kQ, single-ended
input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).
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Figure 6-31. Differential Output Voltage vs Load Current
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Figure 6-32. Differential Output Voltage vs Load Current vs
Ambient Temperature

-0.75

-0.78

-0.81

\

—]
_—]

g
-0.93 //
-0.96 /

-20 0 20 40 60 80 100
Input Common-Mode Current, lcm_cTL (MA)

Average Input Voltage, Vicm (V)

VICM pin floating, 3 Typical Units
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6.7 Typical Characteristics: (Vs:) — (Vs_) = 5 V (continued)

Vs+ =25V, Vg_=-2.5V, VOCM = open, VICM = open, Rg =5 kQ, G =10 V/V, ICM loop disabled, R_ = 1 kQ, single-ended
input, differential output, and input and output referenced to midsupply and Tp = 25°C, 1 (unless otherwise noted).
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7 Detailed Description
7.1 Overview

The THS4567 device is a unique fully differential amplifier that features an input common-mode control loop in
addition to the output common-mode control loop typically found in all fully differential amplifiers. The THS4567
device has a high impedance CMOS input stage with a very low input bias current. The independent input and
output common-mode control along with the high impedance CMOS inputs make the THS4567 device an ideal
high-gain, low-noise, fully-differential transimpedance amplifier.

The input common-mode loop of the THS4567 device may be disabled by setting the ICM_EN pin below its
turnoff threshold voltage, turning it into a standard fully differential amplifier with output common-mode control
only. The THS4567 device operates over a wide power supply voltage range from 3.3 V to 5.5 V, which makes
this device an excellent choice for driving differential ADCs and buffering DAC outputs.

This device features a low-power mode with a unique active pullup resistor that improves EMI reliability of the
shutdown pin when left floating. The AMP_EN and ICM_EN pins draw very little bias current when the logic
voltage is outside the switching threshold region. Within the switching threshold region, the bias current
increases, especially close to the transition region. The increased bias current prevents the logic from
inadvertently switching in the presence of EMI.

7.2 Functional Block Diagram

VS+
(e}
* O OUT+
IN- © -
6 kQ
x1 High-Ao.  +
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Amplifier —
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IN+ © L 4 +
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8 pA Error
Amplifier
VICM o * + JoCcM
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Amplifier
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) Copyright © 2017, Texas Instruments Incorporated
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7.3 Feature Description

The THS4567 architecture features three main building blocks:

1. A high open loop gain differential I/O main amplifier.

2. An output common-mode control error amplifier that sets the common-mode of the differential outputs of the
main amplifier.

3. An input common-mode control error amplifier that sets the common-mode of the differential inputs of the
main amplifier, independent of the output common-mode.

7.3.1 Main Amplifier

The main differential 1/0 amplifier has a wide gain bandwidth product of 220 MHz and is stable in gain
configurations > 10 V/V. Figure 6-15 shows the open-loop response of the main amplifier. The main amplifier has
a high-impedance CMOS input stage with very low input bias currents, which makes it ideal for use in high-gain
transimpedance systems or as a voltage amplifier with large feedback and gain resistors.

7.3.2 Output Common-Mode Control

The output common-mode loop works by sensing the average voltage between the two outputs of the main
amplifier through the two 6-kQ resistors internal resistors in Section 7.2 and comparing it against the voltage at
the VOCM pin. The VOCM error amplifier then adjusts the internal bias of the main amplifier to minimize the
error voltage between its input pins. The voltage at the VOCM node defaults to midsupply through the two 400-
kQ internal bias string resistors between VS+ and VS—. When using the VOCM at its default voltage, connect an
external capacitor to the VOCM pin to bypass the noise from the internal 400-kQ resistors. When the amplifier is
disabled, the default midsupply bias string is disabled to save power. The THS4567 device output common-
mode can also be set by driving the VOCM pin externally through a low output impedance source. Ensure that
the source is capable of driving the input impedance of the VOCM pin.

