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4 Device Comparison Table

PRODUCT v SPECIFIED
SoIC (8) VSSOP (8) @ REF TEMPERATURE RANGE

REF54250QDR () REF54250QDGKR 25V -40°C to 125°C
REF54250CDR () REF54250CDGKR 25V 0°C to 70°C
REF54300CDR @ REF54300CDGKR 30V -40°C to 125°C
REF54300CDR @) REF54300CDGKR 30V 0°C to 70°C
REF54410QDR () REF54410QDGKR 4096V  |-40°C to 125°C
REF54410CDR @ REF54410CDGKR 4096V  |0°C to 70°C
REF54450QDR (2) REF54450QDGKR 45V -40°C to 125°C
REF54450CDR @) REF54450CDGKR 45V 0°C to 70°C
REF54500QDR () REF54500QDGKR 50V -40°C to 125°C
REF54500CDR @) REF54500CDGKR 50V 0°C to 70°C

This orderable is released to market.
Product preview. Contact local Tl support for samples.
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5 Pin Configuration and Functions

A )
O
EN 1 8 DNC
VIN 2 7 DNC
NIC 3 6 VREF
GND 4 5 NR
—
Not to scale
5-1. D Package
8-Pin SOIC
Top View
# 5-1. Pin Functions
PIN
TYPE DESCRIPTION
NAME D
Device enable control. Low level input disables the reference output
EN 1 Inout and device enters shutdown mode. Device can be enabled by driving
P voltage > 1.6V or leaving the EN pin floating. See section &2z
8.3.1 for additional details.
Input supply voltage connection. Connect a minimum 0.1-pF
VIN 2 Power decoupling capacitor to ground for the best performance. See section
273132 9.3 for additional details.
NIC 3 No Connect Not |nt_erna||y connected. Pin can be left floating or to a known
potential.
GND 4 Ground Ground connection.
Noise reduction pin. Connect a decoupling capacitor to ground for
NR 5 Output improved noise performance. The pin can be left floating. See section
7313l 8.3.2 for additional details.
VREF 6 Output Reference voltage output. Connect a capacitor between 1 pF to 100
JF to ground for best performance.
DNC 7,8 Do not Connect Leave the pin floating or connect to ground
4 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2024 Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Input voltage VIN -0.3 20 \Y
Enable voltage EN -0.3 VIN \%
Output voltage Vout -0.3 VIN \%
Output short circuit current Isc 25 mA
Operating temperature range Ta -55 150 °C
Storage temperature range Tstg -65 170 °C

M

Stresses above these ratings can cause permanent damage. Exposure to absolute maximum conditions for extended periods can
degrade device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those specified is not implied. These are stress ratings only and functional operation of the device at these or any other conditions
beyond those specified in the Electrical Characteristics Table is not implied.

6.2 ESD Ratings

VALUE UNIT
Human 1body model (HBM), per ANSI/ESDA/JEDEC JS-001, +1000
V(Esp) Electrostatic discharge all pinst - — \
Charged device moqel (CDM), per JEDEC specification + 500
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
ViN Input voltage Vour * Voo (M 18 \%
EN Enable voltage 0 Vin \Y
NR Noise reduction 0 6 \Y
I Output current -10 10f mA
Ta Operating ambient temperature -40 25 125 °C
(1)  Vpo = Dropout voltage.
6.4 Thermal Information
REF54
THERMAL METRIC(") D (SOIC) UNIT
8 PINS
Rgua Junction-to-ambient thermal resistance 120.4 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 52 °C/W
Rgys Junction-to-board thermal resistance 66 °C/W
WYr Junction-to-top characterization parameter 9.8 °C/W
Y5 Junction-to-board characterization parameter 64.7 °C/W
ReJyc(bot) Junction-to-case (bottom) thermal resistance N/A °C/W

M

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 REF54250

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, = 0 mA, C;y = 0.1 uF, Cout
=10 PF, Cyr = Open, V|y = Vout *+ Vpo, unless otherwise noted

