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1.  Introduction 
 
This is the technical manual for the Highland Model V385 eight-channel strain gauge/load 
cell module.   

 

The V385 is a single-width, 6U-height VME module that implements eight channels of 
precision load-cell-based measurement. The module interfaces up to eight full-bridge load 
cells, and provides excitation, a precision low-noise differential amplifier, and a 24-bit 
analog-to-digital converter for each input channel.  A fast, simple dual-port-memory 
interface to the VME bus, allows the implementation of measurement systems with 
minimal programming effort.  Direct access to raw 24-bit ADC data and allows 
synchronization of A/D converters and readout coherent with the ADC digitizing cycles. 
 

Features of the V385 include: 

 
 Excites and measures up to eight strain gauge load cells  
 
 Separate, remotely sensed excitation supply for each channel  

 
 24-bit ADC per channel  

 
 100 dB CMRR  

 
 Clean, logical VME bus interface is well suited to PLC-based weighing applications  

 
 
 
Although the V385 includes features specific to high-precision weighing, it is suited to 
nearly any application that acquires data from a strain gauge or other DC bridge-type 
sensor. 
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2.  Specifications  
 
FUNCTION 8-channel load cell module 

DEVICE TYPE 16-bit VME register-based slave: A16:D16:D08(EO) 

Implements 128 words (256 bytes) registers at switch 
selectable addresses in the VME 16 addressing space 

CHANNELS 8, 6-wire full-bridge-type load cells 

EXCITATION Per-channel onboard remote-sensed bridge excitation 
source, 5- or 10-volt switchable; 40mA max per-channel 
load 

INPUTS Eight differential inputs 
CMRR better than 100 dB 
Input impedance is 60 MΩ typical 
Maximum input ±50 mV (equivalent to 5 mV/V excitation) 

RESOLUTION One 24 bit ADC per channel 

ADC One Analog Devices AD7710 24 bit ADC per channel  
Default setup is G=1, 24 bit data, 59.91 Hz sample rate  
ADCs may be user reprogrammed via VME commands 

SYNCHRONIZE A mechanism is included to synchronize the sample times of 
all eight ADCs 

OPERATING 
TEMPERATURE 

0 to 60°C; extended MIL/COTS ranges available 

CALIBRATION 
INTERVAL  

One year 

POWER Standard VME supplies: 

+5 V: 1.5 A max 

+12 V: 0.2 A 

          -12 V: 0.2 A  

CONNECTORS Two D25 front-panel females 
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INDICATORS Three LEDs indicate microprocessor heartbeat, VME 
access, and pass/fail status 

PACKAGING 6U single-wide VME module 

CONFORMANCE   ANSI/VITA 1-1994 (R2002) VMEbus spec 

OPTIONS Other excitations, signal ranges, filtering available 
Special software functions are available 
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3.  Theory of Operation 
 

3.1  Load Cell Basics 
 

A load cell is a specialized bridge-type strain gauge used for weighing applications. A 
strain bridge consists of four metal foil or semiconductor resistive elements bonded to a 
mechanical substrate such that stress applied to the substrate results in the application of 
tension to two of the resistors and compression to the other two resistors. If the four 
resistors are arranged in a diamond configuration (Wheatstone bridge) arrangement and 
an excitation voltage is applied between the 'top' and 'bottom' corners of the bridge, the 
voltage seen across the 'sides' of the bridge will be small, due to the symmetry of the 
opposite legs of the bridge. If the substrate is strained by the application of a load to the 
cell, the four resistors will change in value (two will increase and two will decrease), 
causing a change in the bridge output voltage which is nearly proportional to the applied 
force. 
 
A typical load cell appears electrically as a 4-wire bridge, typically having about 350 ohms 
resistance per leg and 350 ohms resistance between any two opposite bridge corners. 
Two of the lead-wires are called the 'excitation' leads, to which an excitation voltage is 
applied, typically 5 or 10 volts DC. The other two leads are the signal wires called the 
positive (or high) and negative (or low) signal outputs. 
 
Load cells are typically supplied with six wires, having two wires for each of the excitation 
leads. The extra excitation wires are called 'sense leads' and may be run back to the 
excitation power source to permit that supply to observe the excitation voltage at the 
bridge itself, and adjust for any errors associated with the wire resistance between the 
source and the load cell. 
 