7.3.3 Input Common-Mode Control

The THS4567 device features a unique input common-mode control error amplifier that sets the input common-
mode voltage independent of the output common-mode voltage. The VICM error amplifier works by sensing the
average voltage at the main amplifiers inputs and then sourcing or sinking an equal amount of current into both
the input nodes of the main amplifier to maintain the input common-mode voltage equal to voltage at the VICM
pin. If the VICM pin is left floating, its input voltage defaults to 1.5-V above VS-. This voltage is set by the
combination of the 8-pA current source and the 181-kQ resistor shown in Section 7.2. When using the VICM at
its default voltage, connect an external capacitor to the VICM pin to bypass the noise from the internal 181-kQ
resistor. The VICM voltage can be set to an arbitrary value by driving the VICM pin externally through a low
output impedance source. The input common-mode control loop can be disabled by setting ICM_EN pin low.
With the input common-mode loop disabled the THS4567 device behaves like a standard fully-differential
amplifier (FDA).
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7.4 Device Functional Modes
7.4.1 Shutdown Mode

For proper shutdown mode operation, the amplifier enable (AMP_EN) pin must be asserted to the desired
voltage. An internal pullup resistor is provided on the AMP_EN pin so that if the pin is floated, then the device
defaults to an ON state. For applications that require the device to be constantly powered on when the supplies
are present, tie the AMP_EN pin to the positive supply voltage (VS+).

The disable operation is referenced from the positive supply. For an OFF state condition, the disable control pin
must be 2 V below the positive supply.

7.4.2 Differential Transimpedance Amplifier Mode

The primary use case of the input common-mode control loop is in differential transimpedance amplifier
applications where two photodiodes are excited by a differential input. Any ambient light that is incident on both
photodiodes will produce a DC offset current which is subsequently rejected by the input common-mode loop.
The input common-mode loop enables the use of very high feedback resistors to amplify the differential
photodiode current while simultaneously rejecting common-mode currents. Disabling the input common-mode
loop allows the common-mode current to flow through the feedback resistors thereby reducing the effective
output swing for the differential signal component. The THS4567 device can reject sourcing or sinking
photodiode currents.

The high impedance CMOS inputs of the THS4567 device minimizes the amplifiers input current noise enabling
the use of very high transimpedance gains (>100 kQ), while the low input voltage noise maximizes the system
signal-to-noise ratio (SNR). The high gain bandwidth product of the THS4567 device allows it be used as a
single-stage differential transimpedance amplifier while driving a high performance ADC driver.

7.4.3 Fully Differential Amplifier (FDA) Mode

With the input common-mode loop disabled, the THS4567 device behaves like a standard FDA. It can convert a
single-ended input signal to a differential output or a differential input to a differential output with independent
output common-mode control. For a detailed understanding of FDA operation check out the training video.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and Tl
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 Noise Analysis

To simplify the noise calculation of an FDA configured as a TIA, split the circuit into two identical halves and treat
each half as an independent op amp circuit. The noise of an op amp configured as a TIA is shown in
Transimpedance Considerations for High-Speed Amplifiers and is repeated in Equation 1. The equivalent noise
circuit is shown in Figure 8-1. The amplifiers voltage noise e nop in Figure 8-1 is the specified input-referred
voltage noise of the THS4567 (ey) divided by 1.414. This method enables us to analyze the FDA as two identical
and uncorrelated halves. The total noise of the FDA is the total noise of each half multiplied by 1.414.

TR g

[ Jum—

l €nopr

Figure 8-1. Transimpedance Amplifier Noise Analysis Circuit

To minimize the total noise of a TIA the circuit designer should:

1. Minimize the current noise of the op amp (ip). Since the THS4567 device has CMOS inputs its current noise
contribution can be ignored.

2. Maximize the transimpedance gain (Rg).

3. Minimize the amplifiers voltage noise (ey). The THS4567 possesses a class leading 4.2 nV/ Hz of broadband
voltage noise while consuming less than 2.5 mA of quiescent current.

