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INTRODUCTION c.
This manual provides controller design information pertaining to foul' standard Dale bar graphs: PBG.16101,
P8G-12201, PBG-,220S and PBG-12203. A typieal drive circuit is ineluded to iIIustrate the type of interface re-
quired and to act as an aid in initial product evaluation.

To simplify understanding of tM interface requirements abrief description of bar graph construction and opera-
tion is included.

TERMINOLOGY

To minimize canfusion in the descriptlons contained in this manual the following terminotogy will be used:

Bar Graph - Refers to the complate produet ~ the glass envelope and its contems.

Channel - Raters to one display oolumn of a bar graph. Some bar graphs have more than ane ehannel.

Bar - Refersto one element of a channel. A ehannel has typically 100 01'more bars.

CONSTRUCTION AND OPERATION.

Dale bar graphs combine advanced thick film manufacturing technology with a patented internal addressing
technique. This provjdes high reliability and minimized drive circuitry requirements.

Bar graphs consist of areal' glass substrate on to which is sereen printed individual conductive cathode elements
foraach channel. These cathodes are bussed internally in groups of :301'5, dependent on the particular model.
The groups a.reknown as phases. A black dielectric is then applied to improve contrast.

A further piece of the unit. the front plate. ha.stWotransparent anodes applied, each covering tha entire surfaee
of a glven ehannel area. The two pieces of glassareplacedtogether,sealed and filled with neon gas. This pro-
vides a soft.orange glow when illuminated.

Flgure 1 shows the construction of the linear bar graph.
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c
The bar graphs opera.te on a patented prineiple knawn as Glow Transfer. This employs the use of grouped
cathades,each group being called a phase, A phase i$ formed by internally connectingevery Nth cathode.
Depending on the bar graph style, N can have value 3 er 5, Discharge oceurs between a negative cathode and
the positivelychargedanode, .

Located at ene end of the panel i$ a pair of electrodes known as a "keep alille," For models addressable from
either end a "keep alive" is provided at €lach end, "Keep alives" are not visible fram the front of the panel but are
used to produce the initial ionization in a scan sequence. They. are permanently ionized when the tube is
operating,

Ta commence a scanning sequenee. a non-bussed cathode, the reset cathode, is energized to a negative poten~
tial. TM reset cathode is located elose to the ionized "keep alive" and thus also becomes ionized, After aperiod
of time, known as the reset duration, aach cathode bus (phase) is sequentially energized by placing it at a nega-
tive potential and by returning all other phases to any off bias potential (voltage too low tQsustain an ionization),
The ionization is therefore established on €lach phase in sequence. In practive only one cathode on a phase is
ever ienized at any one time. This is beeause immediatejy one cathooe becomes ionized and Ihe potential on the
phase drops to a level which is too low to ionize any further eathodes. Further. the cathode which does ionize is
always adjacent to the ane last previously ionized on the adjacent phase. This feature js tM unique principle of
Glow Transfer and oceurs because the concentration of ionized particles around a cathode is always greater
when it is elose to another cathode that has jUS!been ionized. These particles speed up the ionization of that
partieular cathede and causa it to ionize before any other on the same bus. The ionization thus proceeds up or
down the tube as €lach cathode bus is sequentially energized,

Only one bar of information is iIIuminated at any instant of time but the sean cycle is repeated many times per
secend, Due to the persistanca of human vision the 5can appears as a flickar-free display,

An obvious.advantage of this principle is the large reduction in 1he number 01externel connections and drivers
required.The numberof cathodedriversis reduced\0 N +, giving a very significant improvement in cost and
rellabHity,

GENERAL PRODUCT INFORMATION

Each linear bar graph contains two independent channels. There Is a separate anode for each channel to aHow
independent channel contro!.

Bar graphs have three or five phases.

One hundred or 200 bars per channel are provided. depending on the model. These give aresolutionof, %or
112%respectively.

Use of the Glow Transfer internal addressing system rninimizes both the number of connections and the number
of electronios drivers required.

FUNCTIONAL CHARACTEFUSTICS

Functional characteristics for €lach model are shown in Table 1.

