MICROCHIP

HV7800

High-Side Current Monitor 8V to 450V Voltage Gain of 1

Features

» Supply Voltages from 8V to 450V

» Voltage Output Device

» Typical Gain 1 +1%

* Maximum Vggnsge, 500 mV

» Fast Rise and Fall Time, 700 ns to 2 us
* Maximum Quiescent Current 50 pA

» Available in 5-Lead SOT-23 Packages

Applications

» Switch Mode Power Supply Current Monitor
» Battery Current Monitor

* Motor Controls

* Telecommunications

Package Type

General Description

The HV7800 high-side current monitor IC transfers a
high-side current measurement voltage to its
ground-referenced output with an accurate voltage
gain of one. The measurement voltage typically
originates at a current sense resistor which is located
in a “high-side” circuit, such as the positive supply line.

This monitor IC features a very wide input voltage
range, high accuracy of transfer ratio, small size, low
component count, low-power consumption, ease of
use, and low cost. Offline, battery and portable
applications can be served equally well due to the wide
input voltage range and the low quiescent current of the
HV7800.

See Table 3-1 for pin information.
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HV7800

Typical Application Circuit
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HV7800

Functional Block Diagram
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HV7800

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratingst

Supply Voltage, VN, VLOAD (NOEE 1) et —-0.5V to +460V
Output Voltage, VouT (NOE 1).......ceii et e e et s -0.5V to +10V
Sense Voltage, Vgenge (NOE 2).......ooiiiii —0.5V to +5V
Load Current, [ oap (NOE@ 2) ... 10 mA
Operating Ambient TEMPErature, Ta .. c.ueeo e ee e sr e n e neee s —40°C to +85°C
Operating Junction TemMpPerature, T ..o e e —-40°C to +125°C
StOrage TEMPEIATUIE, Tg .. uuiiiiiii ittt ettt ettt ettt e e e ettt et eee e ebe e n e et ennneenee e —65°C to +150°C

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only, and functional operation of the device at those or any other conditions above those
indicated in the operational sections of this specification is not intended. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Note 1: Referenced to GND
2:  Vgense = ViN—Vioap

ELECTRICAL CHARACTERISTICS

Electrical Specifications: Tp = 25°C unless otherwise noted; V|\ = 8V to 450V
Parameter ‘ Sym. ‘ Min. ‘ Typ. ‘ Max ‘ Unit ‘ Conditions
SUPPLY
Supply Voltage VN 8 — 450 Vv Note 1
. V|n = 8V to 450V,
Quiescent Supply Current I — — 50 A [N ’
pply Q M Vsense = 0 mV
INPUT AND OUTPUT
OUT Pin Output Resistance Rout — 3.6 — kQ
0 —_— 15 VSENSE =0mV
79 — 121 \Y, =100 mV
Output Voltage Vout mV SENSE
177 — 223 VSENSE =200 mV
470 —_— 530 VSENSE =500 mV
DYNAMIC CHARACTERISTICS
) . — 0.7 — VSENSE = Step 5mV to 500 mV
Output Rise Time, 10% to 90% triSE us
— — 2 VSENSE = Step 0 mV to 500 mV
Output Fall Time, 90% to 10% el | — | 07 | 2 | us ;’ﬁg{f%: Step 500 mV to 0 mV

Note 1: Values apply over the full temperature range.

TEMPERATURE SPECIFICATIONS

Parameter Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Unit ‘ Conditions
TEMPERATURE RANGE
Operating Ambient Temperature Ta -40 — +85 °C
Operating Junction Temperature T, -40 — +125 °C
Storage Temperature Ts -65 — +150 °C
PACKAGE THERMAL RESISTANCE
5-lead SOT-23 0 | — | 253 | — | -cw |
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HV7800

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g. outside specified power supply range) and therefore outside the warranted range.

Vour Minimum V
2000 35 v
™ Towe = 25°C Vense = 500mV
Venee = 1500mV 3.4
1500 —
l Viense = 1000mV 83
1000 | B
3.2
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500
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y & Curve represents level of V,,
V 4 v = 100mV v which causes a 1% drop in V. oc
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FIGURE 2-1: Output Voltage vs. Sense FIGURE 2-4: Minimum V) vs.Temperature.
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FIGURE 2-3: Output Voltage vs. Sense Voltage FIGURE 2-6: I)y Current vs.V)y Voltage.

at Low V) Voltages.
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FIGURE 2-7: V| Current vs. Temperature.
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FIGURE 2-11: Step Response (From Negative
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HV7800

3.0 PIN DESCRIPTION

The details on the pins of HV7800 are listed in
Table 3-1. Refer to Package Type for the location of
pins.