4. Minimize the photodiode capacitance (Cpp).
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The capacitance of a photodiode can be minimized by increasing its reverse bias. The THS4567 input and
output common-mode can be independently controlled. The independent control feature allows the circuit
designer to set photodiode's anode close to the negative supply voltage while tying its cathode close to the
positive supply voltage to maximize the reverse bias across the photodiode. The output common-mode is then
set to match the next stage ADCs input common-mode range. In a standard op amp TIA, the input common-
mode is biased close to the positive supply to maximize the output swing of the amplifier. This bias configuration
limits the reverse bias across the photodiode thereby increasing its input capacitance. The THS4567 device is
optimized to reduce total system noise by optimizing the noise source from each contributing source in Equation
1.

kT " (e,-27n-F-CY

N (e”j &)
3

" (1)

where

* i, = current noise of the THS4567 device

+ 4KT =16 x 10721J at 290 degrees Kelvin

* Rg = feedback resistor

* ey = voltage noise of the THS4567 device

» Cg = total input capacitance from the THS4567, photodiode and any PCB parasitics
* F = noise integration frequency limit

8.2 Typical Application

The primary use case for the THS4567 input common-mode loop is in differential transimpedance applications
that have a large common-mode offset due to ambient light. In this section we compare the performance of the
THS4567 device with the input common-mode loop enabled (TIA mode) as shown in Figure 8-2 versus a
differential TIA implementation built using two discrete op amp channels (OPA mode) as shown in Figure 8-3.
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Figure 8-2. THS4567 with Integrated Differential TIA + ADC Driver
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8.2.1 Design Requirements

The requirements for this application are:

* Supply voltage: 5.5V
» ADC full-scale range: 10 Vpp differential
* ADC input common-mode voltage: 2.5 V
* Ambient light current offset (DC): 10 pA
» Single-sided signal current: 5 pApp (each photodiode). Differential signal current = 10 pApp
* Input signal frequency: 100 kHz

Figure 8-3. Discrete Differential Op Amp TIA + 2"d Stage ADC Driver
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8.2.2 Detailed Design Procedure (THS4567 in TIA Mode)

The output current from each photodiode is shown in Figure 8-4. A detailed procedure on how to set the various
bias voltages and select the optimal value of transimpedance gain follows.

Set Vg, =5.25V and Vg_ =-0.25V to allow the THS4567 to swing 10 Vpp (differential) without introducing
distortion due to limited headroom.

Set ICM_EN = logic high to enable the THS4567 TIA mode of operation.

Set VOCM to 2.5 V to match the ADC input common-mode range.

With the photodiodes (PDs) configured with a cathode bias as shown in Figure 8-2 both PDs will source
current when light is incident on them. To maximize the reverse bias across the PD, Vgas is typically set to
the amplifiers positive supply voltage or the highest available positive supply voltage.

The maximum output current from the PD is the sum of the ambient light current and the maximum signal
current.

ltoTaL = lamBiENT * IsignaL = 10 HA +5 pA =15 pA 2)
In the TIA mode, VICM is set to its minimum input common-mode compliance limit (1.25 V) to maximize the
reverse bias across the PDs thereby reducing the PD capacitance.

Reverse bias across the photodiodes = (5.25V -1.25V) =4V (3)
In the TIA mode, the ICM loop cancels the common-mode input current due to ambient light (10 yA) at the
amplifier's input pin and only the differential signal current flows through the feedback resistors Rg and Rg'.

The maximum TIA gain is therefore the ratio of the maximum differential output swing and the maximum
differential signal current as shown in Equation 4.

Maximum TIA gain = (10 Vpp/ 10 pA) = 1 MQ (4)
Once the feedback resistor value is set, select the value of feedback capacitance as described in
Transimpedance Considerations for High-Speed Amplifiers.
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Figure 8-4. Photodiode Differential Output Current
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8.2.2.1 OPA Mode Configuration

The OPA mode configuration is shown in Figure 8-3. This configuration results in a reverse bias of (5.25V -5V
= 0.25 V) across the PD thereby greatly increasing the PD capacitance compared to the TIA mode.