PARAMETER TEST CONDITION MIN TYP MAX UNIT
ACCURACY AND DRIFT
Output voltage accuracy | Tp = 25°C —-0.02 0.02 %
Output voltage Q grade; —40°C < T < 125°C () 15 c
temperature coefficient | grade; 0°C < T, < 70°C 0.8 ppm
LINE AND LOAD REGULATION
Voutr +* Voo = ViNS18V,0°C < Tp<70°C 1
AVq / AV)y |Line regulation out Bo N A ppm/V
Vout + Vpo £ VN 18V, -40°C < T < 125°C (1) 1
IL=0mA to 10mA, Viy = VouTt *+ Vpo, 0°C £ Tp <
o 5 20
70°C
||_ =0 mAto 10mA, VlN = VOUT + VDO’ —-40°C <
°c (M 5 30
Ta<125°C
AVqo / Al_  |Load regulation ppm/mA
IL =0 mAto -1 OmA, VIN = VOUT + VDo, 0°C< 5 15
Tpo<70°C
IL =0 mAto-1 OmA, VIN = VOUT + VDOv —-40°C < 5 25
Ta<125°C (™M
NOISE
f=0.1Hzto 10 Hz 0.45
€npp Low frequency noise f=0.1Hzto 10 Hz, C\g = 10pF 0.24 PPMp.p
f=0.1Hzto 10 Hz, C\g = 100pF 0.11
e Output voltage noise f=10Hzto 1 kHz 0.7 PPMms
e Output voltage noise f=10Hzto 1kHz, Cyr = 1uF 0.16 PPMims
Rnr NR' pin internal 14 KQ
resistance
HYSTERESIS AND LONG-TERM STABILITY
AV L ; tabilt 250h Tp = 35°C 14
ong-term stabili m
our.Lmo | Long y 1000h T, = 35°C 25 PP
Output voltage 25°C, 0°C, 70°C, 25°C (cycle 1) 15
AVout_Hys |pysteresi p—— 5 . ppm
ysteresis 25°C, 0°C, 70°C, 25°C (cycle 2) 0.8
TURN ON TIME
ton Turn-on time 0.1% settling, Coyt = 1uF 0.4 ms
CAPACITIVE LOAD
Cin Stable input capacitor _40°C < Tp < 125°C 0.1 uF
range
Stable output capacitor o o
Cout range @ —40°C < Tp<125°C 1 100 uF
POWER SUPPLY
ViN Input voltage Vour * 18 \Y;
Vbo
la Quiescent current Ta=25°C 260 WA
Active mode
—40°C < Tp<125°C 380 uA
la Quiescent current Ta=25°C 0.5 1 uA
Shutdown mode
—40°C < Tpo<125°C 2 uA
. Active mode (EN=1) 1.6 \Y
VEN Enable pin voltage
Shutdown mode (EN=0) 0.5 \%

6 BRHCT BT — RS2 (DB RB bt B
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6.5 Electrical Characteristics REF54250 (%tX)

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, =0 mA, C,y = 0.1 uF, Cout
=10 pF, Cnr = Open, V|y = Vout *+ Vpo, unless otherwise noted

PARAMETER TEST CONDITION MIN TYP MAX UNIT
. VlN =VEN =18V 0.5 uA
len Enable pin current
ViN=Ven =18V, -40°C = Tp £125°C 1.5 uA
IL=5mA, -40°C < Tp < 125°C 250 mV
Vbo Dropout voltage
I =10mA, —40°C £ Tp £125°C 400 mV
Isc Short circuit current Vout = 0V 21 mA

(1) Specification subject to change with Q grade production release.
(2) ESR for the capacitor can range from 10 mQ to 1 Q.
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6.6 Electrical Characteristics REF54300

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, = 0 mA, C;y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()

PARAMETER TEST CONDITION MIN TYP MAX UNIT
ACCURACY AND DRIFT
Output voltage accuracy | Tp = 25°C —-0.02 0.02 %
Output voltage Q grade; —40°C < Tp < 125°C 1.5
- ppm/°C
temperature coefficient |G grade; 0°C < T < 70°C 0.8
LINE AND LOAD REGULATION
Voutr +* Voo = ViNS18V,0°C < Tp<70°C 1
AVq / AV)y |Line regulation out Bo N A ppm/V
Vout * Voo = ViNS 18V, —-40°C s Tp<125°C 1
IL=0mAto 10mA, Vi = VOUT + VDO’ —40°C =< 5 30
Ta<125°C
||_ =0 mAto 10mA, VlN = VOUT + VDO’ 0°C < TA <
70°C 5 20
AVqo / Al_  |Load regulation ppm/mA
IL =0 mAto -1 OmA, VIN = VOUT + VDOv —40°C < 5 25
Ta<125°C
IL =0 mAto-1 OmA, VIN = VOUT + VDo, 0°C=s 5 15
TA<70°C
NOISE
Low f ) f=0.1Hzto 10 Hz 0.45
€np- ow frequency noise My,
P auency f=0.1Hzto 10 Hz, , Cyg = 100uF 0.1 PPMp-p
e Output voltage noise f=10Hzto 1 kHz 0.7 PPMms
HYSTERESIS AND LONG-TERM STABILITY
AV L . abilit 250h Tp = 35°C 14
ong-term stabili m
our.Lm | =ong y 1000h T, = 35°C 35 PP
AV Output voltage 25°C, 0°C, 70°C, 25°C (cycle 1) 15 opm
OUT_HYS | hysteresis P '
AV Output voltage 25°C, 0°C, 70°C, 25°C (cycle 2) 0.8 ppm
OUT_HYS | by steresis ) ) ) .
TURN ON TIME
ton Turn-on time 0.1% settling, Coyt = 1uF 0.44 ms
CAPACITIVE LOAD
Ciy Stable input capacitor _40°C < Tp < 125°C 0.1 uF
range
Stable output capacitor o o
Cout range @ —40°C < Tp<125°C 1 100 uF
POWER SUPPLY
Vin Input voltage Vour * 18 v
Vbo
Ta=25°C ) 260 MA
Active mode
) —40°C < Tpo<125°C 380 MA
la Quiescent current
Ta=25°C 0.5 uA
Shutdown mode
—40°C < Tp<125°C 1.5 uA
) Active mode (EN=1) 1.6 \Y
VEN Enable pin voltage
Shutdown mode (EN=0) 0.5 \%
VN = Ven = 18V 0.25 0.7 uA
len Enable pin current
V)N = Ven = 18V, —-40°C £ Ty £ 125°C 1.2 uA
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6.6 Electrical Characteristics REF54300 (%tX)