Load cells are stable and linear, but not very accurate 'as delivered'. This means that a 
given load cell may have an unpredictable zero-load offset signal and have a load 
sensitivity only within a few percent of the datasheet specification. It is common practice to 
install a load cell and then perform TARE and CALIBRATION operations to compensate 
for each cell's zero offset and calibration sensitivity. TARE is performed by removing the 
weighing load (but leaving any platform, rigging, or other 'overhead' loads in place) and 
measuring the cell output; this value is the 'tare voltage', and is saved for reference and is 
subtracted from the bridge output in all future weighing operations. After TARE, a known 
standard weight may be applied to the weighing system and the resulting cell signal 
measured and saved; this 'cal value' is used to scale all future weight measurements to 
correct engineering units. 
 
The V385-1 version of the V385 delivers raw, unscaled 24-bit ADC data, so any 
necessary zero or calibration operations must be performed by the user's software. 
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3.2  V385 Hardware Architecture 
 
The V385 module consists of the following elements: 
 

1. A VME-standard, '6U' (double-height) printed circuit board with front panel and 
load-cell wiring connector. 

2. Eight load cell channels, each consisting of the following: 

 switchable 5-volt or 10-volt excitation supply 
 precision differential amplifier 
 24-bit analog-to-digital converter 

Shielding and filtering are such as to minimize thermal effects and EMI 
sensitivity. 

3. A Motorola MC68332 32-bit (68020-class) microprocessor with EPROM 
program memory and static RAM data memory. 

4. A dual-port memory interface to the VME bus. 

The signal measurement path is fully ratiometric, using the same precision voltage source 
to drive each load cell excitation supply and to provide the reference to each analog-to-
digital converter. Figure 1 shows the signal paths for a typical channel. 
 

3.3  Signal Processing 
 
Each of the load cell signals is amplified and applied to an individual 24- bit analog-to-
digital converter which provides a numerical signal measurement. The default ADC setup 
is unity gain and a sample rate of sixty times per second. Every time any ADC completes 
a measurement cycle, the onboard processor reads the ADC data, posts it to dual-port 
memory, and increments an acquisition counter for that channel. 
 
At the user's option, the latest 2 to 255 samples may be averaged. 
 
Users may reprogram any ADC to adjust gain or sample rate, and may issue a SYNC 
command to synchronize the acquisition cycles of all eight ADCs. 
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4.  Connectors and Installation 
 

4.1  VME Compatibility 
 
The V385 may be installed in any 6U high, VME-compatible card cage. It uses the 
mandatory +5, -12, and +12 volt VME power supply voltages, and derives the load cell 
excitation voltage from the VME +12 volt supply. 
 
The module occupies 256 bytes of the VME 'short' 16-bit (A16) addressing space, and 
supports both 16-bit (D16) and 8-bit (D08/EO) data transfers. The module does not use 
interrupts, and passes all interrupt and bus grant signals. 
 
 

4.2  Address Selection 
 
Prior to installing the V385, the on-board address DIPswitch should be set to select the 
address range occupied by the module. Modules are factory-set to C000 hex, but may be 
positioned anywhere in the A16 address space. 
 
To relocate it, pick an unused block, note its hex address, and set the address switch S3 
as follows: 

 

Section Bit Hex Value ‘ON’ Notes 
    
1 15 8000 factory ON 
2 14 4000 factory ON 
3 13 2000  
4 12 1000  
5 11 800  
6 10 400  
7 9 200  
8 8 100  

 

 

4.3  Excitation Voltage Selection 
 
The module is provided with eight small switches which allow the excitation voltage for 
each load cell to be individually selected. The switches are clearly marked, corresponding 
to channels 0 through 7; rotate switches clockwise for 5-volt excitation, CCW for 10 volts. 
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4.4  Load Cell Wiring 
 
The V385 is furnished with two front-panel-mounted DB25 female connectors for 
connection to up to eight load cells. The connector pinout is as follows: 

 

J1 PIN J1 FUNCTION J2 PIN J2 FUNCTION 
1 CH0  EX- 1 CH4  EX- 
2 CH0  IN- 2 CH4  IN- 
3 CH0  S+ 3 CH4  S+ 
14 CH0  S- 14 CH4  S- 