In the OPA mode there is no input common-mode current cancellation so the maximum value of feedback
resistance (Rg, RE') is the ratio of the maximum single-ended output swing and the maximum single-ended input
current as shown in Equation 5.

Maximum TIA gain = (5 V/15 pA) = 333.33 kQ (5)

The total differential swing is 333.33 kQ x 10 pApp = 3.33 V. To maximize the ADC gain range a subsequent
amplifier gain stage is needed. The second gain stage which is typically implemented with a standard FDA like
the THS4561 will also adjust the output common-mode to match the ADCs input common-mode compliance
range.

As the level of ambient light increases relative to the differential signal from the PD, the maximum gain
configuration in the OPA mode will decrease while it stays constant for the THS4567 TIA mode.

8.2.3 Application Curves

Figure 8-5 shows the output of the THS4567 device in TIA mode. The output common-mode is centered on
VOCM = 2.5 V and the differential output of 10 Vpp maximizes the subsequent ADCs entire common-mode
range.

Figure 8-6 shows the output of the first stage transimpedance amplifier setup shown in Figure 8-3. The output
common-mode is centered on 0.83 V. The offset in the common-mode is caused by the offset due to the ambient
light. More importantly the differential output swing is only 3.33 V. To maximize the ADC dynamic range the
subsequent THS4561 differential amplifier stage is configured in a signal gain of 3 V/V. The THS4561 device will
also perform a level shift to center the output common-mode to 2.5 V.
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Figure 8-5. Output of THS4567 (TIA Mode) Figure 8-6. Output of the 1°* Stage Discrete Op

Amp Transimpedance Amplifier (OPA Mode)

The noise performance of the THS4567 device (half-circuit) is then compared against the noise of the OPAGO07
and the OPA365 in OPA mode. Using Equation 1 we can estimate the total input referred spot noise for the
THS4567 device. Transimpedance Considerations for High-Speed Amplifiers is used to estimate the noise of the
OPA607 and OPA365 transimpedance amplifier stage in OPA mode.
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A PD capacitance of 5 pF is assumed. In a real world system the PD capacitance will be higher in OPA mode
because of the lower reverse bias across the PD. The calculated noise results are shown in Table 8-1 where the
benefit of the THS4567 device can clearly be seen. The spot noise has been normalized to the closed loop
bandwidth. The OPA mode architecture would require a second gain stage to maximize the ADCs input full scale
range. The second stage would increase the power consumption and degrade the noise.

Table 8-1. Noise Comparison

Amplifier Specification THS4567 OPA607 OPA365
Photodiode Capacitance (pF) 5 5 5
Amplifier Input Capacitance (pF) 1 17 8
Amplifier Voltage Noise (nV/\ Hz) 4.2 3.8 4.5
TIA Gain (kQ) 1000 333.33 333.33
Closed Loop Bandwidth (MHz) 2.4 1 1.4
Input-Referred Spot Noise (pA/\ Hz) 0.2 0.39 0.36

8.3 Differential TIA with 0-V Biased Photodiode

The circuit in Figure 8-7 can be used for a differential TIA with 0-V reverse bias across the photodiode. The
VICM loop should be disabled in this configuration since the loop can only source or sink DC current. Any DC
current generated by the photodiode in the configuration shown will be differential in nature.

I
L

———O

i

VICM ol
x (disabled)
l |pD_

I'e’s

VOCM=25V

Vs

-

Figure 8-7. Differential TIA with 0-V Biased Photodiode
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8.4 Differential AC Coupled TIA

The circuit in Figure 8-8 can be used as a differential AC-coupled TIA with variable reverse bias across the

photodiode. Since no DC current flows in the feedback network due to the AC coupling the VICM loop can be
disabled.

