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DESCRIPTION

LTC6115 
High Voltage High Side  

Current and Voltage Sense

Demonstration circuit 2839A is a high voltage, high side 
current sense circuit featuring the LTC®6115. This circuit 
measures inputs up to 100V and 2A. The board can be 
connected to Linduino® as a shield and has an accom-
panying Linduino sketch. The gain of the current sense 
channel may be set with jumpers to 5V/A (100V/V) or 
2.5V/A (50V/V), and the gain of the voltage sense chan-
nel may be selected with jumpers for unity gain or 2V/V. 

The DC2839A includes a 4-terminal 50mΩ sense resis-
tor with a footprint for larger, higher-power rated parts. A 
1:1000 resistor divider can be selected with jumpers to 
provide simulated mV-scale input difference voltages if 
high currents are not available. 

All registered trademarks and trademarks are the property of their respective owners.

PERFORMANCE SUMMARY

The voltage sense and current sense can be configured to 
measure the same input or separate inputs. 

An external 5V to 100V power source is needed for input 
and current sense supply. The voltage sense supply can 
be either an external 2.7V to 5.5V power source or drawn 
from a Linduino (DC2026C) board when DC2839A is used 
as a Linduino shield. An optional electronic load capable 
of sinking up to 2A at 100V can also be used as input to 
the current sense. Turrets are provided for input and out-
put, along with Linduino shield connectors to Linduino’s 
onboard ADC inputs.

Design files for this circuit board are available. 

Specifications are at TA = 25°C, VSENSE
+ = V+, 5V ≤ V+ ≤ 100V

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Current Sense

Supply Voltage Range (V+) 5 100 V

VSENSE(MAX) Input Sense Voltage Full-Scale Error < 1%, RIN = 1kΩ 500 mV

IOUTI Maximum Output Current ROUT = 2kΩ, VSENSE = 110mV,  
Gain = 20

1 mA

tr Input Step Response (to 2.5V on a 5V Output 
Step)

ΔVSENSE = 100mV Transient,  
Gain = 50, V+ = 5V

1.5 µs

IV+ Amplifier Supply Current V+ = 5V, IOUTI = 0, RIN = 1MΩ 
V+ = 100V, IOUTI = 0, RIN = 1MΩ

240 
400

450 
640

µA 
µA

Voltage Sense, VS = 5V

VS Supply Voltage Range Guaranteed by PSRR Test 2.7 5.5 V

VIN Voltage Range Referred to GND 0 100 V

ΔG Total Gain Error VIN = 100V, No Load 0.03 ±0.15 %

IS Amplifier Supply Current (VS) No Load, VIN = 20V 57 76 µA
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QUICK START PROCEDURE
Demonstration circuit 2839A is easy to set up to evaluate 
the performance of the LTC6115. 

A high voltage supply (5V to 100V, max 2A) is required to 
test the full input range of the LTC6115. A separate 2.7V 
to 5.5V source is required for the voltage sense supply.

If available, an electronic load capable of sinking up to 2A 
at 100V may be used to test input range as well.

USE CAUTION WITH HIGH VOLTAGES!

If using on its own (not as Linduino shield):

Refer to Figure 1 for proper measurement equipment 
setup and follow the procedure below. 

1. Place jumpers in the following positions:

 JP1 and JP2

 Position DIV to use simulated VSENSE = V+/1001 as 
current sense input

 JP3

 Install jumper, to tie current sense and voltage sense 
inputs to the same source

 JP4

 Position 50V/V for OUTI voltage gain of 50 on current 
sense input VSENSE

 JP5

 Position EX_VS for external VS supply

 JP6 and JP7

 Position 2V/V for gain = +2 on OUTV

2. With power off, connect the high voltage (5V to 100V) 
input/power supply to INPUT_ISENSE and/or INPUT_
VSENSE turrets and a GND turret. 12V is a good start-
ing point.  

3. With power off, connect a lower-voltage (2.7V to 5.5V) 
supply to the EXT_VS and GND turrets. 5V is a good 
starting point.