15 CH0  IN+ 15 CH4  IN+ 

16 CH0  EX+ 16 CH4  EX+ 
    
4 CH1  EX- 4 CH5  EX- 
5 CH1  IN- 5 CH5  IN- 
6 CH1  S+ 6 CH5  S+ 
17 CH1  S- 17 CH5  S- 
18 CH1  IN+ 18 CH5  IN+ 
19 CH1  EX+ 19 CH5  EX+ 
    
7 CH2  EX- 7 CH6  EX- 
8 CH2  IN- 8 CH6  IN- 
9 CH2  S+ 9 CH6  S+ 
20 CH2  S- 20 CH6  S- 
21 CH2  IN+ 21 CH6  IN+ 
22 CH2  EX+ 22 CH6  EX+ 
    
10 CH3  EX- 10 CH7  EX- 
11 CH3  IN- 11 CH7  IN- 
12 CH3  S+ 12 CH7  S+ 
13 VME  GROUND 13 VME  GROUND 
23 CH3  S- 23 CH7  S- 
25 CH3  EX+ 25 CH7  EX+ 
24 CH3  IN+ 24 CH7  IN+ 

 
It is suggested that a shielded cable be used to connect to the front-panel connectors, 
with the shield bonded to the mating connector shell. The cable can be run to a 
convenient junction area where the cable is terminated and wired to load cell signals. 
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Note that the high sides of the load cell excitation are furnished by the EXC+ signals, and 
the low sides return to the EXC- signals. EXC+ is derived from the VME +12 volt supply, 
and EXC- is connected to the VME bus power return signal. The module front panel is 
fastened to the VME rack by its mounting screws and is thus connected to the VME 
system FRAME ground which may or may not be connected to the VME backplane 
COMMON signal. It is recommended that the V385 connector EXC- pins be regarded as 
signals and not be otherwise used or grounded. 
 
The V385 provides for remote sensing of the load cell excitation voltages at each load 
cell. It is mandatory that, for each channel 
 

A. The EXC+ and SENSE+ leads be connected at the load cell 

B. The EXC- and SENSE- leads be connected at the load cell 
 
Wiring from the termination site to the individual load cells should be by means of a 
suitable 6-wire shielded cable, with the shields earth grounded at both ends if possible. 
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5.  VME Register Map and Programming  
 
The following is a summary of the VME-accessible registers implemented by the V385-
series module. The module follows VXI conventions, having 128 each 16-bit registers 
beginning at the base address. Switches on the module set the base address, anywhere 
in the 16-bit VME address spaces (see Section 4.2). 
 
All registers are 16 bits wide. Reg # below is the ordinal register number in decimal; 
OFFSET is the VMEbus address offset from the module base address, shown in hex. The 
R/W column indicates whether the register is readable and/or writable from the VMEbus. 
 
 

REG NAME REG # OFFSET R/W FUNCTION 

VXI MFR 0 0X00 R VXID manufacturer ID: always 65262, FEEE hex

VXI TYPE 1 0X02 R module type, always 22385, 5571 hex 

VXISTS/CTR  2 0X04 R 
status/control register, 16396, 400C hex in 
normal operation  

ROMID 3 0X06 R firmware ROM ID, typically 22385 decimal 

ROMREV 4 0X08 R firmware ROM revision, typically ASCII “B” 

     

SCAN 7 0X0E R firmware scan counter 

     

INREQ 12 0x18 R/W data update inhibit request 

INSTAT 13 0x1A  Inhibit status 

     

CMD 16 0x20 R/W command register 

CP0 17 0x22 R/W command parameter 0 

CP1 18 0x24 R/W command parameter 1 

     

AC0 24 0x30 R channel 0 ADC update counter 

DH0 25 0x32 R channel 0 ADC high data 

DL0 26 0x34 R channel 0 ADC low data 

NN0 27 0x36 R/W channel 0 average N value 

VH0 28 0x38 R channel 0 high averaged data 

VL0 29 0x3A R channel 0 low averaged data 

CH0 30 0x3C R channel 0 high configuration 

CL1 31 0x3E R channel 0 low configuration 

     

AC1 32 0x40 R channel 1 ADC update counter 

DH1 33 0x42 R channel 1 ADC high data 
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REG NAME REG # OFFSET R/W FUNCTION 

