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VRE3050

Precision Voltage Reference

FEATURES

¢ +5V Output, £ 0.5 mV (.01%)

¢ Temperature Drift: 0.6 ppm/°C

¢ Low Noise: 3 uV,, (0.1Hz-10Hz)

¢ Low Thermal Hysterisis: 1 ppm Typical

¢ £15mA Output Source and Sink Current

¢ Excellent Line Regulation: 5 ppm/V Typical

¢ Optional Noise Reduction and Voltage Trim

¢ Industry Standard Pinout: 8-pin Surface Mount
Package

APPLICATIONS

The VRE3050 is recommended for use as a ref-
erence for 14, 16, or 18 bit data converters which
require an external precision reference. The de-
vice is also ideal for calibrating scale factor on
high resolution data converters. The VRE3050
offers superior performance over monolithic ref-
erences.

DESCRIPTION

The VRE3050 is a low cost, high precision 5 V refer-
ence that operates from +10 V. The device features
a buried zener for low noise and excellent long term
stability. Packaged in an 8-pin SMT, the device is ideal
for high resolution data conversion systems.

The device provides ultrastable +5 V output with 0.5
mV (.01%) initial accuracy and a temperature coeffi-
cient of 0.6 ppm/°C. This improvement in accuracy is
made possible by a unique, patented multipoint laser
compensation technique. Significant improvements
have been made in other performance parameters as
well, including initial accuracy, warm-up drift, line reg-
ulation, and long-term stability, making the VRE3050
series the most accurate reference available.

For enhanced performance, the VRE3050 has an ex-
ternal trim option for users who want less than 0.01%
initial error. For ultra low noise applications, an external
capacitor can be attached between the noise reduction
pin and the ground pin.

Figure 1. BLOCK DIAGRAM
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SELECTION GUIDE

Initial Error | Temp. Coeff. | Temp. Range
Model (mV) (ppm/°C) (°C)

VRE3050A 0.5 0.6 0°C to +70°C

VRE3050B 10.8 1.0 0°C to +70°C

VRE3050C 1.0 2.0 0°C to +70°C

VRE3050J 0.5 0.6 -40°C to +85°C ]

VRE3050K | 0.8 1.0 -40°C to +85°C 8-pin Surface Mount

VRE3050L +1.0 2.0 -40°C to +85°C Package Style GF
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1. CHARACTERISTICS AND SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
Power SUpply ...........ccoooeeeinnn. -0.3Vito +40V oyt Short Circuit to GND Duration (Vi< 12V) e, Continuous
OUT, TRIM. oo -0.3Vto 12V oyt Short Circuit to GND Duration (VN<40V) . 5 sec
NR..... e '?'3\/ to +§V Out Short Circuit to IN Duration (V| < 12V) .............. Continuous
Operating Temp. (A,B,C) ........... OOC to +70°C Continuous Power Dissipation (T, = +70°C).................... 300mwW
Operating Temp. (J,K.L) ......... -40°C t0 +85°C  gtorage Temperature...........ooovoovveeveeeveereveen... -65°C to +150°C
Lead Temperature (soldering,10 S€C).........cccveeeviirvreeenne +250°C
ELECTRICAL SPECIFICATIONS
Vo =215V, T = +25°C, R = 10KQ Unless Otherwise Noted.
Parameter Symbol Conditions Min Typ Max Units
Input Voltage Vi +8 +36 \
VRE3050A/J +2.4995 | +5.0000 | +5.0005
Output Voltage (Note 1) Vour VRE3050B/K +2.4992 | +5.0000 | +5.0008 \Y
VRE3050C/L +2.4990 | +5.0000 | +5.0010
Output Voltage VRE3050A/J 0.3 0.6
Temperature Coefficient TCV e VRE3050B/K 0.5 1.0 ppm/°C
(Note 2) VRE3050C/L 1.0 2.0
Trim Adjustment Range AVt Figure 3 5.0 mV
Turn-On Settling Time Ton To 0.01% of final value 2.0 ps
) 0.1Hz <f<10Hz 3.0 MVp-p
Output Noise Voltage e
" 10Hz < f < 1kHz 2.5 5.0 HY s
Temperature Hysterisis Note 4 1 ppm
Long Term Stability AV 6 ppm/1000hrs.
Supply Current In 3.5 4.0 mA
. Sourcing: OmA <1 ,. < 15mA 8 12
Load Regualtion (Note 3) | AV ./ Al — ppm/mA
Sinking: -15mA < | . < OmA 8 12
Line Regulation (Note 3) | AV_ ./ AV BV =V, =10V 25 3 N
ine Regulation ote m
9 our N 10V <V, <18V 5 10 PP
NOTES:
1. The specified values are without external trim.
2. The temperature coefficient is determined by the box method. See discussion on temperature perfor-
mance.
3. Line and load regulation are measured with pulses and do not include voltage changes due to tem-
perature.
4. Hysterisis over the operating temperature range.
2 VRE3050DS
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2. TYPICAL PERFORMANCE CURVES
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Vour vs. TEMPERATURE