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, =0 mA, C,y = 0.1 uF, Cout

=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()

PARAMETER TEST CONDITION MIN TYP MAX UNIT
IL=5mA, -40°C £ Tp £125°C 250 mV
Vpo Dropout voltage
IL=10mA, —40°C £ Tp £125°C 400 mV
Isc Short circuit current Vourt =0V 21 mA

M
@)

REF54300 device is in preview state. All specifications are preliminary and subject to change before production release .
ESR for the capacitor can range from 10 mQ to 1 Q.
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6.7 Electrical Characteristics REF54410

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, = 0 mA, C;y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()

PARAMETER TEST CONDITION MIN TYP MAX UNIT
ACCURACY AND DRIFT
Output voltage accuracy | Tp = 25°C —-0.02 0.02 %
Output voltage Q grade; —40°C < Tp < 125°C 1.5
t t fficient . . ppm/*C
emperature coefficient | C grade; 0°C < Tp < 70°C 0.8
LINE AND LOAD REGULATION
Voutr +* Voo = ViNS18V,0°C < Tp<70°C 1
AVq / AV)y |Line regulation out Bo N A ppm/V
Vout * Voo = ViNS 18V, —-40°C s Tp<125°C 1
IL=0mAto 10mA, Vi = VOUT + VDO’ —40°C =< 5 30
Ta<125°C
||_ =0 mA to 10mA, VlN = VOUT + VDO’ 0°C =< TA <
70°C 5 20
AVqo / Al_  |Load regulation ppm/mA
IL =0 mAto -1 OmA, VIN = VOUT + VDOv —40°C < 5 25
Ta<125°C
IL =0 mAto-1 OmA, VIN = VOUT + VDo, 0°C=s 5 15
TA<70°C
NOISE
Low f ) f=0.1Hzto 10 Hz 0.45
€np- ow frequency noise My,
P auency f=0.1Hzto 10 Hz, , Cyg = 100uF 0.09 PPMp-p
e Output voltage noise f=10Hzto 1 kHz 0.7 PPMms
HYSTERESIS AND LONG-TERM STABILITY
AV L . abilit 250h Tp = 35°C 14
ong-term stabili m
our.Lm | =ong y 1000h T, = 35°C 25 PP
Output voltage 25°C, 0°C, 70°C, 25°C (cycle 1) 15
AVout_hys | pysteresis °C.0° B o ppm
y 25°C, 0°C, 70°C, 25°C (cycle 2) 0.8
TURN ON TIME
ton Turn-on time 0.1% settling, Coyt = 1uF 0.6 ms
CAPACITIVE LOAD
Ciy Stable input capacitor _40°C < Tp < 125°C 0.1 uF
range
Stable output capacitor o o
Cout range @ —40°C < Tp<125°C 1 100 uF
POWER SUPPLY
ViN Input voltage Vour * 18 v
Vbo
Ta=25°C ) 260 310 MA
Active mode
—40°C < Tp<125°C 400 MA
la Quiescent current
Ta=25°C 0.25 0.7 uA
Shutdown mode
—40°C < Tpo<125°C 1 uA
) Active mode (EN=1) 1.6 \Y
VEN Enable pin voltage
Shutdown mode (EN=0) 0.5 \%
ViN=Ven=18V 0.25 0.7 uA
len Enable pin current
ViN=Ven =18V, —-40°C = Tp £125°C 1.2 uA
IL=5mA, -40°C < Ty <125°C 250 mV
Vpo Dropout voltage
I =10mA, —-40°C £ Tp £ 125°C 400 mV
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6.7 Electrical Characteristics REF54410 (%tX)

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, =0 mA, C,y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()
PARAMETER TEST CONDITION MIN TYP MAX UNIT

Isc Short circuit current Vout = 0V 21 mA

(1) REF54410 device is in preview state. All specifications are preliminary and subject to change before production release.
(2) ESR for the capacitor can range from 10 mQ to 1 Q.
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6.8 Electrical Characteristics REF54450

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, = 0 mA, C;y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()

