DM-4101L
4Y5-Digit DPM
with BCD Outputs

D OATEL

INNOVATION and EXCELLENCE

FEATURES
« Large .568" diglts

« Pin-for-pin replacement for the DM-4100L

« Improved driver circuit for 20% brighter LED display
« 15V dc outpuls at 15 mA for user’'s clrcuits

+ Balanced differentlal Inputs with 5 pA blas currents
« Internal ratiometric reference tor drift correction

« Autozeroing with 86dB CMR nolse rejection

« Short-depth case

« BCD Outputs avallable to drive DM-4103 slave
displays

GENERAL DESCRIPTION

The DM-4101L replaces DATEL's older DM-4100L DPM,
offering higher performance at an even lower price. The
improved display driver circuitry gives a 20% brighter output
from the .56" high LED's. Besides offering DATEL's standard
input features, this device provides multiplexed BCD outputs.
These outputs can drive a remote display, such as the DM-
4103, or be used by an external microprocessor. This DPM is
housed in a short-depth case, a feature appreciated by many
OEM's.

The quality performance features of the DM-4100L have been
retained. CMOS circuitry provides an extremely high input
impedance (1000 Megohms), and extremely low input bias
current (b picoamps). The meter’s dual slope converter
autozeroes the input in each conversion cycie for a true zero
reading. And a reference in/out loop permits use of the DM-
4101L in ratiometric and bridge-type circuits.
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Additional features include a Busy/Done Qutput which
indicates when an A/D conversion is complete. Overscale and
Underscale outputs can be used with exiernal circuitry for
autoranging. A Run/Hold iine permits a reading to be held for
several seconds while an operalor copies down the reading.
And an exiernally-accessible Display Enabie line can blank the
display to minimize power consumption, while the A/D
converter and BCD outputs are running to drive an external
slave display. BCD outputs, used in conjunction with a strobe
line from the DM-4101L's A/D converter, can drive a remote
slave display (Model DM-4103), or provide A/D data
conversion for a microprocessor.

Power to the meter is +5V dc at 350 mA maximum. A dc-to-dc
converter in the DM-4101L provides a -5V dc output (at 15 mA
maximum) 1o power user circuitry.
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Simplified Block Diagram of a DM-4101L
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DM-4101L

BCD OUTPUTS, 4% DIGIT,

LED DISPLAY

DM-4101L Specifications (Typical at + 25°C, unless noted

ANALOG INPUT
Configuration ....................0oes,

True, balanced differential bipolar inputs
(NOTE: Analog input is single-ended as
shipped. Open SG2 for differential inputs)

Full Scalelnput Range ..................
—1.9999 Vdc to + 1.9999 Vdc

Optional Ranges* ............... ... ...
Up to = 1000 vde

Ammeter Ranges (Optional*) .............
+ 188.99 microamps to + 1.9983 Amps

InputBias Cufrent .. ... ... .. .........
5 pA typical, 50 pA maximum

Displayed Accuracy @ +25°C ...........
Adjustable to +0.02% of reading, +2
counts

Resolution ................ ..ol

100 pV in last digit

Temperature Driftof Zero . ...............
Autozeroed + 1 count over 0 to +50°C

Temperature Driftof Gain ................
+ 50 ppm of Reading/°C typ., = 100 ppm
of Reading/°C max.

Inputlmpedance .......................
100 Megohms, minimum, 1000 Megohms,
typ.

Input Overvoltage .....................

+ 250 Volts dc., 175 VRMS continuous
max.
=+ 300 Volts intermittent max.

Common Mode Rejection ................
86 dB typical to Analog Return
Common Mode Voltage Range ...........

Both inputs must remain within + 4V of
Power Common.

Reference ....... ............c..c... ...

Internal, referred to Analog Return. An Ex-
ternal, user-supplied reference is optional
for ratiometric operation.

External Ref. Range ....................

+100mV to + 2V, referred to Analog
Return.

