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1. $51%

*  Compliant with AEC-Q100
- Temperature Grade 1: -40°C to 125°C
operating ambient temperature

o THEEE: SOT23-3

o {EEREETR: 60pA (HREUE)

o IRMEEZE: 2mV (BE(E)

o BEMLER: £25mA

o BEZER: 25ppm/°C (FRAME)

o BHIATEE: $0.15% (RAME)

«  0.1Hz ZE 10Hz 1¢75: 20uVee (REF318Q)

o EBEIED: 1.8V. 2.048V. 2.5V, 3V. 3.3V.
4.096V. 4.5V, 5V
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REF3xx®

25ppm/°C I KZEBEEE

Table 1 lists the order information.
Table 1. Order Information

TEI\O/IP DRIFOT OP.
NL(JDI\SII;ERR(U MARK O?VP)UT <EX) ‘40(“%])(2)5 C |pacKAGE TEOMP. RATING | MSL O';'%N
. °C)
(ppm/°C)
REF318QSOT233 | 318QXXX® 1.8 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
REF320QSOT233 | 320QXXX® 2.048 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
REF325QS0T233 | 325QXXX® 2.5 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
REF330QSOT233 | 330QXXX® 3 60 25 SOT23-3 [-40-125| Auto 1 |T/R-3000
REF333QSOT233 | 333QXXX® 33 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
REF340QSOT233 | 340QXXX® 4.096 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
REF345QSOT233 | 345QXXX® 45 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
REF350QS0T233 | 350QXXX® 5 60 25 SOT23-3 |-40-125| Auto 1 |T/R-3000
Table 2. Family Selection Guide
TEI\O/IP DRIFOT OP.
NS&';ERR(]) MARK OEJVP)UT (LCX) ‘40(“%])(2)5  |pacKAGE TEOgP. RATING | MSL O'T,';%N
(PPM/*C) 2
REF318S0T233 3T18XXXX® 1.8 60 20 SOT23-3 |-40-125|Industrial| 1 |T/R-3000
REF320S0T233 320XXXX®@ 2.048 60 20 SOT23-3 |-40-125|Industrial| 1 |T/R-3000
REF32550T233 325XXXX® 2.5 60 20 SOT23-3 |-40-125|Industrial| 1 |T/R-3000
REF330SOT233 330XXXX® 3 60 20 SOT23-3 |-40-125|Industrial| 1 | T/R-3000
REF33350T233 333XXXX® 33 60 20 SOT23-3 |-40-125|Industrial| 1 |T/R-3000
REF340SOT233 340XXXX®@ 4.096 60 20 SOT23-3 |-40-125|Industrial| 1  |T/R-3000
REF34550T233 345XXXX® 45 60 20 SOT23-3 |-40-125|Industrial| 1 |T/R-3000
REF350SOT233 350XXXX® 5 60 20 SOT23-3 |-40-125|Industrial| 1 |T/R-3000

Devices can be ordered via the following two ways:
1. Place orders directly on our website (www.analogysemi.com), or;
2. Contact our sales team by mailing to sales@analogysemi.com.

Note 1:
Order Number
REF3xx(Q)-Package Code
\ | | |
Device J
Optional;
Q: Automotive Grade Package Code

Note 2: "XXXX": For internal use.
Page 2 of 17 | www.analogysemi.com Public © 2024 AnalogySemi Ltd. All Rights Reserved.
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4. PIN CONFIGURATION AND FUNCTIONS

Figure 1 illustrates the pin configuration.

INII

3 [GND
out| 2

Figure 1. Pin Configuration

Table 3 lists the pin functions.
Table 3. Pin Functions

POSITION NAME TYPE DESCRIPTION
1 IN Power Input supply voltage
2 out Analog output | Output voltage
3 GND Ground Ground

5. SPECIFICATIONS
5.1 ABSOLUTE MAXIMUM RATINGS

Table 4 lists the absolute maximum ratings of the REF3xxQ.
Table 4. Absolute Maximum Ratings

PARAMETER DESCRIPTION MIN MAX UNITS
Input 6.5 \
Voltage Output 5 \'%
Current Output short-circuit, lsc® Continuous
Operating, Ta -55 150 °C
Temperature Junction, T, 150 °C
Storage, Tsg -65 150 °C

Note 1: Stresses beyond those listed under Table 4 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 Table 6. Exposure to absolute-maximum-rated conditions

for extended periods may affect device reliability.
Note 2: Junction temperature is limited to 150°C.