Table 1. FUNCTIONAL CHARACTERISTICS

Bar Graph
No. 01 Cbannels

Per Devlce

No. of Display
Ehtments/Channel Mo. 0' Phases

PBG.16101
PBG-,2201
PBG-,2205
P8G-12203

2
2
2
2

100
200
200
20'

3
3
5
3

2



OPTICAL CHARACTERISTICS

Color Neon Orange

The light output of individual cathodas appears uniform to the unaided
eye when viewad fram a distance greater than 24 inches.

Display Uniformlty

Light Output The typioal time-averaged luminous
intensity per cathode operating
at the recommended conditions
is per the following tabla:

Device Luminance (ft. L)

PBG.16101
PBG-12201
PBG-12205
PBG.12203

60
35
70
30

Viewlng Angle 1200 included hori:zontalviewing angle (bar graph mounted vertically).

ENVJRONMENT AL CtlARACTERISTICS

Amblent Operating Temperature

Storage Temperature

Altitude

ODCto 55°c

.400C to 85°C

Vibration

Shock

70,000 faet maximum

.018 inch D.A.. 10 to SO Hz 29, 50 to 2000 Hz

Humldity

50g, 112sinewave, " ms duration

85 percent maximum (no condensation) 3

('
ELECTRICAL CHARACTERI$TICS

Design Information PBC.16101 PBG.122D1 PBG.12205 PBG-'J220;J

PARAMETER SYM UNIT MIN REC MAX MIN REC MAX MIN REC MAX MIN REC MAX

Supply Voltage Es vpC 235 250 265 235 250 265 235 250 285 g$5 25D g85

Supply Current - mA 1D '5 20 10 15 20 10 15 20 10 15 20

Keep Alh/8
AI(A Mohm 0.9 1.0 1,1 0.1;1 1.0 1,1 0.9 1.0 1,1 ,95 1.0 1,05

Anode Flesistor

Keep AllvB
RI(A Mohm - - - - - - - - - .95 1.0 1.05

CathodeResistor

KeepAllve
IKA A - 100 - - 100 - - 100 - - 50

Current

Display Anode Current
Rp KOhm 19,0 20.0 21,0 34.2 36.0 37.8 22.13 24.0 25.2 22.S 24.0 25.2

Limiting Reslstor

DIsplay
10 r'nA 4.0 5.0 6.0 2.5 2.8 3.0 3.5 4.2 5.0 3,7 4.2 4,5

Anode Curr8nt

Display Anode
Vo VDC - 150 - 150 - - 150 - 150

Sustalnlng VoltagB
- -

Cathode Off
EKO VOc 68 72 76 613 76 68 72 76 68 72 76

Bills Voltage
72

Display Anode on
EBO VDC 80 '00 120 BO 100 120 80 100 '20 80 100 120

Blas Valtage

Refresh Rate I Hz - 70 - - 70 - - 70 - - 70r

CBthode Scan Time \
pS 120 140 180 70 70 90 60 70 90 70 70 90

Applled Reset I
!JS 120 140 180 140 140 160 70 140 180 140 140 180

Pulse Width r



MECHANICAL CONFIGURA TION

Dimensions for eech bar graph model are shown in the foHowingfigures:

P8G-1S101 - figure 2
PBG-12201 - figure 3
PBG.12205 - figure 4
PBG-12203 - figure 5

~.'DO"
..040"
-,020"

,SOOR ;: .~OO"

"
<>""
<>,
...'"<>.:0
'"

"
<>'"c

.oJ
oj
.."u
~
..
<>
:; ~

In

tJ
h
0

~

L
1111""'"'"1"

.51"i.02"

I'!\'IS

~ ~

-~ ~

~

!I
. )25' I

typ ., .162"
L 020"

4.350"'.100"

.150" HIN

~!I 023" i. DOS"

--1 f--.136"1.C1S"

1

'- C. 1.. CONNEC'I'ION
1<REJI

c

PIN CONNECTORS

Pin

1
2
3
4
5
6
7
8
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PIN CONNECTORS C