Ramp-up Time (Integration Peried) ........
83.3ms

SamplingRate . ........................
Approximately 3 conversions per second

*Note — The opticnal ranges require instaliation
of extra components by the user inside the
DPM. This is also available on special order in
OEM guantities from DATEL.

DISPLAY

Numberof Digits .......................
4 decimal digits and most significant “1”
digit (42 digits)

DisplayType .........coo i iieii e e
Red, light-emitting diocde (LED), self-
iluminated

DisplayHeight .........................
0.56 inches (14,2 mm)

Overseale ... ...... ... ..ocouiiua.

Inputs exceeding the full scale range
cause the display to blink

Autopolarity ........... ... ... oLl

A minus sign if automatically displayed
for negative voltage inputs, and may also
be blanked

SamplingBRate .........................
Approximately 3 conversions per second
Decimal Points ........................

Right-of-digit selectable decimal points
are included for scale multipliers

Busy/Dene Qut (PinB10) . ................

This output is HI during A/D conversion.
The falling edge indicates that a new
valid data Strobe output will appear in 1.3
milliseconds. The HI Busy level may be
used by automatic equipment to prevent
changing the input voltage during conver-
sion. See the timing diagram.

Strobe Out (PinAt0) ....................

Consists of 5 and only 5 negative pulses
per A/D conversion of approximately 6.7
microseconds width and approximately
1.3 milliseconds apart issued after an A/D
conversion. They indicate that valid multi-
plexed data is available on the BCD data
output lines, starting with the Most Signif-
icant Digit (MSD). Note that the Polarity
outputis not part of the BCD data and that
the BCD, when taken as 4 multiplexed bits
only will be unsigned. A fifth line (Polarity
Out, Pin B4), must be polied to determineg
the sign. Refer to the timing diagram.
Overscale QU (PinB13) .................

Should be sampled after the Busy falling
edge. Overscale is HI if the previous in-
put exceeds the A/D converter range of
+ 19999 counts.

Underscale Out (PinB12} ..,.............

Should he sampled after the Busy falling
edge. Underscale. is Hi if the previgus in-
put displays + 1800 counts or less. Under-
scale and Overscale are normally used as
up/downranging gain selection controls
for an auto-ranging input section.

Decimal Point Inputs (Pins A5-A9) .........
Should be connecied to Decimal Point
Common (Pin Ad) according to the desired
display scaling. Note that decimal point
selection does not change the + 2V input
range.

Display Enable n (PinB18}...............
Should be connected to + 5V power (Pin
B17) to illuminate the display. Leave open
to blank the display but keep the A/D con-
verter cycling (use to save power but elimi-
nate turn-on drift).

Run/HoldIn{PinB11) ... ...............

For normal operaticn, leave this pin open
or tie HI for continuous sampling. Ground-
ing this pin will hold and display the last
sample to copy down a reading.

INPUT/OUTPUT CONNECTIONS

Analog Hl Input (PinB3} .................

Analog LO Input (Pin B2)
The input is supplied single-ended with
Analog LO (Pin B2) internally connected
by solder gap SG2 to Analog Return (Pin
A3). This insures complete compatibility
to the single-ended DM-4100L. The user
may open SG2 to achieve differentia!
inputs.

Analog Return (Pins A2 and A3) ...........

This analog common bias return is inter-
nally connected to Power Common (Pin
A16 or A17).

Reference Quiput (PinB1) ...............

Reference Input(Pin A1) .................
Normally Pins A1 and B1 are jumpered to-
gether. The instrument is calibrated when
a + 1.0 Vde drop exists between Pins A1
(+)and A3 (-). An external reference in-
put to Pin A1 which is biased against Pin
A3 may be used by disconnecting Pin B1.
Ratiometric drift-correcting action may
then be achieved over the reference input
range of +0.1 Vd¢ to +2.0 Vdc (see
diagram,.

"Display'Tedt In (Pin B1§:1 .........