Cr
+Vgjas O— Y YN I I R
Vs_
o .
X VICM
A (disabled)® ] VOCM =25V

[

p———O

—Vaias o—/ Y Y M

1B

CF'
Figure 8-8. Differential AC Coupled TIA

9 Power Supply Recommendations

The THS4567 device is principally intended to operate with a nominal single-supply voltage of 3.3 V to 5.5 V.
Split (or bipolar) supplies can be used with the THS4567 device, as long as the total value across the device
remains less than 5.5 V. A low power-supply source impedance must be maintained across frequency so use
multiple bypass capacitors in parallel. Place the bypass capacitors as close to the supply pins as possible. Place
the smallest capacitor (< 10 nF) on the same side of the PCB as the THS4567 device. Larger capacitors (> 1 pF)
can be placed further away and shared among different devices in the system.
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10 Layout

10.1 Layout Guidelines
10.1.1 Board Layout Recommendations

Similar to all high-speed devices, best system performance is achieved with close attention to board layout.
General high-speed signal path layout suggestions include:

Continuous ground planes are preferred for signal routing with matched impedance traces for longer runs;
however, both ground and power planes must be opened up around the capacitive sensitive input and output
device pins. When the signal goes to a resistor, parasitic capacitance becomes more of a band-limiting issue
and less of a stability issue.

Good high-frequency decoupling capacitors (0.01 uF) are required to a ground plane at the device power
pins. Additional higher-value capacitors (2.2 uF) are also required but can be placed further from the device
power pins and shared among devices. For best high-frequency decoupling, consider X2Y supply decoupling
capacitors that offer a much higher self-resonance frequency over standard capacitors.

Differential signal routing over any appreciable distance must use microstrip layout techniques with matched
impedance traces.

The THS4567 outputs are sensitive to capacitive loading. Isolate the output of the THS4567 from any
capacitive load by placing series isolation resistors close to the amplifiers output pins.

10.2 Layout Example

Place bypass capacitors close to VDD
and GND pins on the same side as
DUT. Use multiple vias to connect to
power and GND planes

Optional noise bypass capacitors on
VICM and VOCM inputs. Capacitors
placed on bottom of PCB through vias

Series isolation resistors on each
differential output to isolate device
outputs from PCB capacitance

Place feedback elements
close to DUT

Place photodiodes close to device inputs|

to minimize parasitic capacitance

Figure 10-1. Example Layout
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:

» Texas Instruments,RUN_FDA 4567 EVM user's guide

» Texas Instruments, Fully-Differential Amplifiers application note
» Texas Instruments, Fully Differential Amplifiers Tl Precision Labs

11.2 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.

11.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

11.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.6 Glossary

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

12 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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
THS4567IRUNR ACTIVE QFN RUN 10 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 SN67

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® | ead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl 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. Tl 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.
Tl 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 Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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GENERIC PACKAGE VIEW
RUN 10 WQFN - 0.8 mm max height

2X 2,0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

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

4228249/A
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é PACKAGE OUTLINE
RUNOO10A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—}:

=N
©or

ﬁ (0.2) TYP

0
0.2

6.1@ C|A|B
0.05)

4220470/A 05/2020

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.
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EXAMPLE BOARD LAYOUT
RUNOO10A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

SYMM
10X (0.7) ﬁ \ SEE SOLDER MASK
10X (0.25) 1 ] % T
|
| SYMM
— ==t -—t (*.7)

(€Y))

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X

0.07 MIN j
0.07 MAX ﬁ =~
ALL AROUND ALL AROUND - [‘
METAL UNDER

METAL EDGE SOLDER MASK

! \

f 1

| 1 l

d / !
EXPOSED METAL XSOLDER MASK EXPOSED—" E\SOLDER MASK
OPENING METAL | ‘

NON SOLDER MASK
DEEINED SOLDER MASK DEFINED

(PREFERRED)

SOLDER MASK DETAILS
4220470/A 05/2020

NOTES: (continued)

3. 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).
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EXAMPLE STENCIL DESIGN
RUNOO10A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

10X (0.7)

10X (o 25) 1

|
ffi ‘ EbSYMM
6X (0.5) ———f—‘+ -—¢ @7
L B
(R0.05) TYP CD
6

|
[
!
\

'Ef
-

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

4220470/A 05/2020

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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