Vour vs. TEMPERATURE

1.00 1.00 1.00 ‘ ‘ ‘ ‘
0.75 0.75 0.75
Upper Limit
0.50 050 050 oot
. Upper Limit — U Limit —
S 025 : N S 025 PP M N S 025
5 S e e e A {3 i A At i E B S N
S e < o = —
2 025 — A 2 025 [T P 2 025
Lower Limit Lower Limit JENU S R ISR SR B
-0.50 -0.50 -0.50
Lower Limit
Jyod I
-1.00 0 -1.00
0 20 30 40 50 60 70 0 20 30 40 50 60 70 0 20 30 40 50 60 70
Temperature (°C) Temperature (°C) Temperature (°C)
VRE3050A VRE3050B VRE3050C
Vour vs. TEMPERATURE Vour vs. TEMPERATURE Vour vs. TEMPERATURE
2.0 20 2.0 ‘ ‘ ‘
1.5 1.5 1.5 1 : |
Upper Limit
10 Upper Limit 10 Upper Limit 10 b
r Limit | |  peFempm b
S 05 X S 05— B R N S os
E  ofm———] & of—r — £ o A
> 0. > 05— —F—F— > 0.
< 0.3 Lower Limit / < 05 Lower Limit / < 05 o ; ”””
1.0 1.0 1.0 Lower Limit
-1.5 -1.5 -1.5 ‘ ‘ ‘
-20 -2.0 -2.0
-50 -25 0 25 50 75 100 -50 25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C) Temperature (°C)
VRE3050J VRE3050K VRE3050L
SUPPLY CURRENT QUIESCENT CURRENT VS. TEMP OUTPUT IMPEDIANCE
VS. SUPPLY VOLTAGE VS. FREQUENCY
6.0 8.0 8
T 50 § 6.0 o 6
= e o
5 g &
5 40 3 40 — 2 4
2 8 = /
= o & 20 2
wn . =1 =}
a / (e} W%
0 0 0 =il
0 5 10 15 20 25 30 35 40 -50 0 50 100 Tk 10k 100k ™
Supply Voltage (V) Temperature (°C) Frequency (Hz)
VRE3050DS 3



VRE3050

PRECISION POWER

ProductiInnova tionFrom

i

—= CIRRUS LOGIC"

JUNCTION TEMP. RISE VS.
OUTPUT CURRENT
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3. THEORY OF OPERATION

The following discussion refers to the block diagram in Figure 1. AFET current source is used to bias a 6.3 V zener
diode. The zener voltage is divided by the resistor network R1 and R2. This voltage is then applied to the noninvert-
ing input of the operational amplifier which amplifies the voltage to produce a 5 V output. The gain is determined by
the resistor networks R3 and R4: G=1 + R4/R3. The 6.3 V zener diode is used because it is the most stable diode
over time and temperature.

The current source provides a closely regulated zener current, which determines the slope of the references’ volt-
age vs. temperature function. By trimming the zener current a lower drift over temperature can be achieved. But
since the voltage vs. temperature function is nonlinear this compensation technique is not well suited for wide tem-
perature ranges.

A nonlinear compensation network of thermistors and resistors that is used in the VRE series voltage references.
This proprietary network eliminates most of the nonlinearity in the voltage vs. temperature function. By adjusting the
slope, a very stable voltage is produced over wide temperature ranges.

This network is less than 2% of the overall network resistance so it has a negligible effect on long term stability. The
proper connection of the VRE3050 series voltage references with the optional trim resistor for initial error and the
optional capacitor for noise reduction is shown below.

EXTERNAL CONNECTIONS
+ VIN

@
®

Optional Noise + Vour
Reduction

Capacitor
Cy TWF ==

VRE3050

10kQ2

Optional Fine
Trim Adjustment

PIN DESCRIPTION

1,3,7 N. C. Internally connected. Do not use
2 Vi Positive power supply input
4 GND Ground
5 TRIM External trim input. Leave open if not
used.
6 ouT Voltage reference output
8 NR Noise Reduction

4. BASIC CIRCUIT CONNECTION

To achieve the specified performance, pay careful attention to the layout. A low resistance star configuration will
reduce voltage errors, noise pickup, and noise coupled from the power supply. Commons should be connected to
a single point to minimize interconnect resistances.

VRE3050DS 5
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Figure 3.
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5. TEMPERATURE PERFORMANCE

The VRE3050 is designed for applications where the initial error at room temperature and drift over temperature are
important to the user. For many instrument manufacturers, a voltage reference with a temperature coefficient less
than 1 ppm/°C makes it possible to not perform a system temperature calibration, a slow and costly process.