Channel No.1 ChannelNo.2

PI" Co""ectlon Pln Connection

1 Anode 9 Anode
2 Top Aaset Cathode 10 Top Reset Cathode
3 Phase 1 Cathoda " Phase 1 Cathode
4

.
Settom Aeset Cathode 12 Bottom Raset Cathode

5 Phase 2 Cathode 13 Phase 2 Cathode
6 Keep Alive Cathode 14 . Keep Aliva Cathode
7 Keep Alive Anode 15 Keep Alive Anode
8 Phase 3 Cathode 16 Phase 3 Cathode
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MOUNTING

Dale bar graphs are designed tor mounting behind a hast system panel. The method of seeuring is left es a user
option best suited to the panicular application. Some \liable methods are shown below:

, - Double sided foam adhesive tape (3M).

2. Small plastic mirror-support clips (as typieally used to suppon hanging mirrors).

3. Housings shaped to mechanically grip the device.

Ths bar graph consists of two pieoes of glass. During operation size ehanges are caused by thermal expansion
and contraetion. The mounting method used must allow tor expansionandcontractionof the unlts. A rigid fixing
method. sueh as epoxy, must not be used. Such a fixing method will ohan result in either the eracking of the glass
or the separation of the two pieoes of glass.

INTERFACE OPERATION (All but PBG-12203)

,. Each device (except tor PBG-,2203) c:ontains a eommon raset cathode which Is energized for one
cathode bar time per sean. The time taken for ons scan of the device is equal to one more than the
number of display eiernents (N + 1) times the cathode bar time.

2. The displayanodefor each channf.l! must be turned on at reset time.

3. Following the reset time, aach cathode phase is sequentially energized for one bar time. For exampls, in
the PBG-16101 the sequence would be raset, phase 1, phase 2, phase 3. phase 1, phase 2, 9tO.

4. During this interval the bar graph willlllurninate from the reset end up to the cathode eurrently being ad-
dressed.

5. When the desired display height in the bar graph is reached, the display anode for that channel is turned
off (returned to display anode otf.blas).

6. The remaining cathodes are seanned until the full bar count value is reached, indicating time tor another
reset.

7. Thls cycle is repeated at a rate of 60 times per seeond or more.

INTERFACE OPERATION (PBG.1220~)

1. Operation is similar to that previously described except that the devlce contains areset cathode at each
end of the panel. This allows seanning to oommencs tram either end ot the panel or even trom both ends
simultaneously. ..

2. Each channel may display two Independent coiumns of information as long as the combined total display
for that channel does not exceed 201 bar countS. .

3. Areset is applled to one end of the bar graph and the relevant channel display anode is turned on.

4. Scanning then comrnences from the end which was reset. Note that when the bottom reset is the starting
point, scanning must proceed in the sequenee phase 1, phase 2. phase :3,phase 1, ete.; but tor the top
reset, scanning sequences phase 3, phase 2, phase" phase 3, ete. The bottom ot the bar graph is
shown by the position of the dot adjacent to pad 1 (see figure 7).Scanning continues until the desired
ehannel height is reached (Point A). .

5. The display anode is left on and the opposite reset is then energized tor one bar time. .

6. The cathodes are now addressed but in the opposite phase sequence (Le., instead of p1, ~2, ~3 the se-
quence becomes ~3, ~2. ~1, ~3, ~2, ~1. ete.).

7. Bar is scal'lned until desired displayed value is reached,.representing seeond displayed height (Point B).
At this time the display anode is turned off.

8. Remaining cathodes are scanned through a total of 201 bar times.

9. The above sequence results in two iIIuminated ereas: the first is from one end (first reset) to Point A, and
the second is fram the opposite end to Point B.

10. The total number of displayed bars must not exceed 201.

8
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TYPICAL DRIVE CIRCUITS

The circuits described below allow an input of o,neor twc analog voltages of between 0 end 30 volts to be dis.
played on the bar graphs as proportionally displayed displacements.

PBG.12201, PBG-16101 and PBG-12205

The circuit shown is designed to operete with the P8G.16101. Figures in parentheses aHow USewith the
PBG.12201. For operation wlth the PBG-1220San additional flip flop and transistor should be added to allow tor
5-phase operation.