PARAMETER TEST CONDITION MIN TYP MAX UNIT
ACCURACY AND DRIFT
Output voltage accuracy | Tp = 25°C —-0.02 0.02 %
Output voltage Q grade; —40°C < Tp £ 125°C 1.5 /G
temperature coefficient | grade; 0°C < T, < 70°C 0.8 pp
LINE AND LOAD REGULATION
Vour+Vpo VNS 10V 4 30
AVg / AV)y |Line regulation Vout + Voo S VINS18V,0°C<Tp<70°C 1 5 ppm/V
Vout * Voo < ViNS 18V, -40°C s Tp < 125°C 1 10
||_ =0 mAto 10mA, VlN = VOUT + VDO’ —-40°C < 5 30
Ta<125°C
IL =0 mAto 10mA, VlN = VOUT + VDO: 0°C < TA <
70°C 5 20
AVgo /Al |Load regulation ppm/mA
IL =0 mAto-1 OmA, VIN = VOUT + VDOv —-40°C < 5 40
Ta<125°C
||_ =0 mA to-10mA, VIN = VOUT + VDo, 0°C= 5 25
Tao<70°C
NOISE
Low f ) f=01Hzto 10 Hz 0.45
€np- ow frequency noise My,
nep quency f=0.1Hzto 10 Hz, , Cyg = 100pF 0.08 PPMp-p
e Output voltage noise f=10Hzto 1 kHz 0.7 PPMms
HYSTERESIS AND LONG-TERM STABILITY
AV L . abilit 250h T = 35°C 14
ong-term stabili m
ouT.LTo |ROnS Y [1000n T, = 35°C 25 i
Output voltage 25°C, 0°C, 70°C, 25°C (cycle 1) 15
AVout_HYs | pysteresi — . . ppm
ysteresis 25°C, 0°C, 70°C, 25°C (cycle 2) 0.8
TURN ON TIME
ton Turn-on time 0.1% settling, Coyt = 1pF 0.63 ms
CAPACITIVE LOAD
Cin Stable input capacitor _40°C < To < 125°C 0.1 uF
range
Stable output capacitor o o
Cour ange O put cap —40°C < Tp < 125°C 1 100|  uF
POWER SUPPLY
Vin Input voltage VOL\J/T * 18 \Y,
DO
Ta=25°C 260 310 MA
Active mode
—40°C < Tp<125°C 420 HA
la Quiescent current
Ta=25°C 0.25 0.7 uA
Shutdown mode
—40°C < Tpo<125°C 1 uA
Active mode (EN=1) 1.6 \%
VEN Enable pin voltage
Shutdown mode (EN=0) 0.5 \%
X V|N = VEN =18V 0.25 0.7 uA
len Enable pin current
ViN=Ven =18V, -40°C < Tp £125°C 1.2 uA
IL=5mA, -40°C < Tp < 125°C 250 mV
Vpo Dropout voltage
I =10mA, —-40°C £ Tp £ 125°C 400 mV
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6.8 Electrical Characteristics REF54450 (ftX)

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, =0 mA, C,y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()
PARAMETER TEST CONDITION MIN TYP MAX UNIT

Isc Short circuit current Vout = 0V 21 mA

(1) REF54450 device is in preview state. All specifications are preliminary and subject to change before production release.
(2) ESR for the capacitor can range from 10 mQ to 1 Q.
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6.9 Electrical Characteristics REF54500

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, = 0 mA, C;y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()

PARAMETER TEST CONDITION MIN TYP MAX UNIT
ACCURACY AND DRIFT
Output voltage accuracy | Tp = 25°C —-0.02 0.02 %
Output voltage Q grade; —40°C < Tp < 125°C L IR
temperature coefficient | grade; 0°C < T, < 70°C 0.8
LINE AND LOAD REGULATION
AVo / AV)y |Line regulation Vour+Vpo VNS 10V 4 30| ppm/V
Voutr +* Voo ViNS18V,0°C < Tp<70°C 1
AV / AV|y |Line regulation out po= N A ppm/V
Vout + Voo S ViN 18V, —40°C £ Tp £ 125°C 1 10
||_ =0 mAto 10mA, VlN = VOUT + VDO’ —-40°C < 5 30
Ta<125°C
IL =0 mAto 10mA, VlN = VOUT + VDO: 0°C < TA <
70°C 5 20
AVgo /Al |Load regulation ppm/mA
IL =0 mAto-1 OmA, VIN = VOUT + VDOv —-40°C < 5 40
Ta<125°C
IL=0mA to —-10mA, V\y= VouTt + Vpo, 0°C < 5 25
Tao<70°C
NOISE
Low f ) f=01Hzto 10 Hz 0.45
€np- ow frequency noise My,
nep quency f=0.1Hzto 10 Hz, , Cyg = 100pF 0.08 PPMp-p
e Output voltage noise f=10Hzto 1 kHz 0.7 PPMms
HYSTERESIS AND LONG-TERM STABILITY
AV L . abilit 250h T = 35°C 14
ong-term stabili m
ouT.LTo |ROnS Y [1000n T, = 35°C 25 i
Output voltage 25°C, 0°C, 70°C, 25°C (cycle 1) 18
AVout_HYs | pysteresi — . . ppm
ysteresis 25°C, 0°C, 70°C, 25°C (cycle 2) 0.8
TURN ON TIME
ton Turn-on time 0.1% settling, Coyt = 1pF 0.7 ms
CAPACITIVE LOAD
Cin Stable input capacitor _40°C < To < 125°C 0.1 uF
range
Stable output capacitor o o
Cout range @ —40°C < Tp<125°C 1 100 uF
POWER SUPPLY
Vin Input voltage VOL\J/T * 18 \Y,
DO
Ta=25°C 300 380 uA
Active mode
) —40°C < Tp<125°C 430 HA
la Quiescent current
Ta=25°C 0.25 0.7 uA
Shutdown mode
—40°C < Tpo<125°C 1 uA
Active mode (EN=1) 1.6 \%
VEN Enable pin voltage
Shutdown mode (EN=0) 0.5 \%
X V|N = VEN =18V 0.25 0.7 uA
len Enable pin current
ViN=Ven =18V, -40°C < Tp £125°C 1.2 uA
IL=5mA, -40°C < Tp < 125°C 250 mV
Vpo Dropout voltage
I =10mA, —-40°C £ Tp £ 125°C 400 mV