5.2 €SD RATINGS

Table 5 lists the ESD ratings of the REF3xxQ.
Table 5. ESD Ratings

PARAMETER | SYMBOL DESCRIPTION VALUE | UNITS
Electrostatic y Human-body model (HBM), per AEC Q100-002(" +8000 y
Discharge P Charged-device model (CDM), per AEC Q100011 2000

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

© 2024 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 3 of 17
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5.3 RECOMMENDED OPERATING CONDITIONS

Table 6 lists the recommended operating conditions for the REF3xxQ.
Table 6. Recommended Operating Conditions

PARAMETER SYMBOL MIN NOM MAX UNITS
Supply Input Voltage (M ViN Vour + 0.02 5.5 \"
Output Current Range I0UT -25 25 mA
Operating Temperature Ta -55 135 °C

5.4 THERMAL INFORMATION

Table 7 lists the thermal information for the REF3xxQ.
Table 7. Thermal Information

PARAMETER SYMBOL SOT123-3 UNITS
Junction-to-Ambient Thermal Resistance ReJa 176.7 °C/W
Junction-to-Board Thermal Resistance Ress 22.9 °C/W
Junction-to-Top Characterization Parameter Wit 4.2 °C/W
Junction-to-Board Characterization Parameter Wi 26.7 °C/W
Junction-to-Case (Top) Thermal Resistance ReJc (top) 84.9 °C/W

Page 4 of 17 | www.analogysemi.com Public © 2024 AnalogySemi Ltd. All Rights Reserved.
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5.5 ELECTRICAL CHARACTERISTICS

Table 8 lists the electrical characteristics of the REF3xxQ. Ta = 25°C, Vin = 5V, lloap = OMA, unless otherwise noted.

Table 8. Electrical Characteristics

PARAMETER ‘ SYMBOL | CONDITIONS MIN TYP MAX UNITS
REF318Q
Output Voltage Vour 1.8 \
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz o 10Hz 20 MVep
Voltage Noise f = 10Hz to 10kHz 35 MVrms
Noise Density 1kHz 439 nV/vVHz
Vour + 0.05V = V|y = 5.5V +50 +180 uv/V
Line Regulation -40°C = Ta = 125°C, Vour +
° 005 Vi bey ¥230 | WV
REF320Q
Output Voltage Vour 2.048 \
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz o 10Hz 22 MVep
Voltage Noise f = 10Hz to 10kHz 35 MVrms
Noise Density 1kHz 460 nV/vVHz
Vour + 0.05V = V|y = 5.5V +25 +180 uv/V
Line Regulation —40°C < Ta < 125°C, Vour +
° 0.005\(/: < Vi < 5.ng o *230 vV
REF325Q
Output Voltage Vour 2.5 \
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz to 10Hz 28 MUVep
Voltage Noise f = 10Hz to 10kHz 36 MVRrms
Noise Density 1kHz 515 nV/vHz
Vour + 0.05V = V|y = 5.5V 45 +140 uv/vV
Line Regulation -40°C <Ta < o
;
REF330Q
Output Voltage Vour 3 \'%
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz to 10Hz 34 uVep
Voltage Noise f = 10Hz fo 10kHz 40 MVRrms
Noise Density TkHz 588 nV/vHz
Vour + 0.05V < V|y £ 5.5V +60 +190 L.IV/V
Line Regulation -40°C <Ta < °
° 005V S VeSSV 270 | vV
REF333Q
Output Voltage Vour 3.3 \'%
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz to 10Hz 36 uVep
Voltage Noise f = 10Hz fo 10kHz 41 MVRrvs
Noise Density 1kHz 590 nV/vHz
Vour + 0.05V < V|y = 5.5V +80 +230 L.IV/V
Line Regulation -40°C <Ta < °
° 005V SVaESSY 270 | wviv