Of the three TC specification methods (slope, butterfly, and box), the box method is most commonly used. A box
is formed by the min/max limits for the nominal output voltage over the operating temperature range. The equation
follows:

VMAX B VMIN
\Y x (T

NOMINAL

TC. = x 108

T

MAX MIN)
This method corresponds more accurately to the method of test and provides a closer estimate of actual error than
the other methods. The box method guarantees limits for the temperature error but does not specify the exact shape

and slope of the device under test.

A designer who needs a 14-bit accurate data acquisition system over the industrial temperature range (-40°C to
+85°C), will need a voltage reference with a temperature coefficient (TC) of 1 ppm/°C if the reference is allowed
to contribute an error equivalent to 1LSB. For 1/2LSB equivalent error from the reference you would need a volt-
age reference with a temperature coefficient of 0.5 ppm/°C. Figure 4 shows the required reference TC vs. delta T
change from 25°C for resolution ranging from 8 bits to 20 bits.

6. THERMAL HYSTERISIS

A change in output voltage as a result of a temperature change. When references experience a temperature change
and return to the initial temperature, they do not always have the same initial voltage. Thermal hysterisis is difficult to
correct and is a major error source in systems that experience temperature changes greater than 25°C. Reference
vendors are starting to include this important specification in their datasheets.

PIN CONFIGURATION

NOISE
ne [ VRE3050 8/ REDUCTION
+, [2] 7] NiIC

TOP
N/C VIEW El Vour
GND [4] 5] TRIM

6 VRE3050DS
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CONTACTING CIRRUS LOGIC SUPPORT

For all Apex Precision Power product questions and inquiries, call toll free 800-546-2739 in North America.
For inquiries via email, please contact tucson.support@cirrus.com.

International customers can also request support by contacting their local Cirrus Logic Sales Representative.
To find the one nearest to you, go to www.cirrus.com

IMPORTANT NOTICE

Cirrus Logic, Inc. and its subsidiaries ("Cirrus") believe that the information contained in this document is accurate and reliable. However, the information is subject
to change without notice and is provided "AS IS" without warranty of any kind (express or implied). Customers are advised to obtain the latest version of relevant
information to verify, before placing orders, that information being relied on is current and complete. All products are sold subject to the terms and conditions of sale
supplied at the time of order acknowledgment, including those pertaining to warranty, indemnification, and limitation of liability. No responsibility is assumed by Cirrus
for the use of this information, including use of this information as the basis for manufacture or sale of any items, or for infringement of patents or other rights of third
parties. This document is the property of Cirrus and by furnishing this information, Cirrus grants no license, express or implied under any patents, mask work rights,
copyrights, trademarks, trade secrets or other intellectual property rights. Cirrus owns the copyrights associated with the information contained herein and gives con-
sent for copies to be made of the information only for use within your organization with respect to Cirrus integrated circuits or other products of Cirrus. This consent
does not extend to other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROP-
ERTY OR ENVIRONMENTAL DAMAGE (“‘CRITICAL APPLICATIONS”). CIRRUS PRODUCTS ARE NOT DESIGNED, AUTHORIZED OR WARRANTED TO BE
SUITABLE FOR USE IN PRODUCTS SURGICALLY IMPLANTED INTO THE BODY, AUTOMOTIVE SAFETY OR SECURITY DEVICES, LIFE SUPPORT PROD-
UCTS OR OTHER CRITICAL APPLICATIONS. INCLUSION OF CIRRUS PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUS-
TOMER'’S RISK AND CIRRUS DISCLAIMS AND MAKES NO WARRANTY, EXPRESS, STATUTORY OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, WITH REGARD TO ANY CIRRUS PRODUCT THAT IS USED IN SUCH A MANNER. IF THE
CUSTOMER OR CUSTOMER’S CUSTOMER USES OR PERMITS THE USE OF CIRRUS PRODUCTS IN CRITICAL APPLICATIONS, CUSTOMER AGREES,
BY SUCH USE, TO FULLY INDEMNIFY CIRRUS, ITS OFFICERS, DIRECTORS, EMPLOYEES, DISTRIBUTORS AND OTHER AGENTS FROM ANY AND ALL
LIABILITY, INCLUDING ATTORNEYS’ FEES AND COSTS, THAT MAY RESULT FROM OR ARISE IN CONNECTION WITH THESE USES.

Cirrus Logic, Cirrus, and the Cirrus Logic logo designs, Apex Precision Power, Apex and the Apex Precision Power logo designs are trademarks of Cirrus Logic, Inc.
All other brand and product names in this document may be trademarks or service marks of their respective owners.
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