14 BHICHT S 7 — o2 (ZERCHRI O Sbd) 2045

Product Folder Links: REF54

Copyright © 2024 Texas Instruments Incorporated

English Data Sheet: SNVSCN7


https://www.ti.com/product/ja-jp/ref54?qgpn=ref54
https://www.ti.com/ja-jp/lit/pdf/JAJSS83
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSS83A&partnum=REF54
https://www.ti.com/product/ja-jp/ref54?qgpn=ref54
https://www.ti.com/lit/pdf/SNVSCN7

13 TEXAS
INSTRUMENTS REF54
www.ti.comlja-jp JAJSS83A — NOVEMBER 2023 — REVISED DECEMBER 2023

6.9 Electrical Characteristics REF54500 (%tX)

Typical specifications at Tp = 25°C, min-max specifications verified across temperature range, I, =0 mA, C,y = 0.1 uF, Cout
=10 WF, Cyr = Open, VN = VouT + Vpo, unless otherwise noted ()
PARAMETER TEST CONDITION MIN TYP MAX UNIT

Isc Short circuit current Vout = 0V 21 mA

(1) REF54500 device is in preview state. All specifications are preliminary and subject to change before production release.
(2) ESR for the capacitor can range from 10 mQ to 1 Q.
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6.10 Typical Characteristics

at TA = 25°C, VIN = VEN = VREF +0.5YV, ||_ =0 mA, COut =10 }JF, CNR = Open, CIN =0.1 }JF, VREF =25V (Unless otherwise
noted)
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6-5. Load Regulation (Sourcing) vs Temperature 6-6. Load Regulation (Sinking) vs Temperature
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6.10 Typical Characteristics (continued)

at TA =25°C, VIN = VEN = VREF +0.5YV, ||_ =0 mA, COut =10 }JF, CNR = Open, CIN =0.1 }JF, VREF =25V (unless otherwise

noted)
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6-11. Quiescent Current vs Temperature Temperature (°C)
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6.10 Typical Characteristics (continued)

at TA = 25°C, VIN = VEN = VREF +0.5YV, ||_ =0 mA, COut =10 }JF, CNR = Open, CIN =01 }JF, VREF =25V (unless otherwise
noted)
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6-13. Dropout Voltage vs Temperature Flicker Noise (ppmy-p)
6-14. 0.1-Hz to 10-Hz Voltage Noise Distribution
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6-15. Noise Performance 10 Hz to 100 kHz 6-16. Power-Supply Rejection Ratio vs Frequency
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7 Parameter Measurement Information
7.1 Temperature Drift

The REF54 is designed and tested for a minimal output voltage temperature drift, which is defined as the change
in output voltage over temperature. Every unit shipped is tested at multiple temperatures to make sure that the
product meets data sheet specifications. The temperature coefficient is calculated using the box method in which
a box is formed by the min/max limits for the nominal output voltage over the operating temperature range.
REF54 device C variant has maximum temperature coefficient of 0.8 ppm/°C from 0°C to 70°C and REF54
device Q variant has maximum temperature coefficient of 1.5 ppm/°C from -40°C to 125°C. The box method
specifies limits for the temperature error but does not specify the exact shape and slope of the device under test.
Due to temperature curvature correction to achieve low-temperature drift, the temperature drift is expected to be
non-linear. See SLYT183 for more information on the box method. The box method equation is shown in = 1:

V, -V
Drift = ( REF(MAX) — YREF(MIN) JX 106

VRer(25°c) X Temperature Range 1)

100

60

20

-20

Output Variation (ppm)

-60

-100

0 10 20 30 40 50 60 70
Temperature (°C)

7-1. Output Voltage Vs Free-Air Temperature

7.2 Long-Term Stability

Long-term stability is a key performance parameter for series voltage references in all precision applications.
This is defined as variation of reference voltage over time. The long-term stability value is tested in a typical
setup that reflects standard PCB board manufacturing practices. The boards are made of standard FR4 material,
the board does not have special cuts or grooves around the devices or go through burn-in process to relieve the
mechanical stress of the PCB. These conditions reflect real world use case scenario and common manufacturing
techniques.

During the long-term stability testing, precautions are taken to make sure that only the long-term stability drift is
being measured. The boards are maintained at 35°C £ 0.02°C in an oil bath. The oil bath makes sure that the
temperature is constant across the device over time. The measurements are captured every 30 minutes with a
calibrated 8.5 digit multimeter.