© 2024 AnalogySemi Ltd. All Rights Reserved.
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PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
REF340Q
Output Voltage Vour 4.096 \
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz o 10Hz 43 MVep
Voltage Noise f = 10Hz to 10kHz 45 MVrms
Noise Density 1kHz 620 nV/vVHz
Vour + 0.05V = V|y = 5.5V +115 +360 Y\
Line Regulation -40°C = Ta = 125°C, Vour +
° 005 Vi € bey 380 | WVIV
REF345Q
Output Voltage Vour 4.5 \
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz o 10Hz 50 MVep
Voltage Noise f = 10Hz to 10kHz 48 MVrms
Noise Density 1kHz 680 nV/vVHz
Vour + 0.05V = V|y = 5.5V +150 +450 uV/V
Line Regulation -40°C = Ta = 125°C, Vour +
° 0.005\(/: < Vi < 5.ng o 550 VIV
REF350Q
Ou’rput Voltoge Vour ViN = 5.25V 5 V
Initial Accuracy -0.15 0.05 0.15 %
Output Voltage Noise f=0.1Hz to 10Hz 61 MUVep
Voltage Noise f = 10Hz to 10kHz 52 MVRrms
Noise Density 1kHz 750 nV/vHz
Vour + 0.05V = V|y = 5.5V +280 +1050 uv/vV
Line Regulation -40°C <Ta < o
° 005V S Va5V £2500 | VIV
REF3xxQ
Ripple Rejection Ratio 100mV, TkHz -53 dB
%:L"I’o“e‘r‘éﬁj‘r‘e’g;m dVour/dT | -40°C < Tp < 125°C 5 25 | ppm/°C
Solder Heat Resistance Shift 0.02 %
e Sy | ® | 5 | w0 oo
—-40°C = Ta = 125°C, sourcing,
OmA < lioap < 10MA, Viy = -35 35 ppm/mA
Load Regulation® dVour/dioap ;1?;:925_0;81] A < liomp <
OMA, Vix = Vour + 100mV -100 —60 100\ ppm/mA
-40°C = Ta < 125°C, sinking,
-10mA < lioap < OMA, Vin = -170 170 ppm/mA
Vour + 100mV
. First Cycle +300 ppm
Thermal Hysteresis o Additional Cycles 60 ppm
lloap = 50[JA, OUprf > 2.048V 2 11 mV
Dropout Voltage lloap = 10mMA, output > 2.048V 100 mV
lloap = 50UA, output < 2.048V 5 50 mV
lloap = TOMA, OUTpr < 2.048V 250 mV
OUTpr > 2.048V, ViNn = Vour +
OUtpL” Current hoso ii?;}t/,s 2.048V, Vin = Vour + 25 25 mA
400mV
L Sourcing 50 mA
Short-Circuit Current Isc sinking 50 A

Page 6 of 17 | www.analogysemi.com
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Turn-On Settling Time To0.1% at Vin=5V with C =0 20 ms
Load Capacitance 0.1 100K nF
POWER SUPPLY, I, =0
Voltage Vin \6?6’6; 5.5 Y

la 60 75 HA
Current Overtemperature, 0°C < Ta <
25C ’ 8 HA
TEMPERATURE RANGE
Specified -40 +125 °C
Operating -55 +135 °C
Storage -65 +150 °C

© 2024 AnalogySemi Ltd. All Rights Reserved.

Public

www.analogysemi.com | Page 7 of 17



REF3xx®
25ppm/°C I KZEBEEE

6. TYPICAL CHARACTERISTICS

Ta = 25°C, Viy = BV, and REF330Q is used for typical characteristics measurements, unless otherwise noted.

35 LI S B B | TrrrrreT
30 Units 30 Units || | |
30
25
=z b4
O 20 9
t 3
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Q Q
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5 l
0 L N
02 012 004 004 0.12 0.2 05 15 25 35 45 55 65 75 85 95
OUTPUT ACCURACY (%) DRIFT (ppm/°C)
Figure 2. Initial Output Accuracy Figure 3. Temperature Drift, -40°C to 125°C
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Figure 4. Solder Heat Resistance Shift Figure 5. Thermal Hysteresis First Cycle
L L
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z =
2 2
3 3
o
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o
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DRIFT (ppm)
Figure 6. Thermal Hysteresis Additional Cycle Figure 7. 0.1Hz-10Hz Noise

Page 8 of 17 | www.analogysemi.com Public © 2024 AnalogySemi Ltd. All Rights Reserved.