4. Connect a DMM on voltage setting, mV range, to the 
OUT_ISENSE turret.

5. Connect a DMM on voltage setting, mV range, to the 
OUT_VSENSE turret.

6. Power up the system. If using V+ = VIN = 12V, OUTI 
and OUTV should both be around 600mV.  

7. Increase the input voltage and observe as the output 
climbs to 5V max for both channels at V+ = VIN = 100V.

Optional: Electronic Load Capable of Sinking Up to 2A 
at 100V

8. Turn off both power supplies. Connect the electronic 
load to the LOAD_ISENSE and GND turrets and set its 
current and voltage limits. A current limit of 240mA 
and a voltage limit of 105V on the electronic load are 
good starting points.

9. Move both jumpers JP1 and JP2 to position RS to use 
the 50mΩ sense resistor for current sense input. Keep 
all other jumpers in the same positions as in step 1.

10. Power up both supplies. If using V+ = VIN = 12V and 
ILOAD = 240mA, OUTI and OUTV should both be 
around 600mV.

11. Increase the current limit on the electronic load to 2A. 
Increase the input voltage and observe as the output 
climbs to 5V max for both channels at V+ = VIN = 100V 
and ILOAD = 2A.
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QUICK START PROCEDURE

Figure 1. Proper Measurement Equipment Setup for Standalone (Non-Linduino-Shield) Use
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QUICK START PROCEDURE
If using as Linduino shield: 

Refer to Figure 3 for proper measurement equipment 
setup and follow the procedure below.

A Linduino sketch for DC2839A is available in the 
Linduino sketchbook, which can be downloaded at  
https://github.com/analogdevicesinc/Linduino. 

1. Place jumpers in the same positions as step 1 for non-
shield use, with one exception:

 JP5

 Position ARDUINO SUPPLY for on-board 5V VS supply

2. Insert DC2389A above disconnected Linduino board 
as a shield.

3. With power off, connect the high-voltage (5V-100V) 
input/power supply to INPUT_ISENSE and/or INPUT_
VSENSE turrets and a GND turret. 12V is a good start-
ing point.  

4. Connect Linduino to computer with USB cable. 

5. Make sure Linduino is loaded with the DC 2839A Lin-
duino sketch. Instructions on how to load sketches can 
be found in the DC2026C Demo Manual.

6. When the sketch is successfully loaded, open the 
serial monitor on the computer. The prompt in Figure 2 
should appear on the console. Note: I Gain 2.50 V/A 
is equivalent to 50 V/V for RSENSE = 50mΩ (default).

7.  Power up the high-voltage supply. Enter option 1 at 
the console to take a single reading. If using V+ = VIN 
=12V, OUTI will be 240 mA and OUTV will be 12V, both 
within ± 3% error.

8. Select option 5 to read data continuously. When 
prompted, enter “100” for 100 samples. 

9. Increase the input voltage and observe as the console 
outputs climb along with the inputs for both channels 
at V+ = VIN = 100V.

Figure 2. Linduino Prompt
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QUICK START PROCEDURE

Figure 3. Proper Measurement Equipment Setup for Linduino Shield Use

Optional: Electronic Load Capable of Sinking Up to 2A 
at 100V

10. Turn off power supply and disconnect board from 
Linduino. Connect the electronic load to the LOAD_
ISENSE and GND turrets and set its current and volt-
age limits. A current limit of 240mA and a voltage 
limit of 105V on the electronic load are good starting 
points.

11. Move both jumpers JP1 and JP2 to position RS to use 
the 50mΩ sense resistor for current sense input. Keep 
all other jumpers in the same positions as in step 1.

12. Reconnect board to Linduino and power up the sup-
ply. Enter option 1 at the console to take a single read-
ing. If using V+ = VIN = 12V and ILOAD = 240mA, OUTI 
will be 240mA and OUTV will be 12V, both within 
±3% error

13. Select option 5 to read data continuously. When 
prompted, enter 100 for 100 samples.

14. Increase the current limit on the electronic load to 2A. 
Increase the input voltage and observe as the console 
outputs climb along with the inputs for both channels 
at V+ = VIN = 100V and ILOAD = 2A.

HIGH V
POWER
SUPPLY

12.00V

0V
+ COM

100V + COM
LOAD

OPTIONAL

0.240A
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OPERATING PRINCIPLES

DC2839A has two inputs, one for the voltage sense and 
one for the current sense. Jumper JP3 ties the voltage 
sense (VIN) and current sense (V+) lines together by 
default. Removing the JP3 connector allows the two 
inputs to be independent, which may be useful for taking 
advantage of the different input voltage ranges of the volt-
age sense (0V to 100V) and current sense (5V to 100V).