Typical long-term stability characteristic are expressed as a deviation over time. 7-2 shows the typical drift
value for the REF54 Vgt is 25 ppm from 0 to 1000 hours. The REF54 experiences the highest drift in the initial
1000 hr, subsequent deviation is typically lower than previous 1000 hours.
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7-2. Long Term Stability SOIC -1000 hours (Voyr)
7.3 Noise Performance

7.3.1 1/f Noise

1/f noise, also known as flicker noise, is dominant mostly in the lower frequency bands. REF54 data sheet
specifies flicker noise for 0.1 Hz to 10 Hz frequency band where 1/f noise has maximum power. Since the 1/f
noise is an extremely low value, the frequency of interest is amplified and filtered through a precise band filter
with very low noise floor as shown in [X] 7-3.

VIN
. . Low Noise
H'ghf?? E'lzter Preamplifier
cem G = 1000
2™ Order 2" Order 2™ Order
5 High-pass Filter Low-pass Filter Low-pass Filter Scope
Fc=0.1Hz Fc=10Hz Fc=10Hz
G=10 G=10 G=1

B 7-3. 1/f Noise Test Setup

7-4 shows typical distribution of flicker noise for multiple devices where more than 1000 samples have been
captured for each device.
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B 7-4. 0.1-Hz to 10-Hz Voltage Noise Distribution (Cyg = Open)

Noise sensitive designs prefer the lowest 1/f noise for the highest precision measurements. REF54 offers NR pin
which creates a low pass filters on the band gap with typical resistance of 13 kQ. 100 yF capacitor on NR pin
removes the whole band of flicker noise (0.1 Hz) from the band gap refernce as shown in [%| 7-5. 10 yF capacitor
on NR pin creates 1 Hz low pass filter fo bandgap.
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E 7-5. 0.1-Hz to 10-Hz Voltage Noise Ig 7-6. 0.1-Hz to 10-Hz Voltage Noise
(Cnr =100 pF) (Cnr =10 WF)

7.3.2 Broadband Noise

Broadband noise or white noise is flat over the whole spectrum which is restricted by the bandwidth of internal
bandgap reference. The broadband noise is measured by high-pass filtering the output of the REF54 and
measuring the result on a precision spectrum analyzer as shown in [X| 7-7. The DC component of the REF54 is
removed by using a high-pass filter and then amplified. Two stages of small gain has been used to maximize the
noise bandwidth analysis.
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VIN

High-pass Filter & Post Amplifier &S Spectrum

Cn == G=11 G=11 Analyzer

B 7-7. Broadband Noise Test Setup

7-8 shows the typical white noise floor for REF54. Designer can use NR pin to restrict the noise bandwidth to
achieve required resolution for the signal chain. Connecting 1 yF at NR pin creates a typical low pass filter of 12
Hz for the band gap noise which reduces the white noise floor of REF54. Capacitor >1 pF eliminates all the
noise in > 10 Hz band.

100 100
—— Cour = 1UF — Cnr=o0pen
— Cour = 10uF Cnr=10 pF
= 80 —— Cout = 100uF 80 — Cnr=1uF
g 2
T 6o = 60
= =
2 Z
3 40 é 40
8 " "\ @
S === -.WM 3
= 20 — \ \ \‘H 2 5 AW M ot I\
\\ N ™ \
T "
0 TN \\ TN
101 102 103 104 105 0 il — o]
Frequency (Hz) 1x10" 1x10? 1x10° 1x10% 1x10°
. Frequency
7-8. Noise Performance 10 Hz to 100 kHz (Cng = )
Open) B 7-9. Noise Performance 10 Hz to 100 kHz (Coyr)
=10 uF

7.4 Thermal Hysteresis

Thermal hysteresis is measured with the REF54 soldered to a PCB, similar to a real-world application. Thermal
hysteresis for the device is defined as the change in output voltage after operating the device at 25°C, cycling
the device through the specified temperature range, and returning to 25°C. The fist thermal cycle for C variant is
shown in [¥] 7-10 and second cycle is shown in [¥] 7-11. Thermal hysteresis for REF54250CDR settles after first
cycle. Hysteresis can be expressed by = 2

Vere -V,
Viysr = {| PRIi/ POST |]X106 (ppm)
NOM 2)

where

*  Vyyst = thermal hysteresis (in units of ppm)

*  Vyowm = the specified output voltage

*  VpRe = output voltage measured at 25°C pre-temperature cycling

*  Vpost = output voltage measured after the device has cycled from 25°C through the specified temperature
range (eg. 0°C to 70°C ) and returns to 25°C.
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B 7-10. Thermal Hysteresis Distribution B 7-11. Thermal Hysteresis Distribution
(0°C to 70°C) - Cycle 1 (0°C to 70°C) - Cycle 2

7.5 Solder Heat Shift

The packaging materials of the REF54 have different coefficients of thermal expansion than the PCB material,
resulting in stress change on the device die when the part is heated during soldering process and cooled down
afterwards. Thermal shock due to reflow and stress change on the device die causes the output voltages to shift,
degrading the initial accuracy performance of the product. Reflow soldering is a common cause of this error. To
quantify the impact, 32 devices were soldered on printed circuit boards using lead-free solder paste and the
paste manufacturer suggested reflow profile to illustrate this effect. The reflow profile is as shown in [X] 7-12. The

printed circuit board is comprised of FR4 material. The board thickness is 1.65 mm and the area is 137 mm x
168 mm.