REF3xxQ
25ppm/°C i KEF BEEE

10 T T 7T 3.000
3V Output

™N
/

N
°
Re}
®

VOLTAGE NOISE DENSITY (uV/vHz)
OUTPUT VOLTAGE (V)

0.1 2.997
1 10 100 1000 10000 100000 40 20 0 20 40 60 80 100 120 140

FREQUENCY (Hz) TEMPERATURE (°C)

Figure 8. Noise Spectrum Figure 9. Output Voltage vs. Temperature

o
o

55

o))
a

(42
o

e

o))
o

\

B
o

B
o

w
(3]

w
(&)

SOURCE MAXIMUM LOAD CURRENT (mA)
&
SINK MAXIMUM LOAD CURRENT (mA)

w
o
w
o

40 20 0 20 40 60 80 100 120 140 40 20 0O 20 40 60 80 100 120 140
TEMPERATURE (°C) TEMPERATURE (°C)

Figure 10. Source Maximum Load Current vs. Temperature  Figure 11. Sink Maximum Load Current vs. Temperature

25 70
//—

20 60 —
< / By
¢ /| S
5‘;15
=z
o) g4
Z 10 2
> 930
0
& 5
a / 20
3
= N

0 \ 4 10

——’/
-5 0
40 20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 12. Load Regulation vs. Temperature Figure 13. Supply Current vs. Temperature

© 2024 AnalogySemi Ltd. All Rights Reserved. Public www.analogysemi.com | Page 9 of 17



REF3xx®
25ppm/°C I KZEBEEE

-40

LINE REGULATION (uV/V)
&
o

-70
-80 \

N

40 20 0 20 40 60 80 100 120
TEMPERATURE (°C)

140
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Figure 19. PSRR
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Figure 20. Output Voltage vs. Supply Voltage
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Figure 22. Sink Current vs. Output Voltage
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Figure 21. Source Current vs. Output Voltage
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7. BNWERER

7.1 #EE

REF3xxQ HIFVHEEE X NTE 25°C TiafTaff. EIEERE CEAEIFSRMHIREF 25°C FHRHBENT K. ERIUK
<A Equation 1:

[Vere = Vpostl
Vst = (M) x 10° (ppm) M
NOM

B

* Vst = FEE(EALA ppm)o

o Vpge = 1E 25°C FRHVEIARTIIS 894 L B %

*  Vreost = 28 M 25°C fEIFIEIZ-40°C £ 125°C BUEERESEEFAFIR[EF] 25°C NSt BE.
*  Viom = FEERMILBE,

8. 1¥4Hi5EH

8.1 #ii

REF3xxQ Z21XIhiE. BEHIRBERERY, THEERE. HEMNBEEEENSHEERMmIEIT. Figure 25 7R
T REF3xxQ HYBRENEIE, FRINfER TuF & 10uF BVEBREHREBE RS, RHIRMNEMAFEIZERE, @BEEINER 0.1uF
= 10uF 2B R

VIN

Device

Vin
Caypass

1uF to 104F Vour Vour
(recommended) GND c
L
0.1pF to 10pF

Figure 25. Basic Connections

8.2 IIREIEIRIERE

Device

W

Bandgap l/

O Vour

V

GND

Figure 26. Functional Block Diagram
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8.3 F{EHER
8.3.1 {KiR:E

REF3xxQ T AR/ INEBIREMIRIT, FEREEX N HHBEREENTL. FEEEAREITER, f Equation
2 FAFfR

. VOUTMAX - VOUTMIN 6
Drift = (Vour x Temperature Range x 107 (ppm) @

8.3.2 Ihif

REF3xxQ RIIIEEEIEE M BESEEARRH+25mA BB E, 34 EERYE Equation 3 A
Ty=Ta+PpxRejn 3)

Hep:

o T,= £E(°C)o

o Ta= FERE(CC)

*  Pp= IH#E(W) = Vin x la + (Vin = Vour) % louro

*  Ren = ZEIFRAPA(CC/W),
REF3xxQ £ RS 150°C R4 I SR AR E (Ho

8.3.3 IEE148E

ELECTRICAL CHARACTERISTICS F#5%E T REF3xxQ Z7E 1 a SIRVEEAL 0.1Hz = 10Hz BBIEIRFE, IRE BIEMEEREE
ENITEREREINMEM. ERFINLTIERLEMHIRE KT, BRERHERELBRASF R BERE.