When DC2839A is used as a shield for a Linduino or  
Arduino-equivalent controller board, the two outputs 
OUTI and OUTV are connected to pins 1 and 4, respec-
tively, of the Arduino analog header J2 near the bottom 
right of the board. These pins go to analog inputs A0 and 
A3, respectively, of the ATmega 328/P’s on-chip 10-bit 
ADC. Footprints for RC filter components (R11, C4, C11 
for OUTI; R12, C5, C10 for OUTV) located immediately 
before the analog input header pins are provided.

Jumper Table
JP PROPERTY POSITION 1 POSITION 3

JP1, JP2* Current Sense Input Selection VSENSE = V+/1001  
R Divider Input

VSENSE = ILOAD × RSENSE 
RSENSE = 50mΩ Default

JP3 Ties VIN to V+ VIN Tied to V+ N/A

JP4 OUTI Gain 100V/V 
10kΩ ROUTI

50V/V 
4.99kΩ ROUTI

JP5 VS Supply Source EXT_VS 
2.7V to 5.5V External Supply

ARDUINO SUPPLY 
5V Onboard Supply

JP6, JP7* OUTV Gain 1V/V (Buffer) 2V/V

* Paired jumpers must BOTH be moved together for correct functionality. 
For detailed explanations of each jumper setting, please see the subsequent section, Operating Principles.

OUTI

GND LTC6115

A1

LOAD

ILOAD

RSENSE

ROUT

RIN
–

RIN
+

+IN

V+

V+

–IN

DC2839A F03

–

VSENSE

+

Figure 4. Current Sense

CURRENT SENSE 

DC2839A’s current sense is a typical high side current 
sense architecture as shown in Figure 4. 

The current to be measured, ILOAD, passes through sense 
resistance RSENSE to create an input voltage VSENSE. The 
internal current sense amp A1 replicates this VSENSE 
across RIN

– to keep the voltage at –IN and +IN nearly 
equivalent.

The current created by establishing VSENSE across RIN
–

cannot enter the high impedance input –IN, so it flows 
through the internal MOSFET and becomes the output 
current sourced by OUTI. This output current is then con-
verted back to voltage VOUTI by passing it through load 
resistance ROUT. 
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OPERATING PRINCIPLES
An optional RIN

+ is provided to cancel IBIAS and to balance 
any thermoelectric offset voltage at the input generated 
by temperature gradients. 

The combination of RSENSE, RIN
–, and ROUT determines 

the transimpedance (V/A) coefficient for converting input 
current ILOAD to output voltage VOUTI. Equivalently, RIN

– 
and ROUT set the voltage gain (V/V) coefficient for convert-
ing input voltage VSENSE (applied or developed at the input 
between RIN

– and RIN
+) to output voltage VOUTI.

Current Sense Gain/Transimpedance

DC2839A’s current sense gain or transimpedance may be 
easily modified by selecting a different value for output 
resistance ROUT. As explained below, a default 4.99kΩ 
ROUT sets the transimpedance at 2.5V/A, which corre-
sponds to 50V/V voltage gain. 

The transimpedance is determined by,

 ILOAD

RSENSE
RIN

ROUT•=
VOUT

For the default component values of DC2839A,

 ILOAD

50mΩ
100Ω

4.99kΩ•
= =

VOUT
A

2.5V

The current sense’s voltage gain is set according to,

 
=AV, OUTI

ROUT
RIN

For the default component values of DC2839A,

 100Ω
4.99kΩ

= =AV, OUTI V
50V

Current Sense Gain Configuration

On DC2839A, shifting jumper JP4 from 50V/V to 100V/V 
changes the gain to a transimpedance of 5V/A, or equiva-
lent voltage gain of 100V/V. With default 50mΩ RSENSE 
and gain of 100V/V, maximum ILOAD is now 1A. 

Moving JP4 changes RLOAD from the default 4.99kΩ R10 
to the 10kΩ R9. Other values of RLOAD may be stuffed in 
R9 or R10 as desired. Choice of RLOAD may affect ADC 
driving performance, depending on the input impedance 
of the subsequent stage.

Current Sense Input

Jumpers JP1 and JP2 together select the input source for 
the high side current sense. When JP1 and JP2 are both 
on the RS setting, the input to the current sense channel is 
the voltage produced by passing ILOAD through the default 
50mΩ 1%1W rated 4-terminal RSENSE. 