A typical circuit is shown in block diagram form and schematic form in figures Eiand 7 respectively. Operation is
controlled by a trElerunning clock circuit with abasie period of 140 ~s (70 ~s). This is applied to the reset and
phase generator circuitry.

The reset generator is a divide-by-100 (200) counter with two outputs. One output is applied to the ramp gener-
ator; the other output is appllied to the reset anode of the display.

The ramp generator provides a linearly rising saWtooth\loltage trom 0 to + 1.01V (2.01V), commeneing at oV Bt
reset pulse time and reaching maximum voltage in 14.2 ms.

This ramp signal is applied to one input to a dual input comparator circuit.

The anal09 voltage to be displayed is applied across scaling networks designed to limit the maximum input
\loltage to the elrcult to 1.01V (2.01 V). This sealed \/oltage is applied to the other Input of the comparator. The
comparator drives the front anode of the bar graph.

At the same time that the clock signal is supplied to the reset circuit, it is supplied to the 3.phase generator. This
circuit operetes es a ring counter and continually generates the three phases required to drive the eathode.

At each reset pulse, the anode cirewit is enabled, and as long as the input voltage exceeds the level of the ramp
voltage the eomparator output is maintained, the anode voltage is ratained and the sean is illuminated. When
coineidenee oeeurs between the input signal and the ramp the anode voltage drops and the scan ceases.

,- --.,-- ,- J -. - __0- -, " 0' --- ' -"-,,.,._-, -'-- '-_u- -- -......
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TYPICAL DRIVE CIRCUITS

The circuits described below allow an input of o,neor two analog voltages of between 0 end 30 volts to be dis.
played on the bar graphs as proportionally displayed displacements.

PBG-'220', PBG-1610' and PBG-,2205

The cireuit show,", is designad to operate with the PBG.16101. Figures in parentheses allow use with the
P8G.' 2201. For operation wlth the PBG.12205 an additional flip flop and transistor should be added to allow tor
5-phase operation.

A typical circuit 15shown in block diagram form and schematic form in figuras Eiand 7 respectively. Operation is
controlled by a frae running clock circuit with abasie period of 140 ~s (70 ,.s). This is applied to the reset and
phase generator circuitry.

The reset generator is a divide-by-1 00 (200) counter with two outputs. One output is applied to the ramp gener-
ator; the other output is appllied to the reset anode of the display.

The ramp generator provides a linearly rising saWtooth"oltage trom 0 to + 1.01V (2.0' V), commencing at OVat
reset pulse time and raaching maximum voltag8 in '4.2 rns.

This ramp signal i5 applied to one input to a dual input comparator circuit.

The analog voltage to be displayed is applied aeross scaling networks designed to limit the maximum input
voltage to the eircuit to , .01V (2.0' V). This scaled \loltage is applied to the other input of the cornparator. The
comparator drives the front anode of the bar graph.

At the same time that the clock signal is supplied to the reset circuit, it is supplied to the 3-phase generator. This
circuit operates as a ring counter and continually generates the three phases required to drive the cathode.

At aach reset pulse. the anode circwit is enabled, and as long as the input voltage exeeeds the level of the ramp
\loltage the eomparator output is maintained, the anode voltage is retained and the sean is iIIuminated. When
coincidence oeeurs between the input signal end the ramp the anode voltage drops and the scan ceases.

This action is repeated at a rate of approximately 70 times per second, allowing the bars to appear as a con.
tinuous tlicker.free display.

Flip-flop A5 shown on the schernatic is optiona!. When installed, the last bar in the column may cyele on and off
at a slow rate it the Input signal is between two steps. 11not ir,stalled, the last bar will appear slightly dimmer if the
input signal is between two steps. When A5 is not used, jumpers should be conneeted betWeenpins 3 and 5. and
9 and " 01AS.

ADJUSTMENTS

Priorto supplying an input signal, the circuit must be ealibrated. Four potentiometers must be adjusted. Two of
these control the 50aling of the maximum input voltage to permit any analog signal with amplitude ranges up to
+ 30V to be applied to the cireuit.