Ground;this pin to dssplay “1888:". Other
wise leawe this pin coen.

Polarity Enable In (Pin A18) ..............

Ground this pin for normal operation.
Leave this pin open to blank the +/—
sign. May be used to display unsigned {im-
plied positive} numerals with negative
inputs. (Reverse sensing)

Polarity Output (PinB4) .................

This output should be sampled at the
Busy falling edge. H! indicates a positive
input; LO indicates a negative input.

Digit Drive Outputs (Pins A11to A15) ......
Refer to the timing diagram. Digit drives
Hi sequentially turn on the five displays
with multiplexed BCD data at approxi-
mately 150 complete scans per second
(1.3 milliseconds per digit). Non-
addressed displays (Di?it Drive LO) re-
main dark. Persistence of vision creates a
non-blinking image in the eye. Digit Drives
may be used for companion remote slaye
displays.

-5V PowerOut{PinBi4) ................

Up to 156 mA of — 5 Vdc power may be
taken to power external user-supplied cir-
cuits such as signal conditioners. Cau-
tion: Pin B14 is not short circuit protected.
The —5V output is loosely regulated and
may require an external user-supplied fil-
ter for DC/DC converter ripple depending
on the application.

+5V Power Qut (PinB16) ................

Is connected by solder gap 4 {(supplied
closed) for an additional + 5V power pin.
POWER REQUIREMENTS
External +5V, £0.25 Vdc regulated re-
quired at 350 mA max., 250 mA typical (65
mA typical with display and decimal
points disabled). Logic spikes must not
exceed 50 mV. Power current varies rap-
idly so that unregulated supplies cannot
be used. {+ 5V OUTand -5V QUT current

must be added to the + 5V power require-
ments)

PHYSICAL-ENVIRONMENTAL
Outline Dimensions ...............o00uns

3.00"W x 215"D x 1.76"H
(76,2 x 54,6 x 44,7 mmy}

Panel Cutout Dimensions . ...............
1.812"H x 3.062"W (46,0 x 77,7 mm}
Mounting Method ......................

Through a front panel cutout secured by
(4) 4-40 front access screws which are con-
cealed by the bezel

Weight
Approximately 5 cunces (142g)

Connector ..........coviiiiirinnennnnss
DM-4101L: Dual 18-pin, 0.100" centers,

Mounting Position . .....................
Any

Operating Temperature Range ............
Oto +50°C

Storage Temp. Range ...................
—25°C to +85°C




BCD OUTPUTS, 4% DIGIT,

LED DISPLAY PANEL METER

DM-4101L

TYPICAL INPUT/OUTPUT CONNECTIONS

(BOTTOM A | B (TOP)
REFERENCE IN 1] 1 REFERENCE OUT — !
ANALOG RETURN 21 2 ANALOG LOW INPUT LO +~} ANALOG
ANALOG RETURN 3| 3 ANALOG HIGH INPUT . HI_ f INPUT
—— DECIMAL POINT COM. 4| 4 POLARITY QUTPUT? L = COM
— DECIMAL POINT IN 1.9999 5| s B1
DECIMAL POINT IN 19.999 6 | & B2 { BCDOUTPUTS:
DECIMAL POINT IN 199.99 71 7 B4
DECIMAL POINT IN 1999.9 8 | 8 B8
DECIMAL POINT IN 19999, 9! o NO CONNECTION
STROBE OUT 10 | 10 BUSY/DONE OUT
UPA-5/500° D1 1M | 1 RUN/HOLD IN
DIGIT DRIVE D2 12 | 12 UNDERSCALE OUT
OUTPUTS: 03 13 | 13 OVERSCALE OUT
D4 14 | 14 NO CONN. (OPT.-5V OUT, SG3}
5=+ D5 15 | 15 DISPLAY TEST IN
VAC» - @ — . POWER COMMON: 16 | 16 NO CONN. (OPT. +5V OUT, SG4)
POWER COMMON' 17 | 17 +5V POWERIN —
POLARITY ENABLE IN 18 | 18 DISPLAY ENABLE—