The RSENSE footprint on DC2839A is configured for Kelvin 
sensing for long-edge 2-terminal and 4-terminal sense 
resistors. It also accommodates both 2512 and 1206 foot-
prints if sense resistors with higher power ratings are 
needed. Be sure to select a sense resistor with a healthy 
power rating margin above the maximum expected  
ILOAD 2RSENSE wattage.

Due to the difficulty of sinking precise, high currents in 
a test environment, and the small (less than 500mV) but 
high-common-mode input signals required, a simulated 
current sense input can be selected by shifting both JP1 
and JP2 to DIV. 

This simulated input is created by dividing V+ down via a 
resistor divider R1 and R2, where the voltage across R1 
becomes the VSENSE input. By default, R1 = 1kΩ and R2 
=1MΩ on DC2839A; simulated input VSENSE is V+/1001. 
Optional spaces labeled R3 and R4 are provided in paral-
lel with R1 and R2, respectively, for additional flexibility. 
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OPERATING PRINCIPLES

25k

RG

975k

OUTV
A2

GND LTC6115

DC2839A F04

VS
2.7V TO 5.5V

OUTV

VS
VIN

FB

VIN

–

+

RFB

Current Sense Power Supply

DC2839A’s high side current sense draws power from the 
5V to 100V current sense pin V+. 

Bypass capacitors are optional for the high voltage sup-
ply/input, since the LTC6115 has internal bypass capaci-
tance. If desired, space is provided in C3 and C12 to stuff 
high voltage (>200V rated) bypass capacitors. 

VOLTAGE SENSE

DC2839A’s voltage sense is configured for noninverting 
gain, as shown in Figure 5. VIN is divided down by 40 
at the input and then (optionally) gained up by external 
resistors RG and RFB.

Voltage Supply and Input Voltage Range

The maximum voltage that can accurately be monitored 
on the VIN pin is limited by the supply voltage, VS, as it 
affects the input common mode of the internal operational 
amplifier A2. 

The full 100V range on VIN is available with a supply volt-
age of 4V or more. With a 3V supply, it is recommended 
to keep VIN below 60V to maximize precision. Beyond 
these recommended VIN voltages at each supply voltage, 
accuracy will degrade.

At lower VIN voltages, external resistors can be used to 
add gain and maximize use of amplifier A2’s rail-to-rail 
output. 

Figure 5. Voltage Sense with Optional Gain Configuration
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Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is assumed by Analog 
Devices for its use, nor for any infringements of patents or other rights of third parties that may result from its use. Specifications 
subject to change without notice. No license is granted by implication or otherwise under any patent or patent rights of Analog Devices.

OPERATING PRINCIPLES
Voltage Sense Gain

Jumpers JP6 and JP7 together control the voltage gain 
of this channel, with JP6, labeled RFB, selecting the feed-
back resistance RFB, and JP7, labeled RG, the resistance 
to ground RG.

The voltage gain of this circuit is set by,

 
= •A 1+V, OUTV

RFB
RG

1
40

⎛

⎝
⎜

⎞

⎠
⎟

The default configuration is as a unity gain buffer, labeled 
as 1V/V on both JP6 and JP7, with RFB = 0Ω and RG 
unstuffed. For voltage gain of 2V/V, shift both JP6 and 
JP7 to the 2V/V position to select for RFB = RG = 10kΩ.

Voltage Supply Source Selection

Connecting jumper JP5 at the default EXT_VS setting 
chooses an external independent power supply connected 
to turret EXT_VS. Shifting JP5 to the ARDUINO SUPPLY 
setting when DC2839A is used as a Linduino or Arduino-
equivalent shield powers VS from the controller board’s 
5V supply via the analog supplies header in the lower left 
corner of the board.

OVERALL

Multiple ground turrets have been provided so that every 
source/signal has a convenient nearby ground. 

Please refer to the schematic diagram provided with the 
demo board files for the circuit details. 
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ESD Caution 
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection 
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions 
By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and 
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation 
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”) 
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to 
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and 
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted 
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third 
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is 
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all 
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of 
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile 
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited 
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS 
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF 
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY 
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE 
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS 
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING 
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI’S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE 
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States 
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts 
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits 
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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