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APPLICATION NOTE

DAT Series Powered through a Voltage Divider Network

(AN-70-005)

1. Background:

The Mini-Circuits DAT series is specified to operate with
supply voltages over the range of 2.7V to 3.3V. When
operating over this range, the parts meet all their specified
performance parameters over the operating environmental
ranges. However, under lower than specified voltage
conditions, performance is not guaranteed. Furthermore,
as with any silicon driver, there is a risk of the device
entering into a latch-up condition and then becoming non
responsive to commands and having to be powered down
and repowered under proper voltage to recover.

In many systems, 3V may not be available on the PCB. In
these cases, the designer must generate the 3V from a
higher level voltage supply. A clean method of generating
the 3V is to use a voltage regulator IC; these devices have
the capability to supply constant voltage to the DAT and
other circuits, as long as the load does not exceed the
maximum current capacity of the regulator chip.

Another approach is to simply divide the voltage using a
simple Resistive Voltage Divider (RVD) to step down a
higher level voltage to the desired 3 Volts.

peoT

~

Figure 1 - Schematic of an RVD

In the case of a voltage divider circuit, the voltage to the
load can be expressed as follows:
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If we neglect the current consumption of the load, the
voltage on the load is:
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During steady state operation the DAT units consume
approximately 100 pA; however, during startup and
transition from one attenuator state to another, the DAT
draws higher current for a short period of time. Although
this “surge current” is relatively low, when using a Voltage
Divider Circuit to drive Vdd, caution is required to ensure
that the induced voltage drop does not risk proper
operation.

2. Evaluating the effect of Surge Current

To validate the effect of surge current on the DAT series
performance, tests were designed to:
a. determine the range of surge current levels,
b. assess the impact of these levels on the DAT
c. develop a recommended voltage divider circuit to
drive the part from +5V

2.1 Pre Screening

To assess the limits of the surge currents,
hundreds of units were tested for surge currents
on startup and during transition. From this
testing, a smaller sample was selected to assess
expected maximum surge currents.

2.2 Test setup:
Tests to measure the surge current were
performed in accordance with Figure 2.

A 1kQ resistor was placed in series to the RVD and
Vdd pin of the DAT whereby the voltage drop
across this resistor is directly proportional to the
current supplying the DAT. Figure 3 shows the
typical oscilloscope traces on both sides of the
resistor as well as the differential voltage which is
proportional to the current. From this plot the
magnitude and duration of the surge current it is
evident.
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Temperature Chamber 2 3

Validating Latchup Limits

Hundreds of units were tested to establish the
expected range of surge current at both 25°C and 85°C.

e  Units show surge current up to 1mA at 25°C
and up to 1.8mA at 85°C

e The duration of the surge is up to 0.2us

Oscilloscope

R1

1kQ e Surge current duration is dependent on the

VIVWA ] rise time of the power supply voltage
<+>v1 g Given the range of surge current up to 2mA, a
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considerable drop in voltage across a voltage divider

T network could occur and potentially pose a risk of

latchup. To assess this, the DAT was tested with units

Figure 2: Block diagram of test setup that exhibited high surge currents.

Surge current
25°C 85C°C
Unit 1 1000pA 1766 A
Unit 2 953pA 1828pA
! /’H—_—ﬂ.—m— Unit3 | 390uA | 781uA
] Unit4 | 200pA | 1250pA
} |I Table 1: Measured surge currents
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These units were tested in a typical application circuit,
[ fed from a voltage divider as part of this validation
| effort and showed latchup when the selected voltage
| divider resistors allowed the voltage drop to bring Vdd

[ 1 below 2.4V.
I I -7 b= Fatm
| | H .
= (L0000 1A% = 0,000000 YiM) = 15V | 3. Conclusion:
‘m lw 8 : ‘}z:;:ﬂ ]ﬁv Yl e l The Vdd supply circuit must be able to supply a surge
Figure 3: Oscilloscope Traces current during startup and during switching transitions.
Surges were measured up to 1.8mA. For safe margin,
e Top curve: the voltage measure before the resistor designers should configure their circuits to support up

to 2mA of surge current. This means that the series
resistor (R, in Figure 1) in the RVD pair need to be
small enough that the IR Drop (2mA x R) is NOT
sufficient to allow the Vdd to drop below 2.7 volts

e Middle curve: the voltage measured after the resistor
e Bottom curve: the voltage drop on the resistor, which
correlated to the current flowing through the DAT

For a 5.5VDC power supply, a voltage divider of 499Q
and 680Q will be able to provide the required surge
current without latching up.

M - - c- -t o INTERNET http://www.minicircuits.com
ln l . l rcu l s P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA B0O0-654-7949 = 417-335-5935 = Fax 417-335-5945 = EUROPE 44-1252-832600 = Fax 44-1252-837010

A Mini-Circuits ISO 9001 & ISO 14001 Certified 1

AN-70-005 Rev.. A M150261 (04/15/15) File: AN70005.doc Sheet 2 of 3
This document and its contents are the property of Mini-Circuits.




[_JMini-Circuits APPLICATION NOTE

IMPORTANT NOTICE

© 2015 Mini-Circuits

This document is provided as an accommodation to Mini-Circuits customers in connection with Mini-Circuits parts only. In that regard, this document is for informational
and guideline purposes only. Mini-Circuits assumes no responsibility for errors or omissions in this document or for any information contained herein.

Mini-Circuits may change this document or the Mini-Circuits parts referenced herein (collectively, the “Materials”) from time to time, without notice. Mini-Circuits makes no
commitment to update or correct any of the Materials, and Mini-Circuits shall have no responsibility whatsoever on account of any updates or corrections to the Materials
or Mini-Circuits’ failure to do so.

Mini-Circuits customers are solely responsible for the products, systems, and applications in which Mini-Circuits parts are incorporated or used. In that regard, customers
are responsible for consulting with their own engineers and other appropriate professionals who are familiar with the specific products and systems into which Mini-
Circuits’ parts are to be incorporated or used so that the proper selection, installation/integration, use and safeguards are made. Accordingly, Mini-Circuits assumes no
liability therefor.

In addition, your use of this document and the information contained herein is subject to Mini-Circuits’ standard terms of use, which are available at Mini-Circuits’ website
at www.minicircuits.com/homepage/terms_of _use.html.

Mini-Circuits and the Mini-Circuits logo are registered trademarks of Scientific Components Corporation d/b/a Mini-Circuits. All other third-party trademarks are the
property of their respective owners. A reference to any third-party trademark does not constitute or imply any endorsement, affiliation, sponsorship, or recommendation:
(i) by Mini-Circuits of such third-party’s products, services, processes, or other information; or (i) by any such third-party of Mini-Circuits or its products, services,
processes, or other information.
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