8.3.4 BHIhaEiER

L IN S| _EAIEBIEART Vour B, REF3xxQ B, REF3XxQ MR AMWNEEN 5.5V, FH 1uF E 10uF FVEJRERER
25, BVHLHENSZEAEH AT 0.1uF £ 10pF Zidl
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9. BR{R BT

REF3xxQ R7|BEEEEERMEELE, XERERES TREEE 2mV B8R T I

10. )5
10.1 %IB¥EME

FRBUIIRITTIVRIEIERE, BB EITEERI R ERIR(PCB) R RIER, BETEMEEMBERINIHITE AN EBUKRERX
EEFHITEBRIEIRMEIER,

Figure 27 27R T £/ REF3xxQ RYEIERE RS PCB Ffamfl. —EXBHNEERARZE:

£ REF3xxQ Y IN 5|fliEZ—"MEK ESR. 1uF BIFBEBRHA T =R, £ OUT 5|fLEZE— 0.1uF E 10uF BIfEE
ZERAETN

RIBREMEEBRAFHEME RIRE,

ERRERZEMERBTHAREH L EMI IEEIBE.

RSMBAMRAI RIS ENE, EERHIEREFEBR(GINEIN ),

&/\t ADC MZEMREEZ Z B EL KE LU IRAEHEE.

FERFBRIENND S M FNBHITIET. RAEEERIXAFMEMNEL, SEELNBERNTHITEER X,

10.2 FIHT5

Input Signal
AIN
ouT| |[] [REF
8 c Microcontroller
O |GND 'g ADC Input
a C
/ IN []O
ot [ =
GND Plane
Via to
Input Power

Figure 27. Layout Example
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11. PACKAGE INFORMATION

The REF3xxQ is available in the SOT23-3 package. Figure 28 shows the package view.
D

b

El

s

—

|
|
AT

A2
A

Figure 28. Package View
Table 9 provides detailed information about the dimensions.
Table 9. Dimensions

SYMBOL DIMENSIONS IN MILLIMETERS DIMENSIONS IN INCHES
MIN MAX MIN MAX
A 1.156 0.045
Al 0.000 0.100 0.000 0.004
A2 0.900 1.100 0.035 0.043
b 0.300 0.500 0.012 0.020
c 0.132 0.202 0.005 0.008
2.800 3.000 0.110 0.118
E 2.250 2.550 0.089 0.100
El 1.200 1.400 0.047 0.055
1.800 2.000 0.071 0.079
L 0.300 0.500 0.012 0.020
L1 0.550 REF. 0.022 REF.
e 0° 8° 0° 8°
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12. TAPE AND REEL INFORMATION

Figure 29 illustrates the carrier tape.

+0.10
2150 500 =
400£0.10 \ 400£0.10 200+008 o
*
O OO
0 [ &) o C =N
o/ ‘ O ‘ ‘ / ‘ \) | N iz
| 3 £
‘ . g S
+0.25
‘0,08 1.22£0.10
BB
099 £0.20
Max o,
T ¥i78: 0.20  0.02; 3M: 0.18 + 0.02
v
i
3 3.1520.10 |
AA
Notes:
1. Cover tape width: 5.50 + 0.10.
2. Cumulative tolerance of 10 sprocket hole pitch: £0.20 (max).
3. Camber: not to exceed 2mm in 250mm.
4. Mold#: SOT23-3.
5. All dimensions: mm.
6. Direction of view: = ©
Figure 29. Carrier Tape Drawing
Table 10 provides information about tape and reel.
Table 10. Tape and Reel Information
PACKAGE REEL/ INNER BOX/ INNER BOX CARTON
TYPE REEL | QIY/REEL| \\NERBOX | CARTON | STY/CARTON | g (mmy SIZE (mm)
SOT23-3 7" 3000 1 18 54000 215*200*40 442*410*224

Figure 30 shows the product loading orientation—pin 1 is assigned at Q3.

o O O O

Ql i Q2 Ql | Q2

Pin 1

[SKRNSY) [SKRSYS

* Q: Pocket quadrant

Figure 30. Product Loading Orientation

2.06 £0.10
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REVISION HISTORY

REVISION DATE DESCRIPTION
Rev A 22 November 2024 |Rev A release.
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