DL1 34 0x44 R channel 1 lADC ow data 

NN1 35 0x46 R/W channel 1 average N value 

VH1 36 0x48 R channel 1 high averaged data 

VL1 37 0x4A R channel 1 low averaged data 

CH1 38 0x4C R channel 1 high configuration 

CL1 39 0x4E R channel 1 low configuration 

     

AC2 40 0x50 R channel 2 ADC update counter 

DH2 41 0x52 R channel 2 ADC high data 

DL2 42 0x54 R channel 2 ADC low data 

NN2 43 0x56 R/W channel 2 average N value 

VH2 44 0x58 R channel 2 high averaged data 

VL2 45 0x5A R channel 2 low averaged data 

CH2 46 0x5C R channel 2 high configuration 

CL2 47 0x5E R channel 2 low configuration 

     

AC3 48 0x60 R channel 3 ADC update counter 

DH3 49 0x62 R channel 3 ADC high data 

DL3 50 0x64 R channel 3 ADC low data 

NN3 51 0x66 R/W channel 3 average N value 

VH3 52 0x68 R channel 3 high averaged data 

VL3 53 0x6A R channel 3 low averaged data 

CH3 54 0x6C R channel 3 high configuration 

CL3 55 0x6E R channel 3 low configuration 

     

AC4 56 0x70 R channel 4 ADC update counter 

DH4 57 0x72 R channel 4 ADC high data 

DL4 58 0x74 R channel 4 ADC low data 

NN4 59 0x76 R/W channel 4 average N value 

VH4 60 0x78 R channel 4 high averaged data 

VL4 61 0x7A R channel 4 low averaged data 

CH4 62 0x7C R channel 4 high configuration 

CL4 63 0x7E R channel 4 low configuration 

     

AC5 64 0x80 R channel 5 ADC update counter 

DH5 65 0x82 R channel 5 ADC high data 

DL5 66 0x84 R channel 5 ADC low data 

NN5 67 0x86 R/W channel 5 average N value 
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REG NAME REG # OFFSET R/W FUNCTION 

VH5 68 0x88 R channel 5 high averaged data 

VL5 69 0x8A R channel 5 low averaged data 

CH5 70 0x8C R channel 5 high configuration 

CL5 71 0x8E R channel 5 low configuration 

     

AC6 72 0x90 R channel 6 ADC update counter 

DH6 73 0x92 R channel 6 ADC high data 

DL6 74 0x94 R channel 6 ADC low data 

NN6 75 0x96 R/W channel 6 average N value 

VH6 76 0x98 R channel 6 high averaged data 

VL6 77 0x9A R channel 6 low averaged data 

CH6 78 0x9C R channel 6 high configuration 

CL6 79 0x9E R channel 6 low configuration 

     

AC7 80 0xA0 R channel 7 ADC update counter 

DH7 81 0xA2 R channel 7 ADC high data 

DL7 82 0xA4 R channel 7 ADC low data 

NN7 83 0xA6 R/W channel 7 average N value 

VH7 84 0xA8 R channel 7 high averaged data 

VL7 85 0xAA R channel 7 low averaged data 

CH7 86 0xAC R channel 7 high configuration 

CL7 87 0xAE R channel 7 low configuration 
 
Registers 88-128 are reserved.  
 

5.1  VXI MFR Register:  
 
This register displays the VXI-registered manufacturer’s ID code.  It always reads 
0xFEEE, Highland Technology's VXI identification code. 
 

5.2 VXI Type Register: Module Type 
 
This register displays the module type.  It normally reads a value of 22385 as decimal, 0x 
5771, indicating this is a V385 module.  

 
5.3 VXI STS Register: VXI Status Register  
 
This register will display hex code 400C (VXI flags for PASSED and READY) when the 
module has completed its powerup self-tests and is operating normally. 
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5.4 ROMID Register: Firmware Version 
 
The MC68332 microprocessor software version ID is read here, with a typical value of 
22385 decimal (0x5771).  Other code versions, having different functionality, may have 
different ID codes.  
 

5.5 ROMREV Register: Firmware Revision 
 
The revision letter of the firmware may be read at this location, as an ACII code character, 
typically 66 decimal (42 hex), corresponding to the letter 'B'. 
 

5.6 SCAN Registers  
 
The scan register appears as a 16-bit binary counter which is incremented by the 
microprocessor just after all eight measured period values are refreshed into the VME-
readable dual-port memory. 
 