For recommended reflow profiles using 'Sn-Pb Eutectic Assembly' or 'Pb-Free Assembly' please refer JEDEC J-
STD-020 standard.

300
250
S 200 // \
(9]
g 150 - )
Q
£ \
5 100 \
0

0 50 100 150 200 250 300 350 400
Time (seconds)

7-12. Reflow Profile

The reference output voltage is measured before and after the reflow process. Solder shift depends on the size,
thickness, and material of the printed circuit board. An important note is that the [X] 7-13 displays the typical shift
for exposure to a single reflow profile. Exposure to multiple reflows, as is common on PCBs with surface-mount
components on both sides, causes additional shifts in the output voltage. If the PCB is exposed to multiple
reflows, the device must be soldered in the last pass to minimize the exposure to thermal stress.
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7-13. Solder Shift

7.6 Power Dissipation

The REF54 voltage references are capable of source and sink up to 10 mA of load current across the rated input
voltage range. However, when used in applications subject to high ambient temperatures, the input voltage and
load current must be carefully monitored to make sure that the device does not exceed the maximum power
dissipation rating. The maximum power dissipation of the device can be calculated with = 3:

Ty=Ta+Pp x Rgya 3)

where

* Ppis the device power dissipation

» T, is the device junction temperature

* Tais the ambient temperature

* Rgya is the package (junction-to-air) thermal resistance

Because of this relationship, acceptable load current in high temperature conditions can be less than the
maximum current-sourcing capability of the device. Do not operate the device outside of the maximum power
rating because doing so can result in premature failure or permanent damage to the device.
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8 Detailed Description
8.1 Overview

The REF54 is family of high precision series references that are designed for excellent initial voltage accuracy

and drift over time and temperature, and offer excellent noise while consuming low power. The /&7 8-1 is a
simplified block diagram of the REF54 showing basic band-gap topology.

8.2 Functional Block Diagram

VIN
EN ¢ Digital
)—
Core EN
Control
Rnr
Bandgap
Core OVREF
GND NR

8-1. REF54 Functional Block Diagram

8.3 Feature Description
8.3.1 EN Pin

The output of REF54 comes in active state when EN pin voltage is more than 1.6V or EN pin is left floating. The
enable feature of the REF54 is designed to achieve low quiescent current (Ig) . No current is drawn from EN pin
when EN pin is voltage is lower than VIN pin voltage. The device must be in active mode for normal operation.
The REF54 can be placed in shutdown mode by pulling the EN pin low. When in shutdown mode, the output of
the device is disabled and the quiescent current of the device reduces to 1.2 pA in shutdown mode. The EN pin

must not be pulled higher than VIN supply voltage. See the electrical table for logic high and logic low voltage
levels.

8.3.2 NR Pin

Decoupling NR pin in REF54 creates a low pass filter in combination with the internal resistance of 13 kQ to
eliminate internal band gap noise. Unlike regular low pass filter at the output of the reference, connecting a
capacitor on NR pin doesn't affect the output impedance hence extra buffer is not needed. Leakage of the
capacitor directly impacts the accuracy and temperature drift. If NR functionality is used, choose a capacitor

which has low leakage over temperature eg. Film capaciror, COG, X7R (MLCC) are recommended . Please
note, using the capacitor on NR pin also increases start-up time.
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8-2. Temperature Drift comparisio with Flim and X7R and Electrolyte capacitor on NR
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9 Application and Implementation

b2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining

suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

REF54 is designed for the applications where high precision is required at lower power. Low tempperature drift
and noise makes REF54 excellent attach for high precision data converters to achieve best gain drift and
resolution.

K 9-1. List of companion Data Converters with REF54

APPLICATION DATA CONVERTER

Precision Data Acquisition ADS8900B, ADS1278, ADS 1262, DAC80501, DAC8562

Passive Seismic Monitoring ADS1285

Industrial Instrumentation ADS127L11, ADS8699, ADS1256, ADS1251, DAC9881, DAC8811,
DAC1220, DAC80508

Test & Measurement ADS1262, ADS8598H, ADS131M08, ADS8686S, ADS8881,
DAC11001B, DAC91001A, DAC7744

Power Monitoring, PLC Analog 1/0 ADS131E04, ADS131A02

Field Transmitters ADS1247, ADS1220

9.2 Typical Applications

9.2.1 Basic Voltage Reference Connection

X 9-1 shows the basic configuration for the REF54 references. Connect bypass capacitor Cjy and output
capacitor Coyt as per the guidelines in 7322 9.2.1.2.

Basic Connection Diagram

REF54
EN
Input Output
VIN VREF
10 uF
1 uF
— GND NR
Optional GND
W GND
GND GND

9-1. Basic Reference Connection
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9.2.1.1 Design Requirements

A detailed design procedure is based on a design example. For this design example, use the parameters listed
in % 9-2 as the input parameters.

£ 9-2. Design Example Parameters

DESIGN PARAMETER VALUE
Input voltage V| 3V
Input capacitor 0.1-uF
Output capacitor 10-pF

9.2.1.2 Detailed Design Procedure

A bulk capacitor (0.1 yF to 10 pyF) must be connected to the supply to improve transient response in the
applications where the supply voltage can fluctuate. Connect an additional 0.1 yF capacitor at VIN pin closer to
the device to bypass high frequency supply noise.