NOTES:

1 The following pins are connected internally: A2 and A3; A16 and A17, A3 and A16.

2 Used in conjunction with DM-4103 slave display.

3 Datel-Intersil UPA-5/500 is an external, user-supplied 115VAC supply.
4 Above drawing indicates DPM rear connector, with DPM on its side.
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PANEL MOUNTING INCHES (MM)

CUSTOMER MAY DRILL
CLEARANCE OR DRILL
& TAP FOR 4-40

SCREW (METRIC M3)

T~

440 FLAT
@ \0,30 R. MAX & HEAD SCREW
0,8)
DRILL CLEARANCE OR
DRILL & TAP FOR oo 1812
4-40 SCREW (METRIC M3} CUT OUT GE.1) (460
@ ® CUSTOMER PANEL
0.156
a
3.062 |« 0.125 @0
(77.8) 3,2 FILTER
3312
84,1} C.100 THK —»] |—
BEZEL

BEZEL & FILTER SNAPS ON
AFTER INSTALLING UNIT

RATIOMETRIC OPERATION

Ratiometric ocperation is used with bridge-type differential inputs to
reduce system errors when two or more reference voltages are oth-
erwise used. By using a single reference to operate the entire mea-
surement circuit, accuracy depends only on the tracking ratio of the
resistors rather than the magnitude of the reference voltage.

In the circuit shown here, the DPM’s input is the output of a sensor
bridge (example: strain gauge or load cell). The bridge requires a
source of excitation voltage which varies with the type of applica-
tion. The DPM also requires a reference voltage. Both bridge excita-
tion and the DPM reference input must be held stable to avoid errors.
Bridge cutput is directly proporticnal to the bridge excitation. How-
ever, the DPM display is inversely proportional to the reference in-

REF. IN—ANA.RTN. =1.0V)

put. That is, with a smaller reference input, larger values are
dispiayed. By using a common voltage source 10 excite the bridge
and DPM reference, the DPM will automatically compensate for
small bridge output variations. Since the bridge excitation is usually
larger than + 1.0 Vdc used to reference the DPM, a precision pot on
the voltage source supplies the DPM’s reference as a proportion of
the voltage source. Over a limited range (+ 0.1 to + 2.0 Vdc), this pot
may be used as the DPM's full scale adjustment. Since the DPM’s
internal reference is not used in this application, the DPM’s gain pot
will have no effect. The DPM’s internal reference may be used for the
entire circuit in place of the external voitage source, however an ex-
ternal user-supplied amplifier may be required to get adequate
bridge excitation.

EXTERNAL USER'S CIRCUITS F——————
/ . \
| ANALOG HI IN
+ - |
- v — | ANALOG LO IN
USE LOW DRIFT PQT |
A& |
{NOT USED) | REF QUT
+ R1 LO GAIN | =Vin
R | -
I v TRANSDUCER } REF. IN/OUT DISPLAY ~(ANALOG HIIN — ANALOG LO IN)x 10,000 COUNTS
| EXC o OR SENSOR b | OPEN SG3 FOR T REFIN  ANALOG RTN o
1 EXTERNAL REFERENGE
p— BRIDGE I\ OsE Vi~ 2 Vges AT FULL SCALE OF 13999 COUNTS
.0V0C |
HI GAIN NOMINAL | 100MY = Ve = 2V
| HIGHER) WTEGRATOR)
o ¢ { ANALOG RTN (NOISE (SATURATION
EXTERNAL REFERENCE . R3 .
BRIDGE SCALING | BRIDGE QUTPUT =V, (_ _ R4 _) ~ Ve
EXCITATION ADJUSTMENT | R11R3 R2+R4
SOURCE {DPM IS CALIBRATED [
WHEN |
|
|
|
|
|

POWER COMMON

ERROR VARIATIONS IN BRIDGE DUE TG Vey
CHANGES ARE AUTOMATICALLY

COMPENSATED BY USING INVERSELY PROPORTIONAL
DPM GAIN CHANGES THROUGH REF. IN.