 

5.7 CMD Register: Module Command 
 
Users may issue commands to the V385 by writing a command code into this register. 
Some commands may require additional parameters, conveyed through the CP0 and CP1 
parameter registers.   
 
The sequence is as follows: 
 

1. Verify that the COMMAND register is clear. 

2. Write parameters, if required. 

3. Write a command code value (described below) to the command register. 

4. Wait for the command register to clear, indicating that the command has been 
executed. ADC configuration commands will take up to 1.5 seconds to execute. 

 
Commands are as follows: 
 
 

COMMAND CODE FUNCTION
hex decimal  
1 1 SYNC : synchronizes all ADCs
2 2 Configure ADC 0 see section 5.6 for details 
3 3 Configure ADC 1
4 4 Configure ADC 2
5 5 Configure ADC 3
6 6 Configure ADC 4
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COMMAND CODE FUNCTION
hex decimal  
7 7 Configure ADC 5
8 8 Configure ADC 6
9 9 Configure ADC 7
A 10 Configure all ADCs
F 15 REINIT : reinitializes the module

 
 

5.8  INREQ Register 
 
When this register is set nonzero by the user, channel data updates are inhibited. (See 
Section 5.10) 
 

5.9  INSTAT Register 

 
Indicates status of data update inhibit. The contents of INREQ will be copied to INSTAT to 
indicate that channel update inhibits are in effect. 
 

5.10  Channel DATA Block 
 
Each load cell channel has an associated data block in the module register space. Each 
block includes the following items: 
 

 ACx   a 16-bit counter that is incremented each time the ADC delivers fresh 
data. 

 DHx   high ADC data. The low 8 bits of this register are the MS 8 bits of ADC 
data; the high 8 bits of DHx are always zero. 

 DLx   low 16 bits of ADC data. 

 NNx   desired averaging size, 0-255 samples; user writable. 

 VHx   high averaged ADC data, format identical to DHx. 

 VLx   low averaged ADC data, format identical to DLx 

 CHx   ms 8 bits of current ADC configuration (in bits 7...0). 

 CLx   ls 16 bits of current ADC configuration. 
 

 

5.11  Timing Considerations 
 
All eight ADCs are driven from a common 10 MHz clock, but each ADC runs 
independently and delivers a new data sample at a rate determined by its control setup. 
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The microprocessor continuously scans all eight ADCs, looking for a DRDY data-ready 
flag. Whenever any such flag is seen, the  P reads the ADC data, copies that data into 
VME dual-port memory registers DHx and DLx, and and increments the associated 
counter ACx. 
 
If the SYNC command is executed, all eight ADCs are pulsed on their common SYNC 
line, resetting the ADC internal logic and clearing all eight ACx counters. If the ADCs are 
set up identically, they will remain in sync and deliver data simultaneously thereafter. 
 
To read an ADC, check to see if its ACx counter has incremented since the last readout. If 
it has, read the new DHx and DLx data. To avoid missing updates, each ADC should be 
checked more often than its selected update rate. 
 
If ADC data is read at arbitrary times, it is possible (but not highly probable) that an 
AHx:ALx data pair may be read at the exact same time the  P updates the pair, resulting 
in incoherent (half old, half new) data. 
 
A data locking mechanism is provided to ensure that 24-bit data is not skewed. Two 
registers are used: INREQ (inhibit request) and INSTAT (inhibit status). If the user sets 
INREQ nonzero, the V385 will set INSTAT to that same value and inhibit VME writes of all 
channel update counters, sampled data, and averaged data (that is, all AC, DH, DL, VH, 
and VL registers). Average-N math will continue normally if enabled, the overall module 
SCAN register will still roll, and commands may still be executed. 
 
INREQ is checked regularly by the code. If no average-N operations are enabled, the 
worst-case delay from the user setting INREQ until INSTAT echoes could be as long as 
100 microseconds. If any channel uses averaging, the worst-case delay will be extended, 
to almost 1 millisecond for the maximum N of 255. 
 