A low ESR (maximum 1 Q) capacitor of 1 yF to 100 yF must be connected to the output to provide stable output.
For very low noise applications, special care must be taken with X7R and other MLCC capacitors due to their
piezoelectric effect. Piezoelectric property of multilayer ceramic capacitors (MLCC) can introduce a pV range
noise due to mechanical vibrations, potentially dominating the noise of the REF54. More information on how the
piezoelectric effect can be explored in systems can be found in Stress-induced outbursts: Microphonics in
ceramic capacitors (Part 1) and Stress-induced outbursts: Microphonics in ceramic capacitors (Part 2). Designer
must use film capacitors for noise sensitive applications. Tl recommends placing the REF54 reference as close
to the load as possible to minimize IR drop due to trace resistance.

The transient startup response of the REF54 is shown in 9-2. The startup response of the REF54 family is
dependent on the output and NR pin capacitor. Increasing the output capacitor improves the load transient
performance of the device, however this also increases the startup time. [X] 9-3 shows the startup time with Cyr
=10 yF, increases to 3 seconds.

9.2.1.3 Application Curves

— ViN — ViN
— VRer — VRer
1 ms/div 1 s/div
B4 9-2. REF54250CDR Startup Response 9-3. REF54250CDR Startup Response
(Cout= 10 uF, Cyr= Open) (Cout= 10 uF, Cyg= 10uF )

9.2.2 Reference Attach With High Precision ADC

High precision ADCs require external precision voltage references to achieve the best SNR and gain drift with
temperature and time. REF54 has flat dynamic impedance at lower frequency. However it's dynamic impedance
increases for higher sampling rate. A low noise - low offset buffer with good bandwidth helps to improve THD
and droop performance to achieve > 18 bit ENOB at higher sampling rate. [X] 9-4 shows evaluation circuit for
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ADS1285. 9-5 and 9-6 show the peak to peak code variation for constant DC input of 0 V and 2.08 V
respectively. The performance meets data sheet specifications of ADS1285 with REF54.

OPA196
AVDD

I

AVSS
AVSS

NN 1 AN REFNO REFPO AVDD
VCOM AVDD
AIN ADS1285
T AVSS
ANV ANV AVSS
9-4. REF54 Attach With ADS1285
File Debug Capture Tools Help
EVM Connected : ADS1285EVM [ Connect to Hardware
Pages
& T Do Diapay Histogram Analysis
< eyt
© DAC Configuration
Unit
Binning Rule Max Min Peak-to-Peak (V)
Wake up Scott's Rule |~ -47.145877u 3.564637u Ocodes
Standby Mean (V) Sigma (Vrms @,uh:ge
nertace Coniguration 90 : -45.465374u 475.582987n
Data Width
32 s ¥ Histogram |«
Power Mode
High Power v =
Filter Type

SINC+FIR v
Decimation Ratio

1024 v
Fhp (Hz
Vief (V)
sV v 2
&
Samples
4096 v
Capture

ADC Master Clock Freq (MHz)
2192 v

SCLK Frequency (Hz)

1.024M

Data Rate (sps) Atomode v /B @
1.00k
Jdle HW CONNECTED 2 TEXAS INSTRUMENTS
L2

¥ 9-5. DC Measurement With ADS1285 (VIN=0V)
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K 9-6. DC Measurement With ADS1285 (VIN = 2.0796 V (Close to FSR) )

9.3 Power Supply Recommendation

The REF54 family of references features a low-dropout voltage. These references can be operated with a supply
of only 250 mV above the output voltage for 5 mA output current conditions. Tl recommends a supply bypass

capacitor ranging between 0.1 pyF to 10 yF. REF54 family have excellent PSRR (100 dB at 1Khz) which relaxes
the requirement of clean power supply for the designer.

During start-up the REF54 can experience moments of high input current due to the output capacitors. The input
current can momentarily rise to short circuit current Igc.
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9.4 Layout

9.4.1 Layout Guidelines

» Place the power-supply bypass capacitor as close as possible to the supply and ground pins. The
recommended value of this bypass capacitor is from 0.1 uF to 10 yF. If necessary, additional decoupling
capacitance can be added to compensate for noisy or high-impedance power supplies. The smallest
capacitor must be placed closest to the device.

* The output must be decoupled with a 1 yF to 100 pF low ESR (maximum 1 Q) capacitor.

» Place a 1 yF to 100 pF low leakage noise filtering capacitor between the NR pin and ground.

9.4.2 Layout Example

Eg 9-7. Layout Example for SOIC package
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation see the following:

» Texas Instruments, Voltage Reference Design Tips For Data Converters
» Texas Instruments, Voltage Reference Selection Basics
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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 ® (415)
(6)
REF54250CDR ACTIVE SOIC D 8 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR 0to 70 R5425C

@ 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: Tl 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. Tl 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.

© Lead 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 Tl'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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PACKAGE OUTLINE
SOIC - 1.75 mm max height
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NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height
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NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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