TABLE 3-1: PIN FUNCTION TABLE

Pin Number Pin Name Description

Sense amplifier input. High-impedance input with Zener diode protection. Add an

1 LOAD external protection resistor in series with LOAD if Vggnsg exceeds the range of
—600 mV to +5V.

2 NC No connect. This pin must be left floating for proper operation.

3 IN Sense amplifier input and supply

4 GND Supply return

5 ouT Output with a nominal output resistance of 3.6 kQ. Preservation of accuracy may
require an external buffer amplifier to prevent excessive loading.
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HV7800

4.0 APPLICATION INFORMATION

4.1 General

The HV7800 high-side current monitor IC features
accurate current sensing, small size, low component
count, low power consumption, exceptional input
voltage range, ease of use and low cost.

The part typically performs the measurement of line or
load current for overcurrent protection, metering, or
current regulation.

High-side current sensing, as opposed to
ground-referenced or low-side current sensing, is
desirable or required when:

* The current to be measured does not flow in a
circuit associated with ground.

* The measurement at ground level can lead to
ambiguity due to changes in the grounding
arrangement during field use.

* Introduction of a sense resistor in the system
ground is undesirable due to issues with safety,
EMI, or signal degradation caused by common
impedance coupling.

4.2 Principle of Operation

The operational amplifier and MOSFET force the
voltage across RAto track Vgense Within the limit of the
offset voltage of the opamp, i.e. Vgra = VsensE-

The current through Ry returns to ground through Rg.
Ra and Rg are integrated, exhibiting tight matching and
excellent tracking. By design, Ry and Rg have the
same resistance. Consequently, Vra is equal to Vgg,
resulting in a voltage gain of one.

43 OUT Pin Loading Effects

Note that the OUT pin has a typical output resistance of
3.6 kQ. Loading the output causes the voltage gain to
drop and the rise/fall time to increase.

For example, if given an output resistance of 3.6 kQ,
the load resistance should exceed 3.6 MQ to limit the
drop in gain to 1 part in 1000.

Again, assuming an output resistance of 3.6 kQ,
capacitive loading of 30 pF results in a response pole
with a time constant of 100 ns, which is not yet high
enough to materially affect the output rise and fall time
of about 700 ns.

4.4 Sense Resistor Considerations

Choose a sense resistor that will not exceed 500 mV
during normal operating conditions. Limit the power
dissipation in the sense resistor to whatever is
practical. A high-sense voltage benefits accuracy, but
increases power dissipation.

Consider the use of Kelvin connections for applications
where significant voltage drops may occur in the PCB
traces that carry the current to be measured to the
sense resistor. A layout pattern that minimizes voltage
across the sense lines is shown in Figure 4-1 below:

+ V

SENSE

IN  LOAD R

SENSE

FIGURE 4-1:
Sense Resistor.

Kelvin Connection for the

Choose a low-inductance type of sense resistor if
preservation of bandwidth is important. The use of
Kelvin connections helps by excluding the inductive
voltage drop across the traces leading to the sense
resistor. The inductive voltage drop may be substantial
when operating at high frequencies.

A trace or component inductance of just 10 nH
contributes an impedance of 6.2 mQ at 100 kHz, which
constitutes a 6% error when using a 100 mQ sense
resistor.

4.5 Transient Protection

Add a protection resistor (Rp) in series with the LOAD
pin if Vgense can exceed 5V in a positive sense or
600 mV in a negative sense, whether in a Steady state
or in transient conditions.

A large Vggnsg may occur during system startup or
shutdown due to the charging and discharging of bulk
storage capacitors. Vggngg may be large due to fault
conditions, such as a Short circuit condition, or a
broken or missing sense resistor.

An internal 5V Zener diode with a current rating of
10 mA protects the sense amplifier inputs. The block
diagram shows the orientation of this diode. The Zener
diode provides clamping at 5V for a positive Vgensg
and at 600 mV for a negative Vggnsg-

Under worst-case conditions, limit the Zener current to
10 mA. A 100 kQ resistor limits the Zener diode current
to 4.5 mA when Vggnse is 450V, whether positive or
negative. Note that the protection resistor may affect
the bandwidth. The resistor forms an RC network with
the trace and pin capacitance at the LOAD pin. A
capacitance of 5 pF results in a time constant of 500 ns.