BCD OUTPUTS, 4% DIGIT,

LED DISPLAY DIGITAL PANEL METER

DM-4101L

INTERNAL COMPONENT LOCATIONS *

* Refer to DATEL RN-3100/4100 Range-Change Accessory Kit data sheet for detailed modification instructions and R1& R2 locations.

ko

——

PR
TSRPRTEIE

INPUT -
DIVIDER/
SHUNT ——
RESISTORS

R1, R2

SG1 (FAR SIDE)
SG2 (FAR SIDE)

Internal Modifications

Attenuator and shunt resistor pads are supplied on the bottom
DPM printed circuit board to allow the user to program higher cur-
rent or voltage ranges DATEL will alsc modify these meters on
special order in CEM quantities only.

CAUTION: Such modification should only be attempted by
users skilled at miniature electrenic assembly. Improper soldering
or fabrication procedures can damage the DPM and volid the prod-
uct warranty.

i%"(. 3

¥4
' .

Input attenuator and shunt resistors (R1, R2), solder gaps and
jumpers are located by disassembling the DPM circuit board fromr
its housing. For the short-depth modeis, this is done by prying uf
the front bezel from the bottom and releasing the PC board retain
ing clip at the rear. The circuit board rear connector should be re-
moved. Slide the PC board assembly ocut of the front. Aftel
modifications, reinstall the board assembly by sliding the bottorr
board between the guide rails molded into the case.

Solder Gap 1 (which single-ended-grounds Analog LO In} is located
on the bottom (non-component) side of the lower board, in parallel
with R1. R1 and R2 are found on the top of the lower board.

DM-4103 SLAVE DISPLAY WIRING

SIG. fJ—> — o o
— | [
" /44454
+5VDC {——"
POWER

DM-4101L

I

SLAVE DISPLAY

A companion low-cost slave display, Model DM-4103 is offered by
DATEL for use with the DM-4101L Master DPM. The DM-4103 can
be used as a remote data repeater up to 25 feet away. A simple

~=— UPTO25FEET —3

(BOTTQM) (TOR)
A B
11
2|2
3la
DEC. PT COMMON 44
DEC. PT 1.2345 505
DEC. PT. 12.345 6|6
DEC. PT, 123.45 717
DEC. PT. 12345 8|8
DEC. PT, 12345. 9lg
10 10
E— DIG. 1 DRIVE (LSD) IN 11 [11
¢3— DIG. 2 DRIVE IN 12 |12
DIG. 3 DRIVE IN 13 [13
8: DIG. 4 DRIVE IN 14 [1a
13— DIG. 5 DRIVE (MSD) 15 |15
3 POWER COMMON 16 |16
X:= DM-4101L POWER COMMON 17 [17
ASTER DPM CONNECTIONS I: POLARITY ENABLE |15 18

~oo—149949

12 WIRES

DM-4103

12-wire interface, suitable for ribbon cable is shown below. The dia-
gram shows the DM-4103 rear view and the circled connections
show pin numbers to be cannected on the DM-4101L Master DPM.

POSINEG POLARITY IN——&3)
BCD 1IN (LSB) —————{&9)
BCD2IN
BCD 4N
BCD8IN——————(&9

DISPLAY TEST 18888

+ 5V POWER CUT
+5V POWER IN :‘;@

DISPLAY ENABLE IN —

DM-4103 SLAVE DISPLAY
Undesignated pins are
no connection

(REAR CONNECTOR VIEW)
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DATA OUTPUT TIMING DIAGRAM

To reduce the amount of wiring required to implement a slave dis-
play, 4-wire BCD data is multiplexed using 5 digit drive outputs
which direct the BCD data to the proper digit. The DPM displays
rely on the persistence of vision of the human eye to store an im-
age of the displayed digit. This multiplexing technique is com-
monly used with DPM’s and DVM’s. Each digit drive has the effect
of sequentially turning on its respective digit when the drive signal
is HI. The digit is blanked when the drive is low.