INREQ is checked, and INSTAT echoed, immediately before each channel's data is 
posted to VME. If the user sets INREQ, it is guaranteed that the module will be 'hands off' 
all ADC update counters, data, and averaged data within a maximum of  
5.8 microseconds. So users might elect to set INREQ, wait 6 sec, read all channel data, 
and then clear INREQ, without bothering to check INSTAT. Since the module's 
DS-to-DTACK bus response time is about 600 ns, ten dummy reads of any V385 register 
will guarantee at least 6 sec delay regardless of CPU speed. 
 
Users may also avoid data word skew by reading each 24-bit data item twice for 
verification, and reread if the values differ. 
 

 

5.12  Engineering Unit Scaling 
 
ADC data is presented just as delivered by the ADC. The data in DHx and DLx is 24 bit 
offset binary; for the default setup (24 bit data, ADC gain programmed to 1, 10-volt 
excitation) the data is as follows: 
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INPUT VOLTAGE DHx hex DLx hex decimal
  
+ 50 mV 00FF FFFF 16,777,215 
0 0080 0000 8,388,608
- 50 mV 0000 0000 0

 
If the excitation is switched to 5 volts, the full-scale input voltages scale to 25 mV. So, for 
a given load cell with a given load, switching the excitation from 10 volts to 5 volts will not 
change the reported ADC data. In other words, the full-scale ADC range is always  
5 millivolts per volt of bridge excitation. 
 
 
 

5.13  Data Averaging 
 
If the NNx variable of any channel is set to a value from 2 to 255, averaging will be 
enabled for that channel. When enabled, the average of the latest NN samples will be 
computed every time a fresh ADC sample is available. The averaged data is posted in the 
VHx:VLx locations just before the ACx counter is incremented. As in the case of the raw 
ADC data, read skew is possible and must be considered. 
 
The averaged data is scaled identically to the DHx:DLx data. 
 
At powerup time, all NNx registers are set to 15, corresponding to 0.25 second averaging 
at the default 60 Hz sample rate. If an NN value is set to 0 or 1, the reported average 
value will be set to be identical to the unfiltered ADC data. 
 

5.14  AD7710 Notes 
 
The V385 uses eight Analog Devices type AD7710 delta-sigma analog-to-digital 
converters, each preceded by a Burr-Brown type INA129 preamplifier having a gain of 
100. Each ADC reference voltage is derived from its remotely-sensed load cell excitation 
voltage, conditioned by an INA157 differential amplifier having a gain of 0.5. The result is 
that the ADC full-scale range is always 5 mV/V regardless of the excitation voltage 
selection.  
 
 At powerup time or following a REINIT command, all ADCs are loaded with command 
register value 208146 hex, which is as follows: 
 

 Start self cal 
 ADC channel 1, gain = 1 (full scale 5 mV/V) 
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 24 bit data 
 Output comp current off 
 Burnout current off 
 59.91 Hz data rate/first notch. 

 
After a delay of about 1.5 seconds, a SYNC command is issued to synchronize all ADCs 
and begin data acquisition. 
 
Users may elect to reprogram one of more of the ADCs; refer to the ADC data sheet for 
details. To change the setup of any ADC, write the ADC setup code into the command 
parameter registers and execute the appropriate command code. The LS byte of CP0 
holds the MS 8 bits of the ADC setup (the MD2.. PD bits) and CP1 holds the low 16 bits 
(WL..FS0). 
 
Some notes: 
 

1. Always recalibrate (set the ADC mode bits to 0, 0, 1) when changing ADC 
setups. 

2. The V385 command processor will always wait 1.5 seconds after any ADC 
setup command to allow the ADCs to recalibrate, and will always perform a 
SYNC operation after this delay. 

3. It is possible to program the ADCs such as to hang them in states that are non-
functional. A module REINIT command will restore the system to normal 
operation. 

4. ADC recalibration does NOT eliminate any sensor bridge or ADC offsets, so 
users must provide their own strain gauge zeroing procedures. 

5. The CHx and CLx registers display the current contents of the channel 'x' ADC 
configuration registers, in the same format as the CP0:CP1 registers when used 
to configure. 

 
A few example AD7710 command register setups, in hex, are as follows: 

 

CP0 CP1 CAL GAIN DATA RATE/NOTCH 
      

0020 8146 yes 1 24b 
59.91 < --- default 
setup

0024 8146 yes 2 24b 59.91 
0030 8146 yes 16. 24b 59.91 
0020 87A1 yes 1 24b 10.00 
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APPENDIX: AD7710 Datasheet
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