The protection resistor may cause an offset due to bias
current at the LOAD input. Under worst-case bias
current (1 nA), a 100 kQ protection resistor could cause
an offset of 100 pV or 0.2% of full scale. Note that the
bias current is nominally zero as the LOAD is a
high-impedance CMOS input.
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HV7800

5.0 PACKAGE MARKING INFORMATION

5.1 Packaging Information

5-lead SOT

[1 T[]

XXY
WWNNN

HREEN

Example

[1 T[]

7A2
10889

HEERN

Legend: XX..X Product Code or Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@)

can be found on the outer packaging for this package.

not include the corporate logo.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for product code or customer-specific information. Package may or

© 2022 Microchip Technology Inc. and its subsidiaries
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HV7800

5-Lead SOT-23 Package Outline (K1)
2.90x1.60mm body, 1.45mm height (max), 0.95mm pitch

D L
Note 1— Gauge
(Index Area Plane
D/2 x E1/2)
T 4 7 Seating
Plane
Top View View B
—— View B
A 47 P \( iew
[} 4 [ \
A Af Seating |
¢ — o Plane /
At . . J . e _7
Side View A View A-A

Note: For the most current package drawings, see the Microchip Packaging Specification at www.microchip.com/packaging.

Note:

A Pin 1 identifier must be located in the index area indicated. The Pin 1 identifier can be: a molded mark/identifier; an embedded metal marker; or
a printed indicator.

D ) MIN | 0.90* | 0.00 | 0.90 | 0.30 | 2.75* | 2.60" | 1.45* 0.95 | 1.90 0.30 0.60 | 0.25 0° 50

imension - ) ) . . . . 5 5

(mm) NOM 1.15 2.90 | 2.80 | 1.60 BSC | BSC 0.45 REF | BSC 4 10
MAX | 145 | 0.15 | 1.30 | 0.50 | 3.05* | 3.00* | 1.75" 0.60 8° | 15°

JEDEC Registration MO-178, Variation AA, Issue C, Feb. 2000.
* This dimension is not specified in the JEDEC drawing.
Drawings not to scale.

DS20005631A-page 10 © 2022 Microchip Technology Inc. and its subsidiaries



HV7800

APPENDIX A: REVISION HISTORY

Revision A (October 2022)

» Converted Supertex Doc# DSFP-HV7800 to
Microchip DS20005631A

» Changed the quantity of the K1 package from
2500/Reel to 3000/Reel to align packaging speci-
fications with the actual BQM

* Made minor text changes throughout the docu-
ment

© 2022 Microchip Technology Inc. and its subsidiaries DS20005631A-page 11



HV7800

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

PART NO. M| - X
Device Package Environmental Media Type
Options
Device: HV7800 = High-Side Current Monitor 8V to 450V
Voltage Gain of 1
Package: K1 =  b5-lead SOT-23
Environmental: G = Lead (Pb)-free/RoHS-compliant Package
Media Type: (blank) = 3000/Reel for a K1 Package

Example:

a) HV7800K1-G: High-Side Current Monitor 8V to 450V
Voltage Gain of 1, 5-lead SOT-23,
3000/Reel

DS20005631A-page 12
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Note the following details of the code protection feature on Microchip products:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner, within operating specifications, and

under normal conditions.

. Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code protection features of
Microchip product is strictly prohibited and may violate the Digital Millennium Copyright Act.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable" Code protection is constantly evolving. Microchip is committed to
continuously improving the code protection features of our products.

This publication and the information herein may be used only
with Microchip products, including to design, test, and integrate
Microchip products with your application. Use of this informa-
tion in any other manner violates these terms. Information
regarding device applications is provided only for your conve-
nience and may be superseded by updates. It is your responsi-
bility to ensure that your application meets with your
specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at https://
www.microchip.com/en-us/support/design-help/client-support-
services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE, OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL, OR CONSE-
QUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY
KIND WHATSOEVER RELATED TO THE INFORMATION OR
ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applica-
tions is entirely at the buyer's risk, and the buyer agrees to
defend, indemnify and hold harmless Microchip from any and
all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under
any Microchip intellectual property rights unless otherwise
stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.
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