Adjustments must also be made to establish the ramp comparison voltage and reset pulse generation levels.

Input Scaling AdJustment:

1. Turn potentiometer A40 and A41 fully clockwise.

2. Connect DVM to pin 4 of M.

3. Apply voltage equivalent to maximum analog signal to be displayed to V1 input.

4. Adjust R4' 10r + 1.01V (2.01V) at pin 4 of A1.

5. Connect DVM to pin a of A1.

6. Apply voltage equivalent to maximum analog signal to be displayed to V2 input.

7. AdjustR40for + 1.01V (2.01V) at pin 8 01 A1.

9
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Reset Pulse Generator Adjustment:

1. Adjust R44 for mid-range setting.

2. Connect DVM to pin 6 of A1.

~; Turn system + SV power on.

4. Adjust R44 for + 1.01V (2.01V) at pin 6 of A1.

Ramp Generator Adjustment:

1. Adjust R45 for mid-range setting.

2. Apply voltage equivalent to ms)(imum analog signal to be displayed to V1 and V2 inputs.

3. Turn system + SV and + 250V power on.

4. Adjust R45 slowly until all bars are lit.

5. Decrease input voltage and observe that 1he bar height decreases proportionally.

INPUT
SIGNAL 1

SCALING
R41

INPUT
SIGNAL 2

SCALlNG
R4D

+5V r;CALING
J 1

R44

+1V

RAMP
GENERATOR

012 & R45

RESET
COMPARATOR
P/O A1

0+~~~t---i
14mS

ANODE
DRIVER

Q10
LEVEL
COMPARATOR
P/O A1

ANODE
DRIVER

Q1

LEVEL
COMPARATOR
PIO A1

RESET PHASe

GENERATOR I

P/D A2

RESET
DRIVER

I03 _R
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c.
PARTS LIST

4

12

Ref. Ref.

De$lg. P/N or Value Deslg. P/N or Val...e

A1 LM339 Comparator R7 20K (33K) 1W
A2 7474 Flip Flop Ra 75K ,W
A3 7432 OR Gate R9 4.7K1/4W

A4 74174 Flip Flop Rl0 lK V4W
C, .01uF R1l 3.3K 1/4W

C2 .01 uF Rl2 1K 1!4W

C3 .01uF Rl3 lM1/4W
C4 .OO33uF R14 3.3K 1/4W
e5 .01uF R1S 1K %.W
C6 .33uF Rl6 3.3K 1/4W
CRl 1N307Dor equiv. RH lK %W
CR2 1N3070 or equiv. R1S 3.3K 1/4W
CR3 1N3070 or equiv. R19 lK %W

CR4 1N3070 or equiv. R20 22K 1W
CRS 6003 Zener R2l 4.7K 1/4W
CR6 1N3070 er equiv. R22 20K V4W
CR? 1N307D or equiv. R23 15K (7.5K) 1/4W
CRS 1NS070 or equiv. R24 4.7K V4W
CRg 1NS07Der equiv. R2S 1K 1/4W
01 2N7055 R26 Jumper
02 2N5550 R27 20K 1(4W

03 2N5550 R28 39K V4W
Q4 2N55S0 R29 lOK 1!4W
05 2N5550 RSO 4.7K V4W
Q6 2N3643 R31 39K 1/4W

07 2N3643 R32 4700hm V4W
os 2N3643 RS3 lK V4W
09 2N3904 R34 1.BK 1!4W
Q10 FG or PN7055 RSS 3.3K Y4W

Q11 EA or 2N4209 R36 Jumper
012 EA or 2N4209 R37 4.7K 1/4W

013 EA or 2N4209 R3S 20K %W
014 ESOSFET R39 20K 1/4W
Rl 20K (33K) 1W R40 0-50K Pot 1f4W
R2 22K ,W R41 0-50K Pot 114W

R3 100K1I4W R42 lOK 1/4W

R4 lOOK %W R43 lOK V4W
R5 lOOK V4W R44 0-10K Pet-1/4W
R6 lOOK %W R45 0.200K Pot 1!,.W