Digits are scanned in this manner in the DM-4101L, 4200, 4105 ap-
proximately 150 times per second. The BCD data is updated with
every A/D conversion which is approximately 3 times per second.
Only 5 strobe pulses are issued with each new conversion. These
DPM’s may be connected to popular microprocessors by using pe-
ripheral interface circuits and a suitable data transfer program.
The strobe may be used to generate an interrupt which latches the
DPM’s output data, then transfers it to memory.

DATA OUTPUT TIMING DIAGRAM

NOTE 1:

|
|
—/\ (FROM DM-2101-L, 4200, 4105 DPM'S TQ RESPECTIVE SLAVE DISPLAYS)
AD | |
CONVERSION {
|

i
PPROX. 6.7uS —>U<7

| | |

UNDERSCALE 8 gl I

|
i
[
[
\

— |-

QUTPUTS ARE 1 TTL LOADS MAX.
VALID BCD DATA.

) | i..— APPR 5 —
| I | ‘ I O e7m ‘ ! 8INARY CODED DECIMAL
| . | | | | I | (BCD) QUTPUTS ARE
DIG. 5 DRIVE ! APPROX. 13mS, ! ! ! | POSITIVE TRUE. 1 TTL
{MSD) : APPROX. 1.3mS | | [ I ; LOAD MAX.
| ! i - | “1" = 2.4V MIN,
| x ! I | : ! ! ! “0" = 0.4V MAX.
'
DIG. 4 DRIVE T 7 | 7 I T ] |
i i I I | ‘ | |
| ! | | | i 1 | I
! i | | | i ‘ | |
DIG. 3 DAIVE
| § | | I i | ] |
| i I | I ‘ ' |
J 1 | | | | l | |
i I | | i [ | | \
DIG. 2 DRIVE |
| | ! [ ] ! | |
| ' l ' ! : | \
| 1 I | | |
a i I I [ | | ! |
DIG. 1 BRIVE 1 1 ; | ‘ T ‘
ILSDI ' ! ' | | | ‘
| I | | |
i | | | |
BUSY |
— - | | l
STROBE OUT ‘
|
‘ :
|
i
[
i
|
| |
i
| |
i
l Il

|

|
!
[
[
\
|
|
[
[
[
[
|
\
[
[
[
|
|
L
3

I
I
I
I
|
|
|
|
5
S

|
|
|
|
|
|
|
|
|
|
1
|
|
|
1
1
1
I
|
1
|
|
|
|
|
4

H

BCD 1 1 5

DAT;

A LINES) MXM( Mso X X X >< Lso X MSD X >C
INVALID 1 DATA VALID -

NOTE 1: ‘

OVERSCALE/UNDERSCALE AUTORANGING
CONTROLS

These new 4-1/2 digit differential DPM’s include Underscale and
Overscale outputs. Overscale trips when the input exceeds 18999
counts. Underscale trips on 1800 counts. if an external circuit con-
sisting of relays or FET switches can change an external decade
programmable gain amplifier, the Underscale control should be
used to decrement a PGA counter which downranges to higher gain.
Qverscale should increment the PGA counter to cause an uprange
to lower gain or less attenuation. Underscale and Overscale are
positive-true pulses. They both should be sampled after the Busy
falling edge.

The decimal points can also be programmed by the autoranging cir-
cuits to indicate what the range is.

Ordering Information

DM-4101L-1: +2Vdc Input Range
(Supplied With Free Connector)

RN-3100/4100:  Range-Change
Accessory Kit for DM-Series Meters
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4 5 STROBES ONLY PER CONVERSION
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TIMING 1S TYPICAL AND 1S NOT TQ SCALE



